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I MOTIVATION FOR THE GUIDANCE DOCUMENT

1. This guidance document is a support document tgltiteal technical regulation (gtr) on
non-road mobile machinery (NRMM). This documentmbines the legal text with the
associated advice identified by the experts ofatigorial committee of the NRMM gtr. It is
intended to contribute to better understanding @ndnswer the kind of questions which are
likely to be asked by users of the gtr. This gnmadocument explains and clarifies some of the
aspects related to the application of the testqmore. In order to facilitate reading, the
guidance document includes the legal text withrétevant recommendations (markedirid),
thus forming a readable document on its own.

2. The motivation to use a guidance document and pieal format stems from the
guidance document as used with the European 'Ngwo&gh' Directives. Indeed the use of a
guidance document was proposed by the European @Gsiom during the September 2005
meeting in Ann Arbor and was accepted by the editaommittee. The use of such a type of
guidance document and its format was subsequerglepted to and agreed by GRPE and, in
June 2007, by AC.3 (ECE/TRANS/WP.29/2007/43).

3. It is important to note that only the text of the igself is legally binding. The guidance
document has no legal status, but aims at faailgahe use of the gtr and to help all relevant
parties in applying the gtr. As agreed by GRPBanuary 2009, the guidance document does
not follow the administrative procedure of the lietgt.

4. This guidance document will be made available oa WP.29 website within the
'Registry of global technical regulations' undeddénda to the Global Registry (global technical
regulations)' under 'Global technical regulatiom. Mx (NRMM)' as 'Appendix to gtr No. xx —
Guidance document’, as proposed to and adoptedhy i June 2007.
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GUIDANCE DOCUMENT IN SUPPORT OF THE REGULATION

This regulation aims at providing a world-wide manized method for the
determination of the levels of pollutant emissidram compression-ignition (C.1.)
engines used in vehicles of category T and non-roabile machinery in a manner
which is representative of real world vehicle opiera The results can be the basis
for the regulation of pollutant emissions withingi@nal type-approval and

This regulation applies to the determination oé temissions of pollutants of
compression-ignition (C.l1.) engines with a maximpower not smaller that 19 kW
and not larger than 560 kW to be used:

(@) incategory T vehicled,1

(b) in non-road mobile machinery.

DEFINITIONS, SYMBOLS AND ABBREVIATIONS

"Adjustment factotsmean additive (upward adjustment factor and doanaw
adjustment factor) or multiplicative factors to bensidered during the periodic

"Applicable emission limitmeans an emission limit to which an engine igestth

"Agqueous condensatiomeans the precipitation of water-containing citnsnts
from a gas phase to a liquid phase. Aqueous caadien is a function of humidity,
pressure, temperature, and concentrations of atbestituents such as sulphuric
acid. These parameters vary as a function of enigitake-air humidity, dilution-air
humidity, engine air-to-fuel ratio, and fuel comjims - including the amount of
hydrogen and sulphur in the fuel,

"Atmospheric pressureneans the wet, absolute, atmospheric static pressNote
that if the atmospheric pressure is measured incy degligible pressure losses shall
be ensured between the atmosphere and the measur@cetion, and changes in
the duct's static pressure resulting from the ftwall be accounted for;

"Calibratioh means the process of setting a measurement sgstesponse so that
its output agrees with a range of reference signatmtrast with "verification";

1. PURPOSE
certification procedures.
2. SCOPE
3.
3.1. Definitions
3.1.1.
(infrequent) regeneration;
3.1.2.
3.1.3.
3.1.4.
3.1.5.
i

As described in Annex 7 to the Consolidated Regml on the Construction of
Vehicles (R.E.3) (TRANS/WP.29/78/Rev.1/Amend. 2).
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3.1.6.

3.1.7.

3.1.8.

3.1.9.

3.1.10.

3.1.11.

3.1.12.

3.1.13.

3.1.14.

"Calibration gdsmeans a purified gas mixture used to calibrate gaalyzers.
Calibration gases shall meet the specificationspafagraph 9.5.1. Note that
calibration gases and span gases are qualitatiielysame, but differ in terms of
their primary function. Various performance veiion checks for gas analyzers
and sample handling components might refer to eitdadibration gases or span
gases;

"Certificatiofi means relating to the process of obtaining afwste of conformity;
"Constant-speed endlmaeans an engine whose certification is limited¢dostant-

speed operation. Engines whose constant-speednguoviinction is removed or
disabled are no longer constant-speed engines;

"Constant-speed operatiormeans engine operation with a governor that
automatically controls the operator demand to na&iinengine speed, even under
changing load. Governors do not always maintagedpexactly constant. Typically,
speed can decrease (0.1 to 10) per cent belowptexsat zero load, such that the
minimum speed occurs near the engine's point oirmax power;

"Continuous regeneratiomeans the regeneration process of an exhaust- afte
treatment system that occurs either in a sustamaadner or at least once over the
applicable transient test cycle or ramped-modallegyin contrast to periodic
(infrequent) regeneration;

"Conversion efficiency of non-methane quiidMC) E" means the efficiency of the
conversion of a NMC that is used for the removalhef non-methane hydrocarbons
from the sample gas by oxidizing all hydrocarborsept methane. Ideally, the
conversion for methane is O per ceBkty, = 0) and for the other hydrocarbons
represented by ethane is 100 per céib{s = 100 per cent). For the accurate
measurement of NMHC, the two efficiencies shallde¢ermined and used for the
calculation of the NMHC emission mass flow rate riegthane and ethane. Contrast
with "penetration fraction";

"Delay timemeans the difference in time between the charigheocomponent to
be measured at the reference point and a systgronss of 10 per cent of the final
reading {10) with the sampling probe being defined as theresfee point. For the
gaseous components, this is the transport timeéeofrieasured component from the
sampling probe to the detector (see figure 3.1);

"deNOx systemmeans an exhaust after-treatment system desigmeceduce
emissions of oxides of nitrogen (NO(e.g. passive and active lean NEatalysts,
NOy adsorbers and selective catalytic reduction (S§Rjems);

"Dew poirit means a measure of humidity stated as the equilibtemperature at

which water condenses under a given pressure fromtrair with a given absolute
humidity. Dew point is specified as a temperaiaréC or K, and is valid only for
the pressure at which it is measured;



3.1.15.

3.1.16.

3.1.17.

3.1.18.

3.1.19.

3.1.20.

3.1.21.

3.1.22.

3.1.23.

3.1.24.

3.1.25.
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"Discrete-modé means relating to a discrete-mode type of steddie test, as
described in paragraph 7.4.1.1. and Annex A.1,;

"Drift' means the difference between a zero or calimagignal and the respective
value reported by a measurement instrument immedgiaifter it was used in an
emission test, as long as the instrument was zemeédpanned just before the test;

"Electronic control ufiitmeans an engine's electronic device that uses fiam
engine sensors to control engine parameters;

"Emission-control systémmeans any device, system, or element of desigh th
controls or reduces the emissions of regulatedifaoits from an engine;

"Engine family means a manufacturers grouping of engines whiatough their
design as defined in paragraph 5.2. of this regulahave similar exhaust emission
characteristics; all members of the family shalinpdy with the applicable emission
limit values;

"Engine governed spéadeans the engine operating speed when it is aledr by
the installed governor;

"Engine systém means the engine, the emission control system #rel
communication interface (hardware and messagesyebet the engine system
electronic control unit(s) (ECU) and any other paven or vehicle control unit;

"Engine tygemeans a category of engines which do not diffeessential engine
characteristics;

"Exhaust after-treatment systemeans a catalyst, particulate filter, deNOx syste
combined deNOx patrticulate filter or any other euB-reducing device that is
installed downstream of the engine. This definiti@xcludes exhaust gas
recirculation (EGR) and turbochargers, which armesttered an integral part of the
engine;

"Exhaust-gas recirculatiomeans a technology that reduces emissions byngut
exhaust gases that had been exhausted from theustiotbchamber(s) back into the
engine to be mixed with incoming air before or dgrcombustion. The use of valve
timing to increase the amount of residual exhaastig the combustion chamber(s)
that is mixed with incoming air before or duringnaoustion is not considered
exhaust-gas recirculation for the purposes ofrégsilation;

"Full flow dilution methdtdmeans the process of mixing the total exhaust fhath
dilution air prior to separating a fraction of ttiduted exhaust stream for analysis;
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3.1.26.

3.1.27.

3.1.28.

3.1.29.

3.1.30.

3.1.31.

3.1.32.

3.1.33.

3.1.34.

3.1.35.

3.1.36.

"Gaseous pollutafitsneans carbon monoxide, hydrocarbons and/or nahane
hydrocarbons (assuming a ratio of {gifor diesel), methane and oxides of nitrogen
(expressed as nitrogen dioxide (j@quivalent);

"Good engineering judgememieans judgements made consistent with generally
accepted scientific and engineering principles arallable relevant information;

"HEPA filtet means high-efficiency particulate air filters tlzae rated to achieve a
minimum initial particle-removal efficiency of 9% er cent using ASTM F 1471—
93 or equivalent standard;

"Hydrocarbon (HC)tmeans THC, NMHC as applicable. Hydrocarbon gdlyera
means the hydrocarbon group on which the emisdmmdards are based for each
type of fuel and engine;

'High speednf)" means the highest engine speed where 70 per afetie
maximum power occurs;

"Idle_speedimeans the lowest engine speed with minimum loadafgr than or
equal to zero load), where an engine governor fonatontrols engine speed. For
engines without a governor function that contrale ispeed, idle speed means the
manufacturer-declared value for lowest engine speess$ible with minimum load.
Note that warm idle speed is the idle speed of mned-up engine;

"Intermediate test speadéans that engine speed which meets one of tlueving

requirements:

(@) for engines which are designed to operate avspeed range on a full load
torque curve, the intermediate speed shall be #wackd maximum torque
speed if it occurs between 60 per cent and 75qeraf rated speed,

(b) if the declared maximum torque speed is laas 60 per cent of rated speed,
then the intermediate speed shall be 60 per cahtafated speed,

(c) if the declared maximum torque speed is graaten 75 per cent of the rated
speed then the intermediate speed shall be 7%epéon€rated speed;

"Linearity" means the degree to which measured values agite respective
reference values. Linearity is quantified usindireear regression of pairs of
measured values and reference values over a rdngdues expected or observed
during testing;

"Low speedifp)" means the lowest engine speed where 50 per €éme onaximum
power occurs;

"Maximum powerRpnay)" means the maximum power in kW as designed by the
manufacturer;

"Maximum torque speetheans the engine speed at which the maximum ¢oigju
obtained from the engine, as designed by the maturé;




3.1.37.

3.1.38.

3.1.39.

3.1.40.

3.1.41.

3.1.42.

3.1.43.

3.1.44.
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"Means of a quantityyased upon flow-weighted mean values means thae tegal
of a quantity after it is weighted proportionally the corresponding flow rate~or
example, if a gas concentration is measured contiously from the raw exhaust
of an engine, its flow-weighted mean concentratiois the sum of the products of
each recorded concentration times its respective baust flow rate, divided by
the sum of the recorded flow rates. As another exaple, the bag concentration
from a CVS system is the same as the flow-weightemiean concentration,
because the CVS system itself flow-weights the bagncentration;

"Non-methane hydrocarbons (NMM@)eans the sum of all hydrocarbon species
except methane;

"Open crankcase emissibmseans any flow from an engine's crankcase that is
emitted directly into the environment.Crankcase emissions are not "open
crankcase emissions" if the engine is designed tdways route all crankcase
emissions back into the engine (for example, throlgthe intake system or an
aftertreatment system) such that all the crankcasemissions, or their products,

are emitted into the environment only through the agine exhaust system;

"Operator demahdneans an engine operator's input to control engimput. The
"operator" may be a person (i.e., manual), or aegox (i.e, automatic) that
mechanically or electronically signals an inputttdamands engine output. Input
may be from an accelerator pedal or signal, atlerobntrol lever or signal, a fuel
lever or signal, a speed lever or signal, or a goMesetpoint or signal.Output
means engine powerP, which is the product of engine speedy, and engine
torque, T,

"Oxides of nitrogénmeans compounds containing only nitrogen and emrygs
measured by the procedures specified in this régnlaOxides of nitrogen are
expressed quantitatively as if the NO is in tharfaf NO,, such that an effective
molar mass is used for all oxides of nitrogen eaj@nt to that of NQ

"Parent engifieneans an engine selected from an engine famiguoh a way that
its emissions characteristics are representative tfmt engine family, see
paragraph 5.2.4.;

"Partial pressuretieans the pressung, attributable to a single gas in a gas mixture.
For an ideal gas, the partial pressure dividedhgytbtal pressure is equal to the
constituent's molar concentratios,

"Particulate after-treatment deViceneans an exhaust after-treatment system
designed to reduce emissions of particulate paitst§PM) through a mechanical,
aerodynamic, diffusional or inertial separation;
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3.1.45. "Partial flow dilution methddneans the process of separating a part fromatae t
exhaust flow, then mixing it with an appropriateeamt of dilution air prior to the
particulate sampling filter;

3.1.46. "Particulate matter (PM)means any material collected on a specifiedrfithedium
after diluting exhaust with clean filtered air tdeenperature and a point as specified
in paragraph 9.3.3.4.; this is primarily carbon,n@ensed hydrocarbons, and
sulphates with associated water;

3.1.47. "Penetration fractioRF' means the deviation from ideal functioning of ann
methane cutter (see Conversion efficiency of nothar@e cutter (NMCE). An
ideal non-methane cutter would have a methane paioet factor,PFcps, of 1.000
(that is, a methane conversion efficieri€yy, of 0), and the penetration fraction for
all other hydrocarbons would be 0.000, as represebyPFc.46 (that is, an ethane
conversion efficienc¥coyg of 1). The relationship i€2Fcps = 1 —Ecns andPFcope
=1-Eg

3.1.48. "Per cent loddmeans the fraction of the maximum available ter@t an engine
speed;

3.1.49. "Periodic (or infrequent) regeneratiomeans the regeneration process of an exhaust
after-treatment system that occurs periodicallytyipically less than 100 hours of
normal engine operation. During cycles where reg@ion occurs, emission
standards may be exceeded,

3.1.50. "Probémeans the first section of the transfer line whi@nsfers the sample to next
component in the sampling system;

3.1.51.  "PTFE'means polytetrafluoroethylene, commonly known efioh ™:
3.1.52. "Ramped modal steady state test &yokeans a test cycle with a sequence of steady

state engine test modes with defined speed andidocgteria at each mode and
defined speed and torque ramps between these modes;

3.1.53. "Rated speédneans the maximum full load speed allowed by gogernor, as
designed by the manufacturer, or, if such a govemmamot present, the speed at
which the maximum power is obtained from the engiae designed by the
manufacturer;

3.1.54. "Regeneratidnmeans an event during which emissions levels gdanhile the
aftertreatment performance is being restored bygdesTwo types of regeneration
can occur: continuous regeneration (see paragr&ph.pand infrequent (periodic)
regeneration (see paragraph 6.6.2.);

3.1.55. "Response tifieneans the difference in time between the charmgleeocomponent
to be measured at the reference point and a sysisponse of 90 per cent of the
final reading {oo) with the sampling probe being defined as theresfee point,



3.1.56.

3.1.57.

3.1.58.

3.1.59.

3.1.60.

3.1.61.

3.1.62.

3.1.63.

3.1.64.

3.1.65.

3.1.66.

3.1.67.
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whereby the change of the measured componenteastt60 per cent full scale (FS)
and takes place in less than 0.1 second. Themsyssponse time consists of the
delay time to the system and of the rise time efdystem;

"Rise timeémeans the difference in time the 10 per cent@h@er cent response of
the final readingtgo — t10);

"Shared atmospheric pressure matezans an atmospheric pressure meter whose
output is used as the atmospheric pressure fomtre dest facility that has more
than one dynamometer test cell;

"Shared humidity measuremiemeans a humidity measurement that is used as the
humidity for an entire test facility that has méinan one dynamometer test cell;

"Spah means to adjust an instrument so that it givepr@per response to a
calibration standard that represents between 75ceetr and 100 per cent of the
maximum value in the instrument range or expeciade of use;

"Span gdsmeans a purified gas mixture used to span galyzera. Span gases
shall meet the specifications of paragraph 9.B8late that calibration gases and span
gases are qualitatively the same, but differ irmserof their primary function.
Various performance verification checks for gaslyes and sample handling
components might refer to either calibration gasespan gases;

"Specific emissiohsneans the mass emissions expressed in g/kWh;

"Standalorieneans something that has no dependencies; ltstand alone”;

"Steady-stdtaneans relating to emission tests in which engipeed and load are
held at a finite set of nominally constant valuS$eady-state tests are either discrete-
mode tests or ramped-modal tests;

"Stoichiometricmeans relating to the particular ratio of air dndl such that if the
fuel were fully oxidized, there would be no remampifuel or oxygen;

"Storage medidhmeans a particulate filter, sample bag, or amgiostorage device
used for batch sampling;

"Test (or duty) cycleneans a sequence of test points each with aetepeed and

torque to be followed by the engine under steadyesbr transient operating
conditions. Duty cycles are specified in the Anes. A single duty cycle may
consist of one or more test intervals;

"Test intervdlmeans a duration of time over which brake-spea#imissions are
determined. In cases where multiple test intervalsur over a duty cycle, the
regulation may specify additional calculations tmaigh and combine results to
arrive at composite values for comparison agalresapplicable emission limits;
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3.1.68.

3.1.69.

3.1.70.

3.1.71.

3.1.72.

3.1.73.

3.1.74.

3.1.75.

3.1.76.

3.1.77.

3.1.78.

"Tolerancemeans the interval in which 95 per cent of aafetcorded values of a
certain quantity shall lie, with the remaining 5r peent of the recorded values
deviating from the tolerance interval only due teasurement variability. The
specified recording frequencies and time intensdlall be used to determine if a
qguantity is within the applicable tolerance. Foargmeters not subject to
measurement variability, tolerance means an alesalidwable range;

"Total hydrocarbon (THC)means the combined mass of organic compounds
measured by the specified procedure for measuoitad lhydrocarbon, expressed as a
hydrocarbon with a hydrogen-to-carbon mass ratib.&5:1;

"Transformation timMiemeans the difference in time between the changéhe
component to be measured at the reference poinaaystem response of 50 per
cent of the final readinggp) with the sampling probe being defined as theresfee
point. The transformation time is used for thensaigalignment of different
measurement instruments. See figure 3.1;

"Transient test cy¢leneans a test cycle with a sequence of normakpesd and
torque values that vary relatively quickly with 8niNRTC);

"Type approvalmeans the approval of an engine type with regariis emissions
measured in accordance with the procedures speaifithis regulation;

"Updating-recorditigmeans the frequency at which the analyser previdew,
current, values;

"Useful lif6 means the relevant period of distance and/or tiover which
compliance with the relevant gaseous and partieudnhission limits has to be
assured,;

"Variable-speed englhmeans an engine that is not a constant-speedengi

"Verificatiol means to evaluate whether or not a measuremestérsis outputs
agree with a range of applied reference signalgittin one or more predetermined
thresholds for acceptance. Contrast with "calibré

"To zerb means to adjust an instrument so it gives a zesponse to a zero
calibration standard, such as purified nitrogen porified air for measuring
concentrations of emission constituents;

"Zero gdsmeans a gas that yields a zero response in dyzana This may either be
purified nitrogen, purified air, a combination afrgied air and purified nitrogen.
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step input time
. /
response time 0 —
: . . %)
' transformation time | ;
delay time rise time Time

Figure 3.1: Definitions of system response: déiae (para. 3.1.12.), response time
(para. 3.1.55.), rise time (para. 3.1.56.) andsfiaamation time (para. 3.1.70.)

"Auto-ranging " means a gas analyzer function that automaticallychanges the
analyzer digital resolution to a larger range of cacentrations as the
concentration approaches 100 per cent of the analg¢s current range. Auto-
ranging does not mean changing an analogue amplifigain within an analyzer;

"Auxiliary_emission-control device" means any element of design that senses

temperature, motive speed, engine RPM, transmissiomgear, or any other
parameter for the purpose of activating, modulating delaying, or deactivating
the operation of any part of the emission-controlstem;

"Internationally traceable recognized standard' means international standard

which includes but is not limited to the list quotel in the following table:

Internationally

recognized standard:

Where copies of the documents may be purchased:

American Society for
Testing and Materials
(ASTM)

American Society for Testing and Materials, 100 BarHarbor
Dr., P.O. Box C700, West Conshohocken, PA 19428 or
www.astm.com

International
Organization for
Standardization (ISO)

International Organization for Standardization, Case Postale
56, CH-1211 Geneva 20, Switzerland or www.iso.org

National Institute of
Standards and
Technology (NIST)

Government Printing Office, Washington, DC 20402 or
download them free from the Internet at www.nist.ge

Society of Automotive
Engineering (SAE)

Society of Automotive Engineers, 400 Commonwealthrive,
Warrendale, PA 15096 or www.sae.org

Institute of Petroleum

Energy Institute, 61 New Caendish Street , London, W1G
7AR, UK, +44 (0)20 7467 7100 or www.energyinst.ouk
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The National Metrology
Institute of Japan (NMIJ)

AIST Tsukuba Headquarters, 1-1-1 Umezono, Tsukuba,
Ibaraki 305-8568, Japan or http://www.nmij.jp/english/info/

Japanese Industrial
Standards (JIS)

Japanese Standards Association (JSA), 4-1-12 Akasak
Minato-ku, 107-8440, Japan or
http://www.jsa.or.jp/default_english.asp

"Procedures’' means all aspects of engine testing, including ¢ equipment
specifications, calibrations, calculations and ottreprotocols and specifications
needed to measure emissions, unless otherwise spedi

3.2. General symbol®
Symbol Unit Term

a - y intercept of the regression line

& - Slope of the regression line

asp rad/$ Derivative of the engine speed at the set point
AlF - Stoichiometric air to fuel ratio

c ppm, per cent volConcentration (also in umol/mol = ppm)

D - Dilution factor

d m Diameter

E per cent Conversion efficiency

e g/kWh Brake specific basis

€gas g/kWh Specific emission of gaseous components

€pm g/kWh Specific emission of particulates

W g/kWh Weighted specific emission

F F-test statistics

F - Frequency of the regeneration event in termsauition of

tests during which the regeneration occurs

fa - Laboratory atmospheric factor

Op kg-mnf Rotational inertia of the eddy current dynamométer

K - Multiplicative regeneration factor

Kor - downward adjustment factor

Kur upward adjustment factor

A - Excess air ratio

L - Per cent torque

Ma g/mol Molar mass of the intake air

Me g/mol Molar mass of the exhaust
Mgas g/mol Molar mass of gaseous components

m kg Mass

Myas g Mass of gaseous emissions over the test cycle
Mewm g Mass of particulate emissions over the test cycle

n min* Engine rotational speed

2/ Specific symbols are found in Annexes




Symbol

Nhi
Nio

Pmax

Paux

Pa
PF

Omaw
CIde
CImdew

tso

<< =<§&

3.3.

abs
act
air

Unit
min’
min™

kw

kw

kW
kPa
kPa
per cent
kgls
kgls
kg/s
kgls
kg/s
kg/s
m3/s

kg/m3
kW
°C
K
N-m
N-m

nu nu nu non

30)

kWh

Subscripts
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Term
High engine speed
Low engine speed
Power
Maximum observed or declared power at the feséd under
the test conditions (specified by the manufacturer)
Declared total power absorbed by auxiliarietditfor the test
Pressure
Dry atmospheric pressure
Penetration fraction
Intake air mass flow rate on wet basis
Dilution air mass flow rate on wet basis
Diluted exhaust gas mass flow rate on wetsbasi
Exhaust gas mass flow rate on wet basis
Fuel mass flow rate
Sample flow of exhaust gas into partial flalutibn system
Volume flow rate
Response factor
Dilution ratio
Coefficient of determination
Density
Standard deviation
Dynamometer setting
Standard error of estimate ypbnx
Temperature
Absolute temperature
Engine torque
Demanded torque with "sp" set point
Ratio between densities of gas component andusxkigas
Time
Time interval
Time between step input and 10 per cent of fieadling
Time between step input and 50 per cent of fieadling
Time between step input and 90 per cent of fieadling
Volume
Work
Generic variable
Arithmetic mean

Absolute quantity
Actual quantity
Air quantity
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amb Ambient quantity
atm Atmospheric quantity
cor Corrected quantity
CRV Critical flow venturi
denorm Denormalised engine speed
dry Dry quantity
exp Expected quantity
filter PM sample filter
[ Instantaneous measurement (e.g. 1 Hz)
i An individual of a series
idle Condition at idle
in Quantity in
leak Leak quantity
max Maximum (peak) value
meas Measured quantity
min Minimum value
mix Molar mass of air
out Quantity out
PDP Positive displacement pump
ref Reference quantity
SSV Subsonic venturi
total Total quantity
uncor Uncorrected quantity
vac Vacuum quantity
weight Calibration weight
wet Wet quantity
3.4. Symbols and abbreviations for the chemicalmmments (used also as a subscript)
Ar Argon
C Carbon 1 equivalent hydrocarbon
CH, Methane
C.Hs Ethane
CsHg Propane
(6{0) Carbon monoxide
CO, Carbon dioxide
DOP Di-octylphthalate
H Atomic hydrogen
H> Molecular hydrogen
HC Hydrocarbon
H->0 Water
He Helium
N2 Molecular nitrogen
NMHC Non-methane hydrocarbon

NOx Oxides of nitrogen
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NO
NO;
PM

THC
Abbreviations

ASTM
BMD
BSFC
CRV
Cl
CLD
CVSs
deNOx
DF
ECM
EFC
EGR
FID
GC
HCLD
HFID
IBP
ISO
LPG
NDIR
NDUV
NIST
NMC
PDP
Per cent FS
PFD
PFS
PTFE
RMC
RMS
RTD
SAE
SSV
UCL
UFM
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Nitric oxide
Nitrogen dioxide
Particulate matter
Sulphur

Total hydrocarbon

American Society for Testing and Materials
Bag mini-diluter

Brake-specific fuel consumption
Critical Flow Venturi
Compression-ignition
Chemiluminescent Detector
Constant Volume Sampler

NQ after-treatment system
Deterioration factor
Electronic control module

Electronic flow control
Exhaust gas recirculation
Flame lonization Detector
Gas Chromatograph
Heated Chemiluminescent Detector
Heated Flame lonization Detector
Initial boiling point

International Organization for Standardization
Liquefied Petroleum Gas
Nondispersive infrared (Analyzer)
Nondispersive ultraviolet (Analyzer)
US National Institute for Standards and Tedbgwy
Non-Methane Cutter

Positive Displacement Pump

Per cent of full scale

Partial Flow Dilution

Partial Flow System
Polytetrafluoroethylene (commonly known addare™)
Ramped-modal cycle

Root-mean square

Resistive temperature detector

Society of Automotive Engineers

Subsonic Venturi
Upper confidence limit
Ultrasonic flow meter
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4.

5.1.

5.1.1.

5.1.2.

GENERAL REQUIREMENTS

The engine system shall be designed, construcig@dssembled so as to enable it to
comply with the provisions of this gtr. The teatali measures taken by the

manufacturer shall be such as to ensure that tmtioned emissions are effectively

limited, pursuant to this gtr, throughout the usdife of the engine, as defined by

the Contracting Party, and under normal conditiohsise. For this, engines shall

meet the performance requirements of paragraplten tested in accordance with

the test conditions of paragraph 6. and the textguiure of paragraph 7.

PERFORMANCE REQUIREMENTS

General requirements

Implementation of test procedure

When implementing the test procedure containetthisngtr as part of their national
legislation, Contracting Parties to the 1998 Agreertrare invited to use limit values
which represent at least the same level of severstytheir existing regulations;
pending the development of harmonized limit valu®ssthe Executive Committee
(AC.3) of the 1998 Agreement, for inclusion in tite at a later date.

Emissions of gaseous and particulate poitsita

The pollutants are represented by:

(@) Oxides of nitrogen, NO

(b) Hydrocarbons, which may be expressed in thevitng ways:
(i) Total hydrocarbons, HC or THC,
(i)  Non-methane hydrocarbons, NMHC.

(c) Particulate matter , PM.

(d) Carbon monoxide, CO.

The measured values of gaseous and particulakgtgote exhausted by the engine
refer to the brake-specific emissions in grams kiawatt-hour (g/kwh). Other
system of units may be used with appropriate caiwer

The emissions shall be determined on the dutyesy(dteady-state and/or transient),
as described in paragraph 7. The measurementsystball meet the calibration
and performance checks of paragraph 8. with meamme equipment of
paragraph 9.Annex A.9. describes the recommended analytical gges for the
gaseous pollutants and the recommended particulagampling systems.

Other systems or analyzers may be approved byype approval or certification
authority if it is found that they yield equivalemésults in accordance with
paragraph 5.1.3.



5.1.3.

5.2.

5.2.1.

5.2.2.

5.2.2.1.

5.2.2.2.
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Equivalency

The determination of system equivalency shall &ged on a seven-sample pair (or
larger) correlation study between the system ummbrsideration and one of the
systems of this gtr.

"Results" refer to the specific cycle weighted ssions value. The correlation

testing is to be performed at the same laboratest, cell, and on the same engine,
and is preferred to be run concurrently. The eajeicy of the sample pair averages
shall be determined Hfy-test and-test statistics as described in Annex A.2. obthine
under the laboratory test cell and the engine ¢mmdi described above. Outliers

shall be determined in accordance with 1ISO 5725 exaduded from the database.

The systems to be used for correlation testing $ieasubject to the approval by the
type approval or certification authority.

Engine family

General

An engine family is characterized by design patanse These shall be common to
all engines within the family. The engine manuiaet may decide, which engines
belong to an engine family, as long as the memigershiteria listed in
paragraph 5.2.3. are respected. The engine fashéyl be approved by the type
approval or certification authority. The manufaetushall provide to the type
approval or certification authority the appropriait@ormation relating to the
emission levels of the members of the engine fanflgr purposes of certification or
type approval, the Contracting Party may have auidit requirements for engine
family definition based upon engine power, fueleygnd emission limits.

Special cases
Interactions between parameters

In some cases there may be interaction betweeammders, which may cause

emissions to change. This shall be taken into ideration to ensure that only

engines with similar exhaust emission charactesssire included within the same

engine family. These cases shall be identifiedHgy manufacturer and notified to

the type approval or certification authority. hadl then be taken into account as a
criterion for creating a new engine family.

Devices or features having a strong imib@eon emissions

In case of devices or features, which are noedish paragraph 5.2.3. and which
have a strong influence on the level of emissitms, equipment shall be identified
by the manufacturer using good engineering judgénaed shall be notified to the
type approval or certification authority. It shatlen be taken into account as a
criterion for creating a new engine family.
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5.2.2.3.

5.2.3.

5.2.3.1.

5.2.3.2.

5.2.3.2.1.

5.2.3.2.2.

5.2.3.3.

5.2.3.4.

5.2.3.5.

Additional criteria

In addition to the parameters listed in paragr&ph3., the manufacturer may
introduce additional criteria allowing the defioiti of families of more restricted

size. These parameters are not necessarily parentbat have an influence on the
level of emissions.

Parameters defining the engine family
Combustion cycle

(@) 2-stroke cycle

(b) 4-stroke cycle

(c) Rotary engine

(d) Others

Configuration of the cylinders

Position of the cylinders in the block

(@ Vv
(b) In-line
(c) Radial

(d) Others (F, W, etc.)
Relative position of the cylinders

Engines with the same block may belong to the stamsly as long as their bore
centre-to-centre dimensions are the same.

Main cooling medium

(@ air
(b) water
(c) oll

Individual cylinder displacement

Within 85 per cent and 100 per cent for engineth &i unit cylinder displacement
> 0.75 dnf of the largest displacement within the engine fami

Within 70 per cent and 100 per cent for engineth \ai unit cylinder displacement
< 0.75 dn of the largest displacement within the engine fami

Method of air aspiration

(@) naturally aspirated

(b) pressure charged

(c) pressure charged with charge cooler



5.2.3.6.

5.2.3.7.

5.2.3.8.

5.2.3.9.

5.2.3.10.
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Combustion chamber type/design
(@ Open chamber

(b) Divided chamber

(c) Other types

Valves and porting
(@) Configuration
(b) Number of valves per cylinder

Fuel supply type

(@ Pump, (high pressure) line and injector
(b) In-line pump or distributor pump

(c) Unitinjector

(d) Common rail

Miscellaneous devices

(@) Exhaust gas recirculation (EGR)
(b) Water injection

(c) Airinjection

(d) Others

Electronic control strategy

The presence or absence of an electronic contdl (ECU) on the engine is
regarded as a basic parameter of the family.

In the case of electronically controlled enginge® manufacturer shall present the
technical elements explaining the grouping of thessgines in the same family, i.e.
the reasons why these engines can be expectedtify sthe same emission
requirements. These elements can be calculations, simulations,tiestions,
description of injection parameters, experimental esults, etc.

Examples of controlled features are:

(@ Timing

(b) Injection pressure

(c) Multiple injections

(d) Boost pressure

(e) Variable Geometry Turbine (VGT)
(H Exhaust Gas Recirculation (EGR)

The electronic governing of speed does not needetan a different family from
those with mechanical governing. The need to sépaglectronic engines from
mechanical engines should only apply to the fugciion characteristics, such as
timing, pressure, rate shape, etc.
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5.2.3.11.

5.2.4.

Exhaust after-treatment systems

The function and combination of the following dess are regarded as membership
criteria for an engine family:

(@) Oxidation catalyst

(b) DeNOx system with selective reduction of N@ddition of reducing agent)

(c) Other DeNOx systems

(d) Particulate trap with passive regeneration

(e) Particulate trap with active regeneration

(f)  Other particulate traps

(g) Other devices

When an engine has been certified without aftattnent system, whether as parent
engine or as member of the family, then this engimben equipped with an
oxidation catalyst (not with particulate trap), mg included in the same engine
family, if it does not require different fuel chataristics.

If it requires specific fuel characteristics (eparticulate traps requiring special
additives in the fuel to ensure the regeneratiatgss), the decision to include it in
the same family shall be based on technical elesnemivided by the manufacturer.
These elements shall indicate that the expectesdsawni level of the equipped engine
complies with the same limit value as the non-eggébengine.

When an engine has been certified with afterd#tneat system, whether as parent
engine or as member of a family, whose parent engirequipped with the same
after-treatment system, then this engine, when ppgai without after-treatment

system, shall not be added to the same engineyfamil

Choice of the parent engine

Once the engine family has been agreed by the &gmroval or certification
authority, the parent engine of the family shalkké&cted using the primary criterion
of the highest fuel delivery per stroke at the desdl maximum torque speed. In the
event that two or more engines share this primetgrion, the parent engine shall be
selected using the secondary criterion of highast tlelivery per stroke at rated
speed.

The type approval or certification authority magnclude that the worst-case
emission rate of the family can best be charaadrizy testing additional engines.
In this case, the parties involved shall have p@apriate information to determine
the engines within the family likely to have theglinest emissions level.

If engines within the family incorporate other iadnle features which may be
considered to affect exhaust emissions, these ressatshall also be identified and
taken into account in the selection of the paregire.
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If engines within the family meet the same emissialues over different useful life
periods, this shall be taken into account in tHecs®n of the parent engine.

Record keeping

Record keeping requirements to be decided by tbetr@cting Parties. The
procedures in this gtr include various requiremetdsrecord data or other
information.

TEST CONDITIONS
Laboratory test conditions

The absolute temperaturg,) of the engine air at the inlet to the engine ezped in
Kelvin, and the dry atmospheric pressupe),(expressed in kPa shall be measured
and the parametdy shall be determined according to the followingvysmns. In
multi-cylinder engines having distinct groups ofalke manifolds, such as in a "V"
engine configuration, the average temperature efdistinct groups shall be taken.
The parametef, shall be reported with the test results. Forebattpeatability and
reproducibility of the test results, it is recomrded that the paramet&r be such
that: 0.9 f,< 1.07. Contracting Parties can make the pararigtempulsory.

Naturally aspirated and mechanically superchaayegines:

f _ % X( Ta JO]
a | pg) (298 (6-1)
Turbocharged engines with or without cooling af thtake air:
0.7 15
199 [ Ta )
- [ ps] (298] o

Recommended values for atmospheric pressure are.800 to 103.325 kPa.

The temperature of intake air shall be maintaib@d25 + 5) °C, as measured
upstream of any engine component.

It is allowed to use:

(@) a shared atmospheric pressure meter as lonigeasquipment for handling
intake air maintains ambient pressure, where tiginenis tested, within 1 kPa
of the shared atmospheric pressure;

(b) a shared humidity measurement for intake ailomg as the equipment for
handling intake air maintains dew point, where thegine is tested,
within £0.5°C of the shared humidity measurement.
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6.2.

6.3.

6.3.1.

6.3.2.

6.3.3.

Engines with charge air cooling

(@)

(b)

A charge-air cooling system with a total irgeddr capacity that represents
production engines' in-use installation shall bedusAny laboratory charge-air
cooling system to minimize accumulation of condémsshall be designed.
Any accumulated condensate shall be drained anddmins shall be
completely closed before emission testing. Thendrahall be kept closed
during the emission test. Coolant conditions dhalinaintained as follows:

() A coolant temperature of at least 20 °C shallmaintained at the inlet to
the charge-air cooler throughout testing.

(i) At the engine conditions specified by thermagacturer, the coolant flow
rate shall be set to achieve an air temperatuteiwi5 °C of the value
designed by the manufacturer after the chargeeailec's outlet. The air-
outlet temperature shall be measured at the lotajecified by the
manufacturer. This coolant flow rate set pointlisha used throughout
testing. If the engine manufacturer does not $petcigine conditions or
the corresponding charge-air cooler air outlet terapre, the coolant
flow rate shall be set at maximum engine powerdioieve a charge-air
cooler air outlet temperature that represents eeyeeration.

(ii) If the engine manufacturer specifies pressdrop limits across the
charge-air cooling system, it shall be ensured that pressure drop
across the charge-air cooling system at engineittons specified by the
manufacturer is within the manufacturer's specifigdit(s). The
pressure drop shall be measured at the manufastapearcified locations.

The objective is to produce emission resuie fare representative of in-use
operation. If good engineering judgement indicdtes the specifications in
this section would result in unrepresentative mgs(such as overcooling of the
intake air), more sophisticated set points androtstof charge-air pressure
drop, coolant temperature, and flow rate may bed use achieve more
representative results.

Engine power

Basis for emission measurement

The basis of specific emissions measurement isroected power.

Auxiliaries to be fitted

During the test, the auxiliaries necessary forehgine operation shall be installed
on the test bench according to the requiremenégaex A.5.

Auxiliaries to be removed

Certain auxiliaries whose definition is linked ithe operation of the machine and
which may be mounted on the engine shall be remtetthe test.
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6.4.1.

6.4.2.

6.5.
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Where auxiliaries cannot be removed, the powey taksorb in the unloaded
condition may be determined and added to the medsangine power (see note h in
the table of Annex A.5). If this value is greatkan 3 per cent of the maximum
power at the test speed it may be verified by és¢ authority. The power absorbed
by auxiliaries shall be used to adjust the set emland to calculate the work
produced by the engine over the test cycle.

Engine intake air

Introduction

The intake-air system installed on the enginera that represents a typical in-use
configuration shall be used. This includes thergiair cooling and exhaust gas
recirculation systems.

Intake air restriction

An engine air intake system or a test laboratgstesn shall be used presenting an
air intake restriction within£300 Pa of the maximum value specified by the
manufacturer for a clean air cleaner at the rapkd and full load. The static

differential pressure of the restriction shall beasured at the location and at the
speed and torque set points specified by the matwré. If the manufacturer does

not specify a location, this pressure shall be mmegksupstream of any turbocharger
or exhaust gas recirculation system connectionht ihtake air system. If the

manufacturer does not specify speed and torquetgyothis pressure shall be

measured while the engine outputs maximum power.

Engine exhaust system

The exhaust system installed with the engine er thiat represents a typical in-use
configuration shall be used. For aftertreatmeniaies the exhaust restriction shall
be defined by the manufacturer according to ther@flatment condition (e.g.
degreening/aging and regeneration/loading levElle exhaust system shall conform
to the requirements for exhaust gas sampling, tasuseén paragraph 9.3. An engine
exhaust system or a test laboratory system shalisbd presenting a static exhaust
backpressure within 80 to 100 per cent of the marimexhaust restriction at the
engine speed and torque specified by the manugctuf the maximum restriction
is 5 kPa or less, the set point shall be no less thO kPa from the maximuntor
example, if the maximum back pressure is 4.5 kPa,odnot use an exhaust
restriction set point that is less than 3.5 kPa. W&o, for variable-restriction
aftertreatment devices, the maximum exhaust restriton is defined at the
aftertreatment condition (degreening/aging and regeeration/loading level)
specified by the manufacturer. If the manufacturer does not specify speed and
torque points, this pressure shall be measurecewhé engine produces maximum
power.
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6.6.

6.6.1.

Engine with exhaust after-treatment system

If the engine is equipped with an exhaust afteattnent system, the exhaust pipe
shall have the same diameter as found in-use foleadt four pipe diameters
upstream of the expansion section containing ther-afeatment device. The
distance from the exhaust manifold flange or tunawger outlet to the exhaust after-
treatment system shall be the same as in the eebmhfiguration or within the
distance specifications of the manufacturer. Tkteaast backpressure or restriction
shall follow the same criteria as above, and maysdtewith a valve. The after-
treatment container may be removed during dummys tesidd during engine
mapping, and replaced with an equivalent contalmering an inactive catalyst
support.

The emissions measured on the test cycle shabpresentative of the emissions in
the field. In the case of an engine equipped waithrexhaust after-treatment system
that requires the consumption of a reagent, thgemtaused for all tests shall be
declared by the manufacturer.

For engines equipped with exhaust after-treatregstems that are regenerated on an
infrequent (periodic) basis, as described in paaly6.6.2, emission results shall be
adjusted to account for regeneration events. is thse, the average emission
depends on the frequency of the regeneration ewvetgrms of fraction of tests
during which the regeneration occurs. After-treatinsystems with continuous
regeneration according to paragraph 6.6.1. doetptire a special test procedure.

Continuous regeneration

For an exhaust aftertreatment system based ontagous regeneration process the
emissions shall be measured on an aftertreatmstersythat has been stabilized so
as to result in repeatable emissions behavioue r€generation process shall occur
at least once during the NRTC test and the manufacshall declare the normal
conditions under which regeneration occurs (soat|demperature, exhaust back-
pressure, etc). In order to demonstrate thataberreration process is continuous, at
least 3 NRTC hot start tests shall be conducted.uring the tests, exhaust
temperatures and pressures shall be recorded (tetape before and after the
aftertreatment system, exhaust back pressure, €ltle aftertreatment system is
considered to be satisfactory if the conditionslated by the manufacturer occur
during the test during a sufficient time and theission results do not scatter by
more than £15 per cent. If the exhaust aftertreatrhas a security mode that shifts
to an infrequent (periodic) regeneration mode, hiallsbe checked according to
paragraph 6.6.2. For that specific case, the egige emission limits could be
exceeded and would not be weighted.
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Infrequent (periodic) regeneration

This provision only applies for engines equippeithvwemission controls that are
regenerated on a periodic basis. For engines wdniehrun on the discrete mode
cycle this procedure cannot be applied.

The emissions shall be measured on at least NRIeC hot start tests or RMC tests,
one during and two outside a regeneration eventaostabilized aftertreatment

system. The regeneration process shall occuast tsce during the NRTC or RMC

test. If regeneration takes longer than one NRITRMC test, consecutive NRTC or

RMC tests shall be run until regeneration is conggle The engine may be equipped
with a switch capable of preventing or permittihg regeneration process provided
this operation has no effect on the original engialébration.

The manufacturer shall declare the normal paranmmiaditions under which the

regeneration process occurs (soot load, temperagteaust back-pressure, etc.).
The manufacturer shall also provide the frequerddh® regeneration event in terms
of fraction of tests during which the regeneratimaurs F). The exact procedure to
determine this fraction shall be agreed by the gmgroval or certification authority

based upon good engineering judgement.

For a regeneration test, the manufacturer shallipe an aftertreatment system that
has been loaded. Regeneration shall not occungltinis engine conditioning phase.
As an option, the manufacturer may run consecWti®Rd C hot start or RMC tests
until the aftertreatment system is loaded. Emissimeasurement is not required on
all tests.

Average emissions between regeneration phase$ lshatletermined from the
arithmetic mean of several approximately equidistBiRTC hot start or RMC tests.
As a minimum, at least one NRTC or RMC as closepassible prior to a

regeneration test and one NRTC or RMC immediatér @ regeneration test shall
be conducted.

During the regeneration test, all the data neededetect regeneration shall be
recorded (CO or NQemissions, temperature before and after the aftatment
system, exhaust back pressure, etc.). Duringefjeneration process, the applicable
emission limits may be exceeded. The test proeedkischematically shown in
figure 6.1.
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Emissions [g/kWh]

Emissions during
regeneration e,

N

Mean emissions
during
sampling e .

Weighted emissions
of sampling

and regeneration e
w
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Figure 6.1 - Scheme of infrequent (periodic) regation with n number of
measurements amg number of measurements during regeneration.

The average specific emission rate related tcstaot g, [g/kWh] shall be weighted
as follows (see figure 6.1):

g, =elF+(1- e (6-3)

Where:
F = frequency of the regeneration event in term§anftion of tests during which
the regeneration occurs [-]

€ = average specific emission from a test in whighriegeneration does not occur
[9/kWh]
€ = average specific emission from a test in whighregeneration occurs [g/kWh]

At the choice of the manufacturer and based om @owmd engineering analysis, the
regeneration adjustment fact&y, expressing the average emission rate, may be
calculated either multiplicative or additive addals:

k = @ (multiplicative adjustment factor) (6-4)
€

k,=§€, —¢€ (upward adjustment factor) (6-5)
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k,, =€, - € (downward adjustment factor) (6-6)

Upward adjustment factors are added to measuradsiem rates for all tests in

which the regeneration does not occur. Downwajdsament factors are added to
measured emission rates for all tests in which mbgeneration occurs. The
occurrence of the regeneration shall be identifieal manner that is readily apparent
during all testing. Where no regeneration is idiert, the upward adjustment factor
shall be applied.

Example

If € is 0.10 g/(kWh),& is 0.50 g/(kWh), andF is 0.1 (i.e., the regeneration
occurs once for each ten tests), then:

g, =0.1x0.5g( kwh+( + 0Jix 0.1¢/ kWh= 0.14(Q/ kW

_0.149/ kwh

= ——L=14
0.10g/ kwh

ky, =0.14g/( kWh - 0.10g{ kWh= 0.04¢/ kWi
ko, =0.149/ kWh - 0.509] kWh=~ 0.36¢/ kWi

With reference to Annexes A.7.-8. on brake specdmission calculations, the

regeneration adjustment factor:

(@) shall be applied to the results of the weidmRTC test and discrete mode
cycle,

(b) may be applied to the ramped modal cyclescdl NRTC, if a regeneration
occurs during the cycle,

(c) may be extended to other members of the saugiae family,

(d) may be extended to other engine families utliegsame aftertreatment system
with the prior approval of the type approval ortf®ation authority based on
technical evidence to be supplied by the manufacttitat the emissions are
similar.

The following options shall be considered:

(@) A manufacturer may elect to omit adjustmemtdes for one or more of its
engine families (or configurations) because theafiof the regeneration is
small, or because it is not practical to identifgem regenerations occur. In
these cases, no adjustment factor shall be uséddthanmanufacturer is liable
for compliance with the emission limits for all tgswithout regard to whether
a regeneration occurs.

(b) Upon request by the manufacturer, the typeaa or certification authority
may account for regeneration events differently nthes provided in
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6.7.

6.8.

6.9.

paragraph (a). However, this option only applies €vents that occur
extremely infrequently, and which cannot be pradlycaddressed using the
adjustment factors described in paragraph (a).

Cooling system

An engine cooling system with sufficient capadibymaintain the engine, with its
intake-air, oil, coolant, block and head tempemdurat normal operating
temperatures prescribed by the manufacturer slellided. Laboratory auxiliary
coolers and fans may be used.

Coolant

(@) Commercially available antifreeze mixtures orother coolants that will be
utilized in the engine may be used.

(b) For laboratory testing of liquid-cooled enging, water with or without rust
inhibitors may be used.

(c) For coolants allowed in paragraphs (a) and (b)f this section, rust
inhibitors and additives required for lubricity may be used, up to the
levels that the additive manufacturer recommends.

Lubricating oil

The lubricating oil shall be specified by the miamiurer and be representative of
lubricating oil available in the market; the spewtions of the lubricating oil used
for the test shall be recorded and presented Wwéhdsults of the test.

Specification of the reference fuel

The use of one standardized reference fuel hasyallween considered as an ideal
condition for ensuring the reproducibility of regtdry emission testing, and
Contracting Parties are encouraged to use suchifuéheir compliance testing.
However, until performance requirements (i.e. limalues) have been introduced
into this gtr, Contracting Parties to the 1998 Agnent are allowed to define their
own reference fuel for their national legislatidn, address the actual situation of
market fuel for engines in use.

The reference fuels for compression ignition eagif the European Union, the
United States of America and Japan are listed imeknA.6. Since fuel
characteristics influence the engine exhaust gasseémn, the characteristics of the
fuel used for the test shall be determined, reabia®d declared with the results of
the test.

The fuel temperature shall be in accordance withe tmanufacturer's

recommendations. The fuel temperature shall besared at the inlet to the fuel

injection pump or as specified by the manufactuaed the location of measurement
recorded.



6.10.

7.1.

ECE/TRANS/WP.29/2009/120
page 29

Crankcase emissions

No crankcase emissions shall be discharged direuth the ambient atmosphere,
with the following exception: engines equipped withrbochargers, pumps,
blowers, or superchargers for air induction maychkgge crankcase emissions to
the ambient atmosphere if the emissions are adudéuketexhaust emissions (either
physically or mathematically) during all emissioesting. Manufacturers taking
advantage of this exception shall install the eegiso that all crankcase emission
can be routed into the emissions sampling systeRor the purpose of this
paragraph, crankcase emissions that are routedhiatexhaust upstream of exhaust
aftertreatment during all operation are not congiddo be discharged directly into
the ambient atmosphere.

Open crankcase emissions shall be routed intoeim@ust system for emission

measurement, as follows:

(@) The tubing materials shall be smooth-wallddcteically conductive, and not
reactive with crankcase emissions. Tube lengthd ble minimized as far as
possible.

(b) The number of bends in the laboratory crankdading shall be minimized,
and the radius of any unavoidable bend shall bemzagd.

(c) The laboratory crankcase exhaust tubing shekt the engine manufacturer's
specifications for crankcase back pressure.

(d) The crankcase exhaust tubing shall conneottim raw exhaust downstream
of any aftertreatment system, downstream of antalilesl exhaust restriction,
and sufficiently upstream of any sample probesguee complete mixing with
the engine's exhaust before sampling. The craekessaust tube shall extend
into the free stream of exhaust to avoid boundaygi effects and to promote
mixing. The crankcase exhaust tube's outlet magnbrin any direction
relative to the raw exhaust flow.

TEST PROCEDURES
Introduction

This chapter describes the determination of bsgexific emissions of gaseous and
particulate pollutants on engines to be testede fBst engine shall be the parent
engine configuration for the engine family as sfiediin paragraph 5.2.

A laboratory emission test consists of measurimgssions and other parameters for

the test cycles specified in this gtr. The follog/iaspects are treated:

(a) the laboratory configurations for measuring thrake specific emissions
(para. 7.2.);

(b) the pre-test and post-test verification praced (para. 7.3.);

(c) thetestcycles (para. 7.4.);

(d) the general test sequence (para. 7.5.);

(e) the engine mapping (para. 7.6.);

() the test cycle generation (para. 7.7.);
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7.2.

7.2.1.

7.2.1.1.

7.2.1.2.

7.2.1.3.

(g) the specific test cycle running procedure §par8.).

Principle of emission measurement

To measure the brake-specific emissions the ergjiaél be operated over the test
cycles defined in paragraph 7.4., as applicablee measurement of brake-specific
emissions requires the determination of the masgasiutants in the exhaust
(i.,e. HC, NMHC, CO, NQand PM) and the corresponding engine work.

Mass of constituent

The total mass of each constituent shall be deteinover the applicable test cycle
by using the following methods:

Continuous sampling

In continuous sampling, the constituent's conediain is measured continuously
from raw or dilute exhaust. This concentratiomigltiplied by the continuous (raw
or dilute) exhaust flow rate at the emission sanmgpliocation to determine the
constituent's flow rate. The constituent's emisssocontinuously summed over the
test interval. This sum is the total mass of timifted constituent.

Batch sampling

In batch sampling, a sample of raw or dilute exas continuously extracted and
stored for later measurement. The extracted sasha# be proportional to the raw
or dilute exhaust flow rate. Examples of batch glamg are collecting diluted

gaseous emissions in a bag and collecting PM dltea fIn principal the method of

emission calculation is done as follows: the basampled concentrations are
multiplied by the total mass or mass flow (raw dute) from which it was extracted
during the test cycle. This product is the totass or mass flow of the emitted
constituent. To calculate the PM concentratiog, M deposited onto a filter from
proportionally extracted exhaust shall be dividgdhe amount of filtered exhaust.

Combined sampling

Any combination of continuous and batch samplsgermitted (e.g. PM with batch
sampling and gaseous emissions with continuous lgzghp

The following figure 7.1 illustrates the two asgeo©f the test procedures for
measuring emissions: the equipments with the sagpgines in raw and diluted
exhaust gas and the operations requested to dalctila pollutant emissions in
steady-state and transient test cycles (figure 7.1)
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Raw gaseous sampling | + | Partial flow PM sampling | | Full flow dilution for gaseous and PM |
Transient ") Steady-state® | | Transient® || steady-state @ || Transient and steady-state © |
For whole test: For each mode: | /I | Varying diuion Tato |
Varying dilution Constant dilution
Continuous gas Average gas ving . -
analysis analysis gas ratio ratio I Batch sampling |
y concentration [ [ Continuous gas
analysis Seconda
+ continuous Single filter Multiple filter | Bag | il oye v
flow Average flow method method | | (Option)
measurement | Calculation of
average Ga_segus
Calculation of Calculation of Calculation of concentration emissions
; ieai CO, CO2
instantaneous o emission for each
o emission [g/h]
emission [g/h] mode [g/h] | PM
1 I
_Integratif’” of Multiplying modal Calculation of | |Multiplying modal| | Emission calculation by multiplication of average
instantaneous emissions with emission for emissions with concentration (from continuous or batch
emissions weighting factors whole test [g/h] | | weighting factors sampling) with average flow

™ Transient and Ramped Modal Test Cycle; ® Discrete Mode Steady State Cycle; ® Transient, ramped modal and discrete
mode Steady-State Cycles

Figure 7.1 — Requested operations to calculateetiggne emissions in steady-state

and transient test cycles (see Annexes A.7. and A.8
Note on figure 7.1: The term "Partial flow PM sdim@" includes the partial flow
dilution to extract only raw exhaust with constanwvarying dilution ratio.
Work determination

The work shall be determined over the test cygleymchronously multiplying speed

and brake torque to calculate instantaneous vdbresngine brake power. Engine

brake power shall be integrated over the test dgctietermine total work.

Verification and calibration

Pre-test procedures

7.3.1.1. Preconditioning

To achieve stable conditions, the sampling sysimd the engine shall be
preconditioned before starting a test sequenceesfed in paragraphs 7.3. and 7.4.
The preconditioning for cooling down the engineview of a cold start transient test
is specially indicated in paragraph 7.4.2.

As an example:

(&) The engine is started and good engineering jgément is recommended (to
be used) to bring it at any speed to 100 per cenbrgue above its peak-
torque speed.
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7.3.1.2.

(b) Any dilution system is operated at the flow rées expected during testing.
Aqueous condensation in the dilution systems is remmended to be
prevented.

(c) PM sampling systems are operated at the flowates expected during
testing.

(d) PMis sampled for at least 10 min using any saple media.

(e) The test sequence is followed as describedo@ragraph 7.5.

Verification of HC contamination

If there is any presumption of an essential HCtamination of the exhaust gas
measuring system, the contamination with HC maghexked with zero gas and the
hang-up may then be corrected. If the amount ofasuination of the measuring
system and the background HC system has to be etiedkshall be conducted
within 8 hours of starting each test-cycle. Thduga shall be recorded for later
correction. Before this check, the leak check tade performed and the FID
analyzer has to be calibrated.

The amount of contamination in the exhaust and baground HC sampling

system may be verified in line with the following gidance within eight hours of

starting each test-cycle sequence for laboratory $¢s. The contamination of a
background HC sampling system may be verified by mding the last bag fill

and purge using zero gas. For any NMHC measuremerslystem that involves
separately measuring methane and subtracting it frm a HC measurement, the
amount of HC contamination is recommended to be véied using only the HC

analyzer response. There is no need to operate asgparate methane analyzer
for this verification, however, it is possible to neasure and correct for HC
contamination in the CH,; sample train for the cases where NMHC is
determined by subtracting CH, from HC, using an NMC as configured in
paragraph 8.1.10.3.

This verification is recommended to be performed sifollows:

(&) The HC analyzer range for measuring the meanancentration expected at
the HC standard is recommended to be selected.

(b) The HC analyzer is recommended to be zeroed #@he analyzer zero or
sample port. FID zero and span balance gases mag bny combination of
purified air or purified nitrogen that meets the specifications of
paragraph 9.5.1. FID analyzer zero and span gasethat contain
approximately the mean concentration of @ expected during testing are
recommended.

(c) The HC analyzer is recommended to be spannedsing span gas
introduced at the analyzer span or sample port. Té span is
recommended to be on a carbon number basis of on€,). For example, if
a CzHg span gas of concentration 200 umol/mol or ppm issed, the FID is
spanned to respond with a value of 600 pumol/mol gpm.

(d) Zero gas is recommended to be overflowed at éghHC probe or into a
fitting between the HC probe and its transfer line.
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(e) The THC concentration in the sampling and baojround systems is
recommended to be determined as follows:

() For continuous sampling, the mean THC concenation is
recommended to be recorded as overflow zero air flgs.

(i)  For the background system, the mean THC concgration of the last
fill and purge is recommended to be recorded.

() This value is recommended to be recorded as ¢h initial THC
concentration, XrucrrHe-Fiojinit » and used to correct measured values as
described in A.7.-A.8.

(9) If any of the Xucpcriojint Values exceed the greatest of the following
values, the source of the contamination is recommdad to be determined
and corrective action is recommended to be takenush as purging the
system during an additional preconditioning cycle b replacing
contaminated portions:

(i) 2 per cent of the flow-weighted mean wet, netoncentration expected
at the HC or NMHC standard.

(i) 2 per cent of the flow-weighted mean wet, netoncentration of HC or
NMHC measured during testing.

(i) 2 pmol/mol.

7.3.1.3. Preparation of measurement equipmentiopsng

The following steps shall be taken before emissammpling begins:

(a) Leak checks shall be performed within 8 hopi®r to emission sampling
according to paragraph 8.1.8.7.

(b) For batch sampling, clean storage media #ieattonnected, such as evacuated
bags or tare-weighed filters.

(c) All measurement instruments shall be startedomling to the instrument
manufacturer's instructions and good engineeridggment.

(d) Dilution systems, sample pumps, cooling faarg] the data-collection system
shall be started.

(e) The sample flow rates shall be adjusted tarebdevels, using bypass flow, if
desired.

(f) Heat exchangers in the sampling system shalpte-heated or pre-cooled to
within their operating temperature ranges for & tes

(g) Heated or cooled components such as samgs, lfitters, chillers, and pumps
shall be allowed to stabilize at their operatingperatures.

(h) Exhaust dilution system flow shall be switclmdat least 10 minutes before a
test sequence.

(i) Calibration of gas analyzers and zeroing ohtowious analyzers shall be
carried out according to the procedure of the pexagraph 7.3.1.4.

(k)  Any electronic integrating devices shall beassl or re-zeroed, before the start
of any test interval.
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7.3.1.4.

7.3.1.5.

7.3.2.

7.3.2.1.

7.3.2.2.

7.3.2.3.

Calibration of gas analyzers

Appropriate gas analyzer ranges shall be seleEmission analyzers with automatic
or manual range switching are allowed. Duringrapad modal or a NRTC test and
during a sampling period of a gaseous emissioheaethd of each mode for discrete
mode testing, the range of the emission analyzexg mot be switched. Also the

gains of an analyzer's analogue operational arag#j may not be switched during a
test cycle.

All continuous analyzers shall be zeroed and spdmsing internationally-traceable
gases that meet the specifications of paragrapt.9MHD analyzers shall be spanned
on a carbon number basis of one;)(C For example, if a GHg span gas of
concentration 200 pmol/mol is used, the FID is recomended to be spanned to
respond with a value of 600 pmol/mol.

PM filter preconditioning and tare weighin

The procedures for PM filter preconditioning amdet weighing shall be followed
according to paragraph 8.2.3.

Post-test procedures
The following steps shall be taken after emissampling is complete:
Verification of proportional sampling

For any proportional batch sample, such as a bawpke or PM sample, it shall be
verified that proportional sampling was maintaingctording to paragraph 8.2.1.
For the single filter method and the discrete stesidte test cycle, effective PM
weighting factor shall be calculated. Any samplatt does not fulfil the

requirements of paragraph 8.2.1. shall be voided.

Post-test PM conditioning and weighing

Used PM sample filters shall be placed into codenesealed containers or the filter
holders shall be closed, in order to protect thenpa filters against ambient
contamination. Thus protected, the loaded filkerge to be returned to the PM-filter
conditioning chamber or room. Then the PM samittier$ shall be conditioned and
weighted accordingly to paragraph 8.2.4. (PM filst-conditioning and total

weighing procedures).

Analysis of gaseous batch sampling

As soon as practical, the following shall be perfed:

(@) All batch gas analyzers shall be zeroed amdirsgpd no later than 30 minutes
after the test cycle is complete or during the goadkod if practical to check if
gaseous analyzers are still stable.
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(b) Any conventional gaseous batch samples shallabalyzed no later than
30 minutes after the hot-start test cycle is cotepbe during the soak period.

(c) The background samples shall be analyzed teo than 60 minutes after the
hot-start test cycle is complete.

Drift verification

After quantifying exhaust gases, drift shall befied as follows:

(@) For batch and continuous gas analyzers, thennamalyzer value shall be
recorded after stabilizing a zero gas to the amalyStabilization may include
time to purge the analyzer of any sample gas, plugs additional time to
account for analyzer response.

(b) The mean analyzer value shall be recorded sf&bilizing the span gas to the
analyzer. Stabilization may include time to putige analyzer of any sample
gas, plus any additional time to account for arelyesponse.

(c) These data shall be used to validate and cofog drift as described in
paragraph 8.2.2.

Test cycles

The following duty cycles apply:

(a) for variable-speed engines, the 8-mode tedeayr the corresponding ramped
modal cycle, and the transient cycle NRTC as sg@etih Annex A.1.;

(b) for constant-speed engines, the 5-mode tedé @ the corresponding ramped
modal cycle as specified in Annex A.1.

Steady-state test cycles

Steady-state test cycles are specified in Annek As a list of discrete modes
(operating points), where each operating pointdrasvalue of speed and one value
of torque. A steady-state test cycle shall be nreaswith a warmed up and running
engine according to manufacturer's specificatidnsteady-state test cycle may be
run as a discrete-mode cycle or a ramped-modaécgsl explained in the following
paragraphs.

Steady-state discrete mode test cycles

The steady-state discrete 8-mode test cycle dsnsiseight speed and load modes
(with the respective weighing factor for each mode)ich cover the typical
operating range of variable speed engines. Thie cyshown in Annex A.1.

The steady-state discrete 5-mode constant-spestdcyele consists of five load
modes (with the respective weighing factor for eandde) all at rated speed which
cover the typical operating range of constant spegines. The cycle is shown in
Annex A.1.
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7.4.1.2.

7.4.2.

Steady-state ramped test cycles

The ramped modal test cycles (RMC) are hot runeyaes where emissions shall
be started to be measured after the engine itedfavarmed up and running as
specified in paragraph 7.8.2.1. The engine shaltdntinuously controlled by the

test bed control unit during the RMC test cycle.heTgaseous and particulate
emissions shall be measured and sampled continudushg the RMC test cycle in

the same way as in a transient cycle.

In case of the 5-mode test cycle the RMC congikthie same modes in the same
order as the corresponding discrete steady-ststteyele. For the 8-mode test cycle
the RMC has one mode more (split idle mode) andntbele sequence is not the
same as the corresponding steady-state discretee rogele, in order to avoid
extreme changes in the after-treatment temperatline.length of the modes shall be
selected to be equivalent to the weighting factoirshe corresponding discrete
steady-state test cycle. The change in enginedspee load from one mode to the
next one has to be linearly controlled in a time&0%1 seconds. The mode change
time is part of the new mode (including the firsian).

Transient test cycle (NRTC)

The Non-Road Transient Cycle (NRTC) is specifiecAnnex A.1. as a second-by-
second sequence of normalized speed and torquesvala order to perform the test
in an engine test cell, the normalized values shalconverted to their equivalent
reference values for the individual engine to lstet@, based on specific speed and
torque values identified in the engine-mapping eurlhe conversion is referred to
as denormalization, and the resulting test cycliesreference NRTC test cycle of
the engine to be tested (see paragraph 7.7.).

A graphical display of the normalized NRTC dynaneben schedule is shown here
below.

Speed [%] NRTC dynamometer schedule
120

100 1

80 1

60 1

40 +

20 +

0 200 400 600 800 1000 1200



7.5.

ECE/TRANS/WP.29/2009/120
page 37

Torque [%)]
120

100 +--------

80 +--------

60 + -

40 ~

— - _-_- _L__J___L__

20 +-H
o L4

0

time[s]

Figure 7.2 - NRTC normalized dynamometer schedule

The transient test cycle shall be run twice (ssragraph 7.8.3.):

(a) As cold start after the engine and aftertreatnsystems have cooled down to
room temperature after natural engine cool dowmasocold start after forced
cool down and the engine, coolant and oil tempeeaflaftertreatment systems
and all engine control devices are stabilized betw0 and 30 °C. The
measurement of the cold start emissions shall dest with the start of the
cold engine.

(b) Hot soak period — Immediately upon completainthe cold start phase, the
engine shall be conditioned for the hot start b30aminutes + 1 minute hot
soak period.

(c) The hot-start shall be started immediatelyerafthe soak period with the
cranking of the engine. The gaseous analyzers $&iealswitched on at
least 10 seconds before the end of the soak pévi@Void switching signal
peaks. The measurement of emissions shall bedtariparallel with the start
of the hot start phase including the cranking efeéhgine.

Brake specific emissions expressed in (g/kwWh) Isbal determined by using the
procedures of this section for both the cold and diart test cycles. Composite
weighted emissions shall be computed by weightivegdold start results by 10 per
cent and the hot start results by 90 per cent &slel® in Annexes A.7.-A.8.

General test sequence

To measure engine emissions the following stepe labe performed:

(@) The engine test speeds and test loads habe tfined for the engine to be
tested by measuring the max torque (for constaggd@ngines) or max torque
curve (for variable speed engines) as functiormefdangine speed .

(b) Normalized test cycles have to be denormalizéh the torque (for constant
speed engines) or speeds and torques (for vasgleled engines) found in the
previous paragraph 7.5. (a).
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(c)
(d)

()

(f)

(9)

(h)

(i)

The engine, equipment, and measurement insttsyshall be prepared for the
following emission test or test series (cold antidyale) in advance.

Pre-test procedures shall be performed tofygmioper operation of certain
equipment and analyzers. All analysers have toalibrated. All pre-test data
shall be recorded.

The engine shall be started (NRTC) or kephinu (steady-state cycles) at the
beginning of the test cycle and the sampling systshmall be started at the
same time.

Emissions and other required parameters $fgatheasured or recorded during
sampling time (for NRTC and steady-state rampedahoytles throughout the
whole test cycle.

Post-test procedures shall be performed tdyweroper operation of certain
equipment and analyzers.

PM filter(s) shall be pre-conditioned, weighémpty weight), loaded, re-
conditioned, again weighed (loaded weight) and tlsamples shall be
evaluated according to pre- (para.7.3.1.4.) andt-fgst (para. 7.3.2.2.)
procedures.

Emission test results shall be evaluated.
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The following diagram gives an overview about firecedures needed to conduct
NRMM test cycles with measuring exhaust engine sionts.

Engine preparation, g-test measurements and calibrat

Stead-state discrete & ramp Transient NRTC
v v
Max torque curve measureme | | Generation engine map (max torque cL
l : Generate referencest cvcl

Run one or more practice cycle as necessary tkaagine/test cell/lemissions syst¢

v

A\ 4
Natural or forced cool dov

Ready all systems for sampling (analyzef
calibration included) & data collection

| :

Warm-up eng. & particulatsysten Ready all systems for sampli
(analyzer calibration included) & data

| 7

Exhaust emission te Cald start exhaust emission ph

!

Hot soak

A
Hot start exhaust emission phase

A 4 A 4

1) Data collection 2) Post-test procedures 3) Eatadas

v v

Emissions calculation A.7.-A.8.

Figure 7.3 — Test sequence
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7.5.1. Engine starting, and restarting
7.5.1.1. Engine start

The engine shall be started:

(@) asrecommended in the owner's manual usingduption starter motor or air-
start system and either an adequately chargedpadtesuitable power supply
or a suitable compressed air source or

(b) by using the dynamometer to crank the engmié i starts. Typically motor
the engine within = 25 per cent of its typical iseucranking speed or start the
engine by linearly increasing the dynamometer sge@d zero to 100 mih
below low idle speed but only until the engine tstar

Cranking shall be stopped within 1 s of startihg engine. If the engine does not
start after 15 s of cranking, cranking shall bgptal and the reason for the failure to
start determined, unless the owner's manual osd¢hé@ce-repair manual describes a
longer cranking time as normal.

7.5.1.2. Engine stalling

(@) If the engine stalls anywhere during the csifat test of the NRTC, the test
shall be voided.

(b) If the engine stalls anywhere during the hartstest of the NRTC, the test
shall be voided. The engine shall be soaked anuptd paragraph 7.8.3., and
the hot start test repeated. In this case, the stalrt test does not need to be
repeated.

(c) If the engine stalls anywhere during the syestdte cycle (discrete or ramped),
the test shall be voided and be repeated beginmitigthe engine warm-up
procedure. In the case of PM measurement utilidheg multi-filter method
(one sampling filter for each operating mode), tihgt shall be continued by
stabilizing the engine at the previous mode fori@gemperature conditioning
and then initiating measurement with the mode wkiseeengine stalled.

7.6. Engine mapping

Before starting the engine mapping, the engindl beawarmed up and towards the
end of the warm up it shall be operated for attlé@sminutes at maximum power or
according to the recommendation of the manufactaed good engineering
judgement in order to stabilize the engine cootard lube oil temperatures. When
the engine is stabilized, the engine mapping sfeperformed.

Except constant speed engines, engine mappingtshglerformed with fully open
fuel lever or governor using discrete speeds irrding order. The minimum and
maximum mapping speeds are defined as follows:

Minimum mapping speed = warm idle speed

Maximum mapping speednr X 1.02 or speed where max torque drops off to

zero, whichever is smaller.
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Whereny, is the high speed, defined as the highest engieedswhere 70 per cent of
the rated power is delivered.

If the highest speed is unsafe or unrepresentdéwg, for ungoverned engines),
good engineering judgement shall be used to maio @ipe maximum safe speed or
the maximum representative one.

Engine mapping for steady-state 8-mode cycle

In the case of engine mapping for the steady-&atede cycle (only for engines
which have not to run the NRTC cycle), good engimggudgement shall be used to
select a sufficient number (20 to 30) of evenlycguhset-points. At each setpoint,
speed shall be stabilized and torque allowed toilsta at least for 15 seconds. The
mean speed and torque shall be recorded at eaploisét Linear interpolation shall
be used to determine the 8-mode test speeds aneewif needed. If the derived test
speeds and loads do not deviate for more than per5cent from the speeds and
torques indicated by the manufacturer, the manufactdefined speeds and loads
shall be applied. When engines shall be run onNREC too, then the NRTC
engine mapping curve shall be used to determiraelgtstate test speeds and torques.

Engine mapping for NRTC cycle

The engine mapping shall be performed accordirtgedollowing procedure:

(&) The engine shall be unloaded and operatetleaspeed.

(i) For engines with a low-speed governor, therapr demand shall be set
to the minimum, the dynamometer or another loadirgice shall be
used to target a torque of zero on the enginefsguyi output shaft and
the engine shall be allowed to govern the speekis Warm idle speed
shall be measured.

(i) For engines without a low-speed governoe ttynamometer shall be set
to target a torque of zero on the engine's prinmarput shaft, and the
operator demand shall be set to control the spedatied manufacturer-
declared lowest engine speed possible with mininhasa (also known
as manufacturer-declared warm idle speed).

(i) The manufacturer declared idle torque mayused for all variable-speed
engines (with or without a low-speed governork monzero idle torque
is representative of in-use operation.

(b) Operator demand shall be set to maximum agtherspeed shall be controlled
to between warm idle and 95 per cent of its war® gpeed. For engines with
reference duty cycles, which lowest speed is graaten warm idle speed, the
mapping may be started at between the lowest referspeed and 95 per cent
of the lowest reference speed.

(c) The engine speed shall be increased at amgeente of 8 + 1 mitis or the
engine shall be mapped by using a continuous swksgjpeed at a constant rate
such that it takes 4 to 6 min to sweep from miniminmaximum mapping
speed. The mapping speed range shall be startededre warm idle
and 95 per cent of warm idle and ended at the bighgeed above maximum
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7.6.3.

(d)

(€)

power at which less than 70 per cent of maximumepawecurs. If this highest
speed is unsafe or unrepresentative (e.g., for werged engines), good
engineering judgement shall be used to map upedarthximum safe speed or
the maximum representative speed. Engine speedoagde points shall be
recorded at a sample rate of at least 1 Hz.
If a manufacturer believes that the above nmgppechniques are unsafe or
unrepresentative for any given engine, alternatppimg techniques may be
used. These alternate techniques shall satisfyiritent of the specified
mapping procedures to determine the maximum availelsque at all engine
speeds achieved during the test cycles. Deviatiivoen the mapping
techniqgues specified in this paragraph for reasoofs safety or
representativeness shall be approved by the typeoeg or certification
authority along with the justification for their @is In no case, however, the
torque curve shall be run by descending engine dspder governed or
turbocharged engines.
An engine need not be mapped before each weny ¢est cycle. An engine
shall be remapped if:
() an unreasonable amount of time has transpsiade the last map, as
determined by good engineering judgement, or
(i) physical changes or recalibrations have beeme to the engine which
potentially affect engine performance, or
(iif) the atmospheric pressure near the engiaie'slet is not within 5 kPa
of the value recorded at the time of the last engmap.

Engine mapping for constant-speed engines

(@)

(b)

(€)

(d)

The engine may be operated with a productmmsiant-speed governor or a
constant-speed governor maybe simulated by comigoingine speed with an
operator demand control system. Either isochromouspeed-droop governor
operation shall be used, as appropriate.

With the governor or simulated governor coltitig speed using operator
demand, the engine shall be operated at no-loaerged speed (at high speed,
not low idle) for at least 15 seconds.

The dynamometer shall be used to increasei¢oadj a constant rate. The map
shall be conducted such that it takes 2 to 4 mirsweep from no-load
governed speed to the maximum torque. During tigine mapping actual
speed and torque shall be recorded with at lebigt 1

In case of a gen-set engine to be used fddib@nd 60 Hz power generation
(1500 and 1800 mif) engine has to be tested in both constant speeds
separately.

For constant speed engines good engineering juelgiesihall be used to apply other
methods to record max torque and power at the elgfaperating speed(s).
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Test cycle generation

Generation of steady-state test cycles
Rated speed

For engines that are tested with the steady stadealso the transient schedule, the
denormalization speed shall be calculated accordinghe transient procedure
(paragraphs 7.6.2. and 7.7.2.1. and figure 7.3).

If the calculated denormalization spea@eforn) iS within + 2.5 per cent of the
denormalization speed as declared by the manuéactine declared denormalization
speed fgenom) May be used for the emission test. If the tolegeais exceeded, the
calculated denormalization speatiefory Shall be used for the emissions test. In
case of the steady state cycle the calculated dexization speednfenory is tabled
as rated speed.

For engines that are not tested with the transieim¢dule, the rated speed of tables in
Annex A.1l. for the 8-mode discrete and the deriv@shped mode cycle shall be
calculated according to the procedure (paragraghd.7and 7.7.2.1. and figure 7.3).
The rated speed is defined in paragraph 3.1.53.

Generation of steady-state 8-mode te$¢ ¢glescrete and ramp modal)

The intermediate speed shall be determined froenctiiculations according to its
definition (see paragraph 3.1.32.).

The engine setting for each test mode shall brutzied using the formula:

L

S = (( Prax t I:iux) %j_ Rux (7-1)

Where

S = dynamometer setting in kW

Pmax = maximum observed or declared power at the gdpsed under the test
conditions (specified by the manufacturer) in kW

Paux = declared total power absorbed by auxiliarietedi for the test
(see paragraph 6.3.) at the test speed in kW

L = per cent torque

During the test cycle, the engine shall be opdratethe engine speeds and torques
that are defined in Annex A.1.

The maximum mapping torque values at the specifistl speeds shall be derived
from the mapping curve (see paragraph 7.6.1. oR)/.6Measured" values are either
directly measured during the engine mapping procedbey are determined from
the engine map. "Declared" values are specifiedhbymanufacturer. When both
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7.7.1.3.

7.7.2.

7.7.2.1.

measured and declared values are available, ddclataes may be used instead of
torques if they don't deviate more than +2.5 pert.céDtherwise, measured torques
derived from the engine mapping shall be used.

Generation of steady-state 5-mode ted¢ gicscrete and ramp modal)

During the test cycle, the engine shall be opdratethe engine speeds and torques
that are defined in Annex A.1.

The maximum mapping torque value at the specifiedted speed
(see paragraph 7.7.1.1.) shall be used to gen#rat®&-mode test cycle. A warm
minimum torque that is representative of in-userafi@en may be declared. For
example, if the engine is typically connected tonachine that does not operate
below a certain minimum torque, this torque maydeelared and used for cycle
generation. When both measured and declared vataesvailable for the maximum
test torque for cycle generation, the declared evahay be used instead of the
measured value if it is within 95 to 100 per cefnthe measured value.

The torque figures are percentage values of ttguéocorresponding to the prime
power 3 rating. The prime power is defined as the maxmpower available during

a variable power sequence, which may be run farrdimited number of hours per
year, between stated maintenance intervals andr Wheestated ambient conditions.
The maintenance shall be carried out as preschipelde manufacturer.

Generation of transient test cycle (NRTCaderalization)

Annex A.1l. defines applicable test cycles in amadized format. A normalized test
cycle consists of a sequence of paired valuespeed and torque per cent.

Normalized values of speed and torque shall bestoamed using the following

conventions:

(@) The normalized speed shall be transformedargequence of reference speeds,
Nrer, according to paragraph 7.7.2.2.

(b) The normalized torque is expressed as a pegermf the mapped torque at the
corresponding reference speed. These normalideds/ahall be transformed
into a sequence of reference torgues, according to paragraph 7.7.2.3.

(c) The reference speed and reference torque sraypressed in coherent units
are multiplied to calculate the reference poweuesl

Denormalization spea@idnorm)
The denormalization speenyf.om) iS selected to equal the 100 per cent normalized

speed values specified in the engine dynamometedsite of Annex A.1. The
reference engine cycle resulting from denormaliratio the reference speed,

For further understanding of the prime power migbn, see figure 2 of
ISO 8528-1:1993(E) standard.
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depends on the selection of the proper denormalizegpeed rgenom). FoOr the
calculation of the denormalization speetic{or), Obtained from the measured
mapping curve, either of the following equivaleotrhulations can be used:

(a) Ndenorm= Nio + 0.95 X (]hi - nIo) (7'2)

Where:
Ngenorm =  denormalization speed

Mhi = high speed (see paragraph 3.1.30.)

Mo = low speed (see paragraph 3.1.34.)

(b) NgenormcOrresponding to the longest vector defined as:

Nyenorm = N @t the maximum o( Mo + F,’form) (7-3)
Where:

I = an indexing variable that represents one recovdfg of an engine map
Mo = an engine speed normalized by dividing inbyax.

Promi = an engine power normalized by dividing it Byay.

Note that if multiple maximum values are founds tlenormalization speedqdénorm

should be taken as the lowest speed of all poiniis the same maximum sum of
squares. A higher declared speed may be usec ifetigth of the vector at the
declared speed is within 2 per cent of the lendtihe vector at the measured value.

Example:

(Nnorm1 = 1.002 Prorm1 = 0.978,n; = 2359.71)

(Nnorm2 = 1.004 Proma = 0.977,n, = 2364.42)

(Nnorm3 = 1.006,Promms = 0.974,n3 = 2369.13)

(Nnorm1 + Prorm1?) = (1.002 + 0.978 ) = 1.960

(Nnorm2°> + Prorm22) = (1.004 + 0.977) = 1.963

(Nnorm3” + Prorma?) = (1.006 + 0.974 ) = 1.961 maximum = 1.963 &t= 2
Niest = 2364.42 mift

The Contracting Parties can determine which foamsilto be used, in the case that
the results from the calculations in (a) and (lifedifor more than 3 per cent.

If the falling part of the full load curve has &ry steep edge, this may cause
problems to drive the 105 per cent speeds of the @IRst cycle correctly. In this
case it is allowed with previous agreement withetgpproval or certification
authorities, to reduce the denormalization spemghdm slightly (maximum 3 per
cent) in order to make correct driving of the NRp&ssible.

If the measured denormalization speed.om) iS within £ 3 per cent of the
denormalization speed as declared by the manuéactine declared denormalization
speed figenorm) May be used for the emissions test. If the &vilee is exceeded, the
measured denormalization speagk{om shall be used for the emissions test.
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7.7.2.2.

7.7.2.3.

7.7.2.4.

Denormalization of engine speed

The engine speed shall be denormalized usingotteving equation:

— %Speed] E]enorm_ QIJ

ref 100 + r]dle
Where:
Nref = reference speed
Ngenom = denormalization speed
Nidle = idle speed

%speed= tabled NRTC normalized speed

Denormalization of engine torque

(7-4)

The torque values in the engine dynamometer séhedii Annex A.1.4. are
normalized to the maximum torque at the respecpaed. The torque values of the
reference cycle shall be denormalized, using theppmg curve determined

according to paragraph 7.6.2., as follows:

_ %torqueldmax.torqu
100

Tref

for the respective reference speed as determimpdragraph 7.6.3.

Example of denormalization procedure

As an example, the following test point shall le@armalized:

(7-5)

% speed = 43 per cent
% torque = 82 per cent
Given the following values:
Ndenorm = 2200 miﬁl
Nidle = 600 mir'11
results in
43[{ 2200~ 600 -
Nee= +600= 1288min
100
With the maximum torque of 700 Nm observed frome timapping curve
at 1288 mift
_82x700_

=574Nm

ref==
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Specific test cycle running procedure

Emission test sequence for discrete stetdg-est cycles
Engine warming-up for steady state disenebde test cycles

For preconditioning the engine shall be warmea@egording to the recommendation
of the manufacturer and good engineering judgemBefore emission sampling can
start, the engine shall be running until engineperatures (cooling water and lube
oil) have been stabilized (normally at least 10 utés) on mode 1 (100 per cent
torque and rated speed for the 8-mode test cyaleaanmated or nhominal constant
engine speed and 100 per cent torque for the 5-rresdecycle). Immediately from
this engine conditioning point, the test cycle nuieasent starts.

Pre-test procedure according to paragraph 7.3all e performed, including
analyzer calibration.

Performing discrete-mode test cycles

(&) The test shall be performed in ascending oofl@enode numbers as set out for
the test cycle (see Annex A.1.).

(b) Each mode has a mode length of at least 1@tesn In each mode the engine
shall be stabilized for at least 5 minutes and simis shall be sampled
for 1-3 minutes for gaseous emissions at the erehofi mode. Extended time
of sampling is permitted to improve the accuracybf sampling.

The mode length shall be recorded and reported.

(c) The particulate sampling may be done eitheh whe single filter method or
with the multiple filter method. Since the resulisthe methods may differ
slightly, the method used shall be declared withrdsults.

For the single filter method the modal weightiiagtors specified in the test
cycle procedure and the actual exhaust flow staaliaken into account during
sampling by adjusting sample flow rate and/or samgplime, accordingly. It
is required that the effective weighing factor diet PM sampling is
within £0.003 of the weighing factor of the giverode.

Sampling shall be conducted as late as possililinneach mode. For the
single filter method, the completion of particulampling shall be coincident
within £ 5 s with the completion of the gaseous ssitn measurement. The
sampling time per mode shall be at least 20 shersingle filter method and at
least 60 s for the multi-filter method. For sysgemithout bypass capability,
the sampling time per mode shall be at least Gf) sihgle and multiple filter
methods.

(d) The engine speed and load, intake air tempexatuel flow and air or exhaust
gas flow shall be measured for each mode at the same interval which is
used for the measurement of the gaseous concensati
Any additional data required for calculation st recorded.

(e) If the engine stalls or the emission samplmanterrupted at any time after
emission sampling begins for a discrete mode aedsitigle filter method, the
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7.8.1.3.

7.8.2.

7.8.2.1.

7.8.2.2.

test shall be voided and be repeated beginning With engine warm-up
procedure. In the case of PM measurement utilitheg multi-filter method
(one sampling filter for each operating mode), t&t shall be continued by
stabilizing the engine at the previous mode forim@gemperature conditioning
and then initiating measurement with the mode whiggeengine stalled.

() Post-test procedures according to paragrapl2.7shall be performed.

Validation criteria

During each mode of the given steady-state testecgfter the initial transition
period, the measured speed shall not deviate ftoenréference speed for more
than +1 per cent of rated speed or +3 Miwhichever is greater except for idle
which shall be within the tolerances declared by thanufacturer. The measured
torque shall not deviate from the reference torfiquemore than £2 per cent of the
maximum torque at the test speed.

Ramped modal test cycles
Engine warming-up

Before starting the steady-state ramped modattiedes (RMC), the engine shall be
warmed-up and running until engine temperatureslifwg water and lube oil) have
been stabilized on 50 per cent speed and 50 pertague for the RMC test cycle
(derived from the 8-mode test cycle) and at ratedooninal engine speed and 50 per
cent torque for the RMC test cycle (derived frormbee test cycle). Immediately
after this engine conditioning procedure, engireespand torque shall be changed in
a linear ramp of 20 = 1 s to the first mode of tst. In between 5 to 10 s after the
end of the ramp, the test cycle measurement saal! s

Performing a ramped modal test cycle

The ramped modal cycles derived from 8-mode anub8e test cycle are shown in
Annex A.1.

The engine shall be operated for the prescribmé in each mode. The transition
from one mode to the next shall be done linearl®0rs +1 s following the tolerances
prescribed in paragraph 7.8.2.4. (see Annex A.1.)

For ramped modal cycles, reference speed anddorglues shall be generated at a
minimum frequency of 1 Hz and this sequence of gsoghall be used to run the

cycle. During the transition between modes, theod®alized reference speed and
torque values shall be linearly ramped between madeenerate reference points.
The normalized reference torque values shall ndinearly ramped between modes
and then denormalized. If the speed and torque rams through a point above the
engine's torque curve, it shall be continued to mamd the reference torques and it
shall be allowed for the operator demand to go agimum.
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Over the whole RMC test cycle (during each mod# ianluding the ramps between
the modes), the concentration of each gaseoustaollghall be measured and the
PM be sampled. The gaseous pollutants may be mezhsaw or diluted and be

recorded continuously; if diluted, they can alscsbhenpled into a sampling bag. The
particulate sample shall be diluted with conditidr@nd clean air. One sample over
the complete test procedure shall be taken, arldatetl on a single PM sampling

filter.

For calculation of the brake specific emissiortse factual cycle work shall be
calculated by integrating actual engine power dkiercomplete cycle.

Emission test sequence

(a) Execution of the RMC, sampling exhaust gasesrding data, and integrating
measured values shall be started simultaneously.

(b) Speed and torque shall be controlled to tts fhode in the test cycle.

(c) If the engine stalls anywhere during the RMxzaition, the test shall be
voided. The engine shall be pre-conditioned apddist repeated.

(d) At the end of the RMC, sampling shall be coméid, except for PM sampling,
operating all systems to allow system response timelapse. Then all
sampling and recording shall be stopped, includihg recording of
background samples. Finally, any integrating devishall be stopped and the
end of the test cycle shall be indicated in the@reed data.

(e) Post-test procedures according to paragraplsfiall be performed.

Validation criteria

RMC tests shall be validated using the regressamalysis as described in
paragraphs 7.8.3.3. and 7.8.3.5. The allowed RMI€rances are given in the
following table 7.1. Note that the RMC tolerancee different from the NRTC
tolerances of table 7.2.

Speed Torque Power

Standard error of
estimate (SEE) of onx

maximum 1 per
cent of rated speed

maximum 2 per cent
of maximum engine
torque

maximum 2 per cent
of maximum engine
power

Slope of the regression
line, a

0.99t0 1.01

0.98 -1.02

0.98 -1.02

Coefficient of
determination, r2

minimum 0.990

minimum 0.950

minimum 0.950

y intercept of the
regression line,a

+ 1 per cent of
rated speed

+ 20 Nm or 2 per cen
of maximum torque
whichever is greater

+ 4 kKW or 2 per cent
of maximum power
whichever is greater

Table 7.1: RMC Regression line tolerances

In case of running the RMC test not on a transtest bed, where the second by
second speed and torque values are not availdidefotlowing validation criteria
shall be used.
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7.8.3.

7.8.3.1.

At each mode the requirements for the speed argli¢otolerances are given in
paragraph 7.8.1.3. For the 20 s linear speediaedrltorque transitions between the
RMC steady-state test modes (paragraph 7.4.12 fotlowing tolerances for speed
and load shall be applied for the ramp, the spéadl be held linear within £2 per
cent of rated speed. The torque shall be heldatinveithin £5 per cent of the
maximum torque at rated speed.

Transient test cycle (NRTC)

Reference speeds and torques commands shall bengiadly executed to perform
the transient test cycle. Speed and torque comsnsinall be issued at a frequency
of at least 5 Hz. Because the reference test ¢éydpecified at 1 Hz, the in between
speed and torque commands shall be linearly inkzigu from the reference torque
values generated from cycle generation.

Small normalized speed values near warm idle spead cause low-speed idle
governors to activate and the engine torque to exkdbe reference torque even
though the operator demand is at a minimum. I sw&ses, it is recommended to
control the dynamometer so it gives priority tddal the reference torque instead of
the reference speed and let the engine goverrpteds

Under cold-start conditions engines may use aramced-idle device to quickly
warm up the engine and aftertreatment devices. etfiese conditions, very low
normalized speeds will generate reference speeldsvlibis higher enhanced idle
speed. In this case it is recommended controltimy dynamometer so it gives
priority to follow the reference torque and let #rgine govern the speed when the
operator demand is at minimum.

During an emission test, reference speeds andidergnd the feedback speeds and
torques shall be recorded with a minimum frequerfcy Hz, but preferably of 5 Hz
or even 10 Hz. This larger recording frequenciyriportant as it helps to minimize
the biasing effect of the time lag between thermfee and the measured feedback
speed and torque values.

The reference and feedback speeds and torquesemagtrded at lower frequencies
(as low as 1 Hz), if the average values over tine tinterval between recorded values
are recorded. The average values shall be caiclulbhased on feedback values
updated at a frequency of at least 5 Hz. Theserded values shall be used to
calculate cycle-validation statistics and total kvor

Engine preconditioning
To meet stable conditions for the following Emissiest, the sampling system and

the engine shall be preconditioned either by dg\arfull pre-NRTC cycle or driving
the engine and the measuring systems under sigvladitions as in the test cycle
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itself. If the test before was also a NRTC hot,te® additional conditioning is
needed.

A natural or forced cool-down procedure may beliadp For forced cool-down,
good engineering judgement shall be used to sesyspems to send cooling air
across the engine, to send cool oil through thénenlgibrication system, to remove
heat from the coolant through the engine coolirgjeay, and to remove heat from an
exhaust after-treatment system. In the case oir@ed after-treatment cool down,
cooling air shall not be applied until the aftezetment system has cooled below its
catalytic activation temperature. Any cooling pdare that results in
unrepresentative emissions is not permitted.

Pre-test procedures according to paragraph 7have to be performed, including
analyzer calibration.

Performing an NRTC transient cycle test
Testing shall be started as follows:

The test sequence shall commence immediately #Hfterengine has started from
cooled down condition in case of the cold NRTC tsfrom hot soak condition in
case of the hot NRTC test. The instructions (AnAek) shall be followed.

Data logging, sampling of exhaust gases and iategy measured values shall be
initiated simultaneously at the start of the enginkhe test cycle shall be initiated
when the engine starts and shall be executed dogawthe schedule of Annex A.1.

At the end of the cycle, sampling shall be corgthuoperating all systems to allow
system response time to elapse. Then all samplimgrecording shall be stopped,
including the recording of background samples. alfyn any integrating devices
shall be stopped and the end of the test cyclé Bbahdicated in the recorded data.

Post-test procedures according to paragraph h8v2 to be performed.
Cycle validation criteria for transierdtteycle

In order to check the validity of a test, the eyehlidation criteria in this paragraph
shall be applied to the reference and feedbackesati speed, torque, power and
overall work.

Calculation of cycle work

Before calculating the cycle work, any speed amdjue values recorded during
engine starting shall be omitted. Points with niegatorque values have to be
accounted for as zero work. The actual cycle wakk (kwh) shall be calculated
based on engine feedback speed and torque valltes.reference cycle work/es
(kwh) shall be calculated based on engine referspeed and torque values. The
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actual cycle workW, is used for comparison to the reference cycle whigk and
for calculating the brake specific emissions (sa&agraph 7.2.)
W, shall be between 85 per cent and 105 per ceWpf

Validation statistics (see Annex A.2.)

Linear regression between the reference and #dbéek values shall be calculated
for speed, torque and power.

To minimize the biasing effect of the time lagvween the reference and feedback
cycle values, the entire engine speed and torgedbiek signal sequence may be
advanced or delayed in time with respect to theregfce speed and torque sequence.
If the feedback signals are shifted, both speedtampulie shall be shifted by the same

amount in the same direction.

The method of least squares shall be used, wéthést-fit equation having the form:

y= aX + & (7-6)
Where:

y = feedback value of speed (fi)ntorque (Nm), or power (kW)

a = slope of the regression line

x = reference value of speed (Mjntorque (Nm), or power (kW)

& = Yintercept of the regression line

The standard error of estimate (SEE)yain x and the coefficient of determination
(r?) shall be calculated for each regression linen@nA.2.).

It is recommended that this analysis be perforrmeédl Hz. For a test to be
considered valid, the criteria of table 7.2 of thégagraph shall be met.

Speed Torque Power

Standard error of |<5.0 percent of< 10.0 per cent of |<10.0 per cent of
estimate (SEE) of | maximum test | maximum mapped | maximum mapped

onx speed torque power

Slope of the 0.95to 1.03 0.83-1.03 0.89-1.03
regression line,;a

Coefficient of minimum 0.970 minimum 0.850 minimum 0.910

determination, r2

y intercept of the | < 10 per cent of+ 20 Nm or+ 2 per |+ 4 kW orz* 2 per cent

regression line,;a |idle cent of maximum of maximum power
torque whichever is |whichever is greater
greater

Table 7.2: Regression line tolerances

For regression purposes only, point deletionsparenitted where noted in table 7.3
of this paragraph before doing the regression tatiom. However, those points
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shall not be deleted for the calculation of cyclerkvand emissions. An idle point is
defined as a point having a normalized referencgu®m of O per cent and a
normalized reference speed of 0 per cent. Poietida may be applied to the whole
or to any part of the cycle; points to which thenpaleletion is applied have to be

specified.
Event Conditionsr( = engine speed, = torque) Permitted point
deletions

Minimum |n.s = O per cent speed and
operator |and power
demand |T.s= 0 per cent
(idle and
pOint) Tact> (Tref - 0-02Tmaxmappedt0rqt)e

and

Tact < (Tref + 0-02Tmaxmappedtorqoe
Minimum [Nyt < 1.02n0es anNdTact > Tret power and
operator |or either torque or
demand  |Nact> Nrer aNdTact < Trer speed

or

Nact > 1-02nref ar]dTref < TactS (Tref + 0-02Tmaxmappedt0rql)e
Maximum [Nact < Nref ANATact> Tres power and
operator |or either torque of
demand  |Nact> 0.98nrer anNdTact < Tret speed

or

Nact < 0-98nref ar]dTref > Tactz (Tref - 0-02Tmaxmappedt0rql)e

Table 7.3: Permitted point deletions from regre@ssinalysis

Table 7.3 is aligned with the most recent regulatits. The formulation of the
conditions have been simplified using a graphicalmproach.
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8. MEASUREMENT PROCEDURES

8.1. Calibration and performance checks

8.1.1. Introduction
This paragraph describes required calibrations ‘eerifications of measurement
systems. See paragraph 9.4. for specificationsfbyaly to individual instruments.
Calibrations or verifications shall be generallgrformed over the complete
measurement chain. For example, this would generally involve evaluatig
instruments based on values recorded with the comgle system used for
recording test data, including analogue-to-digital converters. For some
calibrations and verifications, it might be specifed that part of the
measurement system is recommended to be disconnett¢o introduce a
simulated signal.
If a calibration or verification for a portion afmeasurement system is not specified,
that portion of the system shall be calibrated #sdperformance verified at a
frequency consistent with any recommendations frin@ measurement system
manufacturer and consistent with good engineeridggment.
Internationally recognized-traceable standardsl $flsmused to meet the tolerances
specified for calibrations and verifications.

8.1.2. Summary of calibration and verification
The table 8.1 summarizes the calibrations andigations described in paragraph 8.
and indicates when these have to be performed.

Type of calibration or Minimum frequency?®
verification

8.1.3: accuracy, repeatabilitf Accuracy: Not required, but recommended for initiestallation.

and noise Repeatability: Not required, but recommended fafahinstallation.
Noise: Not required, but recommended for initiatadlation.
8.1.4: linearity Speed: Upon initial installation, within 370 dayafdre testing and after major maintenance

Torque: Upon initial installation, within 370 dalgefore testing and after major maintenance.
Clean gas and diluted exhaust flows: Upon initiatallation, within 370 days before testing
and after major maintenance, unless flow is vetifig propane check or by carbon or oxygen
balance.

Raw exhaust flow: Upon initial installation, withif85 days before testing and after major
maintenance, unless flow is verified by propanekla by carbon or oxygen balance.
Gas analyzers: Upon initial installation, within 8&ys before testing and after major
maintenance.

PM balance: Upon initial installation, within 37@ys before testing and after major
maintenance.

Stand-alone pressure and temperature: Upon imséllation, within 370 days before testing
and after major maintenance.
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Type of calibration or
verification

Minimum frequency®

8.1.5: Continuous gas
analyzer system response &
updating-recording
verification — for gas
analyzers not continuously
compensated for other gas
species

8.1.6: Continuous gas
analyzer system response &
updating-recording
verification — for gas
analyzers continuously
compensated for other gas
species

Upon initial installation or after system modifiat that would effect response.

Upon initial installation or after system modifiat that would effect response.

8.1.7.1: torque

Upon initial installation and after major maintenan

8.1.7.2: pressure,
temperature, dew point

Upon initial installation and after major maintenan

8.1.8.1: fuel flow

Upon initial installation and after major maintenan

8.1.8.2: intake flow

Upon initial installation and after major maintenan

8.1.8.3: exhaust flow

Upon initial installation and after major maintenan

8.1.8.4: diluted exhaust flo
(CVS and PFD)

Upon initial installation and after major maintenan

8.1.8.5: CVS/PFD and batc
sampler verificatiol’

Upon initial installation, within 35 days beforestimg, and after major maintenance. (Prop3
check)

8.1.8.8: vacuum leak

Before each laboratory test according to paragraph

8.1.9.1: C@NDIR H,0
interference

Upon initial installation and after major maintenan

8.1.9.2: CO NDIR C@and
H,0O interference

Upon initial installation and after major maintenan

8.1.10.1: FID calibration
THC FID optimization and
THC FID verification

Calibrate, optimize, and determine £tésponse: upon initial installation and after majo
maintenance.

Verify CH4 response: upon initial installation, within 185/ddefore testing, and after majo
maintenance.

8.1.10.2: raw exhaust FID,C
interference

For all FID analyzers: upon initial installatiomdafter major maintenance.
For THC FID analyzers: upon initial installatioritea major maintenance, and after
FID optimization according to 8.1.10.1.

8.1.10.3: non-methane cutte
penetration

Upon initial installation, within 185 days befoesting, and after major maintenance.

8.1.11.1: CLD C@and HO
guench

Upon initial installation and after major maintenan

8.1.11.3: NDUV HC and
H,0O interference

Upon initial installation and after major maintenan

8.1.11.4: cooling bath NO
penetration (chiller)

Upon initial installation and after major maintenan

8.1.11.5: NG-to-NO
converter conversion

Upon initial installation, within 35 days beforestiag, and after major maintenance.

8.1.12.1: PM balance and
weighing

Independent verification: upon initial installatjomithin 370 days before testing, and after
major maintenance.
Zero, span, and reference sample verificationdimvit2 hours of weighing, and after major

maintenance.
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Type of calibration or Minimum frequency®
verification

@  perform calibrations and verifications more freglyerccording to measurement system manufactognictions and

good engineering judgement.
®  The CVS verification is not required for systemattagree within + 2per cent based on a chemicahial of carbon or
oxygen of the intake air, fuel, and diluted exhaust

Table 8.1 — Summary of Calibration and Verificago

8.1.3. Verifications for accuracy, repeatabilitpdanoise

The performance values for individual instrumespecified in table 9.3 are the basis
for the determination of the accuracy, repeatabifind noise of an instrument.

It is not required to verify instrument accuracypeatability, or noise. However, it
may be useful to consider these verifications téindea specification for a new
instrument, to verify the performance of a new rimstent upon delivery, or to
troubleshoot an existing instrument.

In this section the letter 'y" is used to denote a generic measured quantity, ¢h
superscript over-bar to denote an arithmetic mean quch as y), and the

subscript "¢" to denote the reference quantity being measured.

If performed, these verifications is recommendeda be conducted as follows:

(@) An instrument is recommended to be prepared sat operates at its
specified temperatures, pressures, and flows. Anyinstrument
linearization or calibration procedures prescribed by the instrument
manufacturer is recommended to be performed.

(b) The instrument is recommended to be zeroed a$ would before an
emission test by introducing a zero signal. Depenty on the instrument,
this may be a zero-concentration gas, a referencegral, a set of reference
thermodynamic conditions, or some combination of tese. For gas
analyzers, a zero gas is used that meets the spieafions of
paragraph 9.5.1.

(c) The instrument is spanned as it would before ra emission test by
introducing a span signal. Depending on the instmment, this may be a
span-concentration gas, a reference signal, a setf oreference
thermodynamic conditions, or some combination of tbse. For gas
analyzers, a span gas is recommended to be used tthaneets the
specifications of paragraph 9.5.1.

(d) The instrument is recommended to be used to qumtify an internationally-
traceable reference quantityy,er. For gas analyzers the reference gas must
meet the specifications of paragraph 9.5.1. A refence quantity is
recommended to be selected near the mean value exal during testing.
For all gas analyzers, a quantity is recommended toe used near the mean
concentration expected during testing. For a noisgerification, the same
zero gas from paragraph (b) of this section as theeference quantity is
recommended to be used. In all cases, time is reemended to be allowed
for the instrument to stabilize while it measures lhe reference quantity.
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Stabilization time may include time to purge an insument and time to
account for its response.
Values are recommended to be recorded for 3Qthe arithmetic mean, y,,

and the standard deviation,s;, of the recorded values is recommended to
be recorded. See Annex A.2. for an example of calating arithmetic
mean and standard deviation.

Also, if the reference quantity is not absolutly constant, which might be
the case with a reference flow, values of.y are recommended to be
sampled and recorded for 30 s and the arithmetic nan of the values, s is
recommended to be recorded. See Annex A.2. for aaxample of
calculating arithmetic mean.

The reference valueyer (Or Yref), is recommended to be subtracted from
the arithmetic mean, y. This value is recommended to be recorded as the
error, &;.

The steps specified in paragraphs (d)(2) thragh (6) of this section are
recommended to be repeated until ten arithmetic mes (y,,V,, V.. . .

V.0 ), ten standard deviations, €1, 62, 6i,. . 610), and ten errors 1, &, &i,. . .,

£10) have been collected.

The following values are recommended to be udeto quantify the

measurements:

() Instrument accuracy is the absolute differencdetween the reference
quantity, Vet (Or Yrer), and the arithmetic mean of the ten y y values.
See the example of an accuracy calculation in Anne&.2. It is
recommended that instrument accuracy be within thespecifications
in table 9.3.

(i) Repeatability is two times the standard devigon of the ten errors
(that is, repeatability = 2s¢). See the example of a standard-
deviation calculation in Annex A.2. It is recommeded that
instrument repeatability be within the specificatians in table 9.3.

(i) Noise is two times the root-mean-square of he ten standard
deviations (that is, noise = 2 rms) when the reference signal is a
zero-quantity signal. See the example of a root-raa-square
calculation in Annex A.2. It is recommended thatnstrument noise
be within the specifications in table 9.3.

Linearity check

Scope and frequency

A linearity verification shall be performed on Bameasurement system listed in

table 8.2 at least as frequently as indicated entéible, consistent with measurement

system manufacturer recommendations and good esrgiggudgement. The intent
of a linearity verification is to determine thatmeasurement system responds
proportionally over the measurement range of isteré\ linearity verification shall
consist of introducing a series of at least 10 rexfee values to a measurement
system, unless otherwise specified. The measuresgsiem quantifies each



ECE/TRANS/WP.29/2009/120

page 58

8.1.4.2.

8.1.4.3.

reference value. The measured values shall bectiokly compared to the reference
values by using a least squares linear regressidrite linearity criteria specified in
table 8.2 of this paragraph.

Performance requirements

If a measurement system does not meet the aplditiakarity criteria in table 8.2,
the deficiency shall be corrected by re-calibratinggrvicing, or replacing
components as needed. The linearity verificatioallsbe repeated after correcting
the deficiency to ensure that the measurementraysteets the linearity criteria.

Procedure

The following linearity verification protocol shdle used:

(@) A measurement system shall be operated atspexified temperatures,
pressures, and flows. This may include any specified adjustment or
periodic calibration of the measurement system.

(b) The instrument shall be zeroed as it wouldotefan emission test by
introducing a zero signaDepending on the instrument, this may be a zero-
concentration gas, a reference signal, a set of egénce thermodynamic
conditions, or some combination of theseFor gas analyzers, a zero gas shall
be used that meets the specifications of parag®dph. and it shall be
introduced directly at the analyzer port.

(c) The instrument shall be spanned as it woultbreean emission test by
introducing a span signalDepending on the instrument, this may be a
span-concentration gas, a reference signal, a setf oreference
thermodynamic conditions, or some combination of tese. For gas
analyzers, a span gas shall be used that meetsspkeifications of
paragraph 9.5.1. and it shall be introduced diyesitthe analyzer port.

(d) After spanning the instrument, zero shall lbeaoked with the same signal
which has been used in paragraph (b) of this papdgr Based on the zero
reading, good engineering judgement shall be uselgtermine whether or not
to re-zero and or re-span the instrument beforegeding to the next step.

(e) For all measured quantities manufacturer rewgendations and good
engineering judgement shall be used to select éfexrance valuesye.s, that
cover the full range of values that are expectetihduemission testing, thus
avoiding the need of extrapolation beyond theseiesl A zero reference
signal shall be selected as one of the referendeewvaof the linearity
verification. For stand-alone pressure and tentpegdinearity verifications,
at least three reference values shall be selectédr all other linearity
verifications, at least ten reference values dtmbelected.

() Instrument manufacturer recommendations anddgengineering judgement
shall be used to select the order in which theesest reference values will be
introduced. For example the reference values may be selectechdomly to
avoid correlation with previous measurements, refegznce values may be
selected in ascending or descending order to avoidng settling times of
reference signals, or as another example values mag selected to ascend
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and then descend which might incorporate the effestof any instrument
hysteresis into the linearity verification.

() Reference quantities shall be generated armbdiuced as described in
paragraph 8.1.4.4. For gas analyzers, gas coatems known to be within
the specifications of paragraph 9.5.1. shall bel asel they shall be introduced
directly at the analyzer port.

(h) Time for the instrument to stabilize whilemieasures the reference value shall
be allowed. Stabilization time may include time to purge an ingument
and time to account for its response.

(i) At the minimum recording frequency, as spexfiin table 9.2, the reference
value shall be measured for 30 s and the arithnragan of the recorded
values, y, recorded. See Annex A.2. for an example of calculating an

arithmetic mean.

() Steps in paragraphs (f) through (h) of thisggmaph shall be repeated until all
reference quantities are measured.

(k) The arithmetic meang,, and reference valueg.s, shall be used to calculate

least-squares linear regression parameters anstisttvalues to compare to
the minimum performance criteria specified in taBl@. The calculations
described in Annex A.2.2. shall be used.

Reference signals

This paragraph describes recommended method<farating reference values for
the linearity-verification protocol in paragraphl&.3. of this section. Reference
values shall be used that simulate actual valuesn @actual value shall be introduced
and measured with a reference-measurement sydtethe latter case, the reference
value is the value reported by the reference-measemt system. Reference values
and reference-measurement systems shall be intarally traceable. It is
recommended that calibration reference quantities & used that are
internationally-traceable within 0.5 per cent uncetainty, if not specified
otherwise in other sections of this gtr. The follwing recommended methods are
recommended to be used to generate reference values good engineering
judgement is recommended to be used to select afdiient reference:

(a) Engine speed. The engine or dynamometer isc@nmended to be run at a
series of steady-state speeds and a strobe, a phtachometer, or a laser
tachometer is recommended to be used to record re@nce speeds.

(b) Engine torque. A series of calibration weight and a calibration lever arm
is recommended to be used to simulate engine torqudnstead the engine
or dynamometer itself may be used to generate a nomal torque that is
measured by a reference load cell or proving ringn series with the
torque-measurement system. In this case the referee load cell
measurement is recommended to be used as the refece value. See
paragraph 8.1.7.1. for a torque-calibration procedwe similar to the
linearity verification in this section.

(c) Electrical work. A controlled source of current and a watt-hour standard
reference meter is recommended to be used. Comp#atalibration systems
that contain a current source and a reference wathour meter are
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commonly used in the electrical power distributionindustry and are

therefore commercially available.

(d) Fuel rate. The engine is recommended to be emted at a series of
constant fuel-flow rates or fuel is recommended tbe re-circulated back to
a tank through the fuel flow meter at different flow rates. A gravimetric
reference measurement (such as a scale, balance,noass comparator) is
recommended to be used at the inlet to the fuel-msarement system. A
stopwatch or timer is recommended to be used to msare the time
intervals over which reference masses of fuel aretroduced to the fuel
measurement system. The reference fuel mass divitby the time interval
is the reference fuel flow rate.

(e) Flow rates-inlet air, dilution air, diluted exhaust, raw exhaust, or sample
flow. A reference flow meter with a blower or pumpis recommended to
be used to simulate flow rates. A restrictor, diveer valve, a variable-
speed blower or a variable-speed pump is recommendid¢o be used to
control the range of flow rates. The reference met's response is
recommended to be used as the reference values.

(i) Reference flow meters. Because the flow rangequirements for
these various flows are large, a variety of referare meters are
allowed. For example, for diluted exhaust flow fora full-flow
dilution system, a reference subsonic venturi flonmeter with a
restrictor valve and a blower to simulate flow rates is recommended.
For inlet air, dilution air, diluted exhaust for partial-flow dilution,
raw exhaust, or sample flow, reference meters suchs critical flow
orifices, critical flow venturis, laminar flow elements, master mass
flow standards, or Roots meters are allowed. It isecommended to
ensure that the reference meter is calibrated by # flow-meter
manufacturer and its calibration is internationally-traceable. If the
difference of two flow measurements is used to detaine a net flow
rate, one of the measurements may be used as a refece for the
other.

(i) Reference flow values. Because the referenflew is not absolutely
constant, values ofn.; for 30 s is recommended to be sampled and
recorded and the arithmetic mean of the values,n is

ref 1
recommended to be used as the reference value.
See paragraph A.2.2. for an example of calculatingrithmetic mean.
(f) Gas division. One of the two reference sigigis recommended to be used:
() At the outlet of the gas-division system, a @a analyzer is
recommended to be connected that meets the linearitverification
described in this section and has not been lineagd with the gas
divider being verified. For example, the linearity of an analyzer is
recommended to be verified using a series of refaree analytical
gases directly from compressed gas cylinders that est the
specifications of paragraph 9.5.1. It is recommeratl that a FID
analyzer or a PMD/MPD O, analyzer are used because of their
inherent linearity. This analyzer is recommended ¢ be operated
consistent as it would be operated during an emissn test. A span
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gas is recommended to be connected to the gas-didnlet. The
gas-division system is recommended to be used twidie the span gas
with purified air or nitrogen. Gas divisions are recommended to be
selected that are typically used. A selected gasividion is
recommended to be used as the measured value. Thealyzer
response divided by the span gas concentration iecommended to
be used as the reference gas-division value. Besauhe instrument
response is not absolutely constant, values of.; for 30 s are
recommended to be sampled and recorded and the dninetic mean
of the valuesx., is recommended to be used as the reference value.
See paragraph A.2.2. for an example of calculatingrithmetic mean.

(i) Using good engineering judgement and gas duer manufacturer
recommendations, one or more reference flow metersare
recommended to be used to verify the measured flosates of the gas
divider.

(g) Continuous constituent concentration. For redrence values, a series of gas
cylinders of known gas concentration are recommendeto be used or a
gas-division system is recommended to be used thatknown to be linear
with a span gas. Gas cylinders, gas-division systs, and span gases that
are used for reference values must meet the specdtions of
paragraph 9.5.1.

For temperature measurement systems with senkerghermocouples, RTDs, and
thermistors, the linearity verification may be menhed by removing the sensor from
the system and using a simulator in its place. irAukator that is independently
calibrated and cold junction compensated, as napesshall be used. The
internationally traceable simulator uncertainty lsdato temperature shall be less
than 0.5 per cent of maximum operating temperafyge If this option is used, it is
necessary to use sensors that the supplier steescaurate to better than 0.5 per
cent ofTax cOmpared to their standard calibration curve.

Measurement systems that require lineweitification

Table 8.2 indicates measurement systems thatreehjearity verifications. For this

table the following provisions apply.

(@) A linearity verification shall be performed mofrequently if the instrument
manufacturer recommends it or based on good engnggedgement.

(b) "min" refers to the minimum reference valueedisduring the linearity
verification.
Note that this value may be zero or a negativeevdepending on the signal.

(c) "max" generally refers to the maximum refeeenvalue used during the
linearity verification. For example for gas dividexmax IS the undivided,
undiluted, span gas concentration. The followimg apecial cases where
"max” refers to a different value:
(i) For PM balance linearity verificatiommax refers to the typical mass of a

PM filter.
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(d)
()

(f)

(9)

(h)

(i) For torque linearity verification,Tmax refers to the manufacturer's
specified engine torque peak value of the highesjue engine to be
tested.

The specified ranges are inclusive. For eXdapgspecified range of 0.98-1.02

for the slopea; means 0.98 a; < 1.02.

These linearity verifications are not requifedsystems that pass the flow-rate

verification for diluted exhaust as described 83..8or the propane check or

for systems that agree within 2 per cent baseda arhemical balance of
carbon or oxygen of the intake air, fuel, and estau

a; criteria for these quantities shall be met onlyhié absolute value of the

guantity is required, as opposed to a signal thahly linearly proportional to

the actual value.

Stand-alone temperatures include engine testyres and ambient conditions

used to set or verify engine conditions; tempeegtunsed to set or verify

critical conditions in the test system; and tempees used in emissions
calculations:

() These temperature linearity checks are reglir Air intake;
aftertreatment bed(s) (for engines tested withrimélatment devices on
cycles with cold start criteria); dilution air fdPM sampling (CVS,
double dilution, and partial flow systems); PM sdempand chiller
sample (for gaseous sampling systems that useichith dry samples).

(i) These temperature linearity checks are oelyuired if specified by the
engine manufacturer. Fuel inlet; test cell chaecooler air outlet (for
engines tested with a test cell heat exchanger laimg a
vehicle/machine charge air cooler); test cell chaagr cooler coolant
inlet (for engines tested with a test cell heathexger simulating a
vehicle/machine charge air cooler); and oil in #henp/pan; coolant
before the thermostat (for liquid cooled engines).

Stand-alone pressures include engine presameambient conditions used to

set or verify engine conditions; pressures usedseab or verify critical

conditions in the test system; and pressures userhissions calculations:

() Required pressure linearity checks are: atake restriction; exhaust
back pressure; barometer; CVS inlet gage presguree@surement using
CVS); chiller sample (for gaseous sampling systémas use chillers to
dry samples).

(i) Pressure linearity checks that are requaty if specified by the engine
manufacturer: test cell charge air cooler and auenecting pipe
pressure drop (for turbo-charged engines testetl wittest cell heat
exchanger simulating a vehicle/machine chargeanter) fuel inlet; and
fuel outlet.
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Minimum Linearity Criteria
Measurement verification
System Quantity frequency |Xmin [{a,-1)+ ao| a SEE r?

Within 370 days

Engine speed n before testing <0.05 %nNay 0.98-1.02 <2 % Niax >0.990
Within 370 days

Engine torque T before testing <1 % Trax 0.98-1.02 | <2 % Tmax =0.990
Within 370 days

Fuel flow rate Om | before testing <1 % CJm, max 0.98-1.02 | <2 % Qm.max | >0.990

Intake-air Within 370 days

flow rate Qv |before testing <1 % Qv, max 0.98-1.02 | <2% Qv.max | >0.990

Dilution air Within 370 days

flow rate Qv |before testing <1 % Qv, max 0.98-1.02 | <2% Qv.max | >0.990

Diluted exhaust Within 370 days

flow rate Qv |before testing <1 % Qv, max 0.98-1.02 | <2% Qv.max | >0.990

Raw exhaust Within 185 days

flow rate Qv |before testing <1 % Qv. max 0.98-1.02 | <2 % Qv.max | >0.990

Batch sampler Within 370 days

flow rates Qv |before testing <1 % Qv, max 0.98-1.02 | <2% Qv.max | >0.990
Within 370 days

Gas dividers X/ Xpan | before testing <0.5 YbXmax 0.98-1.02 | <2 %X | 20.990
Within 35 days

Gas analyzers X before testing <0.5 %Xmax 0.99-1.01 <1 % Xmax >0.998
Within 370 days

PM balance m before testing <1 % Miax 0.99-1.01 <1 % Miax >0.998

Stand-alone Within 370 days

pressures p before testing <1 % Prmax 0.99-1.01 <1 % Prax =20.998

Analog-to-digital

conversion of

stand-alone

temperature Within 370 days

signals T before testing <1 % Trax 0.99-1.01 <1 % Trax >0.998

Table 8.2. — Measurement systems that requirarityeverifications

8.1.5. Continuous gas analyser system-responsaptating-recording verification
This section describes a general verification @doce for continuous gas analyzer
system response and update recording. See pana@dp6. for verification
procedures for compensation type analysers.

8.1.5.1. Scope and frequency

This verification shall be performed after instadl or replacing a gas analyzer that is
used for continuous sampling. Also this verifioatshall be performed if the system
is reconfigured in a way that would change systesponse. For example, this
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verification is recommended to be performed if a ginificant volume is added to
the transfer lines by increasing their length or ading a filter; or if the
frequency is reduced at which gas-analyzer concertions are sampled and
recorded. This verification is needed for continuous gaalgsers used for transient
or ramped-modal testing but is not needed for baes analyzer systems or for
continuous gas analyzer systems used only foretisenode testing.

Measurement principles

This test verifies that the updating and recordireguencies match the overall
system response to a rapid change in the valuermfentrations at the sample probe.
Gas analyzer systems shall be optimized such tieat overall response to a rapid
change in concentration is updated and recordednaappropriate frequency to
prevent loss of information. This test also vesfithat continuous gas analyzer
systems meet a minimum response time.

The system settings for the response time evaluahall be exactly the same as
during measurement of the test run (i.e. presdiow, rates, filter settings on the

analyzers and all other response time influencd@$)e response time determination
shall be done with gas switching directly at théetirof the sample probe. The
devices for gas switching shall have a specificatm perform the switching in less

than 0.1 s. The gases used for the test shallecausoncentration change of at
least 60 per cent full scale (FS).

The concentration trace of each single gas conmqahall be recorded.

System requirements

(@) The system response time shalkb®0 s with a rise time of 2.5 s or with a
rise and fall time ok 5 s each for all measured components (COy, NEID,
and HC) and all ranges used. When using a NMCtifermeasurement of
NMHC, the system response time may exceed 10 s.

All data (concentration, fuel and air flows) haweebe shifted by their measured
response times before performing the emission talons given in
Annexes A.7-A.8.

(b) To demonstrate acceptable updating and rempndith respect to the system's
overall response, the system shall meet one dbtlmving criteria:
(i) The product of the mean rise time and thguency at which the system
records an updated concentration shall be at feabt any case the mean
rise time shall be no more than 10 s.
(i) The frequency at which the system records ¢bncentration shall be at
least 2 Hz (see also table 9.2).
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8.1.5.4. Procedure

The following procedure shall be used to verifg tsponse of each continuous gas
analyzer system:

(@)

(b)

(c)

The analyzer system manufacturer's start-upogerating instructions for the
instrument setup shall be followed. The measureémsgstem shall be adjusted
as needed to optimize performance. This verifacaghall be run with the
analyzer operating in the same manner as usedniicgs®mn testing. If the
analyzer shares its sampling system with otheryaeed, and if gas flow to the
other analyzers will affect the system response tithen the other analyzers
shall be started up and operated while running Weidfication test. This
verification test may be run on multiple analyzeharing the same sampling
system at the same time. If analogue or real-tig#al filters are used during
emission testing, those filters shall be operatethé same manner during this
verification.
For equipment used to validate system resptimse minimal gas transfer line
lengths between all connections are recommendbd tesed, a zero-air source
shall be connected to one inlet of a fast-actingay-valve (2 inlets, 1 outlet)
in order to control the flow of zero and blendedrspgyases to the sample
system's probe inlet or a tee near the outleteptiobe. Normally the gas flow
rate is higher than the probe sample flow ratethrcexcess is overflowed out
the inlet of the probe. If the gas flow rate i&é than the probe flow rate, the
gas concentrations shall be adjusted to accounth#ilution from ambient
air drawn into the probe. Binary or multi-gas sgases may be used. A gas
blending or mixing device may be used to blend ggmses. A gas blending or
mixing device is recommended when blending sparesgaduted in N with
span gases diluted in air.
Using a gas divider, an NO—CO—-&@3Hg—CH, (balance M) span gas shall
be equally blended with a span gas of ;N@alance purified synthetic air.
Standard binary span gases may be also be usetk apglicable, in place of
blended NO-CO-C@C3Hg-CH,, balance N span gas; in this case separate
response tests shall be run for each analyzer. gakedivider outlet shall be
connected to the other inlet of the 3-way valvehe Walve outlet shall be
connected to an overflow at the gas analyzer systprobe or to an overflow
fitting between the probe and transfer line taladl analyzers being verified. A
setup that avoids pressure pulsations due to stggpe flow through the gas
blending device shall be used. Any of these gasstdoents if they are not
relevant to the analyzers for this verificationlsha omitted. Alternatively the
use of gas bottles with single gases and a separaésurement of response
times is allowed.
Data collection shall be done as follows:
(i) The valve shall be switched to start the flofazero gas.
(i)  Stabilization shall be allowed for, accourgifor transport delays and the
slowest analyzer's full response.
(i) Data recording shall be started at the trelcy used during emission
testing. Each recorded value shall be a uniqueategdconcentration
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measured by the analyzer; interpolation or filtgrmay not be used to
alter recorded values.

(iv) The valve shall be switched to allow therdled span gases to flow to
the analyzers. This time shall be recordet}.as

(v) Transport delays and the slowest analyzalisésponse shall be allowed
for.

(vi) The flow shall be switched to allow zero gasflow to the analyzer.
This time shall be recorded fg,

(vii) Transport delays and the slowest analyZetlsesponse shall be allowed
for.

(viii) The steps in paragraphs (c)(iv) throughi)(ef this paragraph shall be
repeated to record seven full cycles, ending wato -yas flowing to the
analyzers.

(ix) Recording shall be stopped.

Performance evaluation

The data from paragraph 8.1.5.4.(c) of this sectball be used to calculate the

mean rise timeJ1o_gofor each of the analyzers.

(@) If it is chosen to demonstrate compliance vpilnagraph 8.1.5.3.(b)(i) of this
section the following procedure has to be applide rise times (in s) shall be
multiplied by their respective recording frequescie Hertz (1/s). The value
for each result shall be at least 5. If the vakidess than 5, the recording
frequency shall be increased or the flows adjustdtie design of the sampling
system shall be changed to increase the rise trme@ded. Also digital filters
may be configured to increase rise time.

(b) If it is chosen to demonstrate compliance va#tnagraph 8.1.5.3.(b)(ii) of this
section, the demonstration of compliance with thequirements of
paragraph 8.1.5.3.(b) (ii) is sufficient.

Response time verification for compensatype analysers
Scope and frequency

This verification shall be performed to determimecontinuous gas analyzer's
response, where one analyzer's response is conteersa another's to quantify a
gaseous emission. For this check water vapouft bhatonsidered to be a gaseous
constituent. This verification is required for ¢timmous gas analyzers used for
transient or ramped-modal testing. This verifioatis not needed for batch gas
analyzers or for continuous gas analyzers thatused only for discrete-mode
testing. This verification does not apply to catien for water removed from the
sample done in post-processing and it does noyapdNMHC determination from
THC and CH quoted in Annexes A.7. and A.8. concerning the ssmn
calculations. This verification shall be performeftier initial installation (i.e. test
cell commissioning). After major maintenance, gaaph 8.1.5. may be used to
verify uniform response provided that any replacethponents have gone through a
humidified uniform response verification at soménpo
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Measurement principles

This procedure verifies the time-alignment andfarm response of continuously
combined gas measurements. For this proceduig,niécessary to ensure that all
compensation algorithms and humidity correctiorestarned on.

System requirements

The general response time and rise time requiregieen in 8.1.5.3 (a) is also valid
for compensation type analysers. Additionallythi# recording frequency is different
than the update frequency of the continuously coetdbicompensated signal, the
lower of these two frequencies shall be used far Werification required by
paragraph 8.1.5.3(b)(i).

Procedure

All procedures given in paragraph 8.1.5.4.(a))-héve to be used. Additionally also
the response and rise time of water vapour haetméasured, if a compensation
algorithm based on measured water vapour is usedhis case at least one of the
used calibration gases (but not j®as to be humidified as follows:

It is recommended to humidify the NO-CO-CQ-C3Hg-CH,, balance N blended
gas by flowing the gas mixture through a sealed vesl that humidifies the gas by
bubbling it through distilled water and then mixing the gas with dry NG, gas,
balance purified synthetic air. If the system does not use a sample dryer tovemo
water from the sample gas, the span gas shall b&dified by flowing the gas
mixture through a sealed vessel that humidifiesghe to the highest sample dew
point that is estimated during emission samplingbogpbling it through distilled
water. If the system uses a sample dryer duristing that has passed the sample
dryer verification check, the humidified gas mixdunay be introduced downstream
of the sample dryer by bubbling it through distllevater in a sealed vessel at
(25 £10 °C), or a temperature greater than the gew. In all cases, downstream of
the vessel, the humidified gas shall be maintaisted temperature of at least 5 °C
above its local dew point in the lindt is recommended that all gas transfer lines
and valves located downstream of the vessel be hedtas needed.Note that it is
possible to omit any of these gas constituentsey tare not relevant to the analyzers
for this verification. If any of the gas constitie are not susceptible to water
compensation, the response check for these anslymay be performed without
humidification.

Measurement of engine parameters and amtnexitions

The engine manufacturer shall apply internal dquaprocedures traceable to
recognised national or international standardshe@tise the following procedures

apply.
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8.1.7.1.

8.1.7.1.1.

8.1.7.1.2.

8.1.7.1.3.

Torque calibration
Scope and frequency

All torque-measurement systems including dynamemebrque measurement
transducers and systems shall be calibrated upbal imstallation and after major
maintenance using, among others, reference fordéever-arm length coupled with
dead weight. Good engineering judgement shall 48 uo repeat the calibration.
The torque transducer manufacturer's instructidvadl e followed for linearizing

the torque sensor's output. Other calibration oudhare permitted.

Recommended procedure:

(@) Reference force quantification. Either a setf dead-weights or a reference
meter such as strain gage or a proving ring is recomended to be used to
quantify the reference force, internationally-traceable within £0.5 per cent
uncertainty.

(b) Lever-arm length quantification. The lever am length is recommended to
be quantified, internationally-traceable within 0.5 per cent uncertainty.
The lever arm's length must be measured from the ogreline of the
dynamometer to the point at which the reference fare is measured. The
lever arm must be perpendicular to gravity (i.e., lorizontal), and it must
be perpendicular to the dynamometer's rotational ais. The lever arm's
torqgue is recommended to be balanced or its net hgmg torque is
recommended to be quantified, internationally-trac@ble within +1 per
cent uncertainty, and it is recommended to be accoted for as part of the
reference torque.

Dead-weight calibration

This technique applies a known force by hangingvkmweights at a known distance
along a lever arm. It shall be made sure thatnmbights' lever arm is perpendicular
to gravity (i.e, horizontal) and perpendicular to the dynamometetational axis.
At least six calibration-weight combinations sha# applied for each applicable
torque-measuring range, spacing the weight quastiébout equally over the range.
The dynamometer shall be oscillated or rotatednducalibration to reduce frictional
static hysteresis. Each weight's force shall beerdened by multiplying its
internationally-traceable mass by the local acedilen of Earth's gravity.

Strain gage or proving ring calibration

This technique applies force either by hanginggives on a lever arm (these weights
and their lever arm length are not used as pattefeference torque determination)
or by operating the dynamometer at different tosque At least six force

combinations shall be applied for each applicablgue-measuring range, spacing
the force quantities about equally over the rangéhe dynamometer shall be
oscillated or rotated during calibration to reddigetional static hysteresis. In this
case, the reference torque is determined by myiltliglthe force output from the
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reference meter (such as a strain gage or prowirg) by its effective lever-arm
length, which is measured from the point whereftiree measurement is made to
the dynamometer's rotational axis. It shall be enswre that this length is measured
perpendicular to the reference meter's measuremdstand perpendicular to the
dynamometer's rotational axis.

Pressure, temperature, and dew pointratibin

Instruments shall be calibrated for measuring saness temperature, and dew point
upon initial installation. The instrument manufaetr's instructions shall be
followed and good engineering judgement shall leelue repeat the calibration.

(a) Pressure. Temperature-compensated, digital-gumatic, or deadweight
pressure calibrators, with data-logging capabilitis to minimize
transcription errors are recommended. Calibration reference quantities,
that are internationally-traceable within 0.5 per cent uncertainty, are
recommended to be used.

(b) Temperature. Digital dry-block or stirred-liq uid temperature calibrators,
with data logging capabilities to minimize transcrption errors are
recommended. Calibration reference quantities, thiaare internationally-
traceable within 0.5 per cent uncertainty, are recommended.

For temperature measurement systems with thernpteoRTD, or thermistor
sensors, the calibration of the system shall bdopeed as described in
paragraph 8.1.4.4. for linearity verification.

(c) Dewpoint. A minimum of three different tempeiture-equilibrated and
temperature-monitored calibration salt solutions in containers that seal
completely around the dewpoint sensor are recommeerd. Calibration
reference quantities, that are internationally-traceable within 0.5 per cent
uncertainty, are recommended.

System components may be removed for off-site datation.
Flow-related measurements
Fuel flow calibration

Fuel flow meters shall be calibrated upon initinftallation. The instrument
manufacturer's instructions shall be followed anddyengineering judgement shall
be used to repeat the calibration.

Intake air flow calibration

Intake air flow meters shall be calibrated upoitighinstallation. The instrument
manufacturer's instructions shall be followed anddyengineering judgement shall
be used to repeat the calibratioft.is recommended that a calibration subsonic
venturi, ultrasonic flow meter or laminar flow element be used. It is
recommended that -calibration reference quantities & used, that are
internationally-traceable within 0.5 per cent uncetainty.
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8.1.8.3.

8.1.8.4.

8.1.8.4.1.

If a subsonic venturi or ultrasonic flow meter is used for intake flow
measurement, it is recommended that its calibrations performed as described
in paragraph 8.1.8.4.

Exhaust flow calibration

Exhaust flow meters shall be calibrated upon ahitnstallation. The instrument
manufacturer's instructions shall be followed anddyengineering judgement shall
be used to repeat the calibratioli.is recommended that a calibration subsonic
venturi or ultrasonic flow meter be used; exhaust émperatures should be
simulated by incorporating a heat exchanger betweethe calibration meter and
the exhaust-flow meter. If it can be demonstratedhat the flow meter to be
calibrated is insensitive to exhaust temperaturesither reference meters such as
laminar flow elements may be used, which are not camonly designed to
withstand typical raw exhaust temperatures. It is recommended that
calibration reference quantities be used, that areinternationally-traceable
within 0.5 per cent uncertainty.

If a subsonic venturi or ultrasonic flow meter isused for raw exhaust flow
measurement, it should be calibrated as described paragraph 8.1.8.4.

Diluted exhaust flow (CVS) calibration

Overview

(@) This section describes how to calibrate flovetens for diluted exhaust
constant-volume sampling (CVS) systems.

(b) This calibration shall be performed while thhew meter is installed in its
permanent position. This calibration shall be perfed after any part of the
flow configuration upstream or downstream of thewfl meter has been
changed that may affect the flow-meter calibratiorhis calibration shall be
performed upon initial CVS installation and whenegerrective action does
not resolve a failure to meet the diluted exhalast verification {.e., propane
check) in paragraph 8.1.8.5.

(c) A CVS flow meter shall be calibrated usingeference flow meter such as a
subsonic venturi flow meter, a long-radius flow mlez a smooth approach
orifice, a laminar flow element, a set of critidklw venturis, or an ultrasonic
flow meter. A reference flow meter shall be uskdt treports quantities that
are internationally-traceable within £1 per centcentainty. This reference
flow meter's response to flow shall be used asréfierence value for CVS
flow-meter calibration.

(d) An upstream screen or other restriction tloatle affect the flow ahead of the
reference flow meter may not be used, unless tbw fineter has been
calibrated with such a restriction.

(e) The calibration sequence described underpiwagraph 8.1.8.4. refers to the
molar based approach. For the corresponding sequesed in the mass based
approach, see Annex 8 Appendix 1.
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8.1.8.4.2. PDP calibration

A positive-displacement pump (PDP) shall be catibd to determine a flow-versus-
PDP speed equation that accounts for flow leakagesa sealing surfaces in the
PDP as a function of PDP inlet pressure. Uniqueatgn coefficients shall be

determined for each speed at which the PDP is tgubraA PDP flow meter shall be

calibrated as follows:

(a)
(b)
(€)
(d)

(e)
(f)

(¢)]
(h)

(i)

1),

(k)

()
(m)

The system shall be connected as shown inefigLi.

Leaks between the calibration flow meter amd tPDP shall be less
than 0.3 per cent of the total flow at the loweatibrated flow point; for
example, at the highest restriction and lowest Bp&ed point.

While the PDP operates, a constant temperatirthe PDP inlet shall be
maintained within 2 per cent of the mean absahltt temperatureli,.

The PDP speed is set to the first speed @aiwhich it is intended to calibrate.
The variable restrictor is set to its wide+op@sition.

The PDP is operated for at least 3 min to ita&b the system. Then by
continuously operating the PDP, the mean valueat ¢éast 30 s of sampled
data of each of the following quantities are reeokd

(i)  The mean flow rate of the reference flow mete,,. This may include

several measurements of different quantities, suchs reference meter
pressures and temperatures, for calculatingyes.
(i) The mean temperature at the PDP inlgt,
(i) The mean static absolute pressure at the Rilet, pi,
(iv) The mean static absolute pressure at the &I, pout
(v) The mean PDP speetpp.
The restrictor valve shall be incrementallpsed to decrease the absolute
pressure at the inlet to the POR,
The steps in paragraphs (8.1.8.4.2.)(f) andf{dhis section shall be repeated
to record data at a minimum of six restrictor poss reflecting the full range
of possible in-use pressures at the PDP inlet.
The PDP shall be calibrated by using the @t#ld data and the equations in
Annexes A.7-A.8.
The steps in paragraphs (f) through (i) oktkection shall be repeated for each
speed at which the PDP is operated.
The equations in Annex A.7 (molar based apgmpaor A.8 (mass based
approach) shall be used to determine the PDP flquaton for emission
testing.
The calibration shall be verified by performgina CVS verification i(e.,
propane check) as described in paragraph 8.1.8.5.
The PDP may not be used below the lowest iplketssure tested during
calibration.
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8.1.8.4.3. CFV calibration

A critical-flow venturi (CFV) shall be calibratetd verify its discharge coefficient,
Cq, at the lowest expected static differential pressoetween the CFV inlet and
outlet. A CFV flow meter shall be calibrated abdws:

(@)
(b)
(€)
(d)

(e)

(f)

(9)
(h)

@)

(k)
()

The system shall be connected as shown inefigLi..

The blower shall be started downstream ofGR¥ .

While the CFV operates, a constant temperaatréhe CFV inlet shall be
maintained within +2 per cent of the mean absahits temperatureTi,.

Leaks between the calibration flow meter am# tCFV shall be less
than 0.3 per cent of the total flow at the higtrestriction.

The variable restrictor shall be set to itslavopen position. In lieu of a
variable restrictor the pressure downstream of @&/ may be varied by
varying blower speed or by introducing a controlledk. Note that some
blowers have limitations on non-loaded conditions.

The CFV shall be operated for at least 3 nisthbilize the system. The CFV
shall continue operating and the mean values lefaat 30 s of sampled data of
each of the following quantities shall be recorded:

(i)  The mean flow rate of the reference flow mete,,. This may include

several measurements of different quantities, sudcis reference meter
pressures and temperatures, for calculating,, .

(i) Optionally, the mean dew point of the casibon air, Tgew. See Annexes
A.7-A.8 for permissible assumptions during emissisgasurements.

(i) The mean temperature at the venturi infgt,

(iv) The mean static absolute pressure at theuvieinlet, pi.

(v) The mean static differential pressure betwihenCFV inlet and the CFV
outlet, Apcrv.

The restrictor valve shall be incrementallpsed to decrease the absolute

pressure at the inlet to the CHY.

The steps in paragraphs (f) and (g) of thimgeaph shall be repeated to record

mean data at a minimum of ten restrictor positiosisgch that the fullest

practical range oApcry expected during testing is tested. It is not neguto

remove calibration components or CVS componenisatibrate at the lowest

possible restrictions.

Cq and the lowest allowable pressure ratghall be determined as described in

Annexes A.7-A.8.

Cq shall be used to determine CFV flow during an siois test. The CFV

shall not be wused below the lowest allowed as determined in

Annexes A.7-A.8.

The calibration shall be verified by performgira CVS verification i(e,

propane check) as described in paragraph 8.1.8.5.

If the CVS is configured to operate more tlare CFV at a time in parallel,

the CVS shall be calibrated by one of the following

(i) Every combination of CFVs shall be calibratedtcording to this
paragraph and Annexes A.7-A.8. See Annexes A.7fér.8nstructions
on calculating flow rates for this option.
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(i) Each CFV shall be calibrated according toisthparagraph and
Annexes A.7-A.8. See Annexes A.7-A.8 for instraod on calculating
flow rates for this option.

8.1.8.4.4. SSV calibration

8.1.8.4.5.

A subsonic venturi (SSV) shall be calibrated ttedmine its calibration coefficient,
Cq , for the expected range of inlet pressures. 8% 8ow meter shall be calibrated
as follows:

(a)
(b)
(€)
(d)

(e)

(f)

(9
(h)
(i)
@)

(k)
()

The system shall be connected as shown inefigLi.

The blower shall be started downstream ofS8¥.

Leaks between the calibration flow meter ahd 8SV shall be less than
0.3 per cent of the total flow at the highest iestn.

While the SSV operates, a constant temperadtirthe SSV inlet shall be
maintained within 2 per cent of the mean absahltt temperatureli,.

The variable restrictor or variable-speed owhall be set to a flow rate
greater than the greatest flow rate expected duesing. Flow rates may not
be extrapolated beyond calibrated values, soriggemmended that it is made
certain that a Reynolds numb®&g at the SSV throat at the greatest calibrated
flow rate is greater than the maximuRe expected during testing.

The SSV shall be operated for at least 3 mistabilize the system. The SSV
shall continue operating and the mean of at le@st 8f sampled data of each
of the following quantities shall be recorded:

(i)  The mean flow rate of the reference flow me®g,.,. This may include

several measurements of different quantities, sucds reference meter
pressures and temperatures, for calculatingy,,; -

(i) Optionally, the mean dew point of the cadibion air, Tgen. See Annexes
A.7-A.8 for permissible assumptions.

(i) The mean temperature at the venturi inlgt,

(iv) The mean static absolute pressure at théuvieinlet, .

(v) Static differential pressure between theictatessure at the venturi inlet
and the static pressure at the venturi thropgs..

The restrictor valve shall be incrementallyosedd or the blower speed

decreased to decrease the flow rate.

The steps in paragraphs (f) and (g) of thimgeaph shall be repeated to record

data at a minimum of ten flow rates.

A functional form ofCy4 versusRe shall be determined by using the collected

data and the equations in Annexes A.7-A.8.

The calibration shall be verified by perforgina CVS verification i(e.,

propane check) as described in paragraph 8.1.8rfg uee newCy versus

Reequation.

The SSV shall be used only between the mininramd maximum calibrated

flow rates.

The equations in Annex A.7 (molar based apphd@r Annex A.8 (mass based

approach) shall be used to determine SSV flow duaitest.

Ultrasonic calibration (reserved)
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Figure 8.1 — Schematic diagrams for diluted exh#os CVS calibration
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CVS and batch sampler verification (prepelneck)

Introduction

(@)

(b)

A propane check serves as a CVS verificatordeétermine if there is a
discrepancy in measured values of diluted exhdost f A propane check also
serves as a batch-sampler verification to determitnere is a discrepancy in a
batch sampling system that extracts a sample fro8V8&, as described in
paragraph (f) of this paragraph. Using good ergjing judgement and safe
practices, this check may be performed using aoffar than propane, such as
CO, or CO. A failed propane check might indicate onenore problems that
may require corrective action, as follows:

() Incorrect analyzer calibration. The FID arar shall be re-calibrated,
repaired, or replaced.

(i) Leak checks shall be performed on CVS tungehnections, fasteners,
and HC sampling system according to paragraph.8.1.8

(iii) The verification for poor mixing shall beepformed in accordance with
paragraph 9.2.2.

(iv) The hydrocarbon contamination verificatiam the sample system shall
be performed as described in paragraph 7.3.1.3.

(v) Change in CVS calibration. An in-situ caltipn of the CVS flow meter
shall be performed as described in paragraph 8.1.8.

(vi) Other problems with the CVS or sampling fiedtion hardware or
software. The CVS system, CVS verification hardwaand software
shall be inspected for discrepancies.

A propane check uses either a reference nraggeference flow rate of;8g

as a tracer gas in a CVS. If a reference flow imtesed, any non-ideal gas

behaviour of GHg in the reference flow meter shall be accounted f&ee

Annexes A.7. (molar based approach) or A.8. (mased approach), which

describe how to calibrate and use certain flow n3et&lo ideal gas assumption

may be used in paragraph 8.1.8.5. and Annexes &./A.8. The propane
check compares the calculated mass of inject¢ts Gsing HC measurements
and CVS flow rate measurements with the refereabgev

Method of introducing a known amounpifpane into the CVS system

The total accuracy of the CVS sampling system andlytical system shall be
determined by introducing a known mass of a patlutas into the system while it is
being operated in the normal manner. The pollutananalyzed, and the mass
calculated according to Annexes A.7-A.8. Eithertlod following two techniques

shall be used.

(@)

Metering by means of a gravimetric technicuaisbe done as follows: A mass
of a small cylinder filled with carbon monoxide mopane shall be determined
with a precision of £0.01 g. For about 5 to 10 utés, the CVS system shall
be operated as in a normal exhaust emission tdske warbon monoxide or

propane is injected into the system. The quawfitgure gas discharged shall
be determined by means of differential weighing. gAs sample shall be
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8.1.8.5.3.

8.1.8.5.4.

analyzed with the usual equipment (sampling bamtegrating method), and
the mass of the gas calculated.

(b) Metering with a critical flow orifice shall beone as follows: A known
quantity of pure gas (carbon monoxide or propahe@)l ve fed into the CVS
system through a calibrated critical orifice. Hétinlet pressure is high enough,
the flow rate, which is adjusted by means of thiicat flow orifice, is
independent of the orifice outlet pressure (crititwv). The CVS system shall
be operated as in a normal exhaust emission testfmut 5 to 10 minutes. A
gas sample shall be analyzed with the usual equipr(@ampling bag or
integrating method), and the mass of the gas Gkl

Preparation of the propane check

The propane check shall be prepared as follows:

(@) If a reference mass ofld; is used instead of a reference flow rate, a cglind
charged with @Hg shall beobtained. The reference cylinder's mass gfi{C
shall be determined within 0.5 per cent of the am@f GHg that is expected
to be used.

(b) Appropriate flow rates shall be selected fer CVS and €Hs.

() A GHg injection port shall be selected in the CVS. Tloet location shall be
selected to be as close as practical to the lotatibere engine exhaust is
introduced into the CVS. The;Bg cylinder shall be connected to the injection
system.

(d) The CVS shall be operated and stabilized.

(e) Any heat exchangers in the sampling systerth Isbgre-heated or pre-cooled.

() Heated and cooled components such as sampéds, lifilters, chillers, and
pumps shall be allowed to stabilize at operatimgperature.

The HC sampling system may be purged during stalization.

(g) If applicable, a vacuum side leak verificatiminthe HC sampling system shall

be performed as described in 8.1.8.7.

Any other calibrations or verifications on equipmeit or analyzers may also be
conducted.

Preparation of the HC sampling systemthie propane check

Vacuum side leak check verification of the HC sangpsystem may be performed

according to (g) of this paragraph. If this prasedis used, the HC contamination

procedure in paragraph 7.3.1.3. may be used. elivltuum side leak check is not

performed according to (g), then the HC samplingteay shall be zeroed, spanned,

and verified for contamination, as follows:

(@) The lowest HC analyzer range that can measiuee GHg concentration
expected for the CVS andsld; flow rates shall be selected.

(b) The HC analyzer shall be zeroed using zermaiwduced at the analyzer port.

(c) The HC analyzer shall be spanned usinglgCspan gas introduced at the
analyzer port.
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Zero air shall be overflowed at the HC probento a fitting between the HC
probe and the transfer line.

The stable HC concentration of the HC sampdiysiem shall be measured as
overflow zero air flows. For batch HC measuremdrg, batch container (such
as a bag) shall be filled and the HC overflow coiaion measured.

If the overflow HC concentration exceeds 2 [/mol, the procedure may not
be advanced until contamination is eliminated. @ Theurce of the
contamination shall be determined and correctiviomactaken, such as
cleaning the system or replacing contaminated quusti

When the overflow HC concentration does nateexi 2 umol/mol, this value
shall be recorded agcinit and it shall be used to correct for HC contamonati
as described in Annex A.7. (molar based approacAnoex A.8. (mass based
approach).

8.1.8.5.5. Propane check performance

(a)

(b)

The propane check shall be performed as fallow

() For batch HC sampling, clean storage medimhsas evacuated bags
shall be connected.

(i) HC measurement instruments shall be operasedording to the
instrument manufacturer's instructions.

(i) If correction for dilution air background oacentrations of HC is
foreseen, background HC in the dilution air shadl imeasured and
recorded.

(iv) Any integrating devices shall be zeroed.

(v) Sampling shall begin and any flow integratshsll be started.

(vi) CsHg shall be released at the rate selected. If aaefe flow rate of
CsHg is used, the integration of this flow rate shalldtarted.

(vii) CsHs shall be continued to be released until at leasugh GHg has
been released to ensure accurate quantificatidmeafeference g and
the measured £s.

(viii) The GHg cylinder shall be shut off and sampling shall awn until it
has been accounted for time delays due to sanmgisport and analyzer
response.

(ix) Sampling shall be stopped and any integeashiall be stopped.

In case the metering with a critical flow doé is used, the following procedure

may be used for the propane check as the alteenathethod of

paragraph 8.1.8.5.5.(a)

(i) For batch HC sampling, clean storage medigghsas evacuated bags
shall be connected.

(i) HC measurement instruments shall be operasedording to the
instrument manufacturer's instructions.

(i) If correction for dilution air background oacentrations of HC is
foreseen, background HC in the dilution air shadl imeasured and
recorded.

(iv) Any integrating devices shall be zeroed.
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(v) The contents of thesB8g reference cylinder shall be released at the rate
selected.

(vi) Sampling shall begin, and any flow integratstarted after confirming
that HC concentration is to be stable.

(vii) The cylinder's contents shall be continuedbe released until at least
enough GHg has been released to ensure accurate quantificatithe
reference gHg and the measuredsidg.

(viii) Any integrators shall be stopped.

(ix) The GHg reference cylinder shall be shut off.

8.1.8.5.6. Evaluation of the propane check

Post-test procedure shall be performed as follows:

(@) If batch sampling has been used, batch sansplials be analyzed as soon as
practical.

(b) After analyzing HC, contamination and backgrdshall be corrected for.

(c) Total GHg mass based on the CVS and HC data shall be ceidukes
described in Annexes A.7-A.8, using the molar mafs€3Hg, Mc3ng instead
the effective molar mass of H®lc.

(d) If areference mass (gravimetric techniquejsied, the cylinder's propane mass
shall be determined within £0.5 per cent and thEgGeference mass shall be
determined by subtracting the empty cylinder prepamass from the full
cylinder propane mass. If a critical flow orifi¢@etering with a critical flow
orifice) is used, the propane mass shall be deteunas flow rate multiplied
by the test time.

(e) The reference #£g mass shall be subtracted from the calculated mHgbis
difference is within £ 3.0 per cent of the referemoass, the CVS passes this
verification.

8.1.8.5.7. PM secondary dilution system verificatio

When the propane check is to be repeated to véndy PM secondary dilution

system, the following procedure from (a) to (d)lba used for this verification:

(@) The HC sampling system shall be configuredextract a sample near the
location of the batch sampler's storage media (asta PM filter). If the
absolute pressure at this location is too low tivaex an HC sample, HC may be
sampled from the batch sampler pump's exhaust.tigdbashall be used when
sampling from pump exhaust because an otherwiseptaide pump leak
downstream of a batch sampler flow meter will caaséalse failure of the
propane check.

(b) The propane check shall be repeated as dedarilthis paragraph, but HC shall
be sampled from the batch sampler.

(c) GHsg mass shall be calculated, taking into accountsanpndary dilution from
the batch sampler.

(d) The reference 4Els mass shall be subtracted from the calculated mésthis
difference is within +5 per cent of the referencass) the batch sampler passes
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this verification. If not, corrective action shdile taken as described in
paragraph (a) of this paragraph.

Sample dryer verification

If a humidity sensor for continuous monitoring @éw point at the sample dryer
outlet is used this check does not apply, as leng & ensured that the dryer outlet
humidity is below the minimum values used for quendnterference, and
compensation checks.

(a)

(b)

(c)

(d)

If a sample dryer is used as allowed in paglg©.3.2.3.1.2. to remove water
from the sample gas, the performance shall beigdriipon installation, after
major maintenance, for thermal chiller. For osmatiembrane dryers, the
performance shall be verified upon installatiorteaimajor maintenance, and
within 35 days of testing.

Water can inhibit an analyzer's ability to pedy measure the exhaust

component of interest and thus is sometimes rembveddre the sample gas

reaches the analyzer. For example water can wegatnterfere with a CLD's

NOy response through collisional quenching and caitipely interfere with

an NDIR analyzer by causing a response similar@o C

The sample dryer shall meet the specificatioas determined in

paragraph 9.3.2.3.1. for dew poinfgw and absolute pressur@ota

downstream of the osmotic-membrane dryer or theaidler.

The following sample dryer verification proced method shall be used to

determine sample dryer performance, or good engimgegudgement shall be

used to develop a different protocol:

(i) PTFE or stainless steel tubing shall be uded make necessary
connections.

(i) N2 or purified air shall be humidified by bubbling through distilled
water in a sealed vessel that humidifies the galsedighest sample dew
point that is estimated during emission sampling.

(i) The humidified gas shall be introduced upam of the sample dryer.

(iv) The humidified gas temperature downstreamtltd vessel shall be
maintained at least 5 °C above its dew point.

(v) The humidified gas dew poinflqen, and pressurepwera, Shall be
measured as close as possible to the inlet ofdahepke dryer to verify
that the dew point is the highest that was estithatering emission
sampling.

(vi) The humidified gas dew poinfJgens, and pressurepya, Shall be
measured as close as possible to the outlet cfaimple dryer.

(vii) The sample dryer meets the verificatiorthé result of paragraph (d)(6)
of this paragraph is less than the dew point cpmeding to the sample
dryer specifications as determined in paragrapt283. plus 2 °C or if
the mol fraction from (d)(6) is less than the cepending sample dryer
specifications plus 0.002 mol/mol or 0.2 Vol pemte Note for this
verification, sample dew point is expressed in alisotemperature,
Kelvin.
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8.1.8.6.

8.1.8.6.1.

8.1.8.6.2.

Periodic calibration of the partial floMPand associated raw exhaust gas
measurement systems

Specifications for differential flow nsemement
For partial flow dilution systems to extract a podional raw exhaust sample, the

accuracy of the sample flogy, is of special concern, if not measured directiyt b
determined by differential flow measurement:

Omp = Omdew — Omdw(8-1)

Where:

Ogm = sample mass flow rate of exhaust gas intogdditiw dilution system
Omaw = dilution air mass flow rate (on wet basis)

Ondew = diluted exhaust gas mass flow rate on wet basis

In this case, the maximum error of the differeshall be such that the accuracy of
Omp IS Withinx 5 per cent when the dilution ratio is less than Itscan be calculated
by taking root-mean-square of the errors of eastrument.

Acceptable accuracies gf, can be obtained by either of the following methods

(a) The absolute accuraciestpfiew andgmw are+0.2 per cent which guarantees
an accuracy ofj., of < 5 per cent at a dilution ratio of 15. Howeveraer
errors will occur at higher dilution ratios.

(b) Calibration ofgmgw relative togmgew is carried out such that the same accuracies
for gmp as in (a) are obtained. For details see paragdpB.6.2.

(c) The accuracy afy, is determined indirectly from the accuracy of thketion
ratio as determined by a tracer gas, e.g..C&ccuracies equivalent to method
a) forgnp are required.

(d) The absolute accuracy @Qfgew andgmaw is Within£2 per cent of full scale, the
maximum error of the difference betweghew anddmaw is within 0.2 per cent
and the linearity error is withie0.2 per cent of the highesgtygew Observed
during the test.

Calibration of differential flow measnorent

The partial flow dilution system to extract a poojional raw exhaust sample shall be
periodically calibrated with an accurate flow metigrceable to international and/or
national standards. The flow meter or the flow sugament instrumentation shall be
calibrated in one of the following procedures, stitét the probe flovegy, into the
tunnel shall fulfil the accuracy requirements ofgggaph 8.1.8.6.1.

(@) The flow meter fogmw Shall be connected in series to the flow meter for
Omdews the difference between the two flow meters shallcalibrated for at
least 5 set points with flow values equally spabetiveen the loweXfjngw
value used during the test and the valuegw used during the test. The
dilution tunnel may be bypassed.
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(b) A calibrated flow device shall be connectedémies to the flowmeter f@ngew
and the accuracy shall be checked for the valuel dse the test. The
calibrated flow device shall be connected in settethe flow meter fogmaw,
and the accuracy shall be checked for at leastttinge corresponding to
dilution ratio between 3 and 15, relativegigiew Used during the test.

(c) The transfer line TL (see figure 9.2) shalldigconnected from the exhaust and
a calibrated flow measuring device with a suitatalege to measurg., shall
be connected to the transfer lingyew Shall be set to the value used during the
test, andgmgw Shall be sequentially set to at least 5 valuesesponding to
dilution ratios between 3 and 15. Alternativelyspecial calibration flow path
may be provided, in which the tunnel is bypassedthe total and dilution air
flow is passed through the corresponding meteis & actual test.

(d) A tracer gas, shall be fed into the exhawstidfer line TL. This tracer gas may
be a component of the exhaust gas, like; @ONQ,. After dilution in the
tunnel the tracer gas component shall be measuféis shall be carried out
for 5 dilution ratios between 3 and 15. The accyraf the sample flow shall
be determined from the dilution ratig

Onp = Omdew Irq (8'2)

The accuracies of the gas analyzers shall be takenaccount to guarantee the
accuracy ofjy.

Special requirements for differentialflmeasurement

A carbon flow check using actual exhaust is stipmgcommended for detecting
measurement and control problems and verifyingptioper operation of the partial
flow system. The carbon flow check shall be rueast each time a new engine is
installed, or something significant is changedhia test cell configuration.

The engine shall be operated at peak torque Inddspeed or any other steady state
mode that produces 5 per cent or more ob.CO@he partial flow sampling system
shall be operated with a dilution factor of abobittd 1.

If a carbon flow check is conducted, the procedgiren in Annex A.4 shall be
applied. The carbon flow rates shall be calculaéedording to equations of
Annex A.4. All carbon flow rates shall agree tdhin 5 per cent.

8.1.8.6.3.1. Pre-test check

A pre-test check shall be performed within 2 hobefore the test run in the
following way.

The accuracy of the flow meters shall be checkedhb same method as used for
calibration (see paragraph 8.1.8.6.2.) for at leastpoints, including flow values of
Omaw that correspond to dilution ratios between 5 aBdfdr the gngew Value used
during the test.
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If it can be demonstrated by records of the catibn procedure under
paragraph 8.1.8.6.2. that the flow meter calibrat®stable over a longer period of
time, the pre-test check may be omitted.

8.1.8.6.3.2. Determination of the transformationeti

8.1.8.7.

8.1.8.7.1.

The system settings for the transformation timel@ation shall be the same as
during measurement of the test run. The transfoomdime, defined in figure 3.1,
shall be determined by the following method:

An independent reference flowmeter with a measerdgmange appropriate for the
probe flow shall be put in series with and closebupled to the probe. This
flowmeter shall have a transformation time of s 100 ms for the flow step size
used in the response time measurement, with fl@triction sufficiently low as to
not affect the dynamic performance of the partiafdilution system according to
good engineering judgement. A step change shaltbeduced to the exhaust flow
(or air flow if exhaust flow is calculated) input the partial flow dilution system,
from a low flow to at least 90 per cent of full kea The trigger for the step change
shall be the same one used to start the look-abeattol in actual testing. The
exhaust flow step stimulus and the flowmeter respahall be recorded at a sample
rate of at least 10 Hz.

From this data, the transformation time shall e¢ednined for the partial flow
dilution system, which is the time from the inii@at of the step stimulus to
the 50 per cent point of the flowmeter responsen al similar manner, the
transformation times of theyg signal (i.e. sample flow of exhaust gas into @éarti
flow dilution system) and of the,gy, signal (i.e. the exhaust gas mass flow rate on
wet basis supplied by the exhaust flow meter) dbmlletermined. These signals are
used in the regression checks performed after estlisee paragraph 8.2.1.2.).

The calculation shall be repeated for at leass® and fall stimuli, and the results
shall be averaged. The internal transformatioreti@®@100 ms) of the reference
flowmeter shall be subtracted from this value. tlhe case that the system in
accordance with paragraph 8.2.1.2. requires thek*&head" method, this is the
"look-ahead" value of the partial flow dilution $g& to be applied in accordance
with paragraph 8.2.1.2.

Vacuum-side leak verification
Scope and frequency

Upon initial sampling system installation, afteajor maintenance such as pre-filter
changes, and 8 hours prior to each duty-cycle semyet shall be verified that there
are no significant vacuum-side leaks using onehef leak tests described in this
section. This verification does not apply to aol-flow portion of a CVS dilution
system.
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8.1.8.7.2. Measurement principles

A leak may be detected either by measuring a samadunt of flow when there shall

be zero flow, by detecting the dilution of a knoeancentration of span gas when it
flows through the vacuum side of a sampling systerby measuring the pressure
increase of an evacuated system.

8.1.8.7.3. Low-flow leak test

A sampling system shall be tested for low-flowkieas follows:
(@) The probe end of the system shall be sealethkipg one of the following
steps:
() The end of the sample probe shall be cappgdugged.
(i) The transfer line shall be disconnectedhs probe and the transfer line
capped or plugged.
(i) A leak-tight valve in-line between a proland transfer line shall be
closed.
(b) All vacuum pumps shall be operated. Aftebsizing, it shall be verified that
the flow through the vacuum-side of the samplingteymn is less than
0.5 per cent of the system's normal in-use flove.rafTypical analyzer and
bypass flows may be estimated as an approximafidimeosystem's normal in-
use flow rate.

8.1.8.7.4. Dilution-of-span-gas leak test

Any gas analyzer may be used for this test. HR is used for this test, any HC

contamination in the sampling system shall be otec according to Annexes A.7

and A.8 on HC and NMHC determination. Misleadieguits shall be avoided by

using only analyzers that have a repeatability.6fp&r cent or better at the span gas
concentration used for this test. The vacuum kadk& check shall be performed as
follows:

(a) A gas analyzer shall be prepared as it woaltbbemission testing.

(b) Span gas shall be supplied to the analyzdrgrat it shall be verified that the
span gas concentration is measured within its égdemeasurement accuracy
and repeatability.

(c) Overflow span gas shall be routed to one ef fibllowing locations in the
sampling system:

() The end of the sample probe.

(i) The transfer line shall be disconnectedhag probe connection, and the
span gas overflown at the open end of the tratisker

(i) A three-way valve installed in-line betwearprobe and its transfer line.

(d) It shall be verified that the measured ovevflgpan gas concentration is
within £0.5 per cent of the span gas concentratidnmeasured value lower
than expected indicates a leak, but a value hitjitear expected may indicate a
problem with the span gas or the analyzer its@limeasured value higher than
expected does not indicate a leak.
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8.1.8.7.5. Vacuum-decay leak test

To perform this test a vacuum shall be appliedh® vacuum-side volume of the
sampling system and the leak rate of the systerh Ishabserved as a decay in the
applied vacuum. To perform this test the vacuude-siolume of the sampling

system shall be known to within £10 per cent of titse volume. For this test

measurement instruments that meet the specificatadnparagraphs 8.1. and 9.4.
shall also be used.

A vacuum-decay leak test shall be performed dsvist

(&)

(b)

(c)

(d)

The probe end of the system shall be sealedoas to the probe opening as

possible by taking one of the following steps:

()  The end of the sample probe shall be cappgdugged.

(i) The transfer line at the probe shall be distected and the transfer line
capped or plugged.

(iiiy A leak-tight valve in-line between a proland transfer line shall be
closed.

All vacuum pumps shall be operated. A vacusinall be drawn that is

representative of normal operating conditionsthin case of sample bags, it is

recommend that the normal sample bag pump-downedwe be repeated

twice to minimize any trapped volumes.

The sample pumps shall be turned off and jfstem sealed. The absolute

pressure of the trapped gas and optionally theesysibsolute temperature

shall be measured and recorded. Sufficient timal 4be allowed for any

transients to settle and long enough for a legk&iper cent to have caused a

pressure change of at least 10 times the resolofighe pressure transducer.

The pressure and optionally temperature shall berded once again.

The leak flow rate based on an assumed vdlwero for pumped-down bag

volumes and based on known values for the samgkemsyvolume, the initial

and final pressures, optional temperatures, amukethtime shall be calculated.

It shall be verified that the vacuum-decay leakwfloate is less than

0.5 per cent of the system's normal in-use flow et follows:

V. \T, T
A teak = e s 212 (8_3)
R (t-t)
Where:
Oveax =  Vacuum-decay leak rate [mol/s]
Ve = geometric volume of the vacuum-side of the damgsystem [n]
R = molar gas constant [J/(mol-K)]
p. =  vacuum-side absolute pressure at tisrjPa]
T, = vacuum-side absolute temperature at tinjk]
pp =  vacuum-side absolute pressure at tifrjPa]
Tp. = vacuum-side absolute temperature at tinjk]
tp, =  time at completion of vacuum-decay leak vesifion test [s]
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tt = time at start of vacuum-decay leak verificatiest [s]

Example:
V,,.=2.0L=0.002ni

R =8.314472 [J/(mol-K)]
p. =50.6 kPa =50600 Pa

T, =293.15K
p: = 25.3 kPa =25300 Pa
T, =293.15K

to =10:57:35 AM = 39455 s
ty =10:56:25 AM = 39385 s

[50600 Pa_ 25300 ga

. 293,15K 293,15

Qyteax = 0.0002r =0.00030mol/:
8.314472J/(mdD K) ( 39455s 3938ps

CO and C@omeasurements
HO interference verification for GONDIR analyzers
Scope and frequency

If CO; is measured using an NDIR analyzer, the amouhkk6f interference shall be
verified after initial analyzer installation andexfmajor maintenance.

Measurement principles

H,O can interfere with an NDIR analyzer's respons€@. If the NDIR analyzer
uses compensation algorithms that utilize measunesna other gases to meet this
interference verification, simultaneously these eothmeasurements shall be
conducted to test the compensation algorithms dutive analyzer interference
verification.

System requirements

A CO, NDIR analyzer shall have an 8 interference that is within
(0.0 £ 0.4) mmol/mol (of the expected mean ;G&@ncentration) though a lower
interference that is within (0.0 + 0.2) mmol/mol isecommended.

Procedure

The interference verification shall be performsdalows:

(a8 The CQ NDIR analyzer shall be started, operated, zeraed, spanned as it
would be before an emission test.

(b) A humidified test gas shall be created by bingbzero air that meets the
specifications in paragraph 9.5.1 through distiNeater in a sealed vessel. If
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the sample is not passed through a dryer, cont®lvessel temperature to
generate an $¥D level at least as high as the maximum expectedgltesting.

If the sample is passed through a dryer duringingstcontrol the vessel
temperature to generate apHlevel at least as high as the level determined in
paragraph 9.3.2.3.1.

(c) The humidified test gas temperature shall laéntained at least 5 °C above its
dew point downstream of the vessel.

(d) The humidified test gas shall be introducediastream of any sample dryer, if
one is used during testing.

(e) The water mole fractiomy,o, of the humidified test gas shall be measured, as
close as possible to the inlet of the analyzen dxample, dew poinfgew, and
absolute pressuim.a, shall be measured to calculatgo.

() Good engineering judgement shall be used ®vemt condensation in the
transfer lines, fittings, or valves from the poimterexuy,o is measured to the
analyzer.

(g) Time shall be allowed for the analyzer respotusstabilize. Stabilization time
shall include time to purge the transfer line awdaccount for analyzer
response.

(h)  While the analyzer measures the sample's oorat®n, 30 s of sampled data
shall be recorded. The arithmetic mean of this dduall be calculated. The
analyzer meets the interference verification if sthivalue is within
(0.0 £ 0.4) mmol/mol

8.1.9.2. HO and CQ interference verification for CO NDIR analyzers
8.1.9.2.1. Scope and frequency

If CO is measured using an NDIR analyzer, the athoéiH,O and CQ interference
shall be verified after initial analyzer instaltatiand after major maintenance.

8.1.9.2.2. Measurement principles

H.O and CQ can positively interfere with an NDIR analyzer ¢tgusing a response
similar to CO. If the NDIR analyzer uses compeiasatlgorithms that utilize

measurements of other gases to meet this intederearification, simultaneously
these other measurements shall be conducted tdhestompensation algorithms
during the analyzer interference verification.

8.1.9.2.3. System requirements
A CO NDIR analyzer shall have combined and CQ interference that is

within £2 per cent of the expected mean concewtnatf CO though a lower
interference that is within £1 per cent is recommeded.
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8.1.9.2.4. Procedure

The interference verification shall be performsdalows:

(@)
(b)

(€)
(d)

(e)

(f)

(¢)]
(h)

The CO NDIR analyzer shall be started, opdrateroed, and spanned as it
would be before an emission test.

A humidified CQ test gas shall be created by bubbling & €gan gas through
distilled water in a sealed vessel. If the samgleot passed through a dryer,
the vessel temperature shall be controlled to geeean HO level at least as
high as the maximum expected during testing. éfgample is passed through
a dryer during testing, the vessel temperaturd bleatontrolled to generate an
H,0 level at least as high as the level determinefdairagraph 8.1.8.5.8. A
CO, span gas concentration shall be used at leastgasals the maximum
expected during testing.

The humidified C@test gas shall be introduced downstream of anypkam
dryer, if one is used during testing.

The water mole fractiomxy2o, of the humidified test gas shall be measured, as
close as possible to the inlet of the analyzen dxample, dew poinfye,, and
absolute pressumg,,, shall be measured to calculatgo.

Good engineering judgement shall be used &wegmt condensation in the
transfer lines, fittings, or valves from the powlberexy,o is measured to the
analyzer. It is recommended that the system is designed soethwall
temperatures in the transfer lines, fittings, and walves from the point
where X0 IS measured to the analyzer are at least 5 °C abethe local
sample gas dewpoint.

Time shall be allowed for the analyzer respong stabilize. Stabilization
time may include time to purge the transfer line ad to account for
analyzer response.

While the analyzer measures the sample's oorat®n, its output shall be
recorded for 30 s. The arithmetic mean of thisdduall be calculated.

The analyzer meets the interference verificaif the result of paragraph (g) of
this section meets the tolerance in paragraph.2.8.9

Interference procedures for G@nd HO may be also run separately. If the
CO; and HO levels used are higher than the maximum leveteebed during
testing, each observed interference value shaficaéed down by multiplying
the observed interference by the ratio of the marmexpected concentration
value to the actual value used during this proceduBeparate interference
procedures concentrations op® (down to 0.025 mol/mol #D content) that
are lower than the maximum levels expected dumstjrig may be run, but the
observed HO interference shall be scaled up by multiplying thbserved
interference by the ratio of the maximum expecte® ldoncentration value to
the actual value used during this procedure. Tima ®f the two scaled
interference values shall meet the tolerance iagraph 8.1.9.2.3.

8.1.10. Hydrocarbon measurements

8.1.10.1. FID optimization and verification
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8.1.10.1.1. Scope and frequency

For all FID analyzers, the FID shall be calibratggbn initial installation. The
calibration shall be repeated as needed using g@ogiheering judgement. The
following steps shall be performed for a FID thaasures HC:

(@) A FID's response to various hydrocarbons shelloptimized after initial
analyzer installation and after major maintenanE¢D response to propylene
and toluene shall be between 0.9 and 1.1 relatiygdpane.

(b) A FID's methane (CH response factor shall be determined after initial
analyzer installation and after major maintenance described in
paragraph 8.1.10.1.4. of this section.

(c) Methane (Cl) response shall be verified within 185 days befesting.

8.1.10.1.2. Calibration

Good engineering judgement shall be used to dpvaloalibration procedure, such
as one based on the FID-analyzer manufacturertsuati®ns and recommended
frequency for calibrating the FID. Alternately, system components may be
removed for off-site calibration. For a FID that measures HC, it shall be calibrated
using GHg calibration gases that meet the specificationpawhgraph 9.5.1. For a
FID that measures CHit shall be calibrated using GHalibration gases that meet
the specifications of paragraph 9.5.FID analyzer zero and span gases are
recommended that contain approximately the mean caentration of O,
expected during testing. If a FID is used to mease methane (CH)
downstream of a non-methane cutter, that FID may bealibrated using CH,
calibration gases with the cutter. Regardless of the calibration gas composition, it
shall be calibrated on a carbon number basis of(Gpe For example, if a GHg
span gas of concentration 200 umol/mol is used, tdD is recommended to be
spanned to respond with a value of 600 umol/mol. sfanother example, if a CH
span gas is used with a concentration of 200 umolaip the FID should be
spanned to respond with a value of 200 umol/mol.
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8.1.10.1.3. HC FID response optimization

This procedure is only for FID analyzers that nueadiC.

(@)

(b)

(€)

(i)
(ii)

(iii)

(iv)

(d)

Instrument manufacturer requirements and gaagineering judgement shall
be used for initial instrument start-up and bagierating adjustment using FID
fuel and zero air. Heated FIDs shall be withinithequired operating
temperature ranges. FID response shall be optihizeneet the requirement
of the hydrocarbon response factors and the oxygeerference check
according to paragraphs 8.1.10.1.(a) and 8.1.18t2the most common
analyzer range expected during emission testingghéd analyzer range may
be used according to the instrument manufacturece@mmendation and good
engineering judgement in order to optimize FID aately, if the common
analyzer range is lower than the minimum rangdHteroptimization specified
by the instrument manufacturer.

Heated FIDs shall be within their required @pieg temperature ranges. FID
response shall be optimized at the most commonyaeralrange expected
during emission testing. With the fuel and airflokmtes set at the
manufacturer's recommendations, a span gas shalintbeduced to the
analyzer.

The following step from (1) to (4) or the peature instructed by the instrument
manufacturer shall be taken for optimization. Pnecedures outlined in SAE
paper No. 770141 may be optionally used for opttian.

The response at a given fuel flow shall beed®ained from the difference
between the span gas response and the zero gassesp

The fuel flow shall be incrementally adjustedbove and below the
manufacturer's specification. The span and zesparse at these fuel flows
shall be recorded.

The difference between the span and zerpaase shall be plotted and the fuel
flow adjusted to the rich side of the curve. Tisishe initial flow rate setting
which may need further optimization depending ore tresults of the
hydrocarbon response factors and the oxygen im&srée check according to
paragraphs 8.1.10.1.(a) and 8.1.10.2.

If the oxygen interference or the hydrocarbvesponse factors do not meet the
following specifications, the airflow shall be ieenentally adjusted above and
below the manufacturer's specifications, repeatpagagraphs 8.1.10.1.(a)
and 8.1.10.2. for each flow.

The optimum flow rates and/or pressures f@ Fiel and burner air shall be
determined, and they shall be sampled and recdodddture reference.

8.1.10.1.4. HC FID CHiresponse factor determination

This procedure is only for FID analyzers that nueasHC. Since FID analyzers
generally have a different response to,Gidrsus GHs, each THC FID analyzer's
CHj, response factoRFcharrHe-ripy Shall be determined, after FID optimization. The
most recenRFchatHe-rip) Measured according to this paragraph shall be st
calculations for HC determination described in Aare7. (molar based approach)
or Annex A.8. (mass based approach) to compensate CiH, response.
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RFchartHe-ripp shall be determined as follows, noting tH&FcarrHe-ripy IS not
determined for FIDs that are calibrated and spaws#ay CH with a non-methane
cutter:

(@) A GHg span gas concentration shall be selected to $paarnalyzer before
emission testing. Only span gases that meets tecifications of
paragraph 9.5.1. shall be selected and tktds Concentration of the gas shall
be recorded.

(b) A CH; span gas that meets the specifications of parad@dpl. shall be
selected and the GHoncentration of the gas shall be recorded.

(c) The FID analyzer shall be operated according the manufacturer's
instructions.

(d) It shall be confirmed that the FID analyzess leeen calibrated usingsids.
Calibration shall be performed on a carbon numtasishof one (. For
example, if a GHg span gas of concentration 200 pmol/mol is used,eth
FID is recommended to be spanned to respond with avalue
of 600 pmol/mol.

(e) The FID shall be zeroed with a zero gas usedrhission testing.

() The FID shall be spanned with the selectgdg&pan gas.

(g) The selected Ctbpan gas shall be introduced at the sample pattieoFID
analyzer, the Ckispan gas that has been selected under paragraph ttbs
paragraph.

(h) The analyzer response shall be stabilize@bitstation time may include time
to purge the analyzer and to account for its respon

(i)  While the analyzer measures the idncentration, 30 s of sampled data shall
be recorded and the arithmetic mean of these vah@tbe calculated.

() The mean measured concentration shall be edvidy the recorded span
concentration of the CHcalibration gas. The result is the FID analyzer's
response factor for CGHRFchaprHe-rFip)-

8.1.10.1.5. HC FID methane (GHesponse verification

This procedure is only for FID analyzers that nuieadHC. If the value dRFchajtHc-
rip) from paragraph 8.1.10.1.4. is within + 5.0 pertaehits most recent previously
determined value, the HC FID passes the methangomee verification. For
example, if the most recent previous value foRFcuarHcripp Was 1.05 and it
changed by +0.05 to become 1.10 or it changed by.89 to become 1.00, either
case would be acceptable because +4.8 per cenesslthan +5.0 per cent.

(@) It shall be first verified that the pressuaesl / or flow rates of FID fuel, burner
air, and sample are each within 0.5 per cent eirtmost recent previously
recorded values, as described in paragraph 8.131@fLthis section. If these
flow rates have to be adjusted, a nBWcarHc-Fipp Shall be determined as
described in paragraph 8.1.10.1.4. of this sectibshould be verified that the
value of RFchatHe-rip) determined is within the tolerance specified iis th
paragraph 8.1.10.1.5.

(b) If RFcparherpp IS not  within - the tolerance specified in  this
paragraph 8.1.10.1.5., the FID response shall fmptienized as described in
paragraph 8.1.10.1.3. of this section.
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() A newRFcarHe-ripy shall be determined as described in paragraph@I14.
of this section. This new value dRFcharc-rip) shall be used in the
calculations for HC determination, as describeddimex A.7 (molar based
approach) or Annex A.8 (mass based approach).

8.1.10.2. Non-stoichiometric raw exhaust FIDiterference verification
8.1.10.2.1. Scope and frequency

If FID analyzers are used for raw exhaust measentsn the amount of FID O
interference shall be verified upon initial ins&ilbn and after major maintenance.

8.1.10.2.2. Measurement principles

Changes in @concentration in raw exhaust can affect FID respoby changing
FID flame temperature. FID fuel, burner air, amthple flow shall be optimized to
meet this verification. FID performance shall berifred with the compensation
algorithms for FID Q interference that is active during an emissioh tes

8.1.10.2.3. System requirements

Any FID analyzer used during testing shall meetfD G interference verification
according to the procedure in this section.

8.1.10.2.4. Procedure

FID O, interference shall be determined as follows, mptinat one or more gas
dividers may be used to create reference gas ctatens that are required to
perform this verification:

(a) Three span reference gases shall be seleué¢dnieet the specifications in
paragraph 9.5.1. and containHg concentration used to span the analyzers
before emissions testing. Only span gases that thee specifications in
paragraph 9.5.1. C}span reference gases may be used for FIDs ca&liboat
CH,4 with a non-methane cutter. The three balancecgasentrations shall be
selected such that the concentrations pa@d N represent the minimum and
maximum and intermediate ;@xoncentrations expected during testing. The
requirement for using the average €»ncentration can be removed if the FID
is calibrated with span gas balancedth the average expected oxygen
concentration.

(b) It shall be confirmed that the FID analyzeretseall the specifications of
paragraph 8.1.10.1.

(c) The FID analyzer shall be started and operagdt would be before an
emission test. Regardless of the FID burner'sairce during testing, zero air
shall be used as the FID burner's air source ferverification.

(d) The analyzer shall be set at zero.

(e) The analyzer shall be spanned using a spathgass used during emissions
testing.
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(f)

(9)

(h)

(i)

@)

(k)

()

(m)

(n)

The zero response shall be checked by usiegéno gas used during emission
testing. It shall be proceeded to the next stelpefmean zero response of 30 s
of sampled data is within £0.5 per cent of the spefierence value used in
paragraph (e) of this paragraph, otherwise theguoe shall be restarted at
paragraph (d) of this paragraph.

The analyzer response shall be checked udiegspan gas that has the

minimum concentration of Dexpected during testing. The mean response

of 30 s of stabilized sample data shall be recoes@;minHc

The zero response of the FID analyzer shatifezked using the zero gas used

during emission testing. The next step shall béopmed if the mean zero

response of 30 s of stabilized sample data is witfdi.5 per cent of the span
reference value used in paragraph (e) of this papdg otherwise the
procedure shall be restarted at paragraph (d)i@paragraph.

The analyzer response shall be checked ukiegpan gas that has the average

concentration of @expected during testing. The mean response «f 8D

stabilized sample data shall be recordegaggrc

The zero response of the FID analyzer shalthecked using the zero gas used

during emission testing. The next step shall béopmed if the mean zero

response of 30 s of stabilized sample data is wifdi.5 per cent of the span
reference value used in paragraph (e) of this paphg otherwise the
procedure shall be restarted at paragraph (d)iptaragraph.

The analyzer response shall be checked udiegspan gas that has the

maximum concentration of LOexpected during testing. The mean response

of 30 s of stabilized sample data shall be recoed@,maxHc

The zero response of the FID analyzer shalitiecked using the zero gas used

during emission testing. The next step shall bdéopmed if the mean zero

response of 30 s of stabilized sample data is withD.5 per cent of the span
reference value used in paragraph (e) of this paphg otherwise the
procedure at paragraph (d) of this paragraph bealestarted.

The percent difference betwergmaxnc and its reference gas concentration

shall be calculated. The percent difference betwegagHcand its reference

gas concentration shall be calculated. The pemtiffierence betweeRroomintc
and its reference gas concentration shall be cledd The maximum percent
difference of the three shall be determined. Thike Q interference.

If the Q interference is within £3 per cent, the FID paséesQ interference

verification; otherwise one or more of the follogimeed to be performed to

address the deficiency:

() The verification shall be repeated to deternif a mistake was made
during the procedure.

(i) The zero and span gases for emission tessinall be selected that
contain higher or lower Oconcentrations and the verification shall be
repeated.

(i) The FID burner air, fuel, and sample floates shall be adjusted. Note
that if these flow rates are adjusted on a THC EdDmeet the ©
interference verification, th&®Fcns shall be reset for the neRFchs
verification. The Q@ interference verification shall be repeated after
adjustment an®Fcn4 shall be determined.
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(iv) The FID shall be repaired or replaced arel @ interference verification
shall be repeated.

8.1.10.3. Non-methane cutter penetration fractions
8.1.10.3.1. Scope and frequency

If a FID analyzer and a non-methane cutter (NM€used to measure methane
(CHg), the non-methane cutter's conversion efficienaésmethane,Ecnys, and
ethane,Econs shall be determined. As detailed in this paragydpese conversion
efficiencies may be determined as a combinatioMNBIC conversion efficiencies
and FID analyzer response factors, depending onp#récular NMC and FID
analyzer configuration.

This verification shall be performed after indtadl the non-methane cutter. This
verification shall be repeated within 185 days edting to verify that the catalytic
activity of the cutter has not deteriorated.

8.1.10.3.2. Measurement principles

A non-methane cutter is a heated catalyst thabves non-methane hydrocarbons
from the exhaust stream before the FID analyzer sores the remaining
hydrocarbon concentration. An ideal non-methangecwould have a methane
conversion efficiencycns [-] of O (that is, a methane penetration fractiBfcpa,

of 1.000), and the conversion efficiency for alhet hydrocarbons would be 1.000,
as represented by an ethane conversion effici€agys[-] of 1 (that is, an ethane
penetration fractiorPFcone [-] Of 0). The emission calculations in Annex Agr.
Annex A.8. use this paragraph's measured valuesrofersion efficienciekcns and
Ec2ne to account for less than ideal NMC performance.

8.1.10.3.3. System requirements

NMC conversion efficiencies are not limited to artain range. However, it is
recommended that a non-methane cutter is optinbgealdjusting its temperature to
achieve aEcps < 0.15 and &cope > 0.98 PFcpg > 0.85 andPFeons < 0.02) as
determined by paragraph 8.1.10.3.4., as applicabiladjusting NMC temperature
does not result in achieving these specificatidnis, recommended that the catalyst
material is replaced. The most recently determinedversion values from this
section shall be used to calculate HC emissionsrdoty to Annexes A.7-A.8 as
applicable.

8.1.10.3.4. Procedure

Any one of the procedures specified in paragraptts10.3.4.1., 8.1.10.3.4.2.
and 8.1.10.3.4.3. is recommended. An alternativethod recommended by the
instrument manufacturer may be used.
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8.1.10.3.4.1. Procedure for a FID calibrated whith NMC

If a FID is always calibrated to measure Okith the NMC, then the FID shall be
spanned with the NMC using a ¢Bjpan gas, the product of that FID's {3Blsponse
factor and CH penetration fractionRFPFcranwvic-rip;, shall be set equal to 1.0
(i.e. efficiencyEcna4 [-] is set to 0) for all emission calculations, attd combined
ethane (@He) response factor and penetration fracti®tfPFconenme-ripy (@nd
efficiencyEc2ne[-]) shall be determined as follows:

(@) Both a CH gas mixture and a8 analytical gas mixture shall be selected
meeting the specifications of paragraph 9.5.1. hBotCH, concentration for
spanning the FID during emission testing and -&l¢Cconcentration that is
typical of the peak NMHC concentration expectethathydrocarbon standard
or equal to THC analyzer's span value shall becsade

(b) The non-methane cutter shall be started, opeérand optimized according to
the manufacturer's instructions, including any terafure optimization.

(c) It shall be confirmed that the FID analyzeretseall the specifications of
paragraph 8.1.10.1.

(d) The FID analyzer shall be operated according the manufacturer's
instructions.

(e) CHspan gas shall be used to span the FID with thercuThe FID shall be
spanned on a{asis. For example, if the span gas has ar€fdrence value
of 100 pmol/mol, the correct FID response to th@nsgas is 100 pmol/mol
because there is one carbon atom pes @blecule.

(H The GHe analytical gas mixture shall be introduced upsireaf the non-
methane cutter.

(g) The analyzer response shall be stabilize@bitstation time may include time
to purge the non-methane cutter and to accourth&analyzer's response.

(h)  While the analyzer measures a stable condenirs880 s of sampled data shall
be recorded and the arithmetic mean of these aatdspshall be calculated.

() The mean shall be divided by the referencaiabf GHs, converted to a
Cibasis. The result is the,lds combined response factor and penetration
fraction, RFPFconsinmc-Fip), €quivalent to (1 -Ecows [-]).  This combined
response factor and penetration fraction and tbeymt of the CH response
factor and CH penetration fractionRFPFchanmc-rip), Which is set equal
to 1.0, in emission calculations shall be used w@liog to A.7. or A.8., as
applicable.

8.1.10.3.4.2. Procedure for a FID calibrated withpane bypassing the NMC

If a FID is used with an NMC that is calibratediwpropane, €Hs, by bypassing the

NMC, penetrations fractionBFconsmvc-rio; @and PFcrapvc-rio) shall be determined

as follows:

(@) A CH;gas mixture and a#8s analytical gas mixture shall be selected meeting
the specifications of paragraph 9.5.1 with the,@HBncentration typical of its
peak concentration expected at the hydrocarbondatdnand the £He
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concentration typical of the peak total hydrocarb@HC) concentration
expected at the hydrocarbon standard or the THE/zaraspan value.

The non-methane cutter shall be started anerabpd according to the
manufacturer's instructions, including any tempeebptimization.

It shall be confirmed that the FID analyzereatseall the specifications of
paragraph 8.1.10.1.

The FID analyzer shall be operated according the manufacturer's
instructions.

The FID shall be zeroed and spanned as itdvbalduring emission testing.
The FID shall be spanned by bypassing the cuttérbgnusing GHs span gas
to span the FID. The FID shall be spanned on baSis. For example, if the
span gas has a propane reference value of 100 pumadl, the correct FID
response to that span gas is 300 pmol/mol becaubere are three carbon
atoms per GHg molecule.

The GHe analytical gas mixture shall be introduced upsirea the non-
methane cutter at the same point the zero gasnwrasliiced.

Time shall be allowed for the analyzer resjgotusstabilize. Stabilization time
may include time to purge the non-methane cuttet #naccount for the
analyzer's response.

While the analyzer measures a stable condenire80 s of sampled data shalll
be recorded and the arithmetic mean of these datdspshall be calculated.
The flow path shall be rerouted to bypass tioe-methane cutter, the,lds
analytical gas mixture shall be introduced to thgpass, and the steps in
paragraphs (g) through (h) of this paragraph $fetepeated.

The mean gHg concentration measured through the non-methartercshall
be divided by the mean concentration measured &iypassing the non-
methane cutter. The result is theHg penetration fractionPFcansnmc-Fip),
that is equivalent to (1Ecyne [-]). This penetration fraction shall be used
according to A.7. or A.8., as applicable.

The steps in paragraphs (f) through (j) obtharagraph shall be repeated, but
with the CH, analytical gas mixture instead obHs. The result will be the
CHs penetration fractionPFchanwvc-ripy (€quivalent to (1-Ecwha [-])). This
penetration fraction shall be used according toekas A.7-A.8, as applicable.

8.1.10.3.4.3. Procedure for a FID calibrated witttimane, bypassing the NMC

If a FID is used with an NMC that is calibratedlwinethane, Cl by bypassing the
NMC, determine its combined ethaneffg) response factor and penetration
fraction, RFPFcanenmc-Fip) » @s well as its CHpenetration fractionPFcrapnmc-rio),

as follows:

(@)

(b)

CH, and GHg analytical gas mixtures shall be selected that tnthe
specifications of paragraph 9.5.1., with the ,G¢bncentration typical of its
peak concentration expected at the hydrocarbondatdnand the s
concentration typical of the peak total hydrocarb@HC) concentration
expected at the hydrocarbon standard or the THE/zaraspan value.

The non-methane cutter shall be started andrabpd according to the
manufacturer's instructions, including any tempeebptimization.
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(c)
(d)
(e)

(f)
(9)

(h)
(i)

(),

(k)

It shall be confirmed that the FID analyzeretseall the specifications of
paragraph 8.1.10.1.

The FID analyzer shall be started and operatedrding to the manufacturer's
instructions.

The FID shall be zeroed and spanned as itdvduting emission testing. The
FID shall be spanned with Gi¥pan gas by bypassing the cutter. Note that the
FID shall be spanned on a Basis. For example, if the span gas has a methane
reference value of 100 pmol/mol, the correct FIBpanse to that span gas
is 100 pmol/mol because there is one carbon atar@dg molecule.

The GHe analytical gas mixture shall be introduced upstreaf the non-
methane cutter at the same point the zero gasntrasliiced.

Time shall be allowed for the analyzer resgotosstabilize. Stabilization time
may include time to purge the non-methane cuttetr #naccount for the
analyzer's response.

30 s of sampled data shall be recorded whikeanalyzer measures a stable
concentration. The arithmetic mean of these daitatg shall be calculated.

The flow path to bypass the non-methane cuitall be rerouted, the,Bs
analytical gas mixture shall be introduced to thgass, and the steps in
paragraphs (g) and (h) of this paragraph shalepeated.

The mean gHg concentration measured through the non-metharercshall

be divided by the mean concentration measured &ypassing the non-
methane cutter. The result is theHg combined response factor and
penetration fractionRFPFc2nenve-Fip.  This combined response factor and
penetration fraction shall be used according to exes A.7 and A.8., as
applicable.

The steps in paragraphs (f) through (j) obtparagraph shall be repeated, but
with the CH, analytical gas mixture instead ofHs. The result will be the
CH, penetration fractionPFchapnwvc-rip).  This penetration fraction shall be
used according to Annexes A.7 and A.8., as appkcab

8.1.11. NQ measurements

8.1.11.1. CLD C®and HO quench verification

8.1.11.1.1. Scope and frequency

If a CLD analyzer is used to measure ,)Nthe amount of KD and CQ quench shall
be verified after installing the CLD analyzer arfttamajor maintenance.

8.1.11.1.2. Measurement principles

H,O and CQ can negatively interfere with a CLD's N@esponse by collisional
qguenching, which inhibits the chemiluminescent teacthat a CLD utilizes to
detect NQ. This procedure and the calculations in parag&aptil.2.3. determine
guench and scale the quench results to the maximata fraction of HO and the
maximum CQ concentration expected during emission testirighd CLD analyzer
uses quench compensation algorithms that utiliz® ldnd/or CQ measurement
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instruments, quench shall be evaluated with thasguments active and with the
compensation algorithms applied.

8.1.11.1.3. System requirements

For dilute measurement a CLD analyzer shall noee® a combined & and CQ
quench of +2 per cent. For raw measurement a Chélyaer shall not exceed a
combined HO and CQ quench of £2 per cent. Combined quench is the suthe
CO; quench determined as described in paragraph 81141 And the kO quench as
determined in paragraph 8.1.11.1.5. If these requents are not met, corrective
action shall be taken by repairing or replacingdhalyzer. Before running emission
tests, it shall be verified that the correctivei@tthave successfully restored the
analyzer to proper functioning.

8.1.11.1.4. C@quench verification procedure

The following method or the method prescribedtsy instrument manufacturer may
be used to determine GQ@uench by using a gas divider that blends bingans
gases with zero gas as the diluent and meets #wfisptions in paragraph 9.4.5.6.,
or good engineering judgement shall be used toldp\aedifferent protocol:

(8) PTFE or stainless steel tubing shall be ugedake necessary connections.

(b) The gas divider shall be configured such trestrly equal amounts of the span
and diluent gases are blended with each other.

(c) If the CLD analyzer has an operating mode hic it detects NO-only, as
opposed to total NQ the CLD analyzer shall be operated in the NO-only
operating mode.

(d) A CO, span gas that meets the specifications of parb@#pl. and a
concentration that is approximately twice the maximCQ concentration
expected during emission testing shall be used.

() An NO span gas that meets the specificatiohgavagraph 9.5.1. and a
concentration that is approximately twice the maximNO concentration
expected during emission testing shall be usedyhéti concentration may be
used according to the instrument manufacturer'smetendation and good
engineering judgement in order to obtain accuratdfigation, if the expected
NO concentration is lower than the minimum range floe verification
specified by the instrument manufacturer.

(f) The CLD analyzer shall be zeroed and spann€éde CLD analyzer shall be
spanned with the NO span gas from paragraph (@i®paragraph through the
gas divider. The NO span gas shall be connectedetspan port of the gas
divider; a zero gas shall be connected to the dilpert of the gas divider; the
same nominal blend ratio shall be used as seldaotguiragraph (b) of this
paragraph; and the gas divider's output conceatradf NO shall be used to
span the CLD analyzer. Gas property correctioadl ble applied as necessary
to ensure accurate gas division.

() The CQ span gas shall be connected to the span poreafah divider.

(h) The NO span gas shall be connected to themt#uport of the gas divider.
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(i)  While flowing NO and CQ through the gas divider, the output of the gas
divider shall be stabilized. The G©@oncentration from the gas divider output
shall be determined, applying gas property corects necessary to ensure
accurate gas division. This concentratiashoaci Shall be recorded and it shall
be used in the quench verification calculationpanagraph 8.1.11.2.3. As an
alternative to using a gas divider, another singale blending device may be
used. In this case an analyzer shall be usedtésrdme CQ concentration. If
a NDIR is used together with a simple gas blendlagice, it shall meet the
requirements of this section and it shall be spdnviégh the CQ span gas from
paragraph (d) of this section. The linearity o tNDIR analyzer has to be
checked before over the whole range up to twicéhefexpected maximum
CO; concentration expected during testing.

() The NO concentration shall be measured dowastr of the gas divider with
the CLD analyzer. Time shall be allowed for thalgimer response to stabilize.
Stabilization time may include time to purge thensfer line and to account for
analyzer response. While the analyzer measuresdimple's concentration,
the analyzer's output shall be recorded for 30 g0 The arithmetic mean
concentration shall be calculated from these d&{8meas XnomeasShall be
recorded and it shall be used in the quench vatiio calculations in
paragraph 8.1.11.2.3.

(k) The actual NO concentration shall be calcaas® the gas divider's outlet,
Xnoacs based on the span gas concentrations agshac: according to
equation (8-5). The calculated value shall be usetthe quench verification
calculations in equation (8-4).

() The values recorded according to this pardgsa$1.11.1.4. and 8.1.11.1.5. of
this section shall be used to -calculate quench a&scribed in
paragraph 8.1.11.2.3.

8.1.11.1.5. HO quench verification procedure

The following method or the method prescribedHtsy instrument manufacturer may
be used to determine,8 quench, or good engineering judgement shall leel ts
develop a different protocol:

(@) PTFE or stainless steel tubing shall be usedake necessary connections.

(b) If the CLD analyzer has an operating mode hicl it detects NO-only, as
opposed to total N the CLD analyzer shall be operated in the NO-only
operating mode.

(c) A NO span gas shall be used that meets thefeaions of paragraph 9.5.1.
and a concentration that is near the maximum cdretéon expected during
emission testing. Higher concentration may be usedording to the
instrument manufacturer's recommendation and gagtheering judgement in
order to obtain accurate verification, if the exeelcNO concentration is lower
than the minimum range for the verification spexdfiby the instrument
manufacturer.

(d) The CLD analyzer shall be zeroed and spannite CLD analyzer shall be
spanned with the NO span gas from paragraph (thisfparagraph, the span
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gas concentration shall be recordedcasiy, and it shall be used in the quench
verification calculations in paragraph 8.1.11.2.3.

The NO span gas shall be humidified by bulgplithrough distilled water in a
sealed vessel. If the humidified NO span gas sardpés not pass through a
sample dryer for this verification test, the vedeetperature shall be controlled
to generate an 40 level approximately equal to the maximum moleticn of
H,O expected during emission testing. If the hunedifNO span gas sample
does not pass through a sample dryer, the querndicagon calculations in
paragraph 8.1.11.2.3. scale the measure®@ KHuench to the highest mole
fraction of HO expected during emission testing. If the hunredifNO span
gas sample passes through a dryer for this vetiicatest, the vessel
temperature shall be controlled to generate #D ldvel at least as high as the
level determined in paragraph 9.3.2.3.1. For thise, the quench verification
calculations in paragraph 8.1.11.2.3. do not sitedaneasured # quench.

The humidified NO test gas shall be introduasio the sample system. It may
be introduced upstream or downstream of a sampler dhat is used during
emission testing. Depending on the point of iniiitbn, the respective
calculation method of paragraph (e) shall be setectNote that the sample
dryer shall meet the sample dryer verification ¢hiegparagraph 8.1.8.5.8.

The mole fraction of D in the humidified NO span gas shall be measuhed.
case a sample dryer is used, the mole fraction&f i the humidified NO
span gas shall be measured downstream of the sainy®e Xy2omeas It iS
recommended to measux@omeas@S close as possible to the CLD analyzer
inlet. Xy20measmay be calculated from measurements of dew pdigf, and
absolute pressurgitar

Good engineering judgement shall be used ®&vgmt condensation in the
transfer lines, fittings, or valves from the powlhereXy2omeasiS Mmeasured to
the analyzer. It is recommended that the systerdesigned so the wall
temperatures in the transfer lines, fittings, amdves from the point where
XH20measlS Measured to the analyzer are at least 5 °Ceatv@viocal sample gas
dew point.

The humidified NO span gas concentration sballmeasured with the CLD
analyzer. Time shall be allowed for the analyzesponse to stabilize.
Stabilization time may include time to purge thensfer line and to account for
analyzer response. While the analyzer measuresdahmle's concentration,
the analyzer's output shall be recorded for 30 @0 The arithmetic mean
shall be calculated of these datRowe: Xnowet Shall be recorded and used in
the quench verification calculations in paragragh®L.2.3.

CLD quench verification calculations

CLD quench-check calculations shall be performed aescribed in
paragraph 8.1.11.1.

8.1.11.2.1. Amount of water expected during testing
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The maximum expected mole fraction of water duengssion testingt2oexpshall

be estimated. This estimate shall be made wherdntimidified NO span gas was
introduced in paragraph 8.1.11.1.5.(f). When esting the maximum expected

mole fraction of water, the maximum expected watgrtent in combustion air, fuel

combustion products, and dilution air (if applicgbkhall be considered. If the
humidified NO span gas is introduced into the samgylstem upstream of a sample
dryer during the verification test, it is not nedde estimate the maximum expected
mole fraction of water ankli oexpShall be set equal tQi2omeas

8.1.11.2.2. Amount of C£expected during testing

The maximum expected G@oncentration during emission testingozexpshall be
estimated. This estimate shall be made at the Isasystem location where the
blended NO and C£span gases are introduced according to paragrapti8l.4.()).
When estimating the maximum expected.@0Oncentration, the maximum expected
CO; content in fuel combustion products and dilutionsaall be considered.

8.1.11.2.3. Combined4® and CQ quench calculations

Combined HO and CQ quench shall be calculated as follows:

XNOwet
1- X X
quenche | | T Zzoneas g | evee | Xnomess g | Fe0zer| 9 g (8-4)
XNOdry XHZOmeas X NOact X CO2ac

Where:

quench = amount of CLD quench

XNodry = measured concentration of NO upstream of a leubhccording to
paragraph 8.1.11.1.5.(d)

XNOowet = measured concentration of NO downstream oftdblewn, according to
paragraph 8.1.11.1.5.(i)

XH20exp = maximum expected mole fraction of water durgmission testing
according to paragraph 8.1.11.2.1.

XH20meas = measured mole fraction of water during the gbemwverification
according to paragraph 8.1.11.1.4.())

XNOmeas = measured concentration of NO when NO span gaseinded with
CO; span gas, according to paragraph 8.1.11.1.4.(j)

XNOact = actual concentration of NO when NO span gasieaded with CQ
span gas, according to paragraph 8.1.11.1.4.(k) aaltulated
according to equation (8-5)

Xcozexp = maximum expected concentration of £@uring emission testing,
according to paragraph 8.1.11.1.3.

Xcozact = actual concentration of G@vhen NO span gas is blended with £O

span gas, according to paragraph 8.1.11.1.4.(i)
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Xnoact = 1—% D(NOspar (8_5)
XCOZspan
Where:
Xnospan = the NO span gas concentration input to thedpasler, according to

paragraph 8.1.11.1.4.(e)
Xcozspan = the CQ span gas concentration input to the gas divideropming to
paragraph 8.1.11.1.4.(d)

Example:
Xnodry = 1800.0 pmol/mol
XNowet =1729.6 pmol/mol

XH20exp = 0.030 mol/mol
XH20meas = 0.030 mol/mol
XNomeas = 1495.2 pmol/mol
Xnospan = 3001.6 pmol/mol
Xcozexp = 3.2 per cent
Xcozspan = 6.0 per cent

Xcozact = 2.98 per cent

Xnoact = (1— Z'ggjx 3001.6= 1510.8mol/mol
1729.6

quenche|| 1=0.030_ |, 0030, (14952 ;). 321550 5 noag
1800.0 0.030 | 1510.8 2.98

8.1.11.3. NDUV analyzer HC and.@ interference verification
8.1.11.3.1. Scope and frequency

If NOy is measured using an NDUV analyzer, the amouri»f and hydrocarbon
interference shall be verified after initial anayzinstallation and after major
maintenance.

8.1.11.3.2. Measurement principles

Hydrocarbons and # can positively interfere with a NDUV analyzer tgusing a
response similar to NO If the NDUV analyzer uses compensation algorglthmat
utilize measurements of other gases to meet thierfamence verification,
simultaneously such measurements shall be conduetebt the algorithms during
the analyzer interference verification.
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8.1.11.3.3. System requirements

A NOy NDUV analyzer shall have combined ,® and HC interference
within £2 per cent of the mean concentration ofyNfBough keeping interference
within = 1 per cent is recommended.

8.1.11.3.4. Procedure

The interference verification shall be performedalows:

(@) The NQ NDUV analyzer shall be started, operated, zer@ed| spanned
according to the instrument manufacturer's insionst

(b) It is recommended to extract engine exhaugieidorm this verification. A
CLD shall be used that meets the specificationpashgraph 9.4. to quantify
NO in the exhaust. The CLD response shall be usdtieaseference value.
Also HC shall be measured in the exhaust with a &halyzer that meets the
specifications of paragraph 9.4. The FID respogBall be used as the
reference hydrocarbon value.

(c) Upstream of any sample dryer, if one is usaihd testing, the engine exhaust
shall be introduced into the NDUV analyzer.

(d) Time shall be allowed for the analyzer resjgotosstabilize. Stabilization time
may include time to purge the transfer line andatxount for analyzer
response.

(e) While all analyzers measure the sample's curatégon, 30 s of sampled data
shall be recorded, and the arithmetic means fotittee analyzers calculated.

() The CLD mean shall be subtracted from the NDtd¥an.

(g) This difference shall be multiplied by theioabf the expected mean HC
concentration to the HC concentration measurechduhe verification. The
analyzer meets the interference verification of tharagraph if this result is
within £ 2 per cent of the N@oncentration expected at the standard:

(XNOX,CLD,meas_ Y( NOx,NDUV,meal [E%j < Z%EGT( NOx,e>)p (8_6)

C,meas

Where:

X [umol/mol] or [ppm] is the mean concentration of:
(I) NC)X measured by CLDX\IOX,CLD,meas) and by NDUV &NOX,NDUV,meae)
(i) HC measuredX,c cad)
(i) HC expected at the standarg{,,)

(iv) NOx expected at the standarg, .,,)

(YNOX,CLD,meas_ X NOx,NDUV,meal is the NQ difference

= = )_(HC,exp - .
(xNOX’CLD’meaS—xNOX’NDUV,meBlEE—_ is measured NQ difference

C,meas

corrected to expected HC
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Example:

Xnox,cLp,meas— 300.00 ppm imol/ mol)
XnoxNbuV,meas = 310-00 ppn

Xic.meas = 80-00 ppm C

Xicexp = 40.00 ppm C

Xnoxexp = 280.00 ppm C

N - Xic ex 40
(XNOX,CLD,meas_ X NOx,NDuv,mea); [Ebj = (310_ 30() X (%j = 5ppn

C,meas
2 per cent 0f X\ o, ¢, =0.02%280=5.6 ppm> 5 ppm< 5.6 ppm
8.1.11.3.5. Cooling bath (chiller) requirements

It shall be demonstrated that for the highest etquewater vapour concentratibiy,
the water removal technique maintains CLD humidity 5 g water/kg dry air (or
about 0.8 volume per cent,®), which is 100 per cent relative humidity at 3®
and 101.3 kPa. This humidity specification is adsmivalent to about 25 per cent
relative humidity at 25 °C and 101.3 kPa. This rbaydemonstrated by measuring
the temperature at the outlet of a thermal dehdiaidor by measuring humidity at a
point just upstream of the CLD.

8.1.11.4. Cooling bath (chiller) Npenetration

8.1.11.4.1. Scope and frequency

If a cooling bath (chiller) is used to dry a saenppstream of a NOmeasurement
instrument, but no N@to-NO converter is used upstream of the coolinth bthis
verification shall be performed for cooling bath N@enetration. This verification
shall be performed after initial installation arftteamajor maintenance.

8.1.11.4.2. Measurement principles

A cooling bath (chiller) removes water, which catferwise interfere with a NO
measurement. However, liquid water remaining inmproperly designed cooling
bath can remove NGrom the sample. If a cooling bath is used withan NGQ-to-

NO converter upstream, it could therefore remove, R@m the sample prior NO
measurement.

8.1.11.4.3. System requirements

The chiller shall allow for measuring at least @& cent of the total NQat the
maximum expected concentration of NO
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8.1.11.4.4. Procedure

The following procedure shall be used to verifyilehperformance:

Instrument setup. The analyzer and chillermufacturers' start-up and
operating instructions shall be followed. The smat and chiller shall be
adjusted as needed to optimize performance.

Equipment setup and data collection.

(@)

(b)

(€)

(i)

(ii)

(iii)

(iv)

(V)
(vi)

(vii)

(viii)

The total NQ gas analyzer(s) shall be zeroed and spannediasiiti be
before emission testing.

NO, calibration gas (balance gas of dry air) that ks NG
concentration that is near the maximum expectedhgduesting shall be
selected. Higher concentration may be used acuptdi the instrument
manufacturer's recommendation and good enginegrdgement in
order to obtain accurate verification, if the expelcNQ concentration is
lower than the minimum range for the verificatiopesified by the
instrument manufacturer.

This calibration gas shall be overflowed the gas sampling system's
probe or overflow fitting. Time shall be alloweadrfstabilization of the
total NO, response, accounting only for transport delaysiasgiument
response.

The mean of 30 s of recorded total Ndata shall be calculated and this
value recorded asyoxret.

The flowing the N@calibration gas shall be stopped.

Next the sampling system shall be saturdtgdverflowing a dew point
generator's output, set at a dew point of 50 °Cth# gas sampling
system's probe or overflow fitting. The dew pogenerator's output
shall be sampled through the sampling system aiitercfor at least
10 minutes until the chiller is expected to be reimg a constant rate of
water.

It shall be immediately switched back toesffowing the NQ calibration
gas used to establisfoxer. It shall be allowed for stabilization of the
total NQ, response, accounting only for transport delaysiasttument
response. The mean of 30 s of recorded totak M@&ta shall be
calculated and this value recordeg&meas

XnoxmeasShall be corrected tyoxary based upon the residual water vapour
that passed through the chiller at the chiller'debuemperature and
pressure.

Performance evaluation. Xfoxary is less than 95 per cent Xxoxrer, the chiller
shall be repaired or replaced .

8.1.11.5. NG®@to-NO converter conversion verification

8.1.11.5.1. Scope and frequency

If an analyzer is used that measures only NO terdene NQ, an NQ-to-NO
converter shall be used upstream of the analyz&his verification shall be



ECE/TRANS/WP.29/2009/120
page 105

performed after installing the converter, after onapaintenance and within 35 days
before an emission test. This verification shallfépeated at this frequency to verify
that the catalytic activity of the NA@o-NO converter has not deteriorated.

8.1.11.5.2. Measurement principles

An NO,-to-NO converter allows an analyzer that measurdg NO to determine
total NQ; by converting the N@in exhaust to NO.

8.1.11.5.3. System requirements

An NO,-to-NO converter shall allow for measuring at le@Stper cent of the total
NO, at the maximum expected concentration of,NO

8.1.11.5.4. Procedure

The following procedure shall be used to verife fherformance of a N&o-NO

converter:

(a) For the instrument setup the analyzer and-tdéNO converter manufacturers'
start-up and operating instructions shall be fo#dw The analyzer and
converter shall be adjusted as needed to optinggenmance.

(b) An ozonator's inlet shall be connected to @-zér or oxygen source and its
outlet shall be connected to one port of a 3-wayfitting. An NO span gas
shall be connected to another port and the-ldENO converter inlet shall be
connected to the last port.

(c) The following steps shall be taken when peniag this check:

(i) The ozonator air shall be set off and thenator power shall be turned
off and the N@to-NO converter shall be set to the bypass moag, (i
NO mode). Stabilization shall be allowed for, aoaiing only for
transport delays and instrument response.

(i) The NO and zero-gas flows shall be adjustedhe NO concentration at
the analyzer is near the peak total N€ncentration expected during
testing. The N@content of the gas mixture shall be less thanrxest
of the NO concentration. The concentration of Nf@llsbe recorded by
calculating the mean of 30 s of sampled data froenanalyzer and this
value shall be recorded amorer. Higher concentration may be used
according to the instrument manufacturer's recontagon and good
engineering judgement in order to obtain accurasfigation, if the
expected NO concentration is lower than the minimamge for the
verification specified by the instrument manufaetur

(i) The ozonator @supply shall be turned on and the f@w rate adjusted
so that the NO indicated by the analyzer is abd&upércent less than
Xnoret.  The concentration of NO shall be recorded byuwdating the
mean of 30 s of sampled data from the analyzertlisdvalue recorded
ASXNO+02mix-

(iv) The ozonator shall be switched on and thenezgeneration rate adjusted
so that the NO measured by the analyzer is appairi;n 20 percent of
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(d)

(e)

Xnore,k While maintaining at least 10 per cent unreackd. The
concentration of NO shall be recorded by calcutatire mean of 30 s of
sampled data from the analyzer and this value ghallrecorded as
XNOmeas

(v) The NQ analyzer shall be switched to NOGnode and total NO
measured. The concentration of Néhall be recorded by calculating the
mean of 30 s of sampled data from the analyzerthisdvalue shall be
recorded agoxmeas

(vi) The ozonator shall be switched off but gasvfthrough the system shall
be maintained. The NGanalyzer will indicate the NQOn the NO + Q
mixture. The concentration of NGhall be recorded by calculating the
mean of 30 s of sampled data from the analyzerthisdvalue shall be
recorded agnox+o2mix

(vii) O, supply shall be turned off. The N@nalyzer will indicate the NQOn
the original NO-in-N mixture. The concentration of NGshall be
recorded by calculating the mean of 30 s of samplath from the
analyzer and this value shall be recordechasrer. This value shall be
no more than 5 per cent above ¥gf value.

Performance evaluation. The efficiency of tN&®, converter shall be

calculated by substituting the concentrations oletai into the following

equation:

X

Efficiency[%] = [1+ Pnumaes™ N0X+02miXJ x100 (8-7)

XNO+02mix - XNOmeas

If the result is less than 95 per cent, theENO converter shall be repaired
or replaced.

8.1.12. PM measurements

8.1.12.1. PM balance verifications and weighingcpss verification

8.1.12.1.1. Scope and frequency

This paragraph describes three verifications.

(@)

(b)
(€)

Independent verification of PM balance perfanee within 370 days prior to
weighing any filter.

Zero and span of the balance within 12 h goawreighing any filter.
Verification that the mass determination dkrence filters before and after a
filter weighing session be less than a specifiéeramce.

8.1.12.1.2. Independent verification

The balance manufacturer (or a representative oapdr by the balance
manufacturer) shall verify the balance performandthin 370 days of testing in
accordance with internal audit procedures.
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8.1.12.1.3. Zeroing and spanning

Balance performance shall be verified by zeroind apanning it with at least one
calibration weight, and any weights that are udeall aneet the specifications in
paragraph 9.5.2. to perform this verification. Amoal or automated procedure shall
be used:

(@8 A manual procedure requires that the balarzdl e used in which the
balance shall be zeroed and spanned with at leestcalibration weight. If
normally mean values are obtained by repeating wie@hing process to
improve the accuracy and precision of PM measuré&néne same process
shall be used to verify balance performance.

(b) An automated procedure is carried out witkrinal calibration weights that are
used automatically to verify balance performandéese internal calibration
weights shall meet the specifications in parag@pt2. to perform this
verification.

8.1.12.1.4. Reference sample weighing

All mass readings during a weighing session dimNerified by weighing reference

PM sample media (e.g. filters) before and aftereaghing session. A weighing

session may be as short as desired, but no lohger&0 hours, and may include

both pre- and post-test mass readintss recommended that weighing sessions
be 8 hours or less. Successive mass determinations of each refefehtsample
media shall return the same value within 10 pgldr per cent of the expected total

PM mass, whichever is higher. Should successives&ple filter weighing events

fail this criterion, all individual test filter masreadings mass readings occurring

between the successive reference filter mass detations shall be invalidated.

These filters may be re-weighed in another weigtsagsion. Should a post-test

filter be invalidated then the test interval is dioi This verification shall be

performed as follows:

(@) At least two samples of unused PM sample msldal be kept in the PM-
stabilization environment. These shall be useetfesences. Unused filters of
the same material and size shall be selected éasiseferences.

(b) References shall be stabilized in the PM 8tahion environment. References
shall be considered stabilized if they have beenth@ PM-stabilization
environment for a minimum of 30 min, and the PMbgtaation environment
has been within the specifications of paragrap933 for at least the
preceding 60 min.

(c) The balance shall be exercised several tim#s avreference sample without
recording the values.

(d) The balance shall be zeroed and spanned.stArtass shall be placed on the
balance (e.g. calibration weight) and then remosmesuring that the balance
returns to an acceptable zero reading within thenabstabilization time.

(e) Each of the reference media (e.g. filters)lldba weighed and their masses
recorded. If normally mean values are obtainedrdpeating the weighing
process to improve the accuracy and precisionfefeace media (e.g. filters)
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8.1.12.2.

()
(9)

(h)

(i)

@)

masses, the same process shall be used to measare values of sample
media (e.qg. filters) masses.

The balance environment dew point, ambientperature, and atmospheric
pressure shall be recorded.

The recorded ambient conditions shall be ueetbrrect results for buoyancy
as described in paragraph 8.1.12.2. The buoyaoegaed mass of each of
the references shall be recorded.

Each of the reference media's (e.g. filtdslg)yancy-corrected reference mass
shall be subtracted from its previously measured estorded buoyancy-
corrected mass.

If any of the reference filters' observed madsmnges by more than that
allowed under this paragraph, all PM mass deterioinst made since the last
successful reference media (e.g. filter) mass atibd shall be invalidated.
Reference PM filters maybe discarded if only onetld filters mass has
changed by more than the allowable amount and @apmuse for that filter's
mass change can be positively identified which wadt have affected other
in-process filters. Thus the validation can besidered a success. In this
case, the contaminated reference media shall nioicheled when determining
compliance with paragraph (j) of this paragrapht the affected reference
filter shall be discarded and replaced.

If any of the reference masses change by niwme that allowed under this
paragraph 8.1.12.1.4., all PM results that wererdehed between the two
times that the reference masses were determindt #hanvalidated. If
reference PM sample media is discarded accordingatagraph (i) of this
paragraph, at least one reference mass differéatearteets the criteria in this
paragraph 8.1.12.1.4. shall be available. Othexwadl PM results that were
determined between the two times that the referemadia (e.g. filters) masses
were determined shall be invalidated.

PM sample filter buoyancy correction

8.1.12.2.1. General

PM sample filter shall be corrected for their bailwgy in air. The buoyancy

correction depends on the sample media densityjehsity of air, and the density of
the calibration weight used to calibrate the batand@he buoyancy correction does
not account for the buoyancy of the PM itself, hssathe mass of PM typically
accounts for only (0.01 to 0.10) per cent of th@lteveight. A correction to this
small fraction of mass would be at the most 0.0&0gent. The buoyancy-corrected
values are the tare masses of the PM samples. e Thesancy-corrected values of
the pre-test filter weighing are subsequently sdted from the buoyancy-corrected
values of the post-test weighing of the correspogdilter to determine the mass of
PM emitted during the test.
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8.1.12.2.2. PM sample filter density

Different PM sample filter have different densstie The known density of the
sample media shall be used, or one of the dendbliesome common sampling
media shall be used, as follows:

(@)
(b)

(€)

8.1.12.2.3. Air

For PTFE-coated borosilicate glass, a sampeiandensity of 2300 kg/m
shall be used.

For PTFE membrane (film) media with an intégsupport ring of
polymethylpentene that accounts for 95 per certhefmedia mass, a sample
media density of 920 kgfshall be used.

For PTFE membrane (film) media with an intégrapport ring of PTFE, a
sample media density of 2144 kd/shall be used.

density

Because a PM balance environment shall be tigbtgtrolled to an ambient
temperature of (22 £1) °C and a dew point of (919 &C, air density is primarily

function of atmospheric pressure. Therefore a Booy correction is specified that
is only a function of atmospheric pressure.

8.1.12.2.4. Calibration weight density

The stated density of the material of the methbrtion weight shall be used.

8.1.12.2.5. Correction calculation

The PM sample filter shall be corrected for buayansing the following equations:

1_ pair
Meor = Mincor M (8_8)
1_ loair
pmedia
Where:
Meor = PM mass corrected for buoyancy
Mincor = PM mass uncorrected for buoyancy
PDair = density of air in balance environment
pweight = density of calibration weight used to span beda
pmedia = density of PM sample filter
— pabsl:NI mix
= tabs — mix 8-9
Peair RIT.., (8-9)
Where:
Pabs absolute pressure in balance environment

|vlmix

molar mass of air in balance environment
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8.2.

8.2.1.

8.2.1.1.

8.2.1.1.1.

8.2.1.1.2.

R = molar gas constant.

Tamb = absolute ambient temperature of balance enviemn
Example (see examples of Annex A.7):

Pabs =99.980 kPa

Tsat = Tgew = 9.5 °C = 282.65 K

Using Eq. A.7-1,puy20 = 1.1866 kPa
Using Eq. A.7-3 X120 = 0.011868 mol/mol
Using Eq. A.7-65Mnix = 28.83563 g/mol
R = 8.314472 J/(mol-K)

Tamb =20°C=293.15K

- pabs EN' mi
loalr RIT

amb

_ 99.980« 28'83563;1.18282

8.31447% 293.15

X

Muncor = 100.0000 mg
Pweight = 8000 kg/nd
pier = 920 kg/nd

1- P .. 118282
_ Pleight | _ 8000 |_
I"ncor_ rnmcor 1 pair =100.000¢ 1_118282 = 100.1139m
Bitter 920

Instrument validation for test

Validation of proportional flow control fdratch sampling and minimum dilution
ratio for PM batch sampling

Proportionality criteria for CVS
Proportional flows

For any pair of flow meters, the recorded sampie ttal flow rates or their 1 Hz
means shall be used with the statistical calcuiatim Annex A.2.9. The standard
error of the estimat&SEE, of the sample flow rate versus the total flow rsiall be
determined. For each test interval, it shall beaestrated thaSEEwas less than or
equal to 3.5 per cent of the mean sample flow rate.

Constant flows

For any pair of flow meters, the recorded sampie #tal flow rates or their 1 Hz
means shall be used to demonstrate that each #tawwras constant within +2.5 per
cent of its respective mean or target flow raténe Tollowing options may be used
instead of recording the respective flow rate ahetype of meter:
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(@) Critical-flow venturi option. For criticaldlw venturis, the recorded venturi-
inlet conditions or their 1 Hz means shall be uskdhall be demonstrated that
the flow density at the venturi inlet was constethin £2.5 per cent of the
mean or target density over each test intervak. aFGVS critical-flow venturi,
this may be demonstrated by showing that the atesdakmperature at the
venturi inlet was constant within £4 per cent oé tnean or target absolute
temperature over each test interval.

(b) Positive-displacement pump option. The reedrgpump-inlet conditions or
their 1 Hz means shall be used. It shall be detratesl that the flow density
at the pump inlet was constant within 2.5 per ceinthe mean or target
density over each test interval. For a CVS purhig, thay be demonstrated by
showing that the absolute temperature at the punigt iwas constant
within £2 per cent of the mean or target absolet@perature over each test
interval.

Demonstration of proportional sampling

For any proportional batch sample such as a badPMr filter, it shall be
demonstrated that proportional sampling was maiethusing one of the following,
noting that up to 5 per cent of the total numbedafa points may be omitted as
outliers.

Using good engineering judgement, it shall be destrated with an engineering
analysis that the proportional-flow control systé@mherently ensures proportional
sampling under all circumstances expected durisgnig For example, CFVs may
be used for both sample flow and total flow if sStdemonstrated that they always
have the same inlet pressures and temperaturethanthey always operate under
critical-flow conditions.

Measured or calculated flows and/or tracer gaseoinations (e.g. CO) shall be
used to determine the minimum dilution ratio for Bigtch sampling over the test
interval.

Partial flow dilution system validation

For the control of a partial flow dilution systemextract a proportional raw exhaust
sample, a fast system response is required; tiiemified by the promptness of the
partial flow dilution system. The transformatiommé for the system shall be
determined by the procedure in paragraph 8.1.86.the related figure 3.1. The
actual control of the partial flow dilution systesmall be based on the current
measured conditions. If the combined transfornmatione of the exhaust flow
measurement and the partial flow systers 3.3 s, online control shall be used. If
the transformation time exceeds 0.3 s, look-aheedral based on a pre-recorded
test run shall be used. In this case, the combirsedtime shall bec 1 s and the
combined delay time< 10 s. The total system response shall be desigseid
ensure a representative sample of the particulgtgs(sample flow of exhaust gas
into partial flow dilution system), proportional tthe exhaust mass flow. To
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8.2.2.

8.2.2.1.

8.2.2.1.1.

8.2.2.1.2.

determine the proportionality, a regression analg$tiny,i versusmew,i (€xhaust gas

mass flow rate on wet basis) shall be conducted minimum 5 Hz data acquisition

rate, and the following criteria shall be met:

(a) The correlation coefficient of the linear regression betwegi,i and gmew,i
shall not be less than 0.95.

(b) The standard error of estimatecafi on dmew,i Shall not exceed 5 per cent of
Omp Maximum.

(c) amp intercept of the regression line shall not excee@ per cent ofgn,
maximum.

Look-ahead control is required if the combinednsfarmation times of the
particulate systemntso pand of the exhaust mass flow sigrgd,-are > 0.3 s. In this
case, a pre-test shall be run and the exhaust floassignal of the pre-test be used
for controlling the sample flow into the particidatystem. A correct control of the
partial dilution system is obtained, if the timade ofgmew,pre Of the pre-test, which
controlsgny, is shifted by a "look-ahead" time @6 p + tso,~

For establishing the correlation betwegm; and gmew, the data taken during the
actual test shall be used, withew, time aligned bytsor relative to gmpi (N0
contribution fromtso p to the time alignment). The time shift betwegg, andgny is
the difference between their transformation timdmttwere determined in
paragraph 8.1.8.6.3.2.

Gas analyzer range validation, drift vaioia&nd drift correction
Range validation

If an analyzer operated above 100 per cent ahiige at any time during the test, the
following steps shall be performed:

Batch sampling

For batch sampling, the sample shall be re-andlysing the lowest analyzer range
that results in a maximum instrument response bdldper cent. The result shall
be reported from the lowest range from which thealymer operates below

100 per cent of its range for the entire test.

Continuous sampling

For continuous sampling, the entire test shallréygeated using the next higher
analyzer range. If the analyzer again operateseah®0 per cent of its range, the
test shall be repeated using the next higher rafidee test shall be continued to be
repeated until the analyzer always operates atthess 100 per cent of its range for
the entire test.
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8.2.3.4.
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Drift validation and drift correction

If the drift is within +1 per cent, the data cae lither accepted without any
correction or accepted after correction. If thetds greater than 1 per cent, two
sets of brake specific emission results shall beutzted for each pollutant, or the
test shall be voided. One set shall be calculasaty data before drift correction and
another set of data calculated after correctingttal data for drift according to
Appendix 2 of Annexes A.7. or A.8. The comparistiall be made as a percentage
of the uncorrected results. The difference betwhleruncorrected and the corrected
brake-specific emission values shall be within £4 gent of the uncorrected brake-
specific emission values. If not, the entire testoid.

PM sampling media (e.qg. filters) preconditihg and tare weighing

Before an emission test, the following steps shalltaken to prepare PM sample
filter media and equipment for PM measurements:

Periodic verifications

It shall be made sure that the balance and PMlgttion environments meet the
periodic verifications in paragraph 8.1.12. Thiemence filter shall be weighed just
before weighing test filters to establish an appedp reference point (see section
details of the procedure in paragraph 8.1.12.The reference filters are used to
indicate whether or not the conditions at the timeof test filter stabilisation may
have caused contamination of test filters, subseque to the pre-test mass
determination of the filter. The verification of the stability of the referentilters
shall occur after the post-test stabilisation pgrionmediately before the post-test
weighing.

Visual Inspection

The unused sample filter media shall be visuallypected for defects, defective
filters shall be discarded.

Grounding

Electrically grounded tweezers or a grounding pstehall be used to handle
PM filters as described in paragraph 9.3.4.

Unused sample media
Unused sample media shall be placed in one or cmm&ainers that are open to the

PM-stabilization environment. If filters are uséldey may be placed in the bottom
half of a filter cassette.
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8.2.3.5.

8.2.3.6.

8.2.3.7.

8.2.3.8.

8.2.3.9.

8.2.3.10.

Stabilization

Sample media shall be stabilized in the PM-stzddilon environment. An unused
sample medium can be considered stabilized as &ng has been in the PM-
stabilization environment for a minimum of 30 miduring which the PM-
stabilization environment has been within the dpeations of paragraph 9.3.4.

Weighing

The sample media shall be weighed automaticaltpamually, as follows:

(@) For automatic weighing, the automation systmanufacturer's instructions
shall be followed to prepare samples for weighifigpis may include placing
the samples in a special container.

(b) For manual weighing, good engineering judgernséall be used.

(c) Optionally, substitution weighing is permittésbe paragraph 8.2.3.10).

(d) Once a filter is weighed it shall be returnedhe Petri dish and covered.

Buoyancy correction

The measured weight shall be corrected for buoyams described in
paragraph 8.1.12.2.

Repetition

The filter mass measurements may be repeatedé¢ontiee the average mass of the
filter using good engineering judgement and to @deloutliers from the calculation
of the average.

Tare-weighing

Unused filters that have been tare-weighed skealbhded into clean filter cassettes
and the loaded cassettes shall be placed in aemwersealed container before they
are taken to the test cell for samplinig.is recommended that filter cassettes are
kept clean by periodically washing or wiping them wth a compatible solvent
applied using a lint-free cloth. Depending upon th cassette material, ethanol
(C2Hs0OH) might be an acceptable solvent. The cleaningeiquency will depend
on the engine's level of PM and HC emissions.

Substitution weighing

Substitution weighing is an option and, if usew/olves measurement of a reference
weight before and after each weighing of a PM sargphedium (e.qg. filter). While
substitution weighing requires more measuremenisprrects for a balance's zero-
drift and it relies on balance linearity only ovarsmall range. This is most
appropriate when quantifying total PM masses tiatless than 0.1 per cent of the
sample medium's mass. However, it may not be g@pjate when total PM masses
exceed 1 per cent of the sample medium's massubHtitution weighing is used, it
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shall be used for both pre-test and post-test viggghThe same substitution weight

shall be used for both pre-test and post-test vimighThe mass of the substitution

weight shall be corrected for buoyancy if the dignsf the substitution weight is less
than 2.0 g/ch The following steps are an example of substitutieighing:

(a) Electrically grounded tweezers or a grounditigp shall be used, as described
in paragraph 9.3.4.6.

(b) A static neutralizer shall be used as desdribgaragraph 9.3.4.6 to minimize
static electric charge on any object before ilax@d on the balance pan.

(c) A substitution weight shall be selected thatets the specifications for
calibration weights in paragraph 9.5.2. The sti#n weight shall also have
the same density as the weight that is used to tygamicrobalance, and shall
be similar in mass to an unused sample medium fieeg). If filters are used,
the weight's mass should be about (80 to 100) mgyfocal 47 mm diameter
filters.

(d) The stable balance reading shall be recoreedtlaen the calibration weight
shall be removed.

(e) An unused sampling medium (e.g. a new fildmall be weighed, the stable
balance reading recorded and the balance envirarsm@ew point, ambient
temperature, and atmospheric pressure recorded.

() The calibration weight shall be reweighed aheé stable balance reading
recorded.

(@) The arithmetic mean of the two calibration-gfgireadings that were recorded
immediately before and after weighing the unusedpa shall be calculated.
That mean value shall be subtracted from the unsastple reading, then the
true mass of the calibration weight as stated oa ¢alibration-weight
certificate shall be added. This result shall éeorded. This is the unused
sample's tare weight without correcting for buoyanc

(h) These substitution-weighing steps shall besaggd for the remainder of the
unused sample media.

() The instructions given in paragraphs 8.2.3tifough 8.2.3.9. of this section
shall be followed once weighing is completed.

PM sample post-conditioning and total weighi
Periodic verification

It shall be assured that the weighing and PM-Btaltion environments have met the
periodic verifications in paragraph 8.1.12.1. Aftesting is complete, the filters
shall be returned to the weighing and PM-stabiigaenvironment. The weighing
and PM-stabilisation environment shall meet the iantbconditions requirements in
paragraph 9.3.4.4., otherwise the test filters Isbal left covered until proper
conditions have been met.

Removal from sealed containers

In the PM-stabilization environment, the PM sarsp#hall be removed from the
sealed containers. Filters may be removed fronir ttessettes before or after
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stabilization. When a filter is removed from aswtte, the top half of the cassette
shall be separated from the bottom half using aettes separator designed for this
purpose. It is recommended that the top portion of the cas$te be removed at
the beginning of stabilisation.

8.2.4.3. Electrical grounding

To handle PM samples, electrically grounded tweene a grounding strap shall be
used, as described in paragraph 9.3.4.5.

8.2.4.4.  Visual inspection

The collected PM samples and the associated filttia shall be inspected visually.
If the conditions of either the filter or the calted PM sample appear to have been
compromised, or if the particulate matter contaatg surface other than the filter,
the sample may not be used to determine particdatessions. In the case of
contact with another surface; the affected surfadl be cleaned before proceeding.

8.2.45. Stabilisation of PM samples

To stabilise PM samples, they shall be placechemna more containers that are open
to the PM-stabilization environment, which is désed in paragraph 9.3.4.4.
A PM sample is stabilized as long as it has beg¢herPM-stabilization environment
for one of the following durations, during whichetistabilization environment has
been within the specifications of paragraph 9.3:4.4

(@) Ifitis expected that a filter's total sudaconcentration of PM will be greater
than 0.353 pg/mfa assuming a 400 pg loading on a 38 mm diametier fil
stain area, the filter shall be exposed to theilstabon environment for at
least 60 minutes before weighingNote that 400 pg on sample media
(e.q. filters) corresponds to an approximate brakespecific emission
of 0.07 g/kWh for a hot-start test.

(b) If it is expected that a filter's total surdaconcentration of PM will be less
than 0.353 pg/mfn the filter shall be exposed to the stabilizagmvironment
for at least 30 minutes before weighing.

(c) If a filter's total surface concentration dfiIRo be expected during the test is
unknown, the filter shall be exposed to the stahilon environment for at
least 60 minutes before weighing.

8.2.4.6. Determination of post-test filter mass

The procedures in paragraph 8.2.3. shall be regeafparagraphs 8.2.3.6.
through 8.2.3.9.) to determine the post-test fitbass.

8.2.4.7.  Total mass
Each buoyancy-corrected filter tare mass shallstietracted from its respective

buoyancy-corrected post-test filter mass. Thelrasiuhe total masSyta, Which
shall be used in emission calculations in Annexé&s And A.8.
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MEASUREMENT EQUIPMENT

Engine dynamometer specification

Shaft work

An engine dynamometer shall be used that has ateegaracteristics to perform
the applicable duty cycle including the ability noeet appropriate cycle validation
criteria. The following dynamometers may be used:

(@) Eddy-current or water-brake dynamometers;

(b) Alternating-current or direct-current motoridgnamometers;

(c) One or more dynamometers.

Transient cycle
Load cell or in-line torque meter may be useddogque measurements.

When using a load cell, the torque signal shaltrbesferred to the engine axis and
the inertia of the dynamometer shall be consider€de actual engine torque is the
torque read on the load cell plus the moment atimef the brake multiplied by the
angular acceleration. The control system has ttopa such a calculation in real
time.

If the engine is tested with an eddy-current dynammeter, it is recommended
that the number of points, where the differenceTSp—(ZDTDlrsp@D) is smaller

than — 5 per cent of the peak torque, does not exa 30 (where the subscript
"sp" means the set point, T, is the demanded torque &, is the derivative of the

engine speed and,is the rotational inertia of the eddy-current
dynamometer D.

Engine accessories
The work of engine accessories required to fuel, d¢alei or heat the engine,
circulate liquid coolant to the engine, or to operater-treatment devices shall be

accounted for and they shall be installed in acaocée with paragraph 6.3.

Dilution procedure (if applicable)

Diluent conditions and background concentnatio

Gaseous constituents may be measured raw or dilbezeas PM measurement
generally requires dilution. Dilution may be accorsipéd by a full flow or partial

flow dilution system. When dilution is applied ththe exhaust may be diluted with
ambient air, synthetic air, or nitrogen. For gaseomss&ons measurement the
diluent shall be at least 15 °C. For PM sampling tmperature of the diluent is
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9.2.2.

specified in paragraphs 9.2.2. for CVS and 9.2.3. Kid Rith varying dilution ratio.
The flow capacity of the dilution system shall ge enough to completely
eliminate water condensation in the dilution and gliamg systems. De-humidifying
the dilution air before entering the dilution systempermitted, if the air humidity is
high. The dilution tunnel walls may be heated sulated as well as the bulk stream
tubing downstream of the tunnel to prevent aqueousdermsation. It is
recommended that exhaust dilution be carried out ata location as close as
possible to the one where ambient air dilution woua occur in use.

Before a diluent is mixed with exhaust, it may beconditioned by increasing or
decreasing its temperature or humidity. Constituenéy be removed from the
diluent to reduce their background concentrations. félh@wing provisions apply to
removing constituents or accounting for backgrountteatrations:

(@) Constituent concentrations in the diluent maynieasured and compensated
for background effects on test results. See Annex@&sA48 for calculations
that compensate for background concentrations.

(b) To account for background PM the following optians available:

(i) For removing background PM, the diluent shallfitered with high-
efficiency particulate air (HEPA) filters that have anitial minimum
collection efficiency specification of 99.97 per ce(dee 3.1. for
procedures related to HEPA-filtration efficiencies)HEPA filters
should be installed properly so that background PMdoes not leak
past the HEPA filters.

(i) For correcting for background PM without HEPA trdtion, the
background PM shall not contribute more than 50 pet oérthe net
PM collected on the sample filter.

(i) Background correction of net PM with HEPA filtran is permitted
without restriction.

Full flow system

Full-flow dilution; constant-volume sampling (CVS)hd full flow of raw exhaust is
diluted in a dilution tunnel. Constant flow may b®intained by maintaining the
temperature and pressure at the flow meter within thigsli For non constant flow
the flow shall be measured directly to allow for prdjpmal sampling. The system
shall be designed as follows (see figure 9.1):

(@) A tunnel with inside surfaces of stainless sw®ll be used. The entire
dilution tunnel shall be electrically grounded.is recommended that a thin-
walled and insulated dilution tunnel be used to mimmize temperature
differences between the wall and the exhaust gases.

(b) The exhaust system backpressure shall not beciaftyf lowered by the
dilution air inlet system. The static pressure atltitation where raw exhaust
is introduced into the tunnel shall be maintainedhimi +1.2 kPa of
atmospheric pressureA booster blower to control this pressure may be
used.

() To support mixing the raw exhaust shall be intoedlinto the tunnel by
directing it downstream along the centreline of thenain A fraction of
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dilution air maybe introduced radially from the tuhseinner surface to

minimize exhaust interaction with the tunnel walls.

Diluent. For PM sampling the temperature of thieesits (ambient air,

synthetic air, or nitrogen as quoted in paragraphl9.2hall be maintained

within one of the following ranges (option):

(i) between 293 and 303 K (20 and 30 °C) or

(i) between 293 and 325 K (20 to 52°C)

in close proximity to the entrance into the dilatimnnel. The range shall be

selected by the Contracting Party.

The system may be configured with turbulence genetars such as orifice

plates or fins to achieve good mixing.The Reynolds numbeRe shall be at

least 4000 for the diluted exhaust stream, wieeas based on the inside

diameter of the dilution tunnel. Re is defined in Annexes A.7-A.8.

Verification of adequate mixing shall be performedlehiaversing a sampling

probe across the tunnel's diameter, vertically and twat@tly. If the analyzer

response indicates any deviation exceeding +2 pdrafethe mean measured

concentration, the CVS shall be operated at a hitinerrate or a mixing plate

or orifice shall be installed to improve mixing.

Flow measurement preconditioning. The dilutatiaist may be conditioned

before measuring its flow rate, as long as this dmrmng takes place

downstream of heated HC or PM sample probes, as fallow

(i) Flow straighteners, pulsation dampeners, or bbthese maybe used.

(i) A filter maybe used.

(iii) A heat exchanger maybe used to control thepenature upstream of any
flow meter but steps shall be taken to prevent agsi€ondensation.

Aqueous condensation. To ensure that a flaweiasured that corresponds to a

measured concentration, either aqueous condensatialh Is& prevented

between the sample probe location and the flow meidet in the dilution

tunnel or aqueous condensation shall be allowed¢oroand humidity at the

flow meter inlet measured. The dilution tunnel wadlr bulk stream tubing

downstream of the tunnel may be heated or insulatedrégent aqueous

condensation. Aqueous condensation shall be predetitroughout the

dilution tunnel. Preventing aqueous condensation involves more than

keeping pure water in a vapour phase (see paragraphl1.). Certain exhaust

components can be diluted or eliminated by thegmes of moisture.

For PM sampling, the already proportional flow comiingm CVS goes

through secondary dilution (one or more) to achieve tlpgiagted overall

dilution ratio as shown in figure 9.2 and mentionegaragraph 9.2.3.2.

The minimum overall dilution ratio shall be withihe range of 5:1 to 7:1 and

at least 2:1 for the primary dilution stage based lo& thaximum engine

exhaust flow rate during the test cycle or test waker

The overall residence time in the system shabdéwveen 0.5 and 5 seconds, as

measured from the point of diluent introduction tofilier holder(s).

The residence time in the secondary dilution eystif present, shall be at

least 0.5 seconds, as measured from the point ohdappdiluent introduction

to the filter holder(s).
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When determining residence times within sampling stem volumes, it is
recommended using an assumed flow temperature of 2& and pressure
of 101.325 kPa.
To determine the mass of the particulates, a parteusampling system, a
particulate sampling filter, a gravimetric balanced antemperature and humidity
controlled weighing chamber, are required.
NOTE: SCHEMATIC REPRESENTATION ONLY.
1 = I EXACT CONFIRMATION WITH THIS SCHEMATIC
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Figure 9.1 — Examples of full-flow dilution sampliegnfigurations.
9.2.3. Partial flow dilution (PFD) system

9.2.3.1. Description of partial flow system

A schematic of a PFD system is shown in figure 9IR.is a general schematic
showing principles of sample extraction, dilution &M sampling. It is not meant
to indicate that all the components described infitpere are necessary for other
possible sampling systems that satisfy the intésample collection.For example,
another possible system configuration is illustraté in figure A.9.5, i.e. the
fractional sampling type. Other configurations which do not match these
schematics are allowed under the condition that theye the same purpose of
sample collection, dilution, and PM sampling. Tée®ed to satisfy other criteria
such as in paragraphs 8.1.8.6. (periodic calibration) &2dL.2. (validation) for
varying dilution PFD, and paragraph 8.1.4.5 as weall table 8.2 (linearity
verification) and paragraph 8.1.8.5.7. (verification)donstant dilution PFD.
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As shown in figure 9.2, the raw exhaust gas or theamy diluted flow is transferred
from the exhaust pipe EP or from CVS respectively ¢éoditution tunnel DT through
the sampling probe SP and the transfer line TL. ©ka flow through the tunnel is
adjusted with a flow controllefFC2 in figure A.9.6) and the sampling pump P of
the particulate sampling system (PSS). For proporticmalexhaust sampling, the
dilution air flow is controlled by the flow controllefC1l, which may uS@mew
(exhaust gas mass flow rate on wet basig)gy, (intake air mass flow rate on wet
basis) andy.s (fuel mass flow rate) as command signals, for therelésixhaust split.
The sample flow into the dilution tunnel DT is th&arence of the total flow and the
dilution air flow. The dilution air flow rate is mea®d with the flow measurement
device FM1, the total flow rate with the flow measuegmdevice of the particulate
sampling systenfFM3 in figure A.9.3). The dilution ratio is calculated from these
two flow rates. For sampling with a constant dilatratio of raw or diluted exhaust
versus exhaust flow (e.g.: secondary dilution for Rivhgling), the dilution air flow
rate is usually constant and controlled by the flamntmller FC1 or dilution air
pump.

|
FC1
b
DAF FM1 T
: g | DT
4 TL
gmcw
o |l
: and }
|t | EP L
C
!
a = engine exhaust or primary diluted flow bptional ¢ =PM sampling

Figure 9.2— Schematic of partial flow dilution system (total gdimg type).

Components of figure 9.2:

DAF = Dilution air filter — The dilution air (ambiemir, synthetic air, or
nitrogen) shall be filtered with a high-efficiency Pait (HEPA)
filter.

DT = Dilution tunnel or secondary dilution system

EP = Exhaust pipe or primary dilution system

FC1 = Flow controller

FH = Filter holder

FM1 = Flow measurement device measuring the dituir flow rate

P = Sampling pump
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PSS = PM sampling system

PTL = PM transfer line

SP = Raw or dilute exhaust gas sampling probe
TL = Transfer line

Mass flow rates applicable only for proportional rasaust sampling PFD:

Omew = Exhaust gas mass gas flow rate on wet basis
Oraw = Intake air mass flow rate on wet basis

Omf = Fuel mass flow rate

Dilution

The temperature of the diluents (ambient air, syithaat, or nitrogen as quoted in
paragraph 9.2.1.) shall be maintained within onéneffbllowing ranges (option):

(@) between 293 and 303 K (20 and 30 °C) or

(b) between 293 and 325 K (20 to 52°C)

in close proximity to the entrance into the dilatitunnel. The range shall be
selected by the Contracting Party.

De-humidifying the dilution air before entering théutlon system is permitted. The
partial flow dilution system has to be designedxtaet a proportional raw exhaust
sample from the engine exhaust stream, thus respotaigcursions in the exhaust
stream flow rate, and introduce dilution air to trasnple to achieve a temperature at
the test filter as prescribed by paragraph 9.3.3.4 @ tis it is essential that the
dilution ratio be determined such that the accuracy uirements of
paragraph 8.1.8.6.1. are fulfilled.

To ensure that a flow is measured that corresponds neeasured concentration,
either agueous condensation shall be prevented bettheesample probe location
and the flow meter inlet in the dilution tunnel oruaqus condensation shall be
allowed to occur and humidity at the flow meter inleeasured. The PFD system
may be heated or insulated to prevent aqueous coaiitems Aqueous condensation
shall be prevented throughout the dilution tunnel.

The minimum dilution ratio shall be within the rangf 5:1 to 7:1 based on the
maximum engine exhaust flow rate during the testecgcltest interval.

The residence time in the system shall be betweeard 5 s, as measured from the
point of diluent introduction to the filter holder(s).

To determine the mass of the particulates, a parteutampling system, a
particulate sampling filter, a gravimetric balanced antemperature and humidity
controlled weighing chamber, are required.
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Applicability

PFD may be used to extract a proportional raw exhsasiple for any batch or
continuous PM and gaseous emission sampling overtransient duty cycle, any
steady-state duty cycle or any ramped-modal duty cycle

The system may be used also for a previously dilethaust where, via a constant
dilution-ratio, an already proportional flow is dilut¢skee figure 9.2). This is the

way of performing secondary dilution from a CVS tunt®elchieve the necessary
overall dilution ratio for PM sampling.

Calibration

The calibration of the PFD to extract a proportional exhaust sample is considered
in paragraph 8.1.8.6.

Sampling procedures

General sampling requirements
Probe design and construction

A probe is the first fitting in a sampling system. pibtrudes into a raw or diluted
exhaust stream to extract a sample, such thangide and outside surfaces are in
contact with the exhaust. A sample is transportecba probe into a transfer line.

Sample probes shall be made with inside surfacedanfless steel or, for raw
exhaust sampling, with any non-reactive material clgpald withstanding raw

exhaust temperatures. Sample probes shall be losdite constituents are mixed
to their mean sample concentration and where interderavith other probes is
minimised. It is recommended that all probes remaie firem influences of

boundary layers, wakes, and eddies — especially heaputlet of a raw-exhaust
tailpipe where unintended dilution might occur. Ruggor back-flushing of a probe
shall not influence another probe during testing. Wygls probe to extract a sample
of more than one constituent may be used as lonthesprobe meets all the
specifications for each constituent.

Transfer lines

Transfer lines that transport an extracted sample frpnolze to an analyzer, storage
medium, or dilution system shall be minimized ind#n by locating analyzers,
storage media, and dilution systems as close tritiges as practical. The number
of bends in transfer lines shall be minimized and tha radius of any unavoidable
bend shall be maximized.The use of 90 elbows, tees, and cross-fittings in
transfer lines should be avoided. Where such conogons and fittings are
necessary, steps, using good engineering judgemenate recommended to be
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taken to ensure that the temperature tolerances ithis paragraph (c) are met.
This may involve measuring temperature at variousdcations within transfer
lines and fittings. A single transfer line to trarsport a sample of more than one
constituent may be used, as long as the transfené meets all the specifications
for each constituent.

9.3.1.3. Sampling methods

For continuous and batch sampling, introduced in gragh 7.2., the following

conditions apply:

(@) When extracting from a constant flow rate, the sarapéll also be carried out
at a constant flow rate.

(b) When extracting from a varying flow rate, the snffpw rate shall be varied
in proportion to the varying flow rate.

(c) Proportional sampling shall be validated as desdrin paragraph 8.2.1.

9.3.2. Gas sampling
9.3.2.1. Sampling probes

Either single-port or multi-port probes are used for sarlggaseous emissions. The

probes may be oriented in any direction relative torétve or diluted exhaust flow.

For some probes, the sample temperatures shall belbedtas follows:

(a) For probes that extract N@om diluted exhaust, the probe's wall temperature
shall be controlled to prevent aqueous condensation.

(b) For probes that extract hydrocarbons from the dil@edaust, a probe wall
temperature is recommended to be controlled approxiynag€ °C to minimise
contamination.

9.3.2.2. Transfer lines

Transfer lines with inside surfaces of stainless s@€FE, Vitod", or any other
material that has better properties for emission samgpmhall be used. A non-
reactive material capable of withstanding exhausptatures shall be used. In-line
filters may be used if the filter and its housing md¢ie¢ same temperature
requirements as the transfer lines, as follows:

(@) For NQ transfer lines upstream of either an Nl®-NO converter that meets
the specifications of paragraph 8.1.11.5. or a chilleat t meets the
specifications of paragraph 8.1.11.4. a sample temperathat prevents
aqueous condensation shall be maintained.

(b) For THC transfer lines a wall temperature tolerahceughout the entire line
of (191 £11) °C shall be maintained. If sampled from raw exhaust, a
unheated, insulated transfer line may be connecredtly to a probe. The
length and insulation of the transfer line shall lesigned to cool the highest
expected raw exhaust temperature to no lower tharf@94s measured at the
transfer line outlet. For dilute sampling a transitemme between the probe
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and transfer line of up to 0.92 m in length is alldwe transition the wall
temperature to (191 £12L.

9.3.2.3 Sample-conditioning components
9.3.2.3.1. Sample dryers
9.3.2.3.1.1. Requirements

The instrument that is used for removing moisture Ishaet the minimum
requirements in the following paragraph. The moistunetent of 0.8 volume per
cent HO is used in equation (A.8-14).

For the highest expected water vapour concentrakign the water removal
technique shall maintain CLD humidity a 5 g water/kg dry air (or about
0.8 volume per cent #D), which is 100 per cent relative humidity at 3.9 &ad
101.3 kPa. This humidity specification is also igglent to about 25 per cent
relative humidity at 25 °C and 101.3 kPa. This rhaydemonstrated by measuring
the temperature at the outlet of a thermal dehureidliir by measuring humidity at a
point just upstream of the CLD.

9.3.2.3.1.2. Type of sample dryers allowed and praeettuestimate moisture content after the
dryer

Either type of sample dryer described in this paragtaptiecrease the effects of

water on gaseous emission measurements may be used.

(a) If an osmotic-membrane dryer upstream of any gasaoalyzer or storage
medium is used, it shall meet the temperature dpatidns in
paragraph 9.3.2.2. Because osmotic-membrane dryers may deteriorate
after prolonged exposure to certain exhaust constients, the membrane
manufacturer should be consulted regarding the apjptation before
incorporating an osmotic-membrane dryer. The dew point,Tgew and
absolute pressurgyea, downstream of an osmotic-membrane dryer shall be
monitored. The amount of water shall be calculadecified in Annexes
A.7-A.8 by using continuously recorded valuesTgf, and piwta OF their peak
values observed during a test or their alarm set poiritacking a direct
measurement, the nominad. is given by the dryer's lowest absolute pressure
expected during testing. The dew poiftew and absolute pressurggtal,
downstream of a sample dryer shall be monitored.

(b) A thermal chiller upstream of a THC measuremegstesn for compression-
ignition engines may not be used. If a thermal ehillpstream of an NQo-
NO converter or in a sampling system without an,X8&NO converter is
used, the chiller shall meet the Plbss-performance check specified in
paragraph 8.1.11.4. The dew poinfgw and absolute pressur@otar
downstream of an osmotic-membrane dryer shall be moditoFee amount of
water shall be calculated as specified in Annexe§.-A.8 by using
continuously recorded values ®fiew and piotar Or their peak values observed
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9.3.2.4.

during a test or their alarm set points. Lacking actimeasurement, the
nominal pital IS given by the dryer's lowest absolute pressureategeduring
testing. The dew poinfTgew, and absolute pressumgea, downstream of a
sample dryer shall be monitored. If it is valid to laes the degree of
saturation in the thermal chilleFgew based on the known chiller efficiency and
continuous monitoring of chiller temperaturBnier may be calculated. If
values ofT¢hijer are not continuously recorded, its peak value obsetuddg a
test, or its alarm setpoint, may be used as a cdnstdue to determine a
constant amount of water according to Annexes A.7-AlB.t is valid to
assume thalchiler is equal toTgew, Tchiler May be used in lieu afgew according
to Annexes A.7-A.8. If it is valid to assume a camsttemperature offset
betweenTchiler and Tgews due to a known and fixed amount of sample reheat
between the chiller outlet and the temperature mreasent location, this
assumed temperature offset value may be factored fa @mission
calculations. The validity of any assumptions wbta by this paragraph shall
be shown by engineering analysis or by data.

Sample pumps

Sample pumps upstream of an analyzer or storage médiuany gas shall be used.

Sample pumps with inside surfaces of stainless SREEFE, or any other material

having better properties for emission sampling shallubed. For some sample

pumps, temperatures shall be controlled, as follows:

(@) If a NQ sample pump upstream of either an N®NO converter that meets
paragraph 8.1.11.5. or a chiller that meets paragraphl841 is used, it shall
be heated to prevent aqueous condensation.

(b) If a THC sample pump upstream of a THC analyzetarage medium is used,
its inner surfaces shall be heated to a tolerance9df£11)°C.

Ammonia scrubber

Ammonia scrubbers may be used for any or all gases sampling systems to
prevent interference with NH3, poisoning of the N@to-NO converter, and

deposits in the sampling system or analyzers. Thammonia scrubber

manufacturer's recommendations or good engineeringudgement in applying

ammonia scrubbers is recommended to be used.

Sample storage media

In the case of bag sampling, gas volumes shalltbeecs in sufficiently clean
containers that minimally off-gas or allow permeatidrgases. Good engineering
judgement shall be used to determine acceptable hitioss of storage media
cleanliness and permeation. To clean a containenayt be repeatedly purged and
evacuated and may be heated. A flexible containech(sfas a bag) within a
temperature-controlled environment, or a temperatureaad rigid container that
is initially evacuated or has a volume that can tspldced, such as a piston and
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cylinder arrangement, shall be used. Containers ngedie specifications in the
following table 9.1 shall be used.

CO, CQ, O, Tedlaf], 2 Kynard, 2
CH,, C,Hg, CsHs, Teflon, % or
NO, NO, stainless steél
Teflond * or
THC, NMHC stainless stedl
! As long as aqueous condensation in storage centaiprevented.
2 Up to 40°C.
% Up to 202°C.
4 At (191+11)°C.

Table 9.1 — Gaseous Batch Sampling Container Mdseri
PM sampling
Sampling probes

PM probes with a single opening at the end shaluged. PM probes shall be
oriented to face directly upstream.

The PM probe may be shielded with a hat that cordowith the requirements in
figure 9.3. In this case the pre-classifier descrilmeplaragraph 9.3.3.3. shall not be
used.

Cross-section

4l
Figure 9.3 -Scheme of a sampling probe with a hat-shaped pre-c&ssifi

Transfer lines

Insulated or heated transfer lines or a heated enclaseirecommended to minimize
temperature differences between transfer lines and exbaustituents. Transfer
lines that are inert with respect to PM and are elzdtyi conductive on the inside
surfaces shall be used. It is recommended using Pidfenalines made of stainless
steel; any material other than stainless steel wallrequired to meet the same
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9.3.3.3.

9.3.3.4.

9.3.3.4.1.

sampling performance as stainless steel. The issidace of PM transfer lines shalll
be electrically grounded.

Pre-classifier

The use of a PM pre-classifier to remove large-diameteicies is permitted that is
installed in the dilution system directly before thker holder. Only one pre-
classifier is permitted. If a hat shaped probe is (se€ figure 9.3), the use of a pre-
classifier is prohibited.

The PM pre-classifier may be either an inertial impaotoa cyclonic separator. It
shall be constructed of stainless steel. The pissifiar shall be rated to remove at
least 50 per cent of PM at an aerodynamic diameterOgiim and no more than
1 per cent of PM at an aerodynamic diameter of 1 yen the range of flow rates for
which it is used.The pre-classifier manufacturer's instructions forany periodic
servicing that may be necessary to prevent a buildp of PM is recommended to
be followed. The pre-classifier outlet shall be configured with @ams of bypassing
any PM sample filter so that the pre-classifier flow barstabilized before starting a
test. PM sample filter shall be located within @& downstream of the pre-
classifier's exit.

Sample filter

The diluted exhaust shall be sampled by a filtext tmeets the requirements of
paragraphs 9.3.3.4.1. to 9.3.3.4.4. during the tegtesee.

Filter specification

All filter types shall have a 0.3 um DOP (di-octylpalate) collection efficiency of
at least 99.7 per cent. The sample filter manufactureeasurements reflected in
their product ratings may be used to show this requinemehe filter material shall
be either:

(@) fluorocarbon (PTFE) coated glass fibre, or

(b) fluorocarbon (PTFE) membrane.

If the expected net PM mass on the filter exceeds|dd) a filter with a minimum
initial collection efficiency of 98 per cent may beedl.

It is highly recommended that a pure PTFE filter material be used that does not
have any flow-through support bonded to the back ash has an overall thickness
of 40 £ 20 um. An inert polymer ring may be bondedo the periphery of the
filter material for support and for sealing between the filter cassette parts.
Polymethylpentene (PMP) and PTFE inert materials fo a support ring have
been commonly used, but other inert materials may & used. The cassette
specifications are specified below.
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A clean cassette designed to the specificationsF§ure 9-4. should be used. In
auto changer configurations, cassettes of similareign may be used. Cassettes
must be made of one of the following materials: Deh™, stainless steel,
polycarbonate, acrylonitrile-butadiene-styrene (AB$ resin, or conductive

polypropylene.

It is recommended that the filter assettes be kept clean by

periodically washing or wiping them with a compatide solvent applied using a
lint-free cloth. Depending upon the cassette mate, ethanol (G;HsOH) might
be an acceptable solvent. The cleaning frequencyilhwdepend on the engine's

PM and HC emissions.

If the cassette is kept in the filter holder aftersampling, flow through the filter
should be prevented until either the holder or casdte is removed from the

PM sampler.

If the cassettes are removed from fé#r holders after sampling,

cassette is recommended to be transferred to an iividual container that is
covered or sealed to prevent communication of serublatile matter from one

filter to another.

If the filter holder is removed, the inlet and outlet of the

holder should be capped. These should be kept cogd or sealed until they
return to the stabilization or weighing environmens.

f
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9.3.3.4.4.

9.3.3.45

Filter size
The nominal filter size shall be 46.50 mm # 0.6 mianwkter.
Dilution and temperature control of PM sksp

PM samples shall be diluted at least once upstrefmansfer lines in case of a
CVS system and downstream in case of PFD systenB(8e2. relating to transfer
lines). Sample temperature is to be controlled to & £45) °C tolerance, as
measured anywhere within 200 mm upstream or 200 mm stovam of the

PM storage media. The PM sample is intended toelageld or cooled primarily by
dilution conditions as specified in paragraph 9.2)1.(a

Filter face velocity

A filter face velocity shall be between 0.90 and0lm/s with less than 5 per cent of
the recorded flow values exceeding this range. Ifated PM mass exceeds 400 ug,
the filter face velocity may be reduced. The face vglahall be measured as the
volumetric flow rate of the sample at the pressure upstref the filter and
temperature of the filter face, divided by the filter’gosed area. The exhaust stack
or CVS tunnel pressure shall be used for the upstreassipeeif the pressure drop
through the PM sampler up to the filter is less tBdia.

Filter holder

To minimize turbulent deposition and to deposit B¥nly on a filter, a 12°Xfrom
centre) divergent cone angle to transition from thesfearine inside diameter to the
exposed diameter of the filter face shall be usethintess steel for this transition
shall be used.
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Figure 9.5: Filter holder design; numerical valuesare only indicative.
PM-stabilization and weighing environmentsg@vimetric analysis
Environment for gravimetric analysis

This section describes the two environments requoestabilize and weigh PM for
gravimetric analysis: the PM stabilization environmewhere filters are stored
before weighing; and the weighing environment, wreeebalance is located. The
two environments may share a common spddeese volumes may be one or more
rooms, or they may be much smaller, such as a glouw®x or an automated
weighing system consisting of one or more counteiesized environments.

Both the stabilization and the weighing environmsestall be kept free of ambient
contaminants, such as dust, aerosols, or semi-vomasterial that could contaminate
PM samples. It is recommended that these environments conform ih an
"as-built" Class Six clean room specification accading to 1SO 14644-1
(incorporated by reference in paragraph 3.4.; howesr, it is possible to deviate
from ISO 14644-1 as necessary to minimize air motio that might affect
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9.3.4.2.

9.3.4.3.

9.3.4.4.

9.3.4.5.

9.3.4.6.

weighing. It is recommended that the maximum air-spply and air-return
velocities of 0.05 m/s in the weighing environmerare not exceeded.

Cleanliness

The cleanliness of the PM-stabilization environmesihg reference filters shall be
verified, as described in paragraph 8.1.12.1.4.

Temperature of the chamber

The temperature of the chamber (or room) in which theicpdate filters are
conditioned and weighed shall be maintained toiwi#2 °C + 1 °C during all filter
conditioning and weighing. The humidity shall beimained to a dew point
of 9.5°C £ 1 °C and a relative humidity of 45 pemtce 8 per cent. If the
stabilization and weighing environments are sepathée stabilization environment
shall be maintained at a tolerance of 22 °C + 3 °C.

Verification of ambient conditions

When using measurement instruments that meet thafigations in paragraph 9.4

the following ambient conditions shall be verified:

(a) Dew point and ambient temperature shall be redordenese values shall be
used to determine if the stabilization and weighiegvironments have
remained within the tolerances specified in paragrapt@. of this section
for at least 60 min before weighing filters.

(b) Atmospheric pressure shall be continuously reabrdghin the weighing
environment. An acceptable alternative is to use@rheter that measures
atmospheric pressure outside the weighing environnantong as it can be
ensured that the atmospheric pressure at the balaraderays at the balance
within £100 Pa of the shared atmospheric pressuremedns to record the
most recent atmospheric pressure shall be provided ehem PM sample is
weighed This value shall be used to calculate the PM buoyaorrection in
paragraph 8.1.12.2.

Installation of balance

The balance shall be installed as follows:

(a) installed on a vibration-isolation platform tol&te it from external noise and
vibration,

(b) shielded from convective airflow with a staticgdpating draft shield that is
electrically grounded.

Static electric charge
Static electric charge shall be minimized in theabeé environment, as follows:

(@) The balance is electrically grounded.
(b) Stainless steel tweezers shall be used if PM leanspall be handled manually.
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Tweezers shall be grounded with a grounding strep, grounding strap shall
be provided for the operator such that the groundirepsthares a common
ground with the balancelt is recommended that grounding straps have an
appropriate resistor to protect operators from accdental shock.

A static-electricity neutralizer shall be providéditis electrically grounded in

common with the balance to remove static charge frivhs&mples.

() A radioactive neutralizers such as a Poloniunt*'%Po) source may be
used. Radioactive sources are recommended to beplaced at the
intervals recommended by the neutralizer manufactuer.

(i)  Other neutralizers, such as corona-dischargéonizers may be used.
If a corona-discharge ionizer is used, it is recomanded that it be
monitored for neutral net charge according to the onizer
manufacturer's recommendations.

It is recommended to neutralize PM sample filir to within £2.0 V of

neutral.

It is recommended to measure static voltagesdollows:

(i) It is recommended to measure static voltage dPM sample filters
according to the electrostatic voltmeter manufactuer's instructions.

(i) It is recommended to measure static voltagefd®M sample filters
while the media is at least 15 cm away from any gunded surfaces to
avoid mirror image charge interference.

Measurement instruments

Introduction

Scope

This paragraph specifies measurement instruments assbciated system
requirements related to emission testing. This iredulhboratory instruments for
measuring engine parameters, ambient conditions, fltatece parameters, and
emission concentrations (raw or diluted).

Instrument types

Any instrument mentioned in this gtr shall be ussddescribed in the gtr itself
(see Table 8.2 for measurement quantities providdtdse instruments). Whenever
an instrument mentioned in this gtr is used in a Way is not specified, or another
instrument is used in its place, the requirementsefprivalency provisions shall

apply as specified in paragraph 5.1.3. Where more tran instrument for a

particular measurement is specified, one of them ball identified by the type

approval or certifying authority upon application as taference for showing that an
alternative procedure is equivalent to the specifiedgdure.
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9.4.1.3.

9.4.2.

Measurement systems

It is recommended to consider vibration, temperatte, pressure, humidity,
viscosity, specific heat, and exhaust composition in¢luding trace
concentrations) effect on instrument compatibility and performance when
selecting an instrument.

Redundant systems

Data from multiple instruments to calculate tesuitssfor a single test may be used
for all measurement instruments described in this papégrwith prior approval of
the type approval or certification authorityhen redundant systems are used, it
is recommended to apply good engineering judgemetd use multiple measured
values in calculations or to disregard individual neasurements. Results from all
measurements shall be recorded and the raw databehadtained, as described in
paragraph 5.3. This requirement applies whether or m®tnteasurements are
actually used in the calculations.

Data recording and control

The test system shall be able to update data, retadedand control systems related
to operator demand, the dynamometer, sampling equipmand measurement
instruments. Data acquisition and control systeral b used that can record at the
specified minimum frequencies, as shown in tab® (fhis table does not apply to
discrete mode testing).
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Minimum
Command Minimum
Applicable Test and Control Recording
Protocol Section Measured Values Frequency Frequency
1 mean value per
7.6. Speed and torque during an engine step-map 1 Hz step
7.6. Speed and torque during an engine sweep-map 5 Hz Hz mMeans
7.8.3. Transient duty cycle reference and feedback speeds
and torques 5Hz 1 Hz means
7.8.2. Steady-state and ramped-modal duty cycle
reference and feedback speeds and torques 1Hz 1Hz
7.3. Continuous concentrations of raw analyzers N/A 1Hz
7.3. Continuous concentrations of dilute analyzers N/A 1Hz
1 mean value per
7.3. Batch concentrations of raw or dilute analyzers AN/ test interval
7.6. Diluted exhaust flow rate from a CVS with a healt
8.2.1. exchanger upstream of the flow measurement N/A 1Hz
7.6. Diluted exhaust flow rate from a CVS without a
8.2.1. heat exchanger upstream of the flow measurement 5 Hz 1 Hz means
7.6. Intake-air or exhaust flow rate (for raw transient
8.2.1. measurement) N/A 1 Hz means
7.6.
8.2.1. Dilution air if actively controlled 5 Hz 1 Hz means
7.6.
8.2.1. Sample flow from a CVS with a heat exchanger 1Hz 1Hz
7.6.
8.2.1. Sample flow from a CVS without a heat exchanger 5 Hz 1 Hz mean
Table 9.2 — Data recording and control minimum fregie=n

9.4.3. Performance specifications for measurement imsints

9.4.3.1. Overview

The test system as a whole shall meet all theiagipé calibrations, verifications,
and test-validation criteria specified in paragraphs &étluding the requirements of
the linearity check of paragraphs 8.1.4. and 8.2. runstnts shall meet the
specifications in table 9.2 for all ranges to be ulmdtesting. Furthermore, any
documentation received from instrument manufacturersvisigothat instruments
meet the specifications in table 9.2 shall be kept.

9.4.3.2. Component requirements

Table 9.3 shows the specifications of transducértomue, speed, and pressure,
sensors of temperature and dew point, and other institgifeeg.: fuel flow, intake-
air flow meter, raw-exhaust flow meter, dilution ar and diluted exhaust flow
meter, sample flow meter for batch sampling, CO andCO, analyzers,
HC analyzers, NOx analyzers, @ analyzers, PM gravimetric balance) The
overall system for measuring the given physical anchiemical quantitye.g.: fuel
flow, intake-air flow, raw-exhaust flow, dilution air and diluted exhaust flow,
sample flow, gas calibration blending, methane via gas chromatograph, CQ,
HC, NOx, O,, PM) shall meet the linearity verification in paragraph.8.1 For
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gaseous emissions measurements, analfegys CQ,, HC, NOx, O;) may be used,
that have compensation algorithms that are functmisther measured gaseous
components, and of the fuel properties for the sjpeagingine test. Any
compensation algorithm shall only provide offset congagion without affecting
any gain (that is no bias).



Measured

Complete System

Recording

quantity Rise time update frequency

Measurement Instrument symbol Accuracy Repeatability Nois€'
2.0 % of pt. or 1.0 % of pt. or

Engine speed transducer n 1s 1 Hz means 0.5 % of max. 0.25 % of max. 0.05 % of max
2.0 % of pt. or 1.0 % of pt. or

Engine torque transducer T 1s 1 Hz means 1.0 % of max. 0.5 % of max 0.05 % of max.
2.0 % of pt. or 1.0 % of pt. or

Electrical work (active-power meter) W 1s 1 Hz means 0.5 % of max. 0.25 % of max. 0.05 % of max

General pressure transducer (not a 2.0 % of pt. or 1.0 % of pt. or

part of another instrument) P 5s 1Hz 1.0 % of max. 0.50 % of max. 0.1 % of max

Atmospheric pressure meter used for

PM-stabilization and balance

environments Patmos 50s 5 times per hour | 100 Pa 25 Pa 5 Pa

General purpose atmospheric pressurg

meter Patmos 50s 5 times per hour | 250 Pa 100Pa 50 Pa

Temperature sensor for PM-

stabilization and balance environments 1 50s 0.1 Hz 0.25K 0.1K 0.1K

Other temperature sensor (not a part 0.4 % of pt. K or 0.2 % of pt. K or

of another instrument) T 10s 0.5Hz 0.2 % of max. K 0.1 % of max. K 0.1 % of max

Dewpoint sensor for PM-stabilization

and balance environments Tdew 50s 0.1 Hz 0.25K 0.1K 0.02K

Other dewpoint sensor Tdew 50s 0.1 Hz 1K 05K 0.1K

Fuel flow meter 5s 1Hz 2.0 % of pt. or 1.0 % of pt. or

(Fuel totalizer) (N/A) (N/A) 1.5 % of max. 0.75 % of max. 0.5 % of max.

Total diluted exhaust meter (CVS) 1s 1 Hz means 2.0 % of pt. or 1.0 % of pt. or

(With heat exchanger before meter) (55) (1 Hz) 1.5 % of max. 0.75 % of max. 1.0 % of max.

Dilution air, inlet air, exhaust, and 1 Hz means of 5 Hz 2.5 % of pt. or 1.25 % of pt. or

sample flow meters 1s samples 1.5 % of max. 0.75 % of max. 1.0 % of max.
2.0 % of pt. or 1.0 % of pt. or

Continuous gas analyzer raw X 25s 2 Hz 2.0 % of meas. 1.0 % of meas. 1.0 % of max.

) €T abed
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2.0 % of pt. or 1.0 % of pt. or
Continuous gas analyzer dilute X 5s 1Hz 2.0 % of meas. 1.0 % of meas. 1.0 % of max.
2.0 % of pt. or 1.0 % of pt. or
Continuous gas analyzer X 5s 1Hz 2.0 % of meas. 1.0 % of meas. 1.0 % of max.
2.0 % of pt. or 1.0 % of pt. or
Batch gas analyzer X N/A N/A 2.0 % of meas. 1.0 % of meas. 1.0 % of max.
Gravimetric PM balance Mpm N/A N/A See 9.4.11. 0.5pug N/A
2.0 % of pt. or 1.0 % of pt. or
Inertial PM balance Mpm 5s 1Hz 2.0 % of meas. 1.0 % of meas. 0.2 % of max.

@ Accuracy and repeatability (and noise) are akdeined with the same collected data, as desciib@dt.3., and based on absolute values. "pt.tsetethe overall mean value
expected at the emission limit ; "max." refershte peak value expected at the emission limit dveduty cycle , not the maximum of the instrumengt'sye; "meas" refers to the|
actual mean measured over the duty cycle .

Table 9.3 — Recommended performance specificat@mmaeasurement instruments

geT abed
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Measurement of engine parameters and ambirditioms
Speed and torque sensors
Application

Measurement instruments for work inputs and outputs;d engine operation shall
meet the specifications in this paragraph. Sens@nssducers, and meters meeting
the specifications in table 9.3 are recommended. rdllveystems for measuring
work inputs and outputs shall meet the linearity v&atfons in paragraph 8.1.4.

Shaft work

Work and power shall be calculated from outputs @&espand torque transducers
according to paragraph 9.4.4.1. Overall systems forsorgay speed and torque
shall meet the calibration and verifications in paapfs 8.1.7. and 8.1.4.

(8) To measure speed, it is recommended to use agnetic or optical shaft-
position detector with a resolution of at least 6@ounts per revolution, in
combination with a frequency counter that rejects ommon-mode noise.

(b) To measure torque, a variety of methods may based:

() mounting a strain gage or similar instrument n-line between the
engine and dynamometer.

(i) mounting a strain gage or similar instrument on a lever arm
connected to the dynamometer housing.

(iif) calculating it from internal dynamometer signals, such as armature
current, as long as this measurement is calibrateds described in
paragraph 8.1.7.1.

Torque induced by the inertia of accelerating amckterating components connected

to the flywheel, such as the drive shaft and dynasatenrotor, shall be compensated

for.

(c) Electrical work. It is recommended to use a watt-hour meter output to
calculate total work. It is recommended to use a att-hour meter that
outputs active power (kW). Watt-hour meters typicdly combine a
Wheatstone bridge voltmeter and a Hall-effect clamgn ammeter into a
single microprocessor-based instrument that analyseand outputs several
parameters, such as alternating or direct current wltage (V), current (A),
power factor (pf), apparent power (VA), reactive paver (VAR), and active
power (W).

(d) Pump, compressor or turbine work. It is reconmended to use pressure
transducer and flow-meter outputs to calculate toth work. For flow
meters, see paragraph 9.4.5.

Pressure transducers, temperature sensors\amb'nht Sensors

Overall systems for measuring pressure, temperaturedemdooint shall meet the
calibration in paragraph 8.1.7.
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9.4.5.1

Temperature sensors may include:

(@) Thermistors for PM-balance environments or otler precision temperature
measurements over a narrow temperature range;

(b) For other applications thermocouples, that arenot grounded to the
thermocouple sheath;

(c) Other temperature sensors, such as resistiveerhperature detectors
(RTDs).

Pressure transducers shall be located in a temperatiited environment, or
they shall compensate for temperature changes ovieretkigected operating range.
Transducer materials shall be compatible with thelfhging measured.

Pressure meters may include:

(&) either capacitance-type, quartz crystal, or Iser-interferometer
transducers for atmospheric pressure or other presion pressure
measurements;

(b) either strain gage or capacitance-type pressar transducers for other
applications;

(c) other pressure-measurement instruments, suclsananometers.

Dewpoint meters may include:

(@) chilled-surface hygrometers for PM-stabilizaton environments;
(b) thin-film capacitance sensors, for other apptiations;

(c) other dewpoint sensors, such as a wet-bulb/dtyulb psychrometer.

Flow-related measurements

For any type of flow meter (of fuel, intake-air, ramhaust, diluted exhaust, sample),
the flow shall be conditioned as needed to prevaaites, eddies, circulating flows,
or flow pulsations from affecting the accuracy or repailitp of the meter. For
some meters, this may be accomplished by usindfiaisat length of straight tubing
(such as a length equal to at least 10 pipe diamedeisy using specially designed
tubing bends, straightening fins, orifice plates (cgymatic pulsation dampeners for
the fuel flow meter) to establish a steady and pradietvelocity profile upstream of
the meter.

Fuel flow meter

Overall system for measuring fuel flow shall meet tlalibration in
paragraph 8.1.8.1. In any fuel flow measurement itl sfembhccounted for any fuel
that bypasses the engine or returns from the engithe ttuel storage tank.

A fuel flow meter that measures mass directly, suctas one that relies on
gravimetric or inertial measurement principles is recommended. This may
involve using a meter with one or more scales for eéghing fuel or using a
Coriolis meter. It is recommended to condition theflow as needed to prevent
any gas bubbles in the fuel from affecting the fuaheter.
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Intake-air flow meter

Overall system for measuring intake-air flow shall mekeé calibration in
paragraph 8.1.8.2.

The intake flow meter may include a laminar flow eément, an ultrasonic flow
meter, a subsonic venturi, a thermal-mass meter, aaveraging Pitot tube, or a
hot-wire anemometer.

Raw exhaust flow meter
Component requirements

The overall system for measuring raw exhaust flow Ishaet the linearity
requirements in paragraph 8.1.4. Any raw-exhaust metelt bl designed to
appropriately compensate for changes in the raw eXxaahstmodynamic, fluid, and
compositional statesThe raw-exhaust flow measurement may involve usingn
ultrasonic flow meter, a subsonic venturi, an averging Pitot tube, a hot-wire
anemometer, a vortex flowmeter, or other measuremerprinciple. This would
generally not involve a laminar flow element or atiermal-mass meter.

Flow meter response time

For the purpose of controlling of a partial flow diari system to extract a
proportional raw exhaust sample, a flow meter resptomsefaster than indicated in
table 9.2 is required. For partial flow dilution sysis with online control, the flow
meter response time shall meet the specificatiopsuafgraph 8.2.1.2.

Exhaust cooling

Exhaust cooling upstream of the flow meter is pegditwith the following

restrictions:

(@) PM shall not be sampled downstream of the cooling

(b) If cooling causes exhaust temperatures above 2D2tc° decrease to
below 180 °C, NMHC shall not be sampled downstre&thecooling.

(c) If cooling causes aqueous condensation, 8l@ll not be sampled downstream
of the cooling unless the cooler meets the performavesfication in
paragraph 8.1.11.4.

(d) If cooling causes aqueous condensation beferdldlwv reaches a flow meter,
Taew @nd pressurpyoia Shall be measured at the flow meter inlet. Thesgega
shall be used in emission calculations accordingnoexes A.7-A.8.
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Dilution air and diluted exhaust flow meters
Application

Instantaneous diluted exhaust flow rates or totaltell exhaust flow over a test
interval shall be determined by using a diluted eshdlow meter. Raw exhaust
flow rates or total raw exhaust flow over a test interaay be calculated from the
difference between a diluted exhaust flow meter adiiiion air meter.

Component requirements

The overall system for measuring diluted exhaust #twail meet the calibration and

verifications in paragraphs 8.1.8.4. and 8.1.8.5. fbllewing meters may be used:

(@) For constant-volume sampling (CVS) of the total flofndiluted exhaust, a
critical-flow venturi (CFV) or multiple critical-flow ventusi arranged in
parallel, a positive-displacement pump (PDP), a subsagmturi (SSV), or an
ultrasonic flow meter (UFM) may be used. Combined waithupstream heat
exchanger, either a CFV or a PDP will also functionaapassive flow
controller by keeping the diluted exhaust temperatemnstant in a
CVS system.

(b) For the Partial Flow Dilution (PFD) system the camakion of any flow meter
with any active flow control system to maintain prammal sampling of
exhaust constituents may be used. The total flodiloted exhaust, or one or
more sample flows, or a combination of these flowtcas may be controlled
to maintain proportional sampling.

For any other dilution system, a laminar flow elemant,ultrasonic flow meter, a
subsonic venturi, a critical-flow venturi or multiple taral-flow venturis arranged in
parallel, a positive-displacement meter, a thermal-nmaster, an averaging Pitot
tube, or a hot-wire anemometer may be used.

Exhaust cooling

Diluted exhaust upstream of a dilute flow meter maybeled, as long as all the

following provisions are observed:

(@) PM shall not be sampled downstream of the cooling

(b) If cooling causes exhaust temperatures above 2D2to° decrease to
below 180 °C, NMHC shall not be sampled downstre&thecooling.

(c) If cooling causes aqueous condensation, 8i@ll not be sampled downstream
of the cooling unless the cooler meets the performavesfication in
paragraph 8.1.11.4.

(d) If cooling causes aqueous condensation beferdldlv reaches a flow meter,
dew point, Tgew and pressur@a shall be measured at the flow meter inlet.
These values shall be wused in emission -calculaticascording
Annexes A.7-A.8.
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Sample flow meter for batch sampling

A sample flow meter shall be used to determine sarfiple rates or total flow

sampled into a batch sampling system over a testviat The difference between
two flow meters may be used to calculate sample flaw a dilution tunnel e.g. for
partial flow dilution PM measurement and secondamytidih flow PM measurement.
Specifications for differential flow measurement to ragt a proportional raw
exhaust sample is given in paragraph 8.1.8.6.1. hedcalibration of differential

flow measurement is given in paragraph 8.1.8.6.2.

A sample flow meter may involve a laminar flow elment, an ultrasonic flow
meter, a subsonic venturi, a critical-flow venturi(CFV) or multiple critical-flow
venturis arranged in parallel, a positive-displacereant meter, a thermal-mass
meter, an averaging Pitot tube, or a hot-wire anemmeter. For the special case
where CFVs are used for both the diluted exhaust ah sample-flow
measurements and their upstream pressures and tem@gures remain similar
during testing, the flow rate of the sample-flow CKF must not be quantified. In
this special case, the sample-flow CFV inherentlydw-weights the batch sample
relative to the diluted exhaust CFV.

Overall system for the sample flow meter shall meleé calibration in
paragraph 8.1.8.

Gas divider
A gas divider may be used to blend calibration gases

A gas divider shall be used that blends gaselsetgpecifications of paragraph 9.5.1.
and to the concentrations expected during testingritic@l-flow gas dividers,
capillary-tube gas dividers, or thermal-mass-meter gasdelivi may be used.
Viscosity corrections shall be applied as necessarnndif done by gas divider
internal software) to appropriately ensure correct gagsidn. The gas-divider
system shall meet the linearity verification in paragr8.1.4.5. Optionally, the
blending device may be checked with an instrumerithvby nature is linear, e.g.
using NO gas with a CLD. The span value of thérimsent shall be adjusted with
the span gas directly connected to the instrumé&he gas divider shall be checked
at the settings used and the nominal value shalcdmapared to the measured
concentration of the instrument.

CO and CP&measurements

A Non-dispersive infrared (NDIR) analyzer shall be useaneasure CO and GO
concentrations in raw or diluted exhaust for eithectvatr continuous sampling.

The NDIR-based system shall meet the calibration amdifications in
paragraph 8.1.8.1.
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9.4.7.
9.4.7.1.

9.4.7.1.1.

9.4.7.1.2.

9.4.7.1.3.

9.4.7.1.4.

9.4.7.1.5.

9.4.7.2.

9.4.7.2.1.

Hydrocarbon measurements
Flame-ionization detector
Application

A heated flame-ionization detector (FID) analyzer shadl dsed to measure
hydrocarbon concentrations in raw or diluted exhauseithier batch or continuous
sampling. Hydrocarbon concentrations shall be detexchion a carbon number
basis of one, € Methane and non-methane hydrocarbon values shdkteemined
as described in paragraph 9.4.7.1.4. Heated FID zsalghall maintain all surfaces
that are exposed to emissions at a temperature af1IBD1C.

Component requirements

The FID-based system for measuring THC or,GHall meet all of the verifications
for hydrocarbon measurement in paragraph 8.1.10.

FID fuel and burner air

FID fuel and burner air shall meet the specificatiohparagraph 9.5.1. The FID
fuel and burner air shall not mix before entering the &ialyzer to ensure that the
FID analyzer operates with a diffusion flame and npteanixed flame.

Methane

FID analyzers measure total hydrocarbons (THC). To determon-methane
hydrocarbons (NMHC), methane, gHhall be quantified either with a non-methane
cutter and a FID analyzer as described in paragraph®.,4.Gr with a gas
chromatograph as described in paragraph 9.4.7.3. HelDaanalyzer used to
determine NMHC, its response factor to £ HRFch4, shall be determined as
described in paragraph 8.1.10.1. NMHC-related calanratiare described in
Annexes A.7-A.8.

Assumption on methane

Instead of measuring methane, it is allowed to asstivat 2 per cent of measured
total hydrocarbons is methane, as described in Anngxes.8.

Non-methane cutter

Application

A non-methane cutter may be used to measurg With a FID analyzer. A non-
methane cutter oxidizes all non-methane hydrocarborSGpand HO. A non-

methane cutter may be used for raw or diluted exhaarsbdtch or continuous
sampling.
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9.4.7.2.3.

9.4.7.2.4.

9.4.7.3.

9.4.8.

9.4.8.1.

9.4.8.1.1.

ECE/TRANS/WP.29/2009/120
page 145

System performance

Non-methane-cutter performance shall be determined ascrilbed in
paragraph 8.1.10.3. and the results shall be usealdolate NMHC emission in A.7.
and A.8.

Configuration

The non-methane cutter shall be configured with a $gypiae for the verification
described in paragraph 8.1.10.3.

Optimization

A non-methane cutter may be optimised to maximieepnetration of CiHand the
oxidation of all other hydrocarbons. A sample mayhbmidified and a sample may
be diluted with purified air or oxygen D upstream of non-methane cutter to
optimize its performance. Any sample humidificatiamd dilution shall be
accounted for in emission calculations.

Gas chromatograph

Application: A gas chromatograph may be used tosumeaCH concentrations of
diluted exhaust for batch sampling. While also a-methane cutter may be used to
measure Ckj as described in paragraph 9.4.7.2. a reference prodeased on a gas
chromatograph shall be used for comparison with any gsexgp alternate
measurement procedure under paragraph 5.3.

NQ measurements

Two measurement instruments are specified fory Neasurement and either
instrument may be used provided it meets the critgrgified in paragraph 9.4.8.1.
or 9.4.8.2., respectively. The chemiluminescentecter shall be used as the
reference procedure for comparison with any proposed ateermeasurement
procedure under paragraph 5.3.

Chemiluminescent detector
Application

A chemiluminescent detector (CLD) coupled with an,N@®NO converter is used to
measure NQ concentration in raw or diluted exhaust for batch ontimuous
sampling. A CLD may be used for NG measurement, even though it measures
only NO and NO, when coupled with an NQ-to-NO converter, since
conventional engines and aftertreatment systems dmot emit significant
amounts of NO, species other than NO and N@
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9.4.8.1.2.

9.4.8.1.3.

9.4.8.1.4.

9.4.8.1.5.

9.4.8.2.

9.4.8.2.1.

9.4.8.2.2.

9.4.8.2.3.

Component requirements

The CLD-based system shall meet the quench veiditan paragraph 8.1.11.1. A
heated or unheated CLD may be used, and a CLD {hatates at atmospheric
pressure or under a vacuum may be used.

NG@G-to-NO converter

An internal or external N&to-NO converter that meets the verification in
paragraph 8.1.11.5. shall be placed upstream of ltiie ®hile the converter shall be
configured with a bypass to facilitate this verificatio

Humidity effects

All CLD temperatures shall be maintained to prevagtieous condensation. To

remove humidity from a sample upstream of a CLD, omethe following

configurations shall be used:

(@) A CLD connected downstream of any dryer or chillat th downstream of an
NO2-to-NO converter that meets the verification in parag@ghl1.5.

(b) A CLD connected downstream of any dryer or theramaller that meets the
verification in paragraph 8.1.11.4.

Response time
A heated CLD may be used to improve CLD response.tim

Non-dispersive ultraviolet analyzer

Application
A non-dispersive ultraviolet (NDUV) analyzer is usedrteasure NQconcentration
in raw or diluted exhaust for batch or continuous sargpl A NDUV for NO x
measurement may be used, even though it measureslyoNO and NO,, since
conventional engines and aftertreatment systems dmot emit significant
amounts of other NG, species.

Component requirements
The NDUV-based system shall meet the verificationgaragraph 8.1.11.3.
NG-to-NO converter

If the NDUV analyzer measures only NO, an internaleaternal NQ-to-NO
converter that meets the verification in paragraph 8.%.1shall be placed upstream

of the NDUV analyzer. The converter shall be configungth a bypass to facilitate
this verification.
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Humidity effects

The NDUV temperature shall be maintained to preaepieous condensation, unless

one of the following configurations is used:

(8 An NDUV shall be connected downstream of any diyerchiller that is
downstream of an N£to-NO converter that meets the verification in
paragraph 8.1.11.5.

(b) An NDUV shall be connected downstream of anyediyr thermal chiller that
meets the verification in paragraph 8.1.11.4.

Q measurements

A paramagnetic detection (PMD) or magneto pneumatiectien (MPD) analyzer
shall be used to measure ©oncentration in raw or diluted exhaust for batch or
continuous sampling. O, measurements with intake air or fuel flow
measurements may be used to calculate exhaust floate according to Annexes
A.7-A.8.

Air-to-fuel ratio measurements

A Zirconia (ZrQ) analyser may be used to measure air-to-fuel ratio inesdvaust
for continuous sampling. O measurements with intake air or fuel flow
measurements may be used to calculate exhaust fl@vacxording to Annexes
A.7-A.8.

PM measurements with gravimetric balance
A balance shall be used to weigh net PM collecredample filter media.

The minimum requirement on the balance resoluti@ll e equal or lower than the
repeatability of 0.5 microgram recommended in table 918 the balance uses
internal calibration weights for routine spanning aikdrity verifications, the
calibration weights shall meet the specificationpamagraph 9.5.2.

A balance pan designed to minimize corner loadingof the balance is

recommended, as follows:

(&) A pan is recommended that centres the PM sanmgplon the weighing pan;
for example, a pan in the shape of a cross that hapswept tips.

(b) A panis recommended that positions the PM sapfe as low as possible.

The balance shall be configured for optimum settlimge and stability at its
location.

Analytical gases and mass standards
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9.5.1.

9.5.1.1.

Analytical gases
Analytical gases shall meet the accuracy and pspécifications of this section.
Gas specifications

The following gas specifications shall be consder

(@) Purified gases shall be used to zero measuranstntments and to blend with
calibration gases. Gases with contamination nodrigihan the highest of the
following values in the gas cylinder or at the outtéta zero-gas generator
shall be used:

(i) 2 per cent contamination, measured relative & rttean concentration
expected at the standard. For example, if a CO cdrat®n
of 100.0 umol/mol is expected, then it would bewakd to use a zero gas
with CO contamination less than or equal to 2.00@kmmol.

(i) Contamination as specified in table 9.4, aggble for raw or dilute
measurements

(iiiy Contamination as specified in table 9.5, aggible for raw measurements

Constituent Purified Synthetic Aif Purified N, @

THC

(C: equivalent) < 0.05 pmol/mol < 0.05 pmol/mol
Cco < 1 pmol/mol < 1 pmol/mol

CO, < 10 pmol/mol < 10 pmol/mol

O, 0.205 to 0.215 mol/mol < 2 umol/mol

NOx < 0.02 pmol/mol < 0.02 pmol/mol

2 It is not required that these levels of purity emternational and/or national
recognized standards-traceable.

Table 9.4: Contamination limits, applicable for raw dilute measurements
[Lmol/mol = ppm (3.2.)]

Constituent Purified Synthetic Aif Purified N, #

THC

(C: equivalent) < 1 pmol/mol < 1 umol/mol

Cco <1 pmol/mol® <1 pmol/mol

CO, <400 pmol/mol <400 pmol/mol

O, 0.18 to 0.21 mol/mol

NOx < 0.1 pmol/mol < 0.1 pmol/mol

21t is not required that these levels of purity etternational and/or national
recognized standards traceable.

Table 9.5: Contamination limits applicable for raveasurements
[umol/mol = ppm (3.2.)]

(b) The following gases shall be used with a FIDiyzea:
(i) FID fuel shall be used with an;Hconcentration of (0.39 to 0.41)
mol/mol, balance He. The mixture shall not contamore
than 0.05 pmol/mol THC.



(€)

(d)

ECE/TRANS/WP.29/2009/120
page 149

(i) FID burner air shall be used that meets the ifipations of purified air
in paragraph (a) of this paragraph.

(i) FID zero gas. Flame-ionization detectors shall be zeroed with putifie
gas that meets the specifications in paragraph (ahisf garagraph,
except that the purified gas,@oncentration may be any valu&lote:
FID zero balance gases may be any combination of piied air and
purified nitrogen. It is recommended to use FID aalyzer zero gases
that contain approximately the mean concentration 6O, expected
during testing.

(iv) FID propane span gas. The THC FID shall benspd and calibrated
with span concentrations of propangHg It shall be calibrated on a
carbon number basis of one;JC For example, if a GHg span gas of
concentration 200 pmol/mol is used, then a FID isecommended to
be spanned to respond with a value of 600 pmol/moNote: FID span
balance gases may be any combination of purified raand purified
nitrogen. It is recommended to use FID analyzer gm gases that
contain approximately the mean concentration of @expected during
testing.

(v) FID methane span gas. If a £HD is always spanned and calibrated
with a non-methane cutter, then the FID shall be spdrand calibrated
with span concentrations of methane, ,CHt shall be calibrated on a
carbon number basis of onefC For example, if a CH, span gas of
concentration 200 umol/mol is used, a FID is recomemded to be
spanned to respond with a value of 200 umol/mol. dte: FID span
balance gases may be any combination of purified raand purified
nitrogen. It is recommended to use FID analyzer sm gases that
contain approximately the mean concentration of @expected during
testing.

The following gas mixtures shall be used, withsgs traceable within

+1.0 per cent of the international and/or nationalogmized standards true

value or of other gas standards that are approved:

() CHg, balance purified synthetic air and/os (ds applicable).

(i) CzHs, balance purified synthetic air and/os (ds applicable).

(iii) CgsHs, balance purified synthetic air and/os (ds applicable).

(iv) CO, balance purified N

(v) CO, balance purified p

(vi) NO, balance purified N

(vii) NOy, balance purified synthetic air.

(viii) Oy, balance purified bl

(ix) CsHs, CO, CQ, NO, balance purified N

(x) GsHs, CH,, CO, CQ, NO, balance purified N

Gases for species other than those listed in ggrhdc) of this paragraph may

be used (such as methanol in air, which may be tsefttermine response

factors), as long as they are traceable to within H3e® cent of the
international and/or national recognized standards valee, and meet the
stability requirements of paragraph 9.5.1.2.
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(e) Own calibration gases may be generated using @sjome blending device,
such as a gas divider, to dilute gases with puriigar purified synthetic air.
If the gas dividers meet the specifications in paragtapls.6, and the gases
being blended meet the requirements of paragraphs @) (@n of this
paragraph, the resulting blends are considered to timeeequirements of this
paragraph 9.5.1.1.

9.5.1.2. Concentration and expiration date

The concentration of any calibration gas standadditsnexpiration date specified by

the gas supplier shall be recorded.

(@) No calibration gas standard may be used aftezxjpération date, except as
allowed by paragraph (b) of this paragraph.

(b) Calibration gases may be relabelled and used Hifeir expiration date if it is
approved in advance by type approval or certificatidharity.

9.5.1.3. Gas transfer

Gases shall be transferred from their source to analysémng components that are
dedicated to controlling and transferring only thoseegasFor example, a
regulator, valve, or transfer line for zero gas maynot be used if those
components were previously used to transfer a diffent gas mixture. It is
recommended that regulators, valves, and transfeiiies are labelled to prevent
contamination. Note: Even small traces of a gas witure in the dead volume of
a regulator, valve, or transfer line can diffuse uptream into a high-pressure
volume of gas, which would contaminate the entire igh-pressure gas source,
such as a compressed-gas cylinder.

To maintain stability and purity of gas standards, it is recommended to use
good engineering judgement and the gas standard spiger's recommendations

for storing and handling zero, span, and calibratio gases. For example, it may
be necessary to store bottles of condensable gasea heated environment.

The shelf life of all calibration gases shall be extpd. The expiration date of the
calibration gases stated by the manufacturer shaddmrded.

9.5.2. Mass standards

PM balance calibration weights that are certifiedirgernational and/or national
recognized standards-traceable within 0.1 per centriamcty shall be used.
Calibration weights may be certified by any calibmtitab that maintains
international and/or national recognized standards-tbdldga It shall be made sure
that the lowest calibration weight has no greater teartimes the mass of an unused
PM-sample medium. The calibration report shall alsttesthe density of the
weights. If substitution weighing (see paragraph 8.2.3.) isutilized, it is
recommended that the substitution weight density beclosely matched to the
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density of the balance calibration mass. It is remmmended that all weights
greater than 50 mg be stainless steel.
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Annex A.1

TEST CYCLES

A.1.1.

(a) For variable-speed engines, the following 8-modxecd shall be followed in

Steady-state discrete-mode testing

dynamometer operation on the test engine:

Mode Number| Engine Speed

Torque [per ce

nt]  Weightangor

1 Rated 100 0.15
2 Rated 75 0.15
3 Rated 50 0.15
4 Rated 10 0.10
5 Intermediate 100 0.10
6 Intermediate 75 0.10
7 Intermediate 50 0.10
8 Idle 0.15

(b) For constant-speed engines, the following 5-mgdie& shall be followed in

dynamometer operation on the test engine:

Mode Number| Engine Speed Torque [per cent] Weigliagjor
1 Rated 100 0.05
2 Rated 75 0.25
3 Rated 50 0.30
4 Rated 25 0.30
5 Rated 10 0.10

The load figures are percentage values of the torquespmnding to the prime
power @ rating defined as the maximum power available duengariable power
sequence, which may be run for an unlimited numbenaefrs per year, between
intervals and under the statedieamizonditions,

stated maintenance

maintenance being carried out as prescribed by the fatorer.

4/ Identical to C1 cycle as described in paragraphd.the 1ISO 8178-4 : 2007 standard.
5/ Identical to D2 cycle as described in paragraphd.the ISO 8178-4 : 2007 standard.
6/  For a better illustration of the prime power definitisee figure 2 of ISO 8528-1:1993(E)

standard.
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A.1.2. Steady-state ramped-modal testing
(a) For variable-speed engines, the following 9-magg dycle applies in case of
ramped-modal testing:
RMC mode Time in Engine speeff’ © Torque (per cenfy) ©
mode [s]
la Steady-state 126 Warm idle 0
1b Transition 20 Linear transitiort? Linear transition
2a Steady-state 159 Intermediate 100
2b Transition 20 Intermediate Linear transition
3a Steady-state 160 Intermediate 50
3b Transition 20 Intermediate Linear transition
4a Steady-state 162 Intermediate 75
4b Transition 20 Linear transition Linear transition
ba Steady-state 246 Rated 100
5b Transition 20 Rated Linear transition
6a Steady-state 164 Rated 10
6b Transition 20 Rated Linear transition
7a Steady-state 248 Rated 75
7b Transition 20 Rated Linear transition
8a Steady-state 247 Rated 50
8b Transition 20 Linear transition Linear transition
9 Steady-state 128 Warm idle 0

(a) Speed terms as per footnote of the steady-disteete mode test.
(b) The percent torque is relative to the maximomyte at the commanded engine speed.

(©)

Advance from one mode to the next within a 20emd transition phase. During the transition ph
command a linear progression from the torque gewinthe current mode to the torque setting of rib&t
mode, and simultaneously command a similar lineagression for engine speed if there is a changpéed

setting
(b) For constant-speed engines, the following 5-madg cycle applies in case of
ramped-modal testing:
RMC mode Time in Engine speed Torque (per ceft)”
mode [s]

la Steady-state 53 Engine governed 100

1b Transition 20 Engine governed Linear transition

2a Steady-state 101 Engine governed 10

2b Transition 20 Engine governed Linear transition

3a Steady-state 277 Engine governed 75

3b Transition 20 Engine governed Linear transition

4a Steady-state 339 Engine governed 25

4b Transition 20 Engine governed Linear transition

5 Steady-state 350 Engine governed 50

(@) The percent torque is relative to maximum tesjue.

(b)

Advance from one mode to the next within a 80emd transition phase. During the transition ph
command a linear progression from the torque ggitinthe current mode to the torque setting of ribat
mode.
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A.1.3. Transient cycle

(@) For variable-speed engines, the following full tramis (variable speed and
variable load) engine dynamometer schedule applies:
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Norm.

Norm.

Time

Norm.

Norm.

Time

Norm.

Norm.

Time

Torque
%

Speed

Torque

Speed

Torque

Speed

%

%

%

%

%

24

74

7

76

74

72

75

78
102
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103
103
103
104
103
103
103
102
103
102
103
102
103
103
103
104
104
104
103
104
104
101
102
102
102
103
104
102
104
103
104
102
103

103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153

46

102
102
102

52

41

53

12
39
30

31

54
55

89
82
47

56

22
64
34

57

23

58

59

28
28
19
32

60
61

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

62
63
64
65
66
67

25
38
39
34
44
38
43

21

68
69
70
71

56

25

26
31

64
60
63
62
64
58
65

34
41

20
24

72
73
74
75
76
77
78
79
80
81

44
37

27
13
30

44

10
12
23
30
30
15
23
20
21

65

19
28
40

68
69
71

32

74
71

63
54
52
51

82

73
73
73
70
70
65
66
64
65

83

32
33
34
35

84
85

13
18
21

19
33

40

86

34
36
44
44
33

34
a7

87

20
42

17
33

36
37
38
39
40

88

a7

89

46

57

53

90
91

33

44
31

45

27
26
53
37

38

66
67

92

27
43

22
33
80
105

41

49

93

42

79
51
24
13
19
45

39

69
69
66
71

94

95

49

43

39

47

44
45

23
33
55
30

42

96

70
36

98
104
104

29
29
23
22
24
30

97

46

75
72

98

65

71
62

51

47

99

96
101
102
102

48

34

74
75
73

100
101
102

49

14

50
51

16

50
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Time  Norm. Norm. Time  Norm. Norm. Time  Norm. Norm.
Speed Torque Speed Torque Speed Torque
S % % S % % S % %

154 15 6 205 20 18 256 102 84
155 39 a7 206 27 34 257 58 66
156 39 4 207 32 33 258 64 97
157 35 26 208 41 31 259 56 80
158 27 38 209 43 31 260 51 67
159 43 40 210 37 33 261 52 96
160 14 23 211 26 18 262 63 62
161 10 10 212 18 29 263 71 6
162 15 33 213 14 51 264 33 16
163 35 72 214 13 11 265 a7 45
164 60 39 215 12 9 266 43 56
165 55 31 216 15 33 267 42 27
166 47 30 217 20 25 268 42 64
167 16 7 218 25 17 269 75 74
168 0 6 219 31 29 270 68 96
169 0 8 220 36 66 271 86 61
170 0 8 221 66 40 272 66 0
171 0 2 222 50 13 273 37 0
172 2 17 223 16 24 274 45 37
173 10 28 224 26 50 275 68 96
174 28 31 225 64 23 276 80 97
175 33 30 226 81 20 277 92 96
176 36 0 227 83 11 278 90 97
177 19 10 228 79 23 279 82 96
178 1 18 229 76 31 280 94 81
179 0 16 230 68 24 281 90 85
180 1 3 231 59 33 282 96 65
181 1 4 232 59 3 283 70 96
182 1 5 233 25 7 284 55 95
183 1 6 234 21 10 285 70 96
184 1 5 235 20 19 286 79 96
185 1 3 236 4 10 287 81 71
186 1 4 237 5 7 288 71 60
187 1 4 238 4 5 289 92 65
188 1 6 239 4 6 290 82 63
189 8 18 240 4 6 291 61 a7
190 20 51 241 4 5 292 52 37
191 49 19 242 7 5 293 24 0
192 41 13 243 16 28 294 20 7
193 31 16 244 28 25 295 39 48
194 28 21 245 52 53 296 39 54
195 21 17 246 50 8 297 63 58
196 31 21 247 26 40 298 53 31
197 21 8 248 48 29 299 51 24
198 0 14 249 54 39 300 48 40
199 0 12 250 60 42 301 39 0
200 3 8 251 48 18 302 35 18
201 3 22 252 54 51 303 36 16
202 12 20 253 88 90 304 29 17
203 14 20 254 103 84 305 28 21
204 16 17 255 103 85 306 31 15



Time

307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357

Norm.
Speed

%

31
43
49
78
78
66
78
84
57
36
20
19
9
5
7
15
12
13
15
16
16
15
17
20
21
20
23
30
63
83
61
26
29
68
80
88
99
102
100
74
57
76
84
86
81
83
65
93
63
72
56

Norm.
Torque

%

10
19
63
61
46
65
97
63
26
22
34

8
10

5
11
15

9
27
28
28
31
20

0
34
25

0
25
58
96
60

0

0
44
97
97
97
88
86
82
79
79
97
97
97
98
83
96
72
60
49
27

Time
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360
361
362
363
364
365
366
367
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369
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378
379
380
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382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408

Norm.
Speed

%

29
18
25
28
34
65
80
77
76
45
61
61
63
32
10
17
16
11

9

9
12
15
26
13
16
24
36
65
78
63
32
46
47
42
27
14
14
24
60
53
70
7
79
46
69
80
74
75
56
42
36

Norm.
Torque

%

0
13
11
24
53
83
44
46
50
52
98
69
49

0

8

7
13

6

5
12
46
30
28

9
21

4
43
85
66
39
34
55
42
39

0

5
14
54
90
66
48
93
67
65
98
97
97
98
61

0
32
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Time

409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459

Norm.
Speed
%
34
68
102
62
41
71
91
89
89
88
78
98
64
90
88
97
100
81
74
76
76
85
84
83
83
86
89
86
87
88
88
87
85
88
88
84
83
77
74
76
46
78
79
82
81
79
78
78
78
75
73

Norm.
Torque

%

43
83
48

0
39
86
52
55
56
58
69
39
61
34
38
62
53
58
51
57
72
72
60
72
72
72
72
72
72
72
71
72
71
72
72
72
73
73
73
72
77
62
35
38
41
37
35
38
46
49
50
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Time  Norm. Norm. Time  Norm. Norm. Time  Norm. Norm.

Speed Torque Speed Torque Speed Torque
S % % S % % S % %

460 79 58 511 85 73 562 43 25
461 79 71 512 84 73 563 30 60
462 83 44 513 85 73 564 40 45
463 53 48 514 86 73 565 37 32
464 40 48 515 85 73 566 37 32
465 51 75 516 85 73 567 43 70
466 75 72 517 85 72 568 70 54
467 89 67 518 85 73 569 77 47
468 93 60 519 83 73 570 79 66
469 89 73 520 79 73 571 85 53
470 86 73 521 78 73 572 83 57
471 81 73 522 81 73 573 86 52
472 78 73 523 82 72 574 85 51
473 78 73 524 94 56 575 70 39
474 76 73 525 66 48 576 50 5
475 79 73 526 35 71 577 38 36
476 82 73 527 51 44 578 30 71
477 86 73 528 60 23 579 75 53
478 88 72 529 64 10 580 84 40
479 92 71 530 63 14 581 85 42
480 97 54 531 70 37 582 86 49
481 73 43 532 76 45 583 86 57
482 36 64 533 78 18 584 89 68
483 63 31 534 76 51 585 99 61
484 78 1 535 75 33 586 77 29
485 69 27 536 81 17 587 81 72
486 67 28 537 76 45 588 89 69
487 72 9 538 76 30 589 49 56
488 71 9 539 80 14 590 79 70
489 78 36 540 71 18 591 104 59
490 81 56 541 71 14 592 103 54
491 75 53 542 71 11 593 102 56
492 60 45 543 65 2 594 102 56
493 50 37 544 31 26 595 103 61
494 66 41 545 24 72 596 102 64
495 51 61 546 64 70 597 103 60
496 68 47 547 77 62 598 93 72
497 29 42 548 80 68 599 86 73
498 24 73 549 83 53 600 76 73
499 64 71 550 83 50 601 59 49
500 90 71 551 83 50 602 46 22
501 100 61 552 85 43 603 40 65
502 94 73 553 86 45 604 72 31
503 84 73 554 89 35 605 72 27
504 79 73 555 82 61 606 67 44
505 75 72 556 87 50 607 68 37
506 78 73 557 85 55 608 67 42
507 80 73 558 89 49 609 68 50
508 81 73 559 87 70 610 77 43
509 81 73 560 91 39 611 58 4

510 83 73 561 72 3 612 22 37
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Time  Norm. Norm. Time  Norm. Norm. Time  Norm. Norm.
Speed Torque Speed Torque Speed Torque
S % % S % % S % %

613 57 69 664 92 72 715 102 64
614 68 38 665 91 72 716 102 69
615 73 2 666 90 71 717 102 68
616 40 14 667 90 71 718 102 70
617 42 38 668 91 71 719 102 69
618 64 69 669 90 70 720 102 70
619 64 74 670 90 72 721 102 70
620 67 73 671 91 71 722 102 62
621 65 73 672 90 71 723 104 38
622 68 73 673 90 71 724 104 15
623 65 49 674 92 72 725 102 24
624 81 0 675 93 69 726 102 45
625 37 25 676 90 70 727 102 47
626 24 69 677 93 72 728 104 40
627 68 71 678 91 70 729 101 52
628 70 71 679 89 71 730 103 32
629 76 70 680 91 71 731 102 50
630 71 72 681 90 71 732 103 30
631 73 69 682 90 71 733 103 44
632 76 70 683 92 71 734 102 40
633 77 72 684 91 71 735 103 43
634 77 72 685 93 71 736 103 41
635 77 72 686 93 68 737 102 46
636 77 70 687 98 68 738 103 39
637 76 71 688 98 67 739 102 41
638 76 71 689 100 69 740 103 41
639 77 71 690 99 68 741 102 38
640 77 71 691 100 71 742 103 39
641 78 70 692 99 68 743 102 46
642 77 70 693 100 69 744 104 46
643 77 71 694 102 72 745 103 49
644 79 72 695 101 69 746 102 45
645 78 70 696 100 69 747 103 42
646 80 70 697 102 71 748 103 46
647 82 71 698 102 71 749 103 38
648 84 71 699 102 69 750 102 48
649 83 71 700 102 71 751 103 35
650 83 73 701 102 68 752 102 48
651 81 70 702 100 69 753 103 49
652 80 71 703 102 70 754 102 48
653 78 71 704 102 68 755 102 46
654 76 70 705 102 70 756 103 47
655 76 70 706 102 72 757 102 49
656 76 71 707 102 68 758 102 42
657 79 71 708 102 69 759 102 52
658 78 71 709 100 68 760 102 57
659 81 70 710 102 71 761 102 55
660 83 72 711 101 64 762 102 61
661 84 71 712 102 69 763 102 61
662 86 71 713 102 69 764 102 58

663 87 71 714 101 69 765 103 58
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Time  Norm. Norm. Time  Norm. Norm. Time  Norm. Norm.
Speed Torque Speed Torque Speed Torque
S % % S % % S % %

766 102 59 817 81 46 868 83 16
767 102 54 818 80 39 869 83 12
768 102 63 819 80 32 870 83 9
769 102 61 820 81 28 871 83 8
770 103 55 821 80 26 872 83 7
771 102 60 822 80 23 873 83 6
772 102 72 823 80 23 874 83 6
773 103 56 824 80 20 875 83 6
774 102 55 825 81 19 876 83 6
775 102 67 826 80 18 877 83 6
776 103 56 827 81 17 878 59 4
777 84 42 828 80 20 879 50 5
778 48 7 829 81 24 880 51 5
779 48 6 830 81 21 881 51 5
780 48 6 831 80 26 882 51 5
781 48 7 832 80 24 883 50 5
782 48 6 833 80 23 884 50 5
783 48 7 834 80 22 885 50 5
784 67 21 835 81 21 886 50 5
785 105 59 836 81 24 887 50 5
786 105 96 837 81 24 888 51 5
787 105 74 838 81 22 889 51 5
788 105 66 839 81 22 890 51 5
789 105 62 840 81 21 891 63 50
790 105 66 841 81 31 892 81 34
791 89 41 842 81 27 893 81 25
792 52 5 843 80 26 894 81 29
793 48 5 844 80 26 895 81 23
794 48 7 845 81 25 896 80 24
795 48 5 846 80 21 897 81 24
796 48 6 847 81 20 898 81 28
797 48 4 848 83 21 899 81 27
798 52 6 849 83 15 900 81 22
799 51 5 850 83 12 901 81 19
800 51 6 851 83 9 902 81 17
801 51 6 852 83 8 903 81 17
802 52 5 853 83 7 904 81 17
803 52 5 854 83 6 905 81 15
804 57 44 855 83 6 906 80 15
805 98 90 856 83 6 907 80 28
806 105 94 857 83 6 908 81 22
807 105 100 858 83 6 909 81 24
808 105 98 859 76 5 910 81 19
809 105 95 860 49 8 911 81 21
810 105 96 861 51 7 912 81 20
811 105 92 862 51 20 913 83 26
812 104 97 863 78 52 914 80 63
813 100 85 864 80 38 915 80 59
814 94 74 865 81 33 916 83 100
815 87 62 866 83 29 917 81 73
816 81 50 867 83 22 918 83 53
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919
920
921
922
923
924
925
926
927
928
929
930
931
932
933
934
935
936
937
938
939
940
941
942
943
944
945
946
947
948
949
950
951
952
953
954
955
956
957
958
959
960
961
962
963
964
965
966
967
968
969

Norm.
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%
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49
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81
81
81
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81
81
80
81
81
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81
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%

76
61
50
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17
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%

39
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17
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Time
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24
49
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35
53
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29
32
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51
26
34
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23
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26
25
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14
39
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81
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47
35
43
41
46
44
20
31
29
49
21
56
30
21
16
52
60
55
84
54
35
24
43
49
50
12
14
14
21
48
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Time  Norm. Norm. Time  Norm. Norm. Time  Norm. Norm.
Speed Torque Speed Torque Speed Torque
S % % S % % S % %
1072 103 11 1123 66 62 1174 76 8
1073 98 48 1124 74 29 1175 76 7
1074 101 34 1125 64 74 1176 67 45
1075 99 39 1126 69 40 1177 75 13
1076 103 11 1127 76 2 1178 75 12
1077 103 19 1128 72 29 1179 73 21
1078 103 7 1129 66 65 1180 68 46
1079 103 13 1130 54 69 1181 74 8
1080 103 10 1131 69 56 1182 76 11
1081 102 13 1132 69 40 1183 76 14
1082 101 29 1133 73 54 1184 74 11
1083 102 25 1134 63 92 1185 74 18
1084 102 20 1135 61 67 1186 73 22
1085 96 60 1136 72 42 1187 74 20
1086 99 38 1137 78 2 1188 74 19
1087 102 24 1138 76 34 1189 70 22
1088 100 31 1139 67 80 1190 71 23
1089 100 28 1140 70 67 1191 73 19
1090 98 3 1141 53 70 1192 73 19
1091 102 26 1142 72 65 1193 72 20
1092 95 64 1143 60 57 1194 64 60
1093 102 23 1144 74 29 1195 70 39
1094 102 25 1145 69 31 1196 66 56
1095 98 42 1146 76 1 1197 68 64
1096 93 68 1147 74 22 1198 30 68
1097 101 25 1148 72 52 1199 70 38
1098 95 64 1149 62 96 1200 66 a7
1099 101 35 1150 54 72 1201 76 14
1100 94 59 1151 72 28 1202 74 18
1101 97 37 1152 72 35 1203 69 46
1102 97 60 1153 64 68 1204 68 62
1103 93 98 1154 74 27 1205 68 62
1104 98 53 1155 76 14 1206 68 62
1105 103 13 1156 69 38 1207 68 62
1106 103 11 1157 66 59 1208 68 62
1107 103 11 1158 64 99 1209 68 62
1108 103 13 1159 51 86 1210 54 50
1109 103 10 1160 70 53 1211 41 37
1110 103 10 1161 72 36 1212 27 25
1111 103 11 1162 71 47 1213 14 12
1112 103 10 1163 70 42 1214 0 0
1113 103 10 1164 67 34 1215 0 0
1114 102 18 1165 74 2 1216 0 0
1115 102 31 1166 75 21 1217 0 0
1116 101 24 1167 74 15 1218 0 0
1117 102 19 1168 75 13 1219 0 0
1118 103 10 1169 76 10 1220 0 0
1119 102 12 1170 75 13 1221 0 0
1120 99 56 1171 75 10 1222 0 0
1121 96 59 1172 75 7 1223 0 0
1122 74 28 1173 75 13 1224 0 0
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A.2.1.

A.2.2.

Annex A.2

STATISTICS

Arithmetic mean

The arithmetic meary, shall be calculated as follows:

10
DY,

y: i=1

N

Example:
N=3

y; = 10.60
y,=11.91
YN=Y3= 11.09

y= 10.60+ 1]?;.93!- 11.09:11.2(:

Standard deviation

(A.2-1)

The standard deviation for a non-biasedy( N-1) sampleg, shall be calculated as

follows:

Example:

y1 = 10.60
yo=11.91
yn=Yy3=11.09
y=11.20

5 :\/(10.60— 11.20°+( 11.9¢ 11.20+( 11.89 11)2

(3-9)

(A.2-2)

0
=0.661¢
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Root mean square
The root mean squarnens,, shall be calculated as follows:

N

rms, = %Z ¥ (A.2-3)

i=1

Example:
N=3

y1 = 10.60
y>=11.91
YWN=Y3= 11.09

rms, =\/%(10.602 +11.91+ 11.09 = 11

Accuracy

An accuracy value is calculated as follows. A stdard is measured multiple
times to create a set of observed values, gnd each observed value is compared
to the known quantity of the standard. The standad may be a single known
quantity, such a gas standard, or a set of known @untities of negligible range,
such as the known applied pressure produced by chhation device during
repeated applications. The known quantity of the tandard is represented by
Vreti- If @ single known quantity is used, eachyy; value would be identical.

N

accuracy= ‘%Z( Y= ¥i) (GD.A.2-33)
i=1

Example:

N =10

10

Dy,
y=-L _=1802.5
y 10

accuracy=|1802.5- 1800/0= 2.

t-test

It shall be determined if the data passes a thgsising the following equations and

tables:

(@) For an unpairetitest, thet statistic and its number of degrees of freedom,
shall be calculated as follows:
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t= wf_”z (A.2-4)
Jref +&
Nref N
2
Nref N (A 2 5)
V= 2 5 2-
(Jr?ef/Nref) +(0-5/N)
N, -1 N-1
Example:
yref = 1205-3
y =1123.8
Oref = 9.399
oy =10.583
Nreft =11
N =7
|1205.3— 1123.|8
t= =16.63
J939§_+10583
11 7
T =16.63
Oref = 9.399
oy =10.583
Nret =11
N =7
(939@{_10583}2
11 7
V= S ~=11.76
(9.399/11 (10.583 Y
+
11-1 -1

(b) For a paired-test, thet statistic and its number of degrees of freedeshall
be calculated as follows, noting that theare the errorse(g, differences)
between each pair gfe; andy;:

 _[EEN
g,

£

v=N-1 (A.2-6)
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Example:
& =-0.1258C
N =16
o, =0.04831
-0.12 1
t= | 0 58¢XJ_6= 10.40¢:
0.04837
N =16
v=16-1=15

(c) Table A.2.1 of this paragraph shall be useddmparet to thet. values
tabulated versus the number of degrees of freeddmis less thar;, thent
passes thetest.

v | Confidence
| 90 per cent| 95 per cen

1 \ 6.314 12.706
2 2920 4.303
3 . 2383 3.182
4 L2132 2.776
5 \ 2.015 2,571
6 \ 1.943 2.447
7 . 1895 2.365
8 \ 1.860 2.306
9 \ 1.833 2.262
10 \ 1.812 2.228
11 \ 1.796 2.201
12 \ 1.782 2.179
13 \ 1.771 2.160
14 \ 1.761 2.145
15 \ 1.753 2.131
16 \ 1.746 2.120
18 . 1734 2.101
20 . 1728 2.086
22 \ 1.717 2.074
24 L1 2.064
26 \ 1.706 2.056
28 \ 1.701 2.048
30 . le97 2.042
35 \ 1.690 2.030
40 \ 1.684 2.021
50 \ 1.676 2.009
70 \ 1.667 1.994
100 \ 1.660 1.984
1000+ | 1645 1.960

Table A.2.1: Criticat values versus number of degrees of freedom,
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Linear interpolation shall be used to establislues not shown here.

A.2.5. F-test

TheF statistic shall be calculated as follows:

F =2 (A.2-7)

ref

Z ( yreﬁ - yref )2

=4[ ————— =9.399
Uref (Nref _1)

(@) For a 90 per cent confidenéetest, Table 2 of this paragraph is used to
compareF to theFigo values tabulated versus-<1) and Nyer—1). If Fis less
thanFiwo, thenF passes thE-test at 90 per cent confidence.

(b) For a 95 per cent confidenéetest, Table 3 of this paragraph is used to
compareF to theFigs values tabulated versus (N-1) alNk(1). If Fis less
thanFiwgs thenF passes the-test at 95 per cent confidence.



N-1 1 2 3 ‘ 4 | 5 s ‘ 7 ‘ 8 ‘ 9 \10\12‘15\20\24\30\40\60‘120 1000+
NreF]-

1 39.86 \ 4950 53.59 55.83 \ 57.24 \ 58.20 = 58.90 | 59.43 | 59.85 \ 60.19 = 60.70 | 61.22 \ 61.74 \ 62.00 = 62.26 \ 62.52 \ 62.79 = 63.06 63.32
2 8.526 \ 9.000 9.162 @ 9.243 \ 9.293 \ 9.326 = 9.349 | 9.367 | 9.381 \ 9.392  9.408 @ 9.425 \ 9.441 \ 9.450 | 9.458 \ 9.466 \ 9.475 | 9.483 9.491
3 5.538 \ 5462 5.391 @ 5.343 \ 5.309 \ 5285 5.266 | 5252 | 5.240 \ 5230 5.216 | 5.200 \ 5.184 \ 5176 | 5.168 \ 5.160 \ 5151 @ 5.143 5.134
4 4.545 \ 4325 4191 @ 4.107 \ 4.051 \ 4.010 3.979  3.955 | 3.936 \ 3.920 3.896 @ 3.870 \ 3.844 \ 3.831 | 3.817 \ 3.804 \ 3.790 = 3.775 3.761
5 4.060 \ 3.780 3.619 | 3.520 \ 3.453 \ 3.405 3.368  3.339 | 3.316 \ 3.297 | 3.268 | 3.238 \ 3.207 \ 3.191 @ 3.174 \ 3.157 \ 3.140 3.123 3.105
6 3.776 ‘ 3.463 3.289 | 3.181 ‘ 3.108 ‘ 3.055 3.014 2983 | 2.958 ‘ 2.937 | 2.905 | 2.871 ‘ 2.836 ‘ 2.818 | 2.800 ‘ 2.781 ‘ 2762 2742 2722
7 3.589 \ 3.257 3.074 @ 2.961 \ 2.883 \ 2.827 | 2785 | 2752 | 2.725 \ 2.703 | 2.668 @ 2.632 \ 2.595 \ 2.575 | 2.555 \ 2.535 \ 2514 | 2493 2471
8 3.458 \ 3.113 2.924 | 2.806 \ 2.726 \ 2.668 2.624 2589 | 2.561 \ 2.538 | 2502 | 2.464 \ 2.425 \ 2.404 @ 2.383 \ 2.361 \ 2.339 2316 2.293
9 3.360 \ 3.006 2.813  2.693 \ 2.611 \ 2.551 = 2.505 | 2.469 | 2.440 \ 2.416 = 2.379 | 2.340 \ 2.298 \ 2.277 | 2.255 \ 2.232 \ 2.208 | 2.184 2.159
10 3.285 \ 2.924 2728 | 2.605 \ 2.522 \ 2461 | 2414 | 2377 | 2.347 \ 2.323  2.284 | 2.244 \ 2.201 \ 2.178 | 2.155 \ 2.132 \ 2.107 = 2.082 2.055
11 3.225 \ 2.860 2.660 | 2.536 \ 2.451 \ 2.389  2.342 2304 | 2.274 \ 2.248 | 2.209 | 2.167 \ 2.123 \ 2.100 @ 2.076 \ 2.052 \ 2.026 2.000 1.972
12 3.177 \ 2.807 2.606 @ 2.480 \ 2.394 \ 2.331 | 2283 | 2245 | 2214 \ 2.188  2.147 | 2.105 \ 2.060 \ 2.036 | 2.011 \ 1.986 \ 1.960 | 1.932 1.904
13 3.136 \ 2.763 2560 @ 2.434 \ 2.347 \ 2283 2234 | 2195 | 2.164 \ 2.138  2.097 @ 2.053 \ 2.007 \ 1.983 | 1.958 \ 1.931 \ 1.904 @ 1.876 1.846
14 3.102 \ 2.726 2522 | 2.395 \ 2.307 \ 2.243 | 2193 | 2154 | 2.122 \ 2.095 2.054 | 2.010 \ 1.962 \ 1.938 | 1.912 \ 1.885 \ 1.857 | 1.828 1.797
15 3.073 \ 2.695 2490 @ 2.361 \ 2.273 \ 2.208 | 2.158 | 2.119 | 2.086 \ 2.059 2.017 | 1.972 \ 1.924 \ 1.899 | 1.873 \ 1.845 \ 1.817 | 1.787 1.755
16 3.048 \ 2.668 2462 @ 2.333 \ 2.244 \ 2.178 | 2.128 | 2.088 | 2.055 \ 2.028 1.985 | 1.940 \ 1.891 \ 1.866 | 1.839 \ 1.811 \ 1782 | 1.751 1.718
17 3.026 \ 2.645 2437 | 2.308 \ 2.218 \ 2.152 | 2.102 | 2.061 | 2.028 \ 2.001 1.958 1.912 \ 1.862 \ 1.836 | 1.809 \ 1.781 \ 1751 | 1.719 1.686
18 3.007 \ 2.624 2416 @ 2.286 \ 2.196 \ 2.130 = 2.079 | 2.038 | 2.005 \ 1.977 | 1.933 | 1.887 \ 1.837 \ 1.810 | 1.783 \ 1.754 \ 1723 | 1.691 1.657
19 2.990 \ 2.606 2.397 @ 2.266 \ 2.176 \ 2.109 2.058 | 2.017 | 1.984 \ 1.956  1.912 | 1.865 \ 1.814 \ 1.787 | 1.759 \ 1.730 \ 1.699 @ 1.666 1.631
20 2.975 \ 2.589 2.380 @ 2.249 \ 2.158 \ 2.091 = 2.040 | 1.999 | 1.965 \ 1.937 | 1.892 | 1.845 \ 1.794 \ 1.767 | 1.738 \ 1.708 \ 1.677 | 1.643 1.607
21 2.961 ‘ 2575 2.365 | 2.233 ‘ 2.142 ‘ 2.075  2.023 1982  1.948 ‘ 1.920  1.875 | 1.827 ‘ 1.776 ‘ 1.748 | 1.719 ‘ 1.689 ‘ 1.657 | 1.623 1.586
20 2.949 \ 2561 2.351 | 2.219 \ 2.128 \ 2.061 = 2.008 | 1.967 | 1.933 \ 1.904 1.859 | 1.811 \ 1.759 \ 1.731 | 1.702 \ 1.671 \ 1.639 | 1.604 1.567
23 2.937 \ 2.549 2.339 | 2.207 \ 2.115 \ 2.047 1995 1953 | 1.919 \ 1.890 1.845 | 1.796 \ 1.744 \ 1.716 | 1.686 \ 1.655 \ 1.622 | 1587 1.549
24 2.927 \ 2,538 2.327 | 2.195 \ 2.103 \ 2.035 1.983 1.941 @ 1.906 \ 1.877  1.832 | 1.783 \ 1.730 \ 1.702 | 1.672 \ 1.641 \ 1.607 | 1571 1.533
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25 2.918 \ 2528 2317 | 2.184 \ 2.092 \ 2024 | 1971 | 1.929 1.895 \ 1.866 @ 1.820 @ 1.771 \ 1.718 \ 1.689 | 1.659 \ 1.627 \ 1593 | 1557 1.518
26 2.909 \ 2519 2307 | 2.174 \ 2.082 \ 2014 | 1961 | 1.919 1.884 \ 1.855 | 1.809 @ 1.760 \ 1.706 \ 1.677 | 1.647 \ 1.615 \ 1581 | 1.544 1.504
27 2.901 \ 2511 2299 | 2.165 \ 2.073 \ 2005 | 1.952 | 1.909 1.874 \ 1.845 | 1.799 | 1.749 \ 1.695 \ 1.666 | 1.636 \ 1.603 \ 1569 | 1.531 1.491
28 2.894 ‘ 2503 2.291 | 2.157 ‘ 2.064 ‘ 1.996 | 1.943 1.900  1.865 ‘ 1.836 | 1.790 1.740 ‘ 1.685 ‘ 1.656 | 1.625 ‘ 1.593 ‘ 1558 | 1520 1.478
29 2.887 \ 2495 2283 | 2.149 \ 2.057 \ 1988 | 1.935 1.892 @ 1.857 \ 1.827 | 1781  1.731 \ 1.676 \ 1.647 | 1.616 \ 1.583 \ 1547 | 1509 1.467
30 2.881 \ 2489 2276 | 2.142 \ 2.049 \ 1.980 | 1.927 1.884 @ 1.849 \ 1.819 | 1773 | 1.722 \ 1.667 \ 1.638 | 1.606 \ 1.573 \ 1538 | 1.499 1.456
40 2.835 \ 2.440 2.226 | 2.091 \ 1.997 \ 1.927 | 1.873  1.829 @ 1.793 \ 1.763 | 1715 1.662 \ 1.605 \ 1.574 | 1.541 \ 1.506 \ 1.467 | 1.425 1.377
60 2.791 \ 2.393 2177 | 2.041 \ 1.946 \ 1875 | 1.819 1775 | 1.738 \ 1.707 | 1.657 | 1.603 \ 1.543 \ 1511 | 1.476 \ 1.437 \ 1395 | 1.348 1.291
120 | 2.748 \ 2.347 2130 | 1.992 \ 1.896 \ 1.824 | 1.767 1.722 | 1.684 \ 1.652 | 1.601  1.545 \ 1.482 \ 1.447 | 1.409 \ 1.368 \ 1.320 | 1265 1.193
1000+ | 2.706 \ 2.303 2.084 | 1.945 \ 1.847 \ 1.774 | 1.717 @ 1670 @ 1.632 \ 1.599 | 1.546 = 1.487 \ 1.421 \ 1.383 | 1.342 \ 1.295 \ 1.240 | 1.169 1.000

Table A.2.2 . — CriticaF values Fito, VersusN-1 andN,e-1 at 90 per cent confidence
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N-1 1 2 3 |4 5 & 7 8 9 10 12 15 | 20 | 24 | 30 | 40 | 60 | 120 1000+
Nrer1

1 161.4 \ 199.5 2157 \ 2245 \ 230.1 \ 233.9 | 236.7 \ 238.8 \ 2405 | 2418 2439 \ 245.9 \ 248.0 \ 249.0 | 250.1 \ 251.1 \ 2522 | 2532 254.3
2 18.51 \ 19.00 19.16 \ 19.24 \ 19.29 \ 19.33 | 19.35 \ 19.37 \ 19.38 | 19.39 19.41 \ 19.42 \ 19.44 \ 19.45 | 19.46 \ 19.47 \ 19.47 | 19.48 19.49
3 10.12 \ 9.552  9.277 \ 9.117 \ 9.014 \ 8.941 | 8.887 \ 8.845 \ 8.812 8786 8.745 \ 8.703 \ 8.660 \ 8.639 | 8.617 \ 8.594 \ 8.572 | 8549 8.526
4 7.709 \ 6.944 6.591 \ 6.388 \ 6.256 \ 6.163 | 6.094 \ 6.041 \ 5999 | 5964 5.912 \ 5.858 \ 5.803 \ 5.774 | 5.746 \ 5.717 \ 5.688 | 5.658 5.628
5 6.608 \ 5786 5.410 \ 5.192 \ 5.050 \ 4950 @ 4.876 \ 4.818 \ 4773 4735 4.678 \ 4.619 \ 4.558 \ 4527 | 4.496 \ 4.464 \ 4431 4399 4.365
6 5.987 ‘ 5143 4.757 ‘ 4.534 ‘ 4.387 ‘ 4284  4.207 ‘ 4.147 ‘ 4.099 4.060 4.000 ‘ 3.938 ‘ 3.874 ‘ 3.842 3.808 ‘ 3.774 ‘ 3.740 | 3.705 3.669
7 5.591 \ 4737  4.347 \ 4.120 \ 3.972 \ 3.866 | 3.787 \ 3.726 \ 3.677 | 3.637 3.575 \ 3.511 \ 3.445 \ 3.411 | 3.376 \ 3.340 \ 3.304 | 3.267 3.230
8 5.318 \ 4459  4.066 \ 3.838 \ 3.688 \ 3581 3.501 \ 3.438 \ 3.388 | 3.347 3.284 \ 3.218 \ 3.150 \ 3.115 3.079 \ 3.043 \ 3.005 | 2.967 2.928
9 5.117 \ 4257 3.863 \ 3.633 \ 3.482 \ 3.374 | 3.293 \ 3.230 \ 3.179 | 3.137 3.073 \ 3.006 \ 2.937 \ 2.901 | 2.864 \ 2.826 \ 2787 | 2748 2.707
10 4.965 \ 4103 3.708 \ 3.478 \ 3.326 \ 3.217 | 3.136 \ 3.072 \ 3.020 2978 2913 \ 2.845 \ 2.774 \ 2,737 | 2.700 \ 2.661 \ 2621 | 2580 2.538
11 4.844 \ 3.982 3.587 \ 3.357 \ 3.204 \ 3.095 3.012 \ 2.948 \ 2.896 = 2.854 2.788 \ 2.719 \ 2.646 \ 2,609 2571 \ 2.531 \ 2490 | 2.448 2.405
12 4.747 \ 3.885 3.490 \ 3.259 \ 3.106 \ 2.996 | 2.913 \ 2.849 \ 2796 | 2753 2.687 \ 2.617 \ 2.544 \ 2.506 | 2.466 \ 2.426 \ 2.384 | 2341 2.296
13 4.667 \ 3.806 3.411 \ 3.179 \ 3.025 \ 2915 | 2.832 \ 2.767 \ 2714 | 2671 2.604 \ 2.533 \ 2.459 \ 2.420 | 2.380 \ 2.339 \ 2297 | 2252 2.206
14 4.600 \ 3.739  3.344 \ 3.112 \ 2.958 \ 2.848 | 2.764 \ 2.699 \ 2646 | 2.602 2.534 \ 2.463 \ 2.388 \ 2.349 | 2.308 \ 2.266 \ 2223 | 2178 2131
15 4.543 \ 3.682 3.287 \ 3.056 \ 2.901 \ 2791 | 2.707 \ 2.641 \ 2588 | 2544 2.475 \ 2.403 \ 2.328 \ 2.288 | 2.247 \ 2.204 \ 2160 | 2114 2.066
16 4.494 \ 3.634 3.239 \ 3.007 \ 2.852 \ 2741 | 2.657 \ 2.591 \ 2538 | 2494 2.425 \ 2.352 \ 2.276 \ 2.235 | 2.194 \ 2.151 \ 2106 | 2.059 2.010
17 4.451 \ 3.592 3.197 \ 2.965 \ 2.810 \ 2,699 | 2.614 \ 2.548 \ 2494 | 2450 2.381 \ 2.308 \ 2.230 \ 2.190 | 2.148 \ 2.104 \ 2058 | 2.011 1.960
18 4.414 \ 3.555 3.160 \ 2.928 \ 2.773 \ 2,661 | 2.577 \ 2.510 \ 2456 | 2412 2.342 \ 2.269 \ 2.191 \ 2.150 | 2.107 \ 2.063 \ 2017 | 1968 1.917
19 4.381 \ 3522 3.127 \ 2.895 \ 2.740 \ 2,628 | 2.544 \ 2.477 \ 2423 | 2378 2.308 \ 2.234 \ 2.156 \ 2114 | 2.071 \ 2.026 \ 1.980 | 1.930 1.878
20 4.351 \ 3.493 3.098 \ 2.866 \ 2.711 \ 2599 2514 \ 2.447 \ 2393 | 2348 2.278 \ 2.203 \ 2.124 \ 2.083 2.039 \ 1.994 \ 1.946 = 1.896 1.843
21 4.325 ‘ 3.467 3.073 ‘ 2.840 ‘ 2.685 ‘ 2573 2.488 ‘ 2.421 ‘ 2.366 | 2.321 2.250 ‘ 2.176 ‘ 2.096 ‘ 2.054 2.010 ‘ 1.965 ‘ 1917 1866 1.812
22 4.301 \ 3.443  3.049 \ 2.817 \ 2.661 \ 2549 | 2.464 \ 2.397 \ 2342 | 2297 2.226 \ 2.151 \ 2.071 \ 2,028 | 1.984 \ 1.938 \ 1.889 | 1.838 1.783
23 4.279 \ 3.422 3.028 \ 2.796 \ 2.640 \ 2528 2.442 \ 2.375 \ 2320 | 2275 2.204 \ 2.128 \ 2.048 \ 2,005 1.961 \ 1.914 \ 1.865 | 1.813 1.757
24 4.260 \ 3.403 3.009 \ 2.776 \ 2.621 \ 2508 | 2.423 \ 2.355 \ 2300 | 2.255 2.183 \ 2.108 \ 2.027 \ 1.984 | 1.939 \ 1.892 \ 1.842 | 1790 1.733
25 4.242 \ 3.385 2.991 \ 2.759 \ 2.603 \ 2.490 | 2.405 \ 2.337 \ 2282 | 2237 2.165 \ 2.089 \ 2.008 \ 1.964 | 1.919 \ 1.872 \ 1822 | 1768 1.711
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26 4.225 \ 3.369 2975 \ 2.743 \ 2.587 \ 2.474 | 2.388 \ 2.321 \ 2266 | 2220 2.148 \ 2.072 \ 1.990 \ 1.946 | 1.901 \ 1.853 \ 1.803 | 1.749 1.691
27 4.210 \ 3.354  2.960 \ 2.728 \ 2572 \ 2.459 | 2.373 \ 2.305 \ 2250 | 2204 2132 \ 2.056 \ 1.974 \ 1.930 | 1.884 \ 1.836 \ 1785 | 1731 1.672
28 4.196 \ 3.340 2.947 \ 2.714 \ 2.558 \ 2.445 | 2.359 \ 2.291 \ 2236 | 2190 2.118 \ 2.041 \ 1.959 \ 1.915 | 1.869 \ 1.820 \ 1769 | 1714 1.654
29 4.183 ‘ 3.328 2.934 ‘ 2.701 ‘ 2.545 ‘ 2432 2.346 ‘ 2.278 ‘ 2223 | 2177 2.105 ‘ 2.028 ‘ 1.945 ‘ 1.901 | 1.854 ‘ 1.806 ‘ 1.754 | 1.698 1.638
30 4171 \ 3.316 2922 \ 2.690 \ 2.534 \ 2421 | 2.334 \ 2.266 \ 2211 | 2165 2.092 \ 2.015 \ 1.932 \ 1.887 | 1.841 \ 1.792 \ 1740 | 1.684 1.622
40 4.085 \ 3.232 2.839 \ 2.606 \ 2.450 \ 2.336 | 2.249 \ 2.180 \ 2.124 | 2077 2.004 \ 1.925 \ 1.839 \ 1793 | 1.744 \ 1.693 \ 1.637 | 1577 1.509
60 4.001 \ 3.150 2.758 \ 2.525 \ 2.368 \ 2254  2.167 \ 2.097 \ 2.040 | 1.993 1.917 \ 1.836 \ 1.748 \ 1.700 | 1.649 \ 1.594 \ 1.534 | 1.467 1.389
120 | 3.920 \ 3.072 2.680 \ 2.447 \ 2.290 \ 2.175 | 2.087 \ 2.016 \ 1959 | 1.911 1.834 \ 1.751 \ 1.659 \ 1.608 | 1.554 \ 1.495 \ 1429 | 1.352 1.254
1000+ | 3.842 \ 2.996 2.605 \ 2.372 \ 2.214 \ 2,099 2.010 \ 1.938 \ 1.880 @ 1.831 1.752 \ 1.666 \ 1.571 \ 1517 | 1.459 \ 1.394 \ 1.318 | 1.221 1.000

Table A.2.3 — CriticaF values Figs, versusdN-1 andN1 at 95 per cent confidence
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Slope

The least-squares regression sl@pg,shall be calculated as follows:

ZN:(yi = V) Yot = Ver)

8, == —
Z(yreﬁ - yref)

i=1

(A.2-8)

Example:

N =6000
y1 =2045.8
y =1051.1
Yref1 = 2045.0
V. =1055.2

=1.011C

y

A.2.7.

A.2.8.

(2045.0- 10558 + #(Yego00— 10553

Intercept

The least-squares regression intercat,shall be calculated as follows:

aOy = V_ ( 81y |:'yref) (A2_9)
Example:

y =1050.1

ay, = 1.0110
Y, =1055.2

a,, =1050.1-( 1.0118 1055)3 - 16.80

Standard estimate of error

The standard estimate of err8EE,shall be calculated as follows:

\/i[yi ~a, —(a, Ovu) |
SEE, =

= A.2-10
N_2 ( )

Example:
N = 6000
y; =2045.8
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apy =-16.8083
ay =1.0110
yref]_ = 2045.0
2
SEE - \/[2045.8—(— 16.8083-( 1.0120 2045]6+ +[Yeooo= (= 16.8P88  1.0MQ4) |
6000- 2
=5.348
A.2.9. Coefficient of determination
The coefficient of determinationz,, shall be calculated as follows:
N 2
D[ vi-a, ~(3, D) |
=1-1= (A.2-11)

2
ry

N
v -9
i=1
Example:
N =6000
y1 =2045.8
agy =—-16.8083
a;y =1.0110
Yre1 = 2045.0
y =1480.5

. \/[2045.8—(— 16.808p-( 1.01%0 2045]6+ LYoo= (- 16.8P86 1-015/;'er00)]2

[2045.8- 1480 + [V~ 14805

=0.9859
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Annex A.3
1980 INTERNATIONAL GRAVITY FORMULA

The acceleration of Earth's gravity, varies depending on the location aggis
calculated for a respective latitude, as follows:
a,=9.7803267715 + 5.27904%4 10 5@+ 2.32%18°10°Gin 1262 10Asinx 07°sin’g |
(A.3-1)
Where:
8= Degrees north or south latitude

Example:
6= 45°

a, :9.78032677IE 1+ 5.27904%4 10 &in 45 2.32718°10°45+1.26X 10" sifh 45 7 16° sh }
=9.8178291229 mfs
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A4.1.

Annex A.4

CARBON FLOW CHECK
Introduction

All but a tiny part of the carbon in the exhaustmes from the fuel, and all but a
minimal part of this is manifest in the exhaust gasCQ. This is the basis for a
system verification check based on {@easurements.

The flow of carbon into the exhaust measurementesys is determined from the
fuel flow rate. The flow of carbon at various sdimg points in the emissions and
particulate sampling systems is determined from @@ concentrations and gas
flow rates at those points.

In this sense, the engine provides a known soafrcarbon flow, and observing the
same carbon flow in the exhaust pipe and at thdetoutf the partial flow
PM sampling system verifies leak integrity and flomeasurement accuracy. This
check has the advantage that the components aratiogeunder actual engine test
conditions of temperature and flow.

Figure A.4.1 shows the sampling points at whiah ¢arbon flows shall be checked.
The specific equations for the carbon flows at eaicthe sample points are given
below.

@
Air Fufl COCiDAW
ENGINE

Partial Flow System

Figure A.4.1 — Measuring points for carbon flow cke
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Carbon flow rate into the engine (locatign 1

The carbon mass flow rate into the endgine [kg/s] for a fuel CHO, is given by:

12.011
= A4-1
et = 12,018 o + 15,9008 (A1)
Where:
Ot = fuel mass flow rate [kg/s]

Carbon flow rate in the raw exhaust (locat®)

The carbon mass flow rate in the exhaust pipeheféanginegmce [kg/s] shall be
determined from the raw G@oncentration and the exhaust gas mass flow rate:

_[ Ccozr ~ Ccoza 2.011
que [ 100 Jmmew Me (A4 2)
Where:
Ccozr = Wwet CQ concentration in the raw exhaust gas [per cent]
Cco2a = Wet CQ concentration in the ambient air [per cent]
Onew = exhaust gas mass flow rate on wet basis [kg/s]
Me = molar mass of exhaust gas [g/mol]

If CO, is measured on a dry basis it shall be convenea Wwet basis according to
paragraph A.8.2.2.

Carbon flow rate in the dilution system @dion 3)

For the partial flow dilution system, the splifimatio also needs to be taken into
account. The carbon flow rate in an equivalentitaih systemome,p [kg/s] (with
equivalent meaning equivalent to a full flow systesnere the total flow is diluted)
shall be determined from the dilute €@oncentration, the exhaust gas mass flow
rate and the sample flow rate; the new equatiodestical to equation A.4-2, being

only supplemented by the dilution fact%ew/qmp.

qup - (Ccoz,d - Ccoz,aj mmew &2-011@mdew (/_\.4-3)

100 M, Oinp

Where:

Cco2d = Wwet CQ concentration in the dilute exhaust gas at thdebwf the
dilution tunnel [per cent]

Ccoza = Wet CQ concentration in the ambient air [per cent]

Ondew = diluted sample flow in the partial flow diluticsystem [kg/s]

Omew exhaust gas mass flow rate on wet basis [kg/s]
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A.4.5.

sample flow of exhaust gas into partial flohution system [kg/s]
molar mass of exhaust gas [g/mol]

Omp
Me

If CO, is measured on a dry basis, it shall be convededet basis according to
paragraph A.8.2.2.

Calculation of the molar mass of the exhajast

The molar mass of the exhaust gas shall be cadolbccording to equation (A.8-15)
(see paragraph A.8.2.4.1.)

Alternatively, the following exhaust gas molar s&s may be used:
Mg (diesel) = 28.9 g/mol
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Annex A.5

INSTALLATION REQUIREMENTS FOR EQUIPMENT AND AUXILIARIES

Number | Equipment and auxiliaries Fitted for emisdiest
1 Inlet system
Inlet manifold Yes
Crankcase emission control system Yes
Air flow meter Yes
Air filter Yes®
Inlet silencer Yed
2 Exhaust system
Exhaust aftertreatment Yes
Exhaust manifold Yes
Connecting pipes Y85
Silencer Ye®
Tail pipe Yef
Exhaust brake N
Pressure charging device Yes
3 Fuel supply pump Y&
4 Fuel injection equipment
Prefilter Yes
Filter Yes
Pump Yes
5 High-pressure pipe Yes
Injector Yes
Electronic control unit, sensors, etc. Yes
Governor/control system Yes
Automatic full-load stop for the control| Yes
rack depending on atmospheric
conditions
6 Liquid-cooling equipment
Radiator No
Fan No
Fan cowl No
Water pump Ye8
Thermostat YER
7 Air cooling
Cowl Nd?
Fan or Blower NG
Temperature-regulating device No
8 Pressure charging equipment
Compressor driven either directly by theres
engine and/or by the exhaust gases
Charge air cooler y&gn
Coolant pump or fan (engine-driven) o
Coolant flow control device Yes
9 Auxiliary test-bed fan Yes, if necessary
10 Anti-pollution device Yes
11 Starting equipment Yes or test bed equipfhent
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Number | Equipment and auxiliaries Fitted for emisdiest
12 Lubricating oil pump Yes
13 Certain auxiliaries whose definitigniNo
is linked with the operation of the
machine and which may be mounted
on the engine shall be removed for
the test.
The following non-exhaustive list is
given as an example:
(i) air compressor for brakes
(ii) power steering compressor
(iiif) suspension compressor
(iv) air-conditioning system.
(&) The complete inlet system shall be fitted awioled for the intended application:

(b)

(©
(d)

(e)

()
(©)

(h)

(i)

(i) where there is a risk of an appreciable eftecthe engine power;

(i) when the manufacturer requests that this khba done.

In other cases, an equivalent system may be ust#d &heck should be made to ascertain that th&e
pressure does not differ by more than 100 Pa frerupper limit specified by the manufacturer falean
air filter.

The complete exhaust system shall be fittepragided for the intended application:

(i) where there is a risk of an appreciable eftecthe engine power;

(i) when the manufacturer requests that this khba done.

In other cases, an equivalent system may be liedtarovided the pressure measured does not diffe
more than 1,000 Pa from the upper limit specifigdh® manufacturer.

If an exhaust brake is incorporated in the eagihe throttle valve shall be fixed in the fullgen position.

The fuel feed pressure may be adjusted, if gy, to reproduce the pressure existing in tmécpiar
engine application (particularly when a "fuel retusystem is used).

The cooling-liquid circulation shall be opexhtey the engine water pump only. Cooling of thgiild may
be produced by an external circuit, such that tresgure loss of this circuit and the pressure eptimp
inlet remain substantially the same as those oétfggne cooling system.

The thermostat may be fixed in the fully opessition.

When the cooling fan or blower is fitted forethest, the power absorbed shall be added to hétsg
except for cooling fans of air cooled engines dlyefitted on the crankshaft. The fan or blowemgo
shall be determined at the speeds used for theitest by calculation from standard charactersstic by
practical tests.

Charge air-cooled engines shall be tested ghtirge air cooling, whether liquid - or air-coolédt if the
manufacturer prefers, a test bench system mayaeplke air cooler. In either case, the measuremwfe
power at each speed shall be made with the maxipressure drop and the minimum temperature drg
the engine air across the charge air cooler oteftdbench system as those specified by the maouéac

—

=

p of

The power for electrical or other starting st shall be provided from the test bed.
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Annex A.6

DIESEL REFERENCE FUELS

A.6.1. EUROPEAN UNION DIESEL REFERENCE FUEL

imite @
Parameter Unit Minimqu;mltsMaximum Test method
Cetane number 52 54 ISO 5165
Density at 15 °C kg/m® 833 837 ISO 3675
Distillation:
- 50 per cent vol. °C 245 ISO 3405
- 95 per cent vol. °C 345 350
- final boiling point °C 370
Flash point °C 55 ISO 2719
Cold filter plugging point °C -5 EN 116
Kinematic viscosity at 40 °C mn¥/s 2.3 3.3 ISO 3104
Polycylic aromatic per cent 2.0 6.0 EN 12916
hydrocarbons m/m
Conradson carbon residue (10 per cent 0.2 ISO 10370
per cent DR) m/m
Ash content per cent 0.01 EN-ISO 6245
m/m
Water content per cent 0.02 EN-ISO 12937
m/m
Sulphur content mg/kg 10 EN-ISO 14596
Copper corrosion at 50 °C 1 EN-ISO 2160
Lubricity (HFRR at 60 °C) pm 400 CEC F-06-A-96
Neutralisation number mg KOH/g 0.02
Oxidation stability mg/ml 0.025 EN-ISO 12205

@ The values quoted in the specification are "trueies!.
ISO 4259 "Petroleum products - Determination anpliegtion of precision data in relation to methaufs
test.' have been applied and in fixing a minimurtueaa minimum difference of 2R above zero has 4
taken into account; in fixing a maximum and minimuralue, the minimum difference is 4R (R

reproducibility).

Notwithstanding this measure, which is necessarysfatistical reasons, the manufacturer of fublsuki
nevertheless aim at a zero value where the stgmilstaximum value is 2R and at the mean value ircéise
of quotations of maximum and minimum limits. Shbitlbe necessary to clarify the question as totidres.
fuel meets the requirements of the specificatitmsterms of ISO 4259 should be applied.

In establishment of their limit values tieems of

een
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A.6.2. UNITED STATES OF AMERICA DIESEL REFERENCE EU 2-D
Unit Test method Limits
Parameter
min max
Cetane number 1 ASTM D 613 40 50
Cetane index 1 ASTM D 976 40 50
Density at 15 °C kg/fh ASTM D 1298 840 865
Distillation ASTM D 86
Initial boiling point °C 171 204
10 per cent Vol. °C 204 238
50 per cent Vol. °C 243 282
90 per cent Vol. °C 293 332
Final boiling point °C 321 366
Flash point °C ASTM D 93 54 -
Kinematic viscosity at 37.9 °C nfis ASTM D 445 2 3.2
Mass fraction of sulphur ppm ASTM D 2785 7 15
Volume fraction of aromatics per cent v/iv ASTM D183 35
40CFR 80.520
A.6.3. JAPANESE DIESEL REFERENCE FUEL
Limits
Parameter Unit Minimum | Maximum Test method
Cetane index 53 60 JIS K 2280
Density glent 0.815 0.840 JIS K 2249
Distillation: JIS K 2254
- 50 per cent vol. °C 255 295
- 90 per cent vol. °C 300 345
- final boiling point °C - 370
Flash point °C 58 JIS K 2265-3
Kinematic viscosity at 30 °C mn¥/s 3.0 4.5 JIS K 2283
Total aromatic vol. per cent - 25 JPI HPLC
Polycyclic aromatic vol. per cent - 5.0 JPI HPLC
Sulphur content wt- ppm - 10 JIS K 2541-1, JIS K 2541-2
JIS K 2541-6, JIS K 2541-7
FAME per cent — 0.1 Method promulgated by Notification o
Triglyceride per cent _ 0.01 Ministry of Economy, Trade and
Industry (METI) No. 78 of 2007.

f
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Annex A.7

MOLAR BASED EMISSION CALCULATIONS

A.7.0. Symbol conversion
A.7.0.1. General symbols
Annex 77| Annex 8 Unit Quantity
A m- Area
A m° Venturi throat cross-sectional area
& b, Do t.b.d"” y intercept of the regression line, PDP calibration
intercept
a m t.b.d" Slope of the regression line
S o m/m Ratio of diameters
C - Coefficient
Cq (o - Discharge coefficient
C - Flow coefficient
d d m Diameter
DR Iy - Dilution ratid®
e e g/kWh Brake specific basis
€gas €gas g/kWh Specific emission of gaseous components
€pm €pm g/kWh Specific emission of particulates
f Hz Frequency
fn n min™, s* Rotational frequency (shaft)
y - Ratio of specific heats
K Correction factor
Ks Xo s/rev PDP slip correction factor
Kor kor - Downward adjustment factor
kn Humidity correction factor for NO
Kr ke - Multiplicative regeneration factor
kur kur - Upward adjustment factor
i M Pa-s Dynamic viscosity
M M g/mol Molar mas®
Mgas™ Mgas g/mol Molar mass of gaseous components
m m kg Mass
m Om kgls Mass rate
v me/s Kinematic viscosity
N Total number in series
n mol Amount of substance
n mol/s Amount of substance rate
P P kw Power
p p kPa Pressure
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Annex 7| Annex 8 Unit Quantity
Pabs Po kPa Absolute pressure
PH20 pr kPa Water vapour pressure
PF 1-E per cent Penetration fractioB € conversion efficiency)
\Vj Qv m3/s Volume flow rate
0 0 kg/m3 Mass density
r - Ratio of pressures
Ra pm Average surface roughness
Ré Re - Reynolds number
RH% RH per cent Relative humidity
o o - Standard deviation
S K Sutherland constant
T Ta K Absolute temperature
T T °C Temperature
T N-m Engine torque
t t S Time
At At S Time interval
Y; V m° Volume
vV Qv m/s Volume rate
w w kwWh Work
Wit Wet kWh Actual cycle work of the test cycle
WF WF - Weighting factor
w w a/g Mass fraction
x®) c mol/mol, Amount of substance mole fractf®n' concentration
per cent vol |(also in pmol/mol = ppm)
X mol/mol Flow-weighted mean concentration
y - Generic variable
y - Arithmetic mean
4 - Compressibility factor

(1) See subscripts; e.gi,;, for mass rate of dry air dfi}, for fuel mass rate.

(2) Dilution ratiorg in Annex 8 andDR in Annex 7: different symbols but same meaning sache equations.
Dilution factorD in Annex 8 andiexn in Annex 7: different symbols but same physicabmieg; equation
(A.7-47) shows the relationship betwegpex, andDR.

(3) See paragraph A.7.1.1. of this section forvihikeies to use for molar masses. In the cases @fad@® HC, the
regulations specify effective molar masses baseasenmed speciation rather than actual speciation.

(4) See symbols and abbreviations for the chensimadponents.

(5) See specific symbols in the table of chemiedédibce.

(6) The mole fractions for THC and NMHC are expegkssn a C1 equivalent basis.

(7) t.b.d.=to be defined

A.7.0.2.  Subscripts
Annex i | Annex &Y Quantity
abs Absolute quantit
ac act Actual guantit

air

Air, dry
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atmo: Atmospherii
bkanc Backagrouni
C Carbor
cal Calibration guantit
CRV Critical flow ventur
cor Corrected quanti
dil Dilution air
dext Diluted exhau:
dry Dry guantity
ext Raw exhau:
exc Expectd quantit
ec Equivalent quantit
fuel Fue
i Instantaneous measurement (e.q.: 1
i An individual of a serie
idle Condition at idl
in Quantity ir
init Initial quantity, typically before an emission 1
may Maximum (i.e. peak) valt
mea: Measured guanti
min Minimum valug
mix Molar mass of ai
out Quantity ou
pari Partial guantit
PDF Positive displacement put
raw Raw exhau:
ref Reference quanti
rev Revolutior
sa Saturated conditic
slip PDP slit
smp Sanpling
spat Span guantit
SSv Subsonic ventu
stc Standard guanti
tes Test quantit
total Total quantit
uncol Uncorrected guanti
vac Vacuum guantit
weight Calibration weial
wel Wet quantit
zerc Zero quantit

(1) In Annex 8 the meaning of subscript is deteediby the associated quantity; for example, thesaift "d"
can indicate a dry basis as ing "= concentration on dry basis", dilution air as"py = saturation vapour
pressure of the dilution air* ok, 4 = dry to wet correction factor for the dilutiorr*aidilution ratio as in fy".
This is the reason why the column of Annex 8 isriyeampty.
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A.7.0.3. Symbols and abbreviations for the chengcahponents (used also as a subscript)

Annex 7 Annex 8 Quantity

Ar Ar Argon

C1l C1l Carbon 1 equivalent hydrocarbon

CH, CH, Methane

C2H5 CZHG Ethane

CsHs CsHsg Propane

CO CO Carbon monoxide

CO, CQO, Carbon dioxide

DOP DOP Di-octylphthalate

H Atomic hydrogen

H, Molecular hydrogen

HC HC Hydrocarbon

H,O H,O Water

He Helium

N Atomic nitrogen

N, Molecular nitrogen

NMHC NMHC Non-methane hydrocarbon

NOy NOy Oxides of nitrogen

NO NO Nitric oxide

NO; NO, Nitrogen dioxide

@) Atomic oxygen

PM PM Particulate matter

S Sulphur

A.7.0.4. Symbols and abbreviations for the fuel position

Annex Annex 8 Quantity

wc'™ wc'™ Carbon content of fuel, mass fraction [g/g] or [pent mass]

Wh W Hydrogen content of fuel, mass fraction [g/g] cefgent
mass]

Wi WN Nitrogen content of fuel, mass fraction [g/g] oefgent mass]

Wo Wo Oxygen content of fuel, mass fraction [g/g] or [pent mass]

Ws Ws Sulphur content of fuel, mass fraction [g/g] orrf{pent mass]

o a Atomic hydrogen-to-carbon ratio (H/C)

B £ Atomic oxygen-to-carbon ratio (O/€)

y y Atomic sulphur-to-carbon ratio (S/C)

0 ) Atomic nitrogen-to-carbon ratio (N/C)

(1)  Referred to a fuel with chemical formula {BSN;

(2) Referred to a fuel with chemical formula {3N,S,

(3)  Attention should be paid to the different meanof symbolp in the two emissions calculation annexes: in
Annex 8 it refers to a fuel having the chemicahiata CHSN,O, (i.e. the formula ¢H,SN;O, wherep = 1,
assuming one carbon atom per molecule), while imeXn7 it refers to the oxygen-to-carbon ratio with
CH,OsSN;. Theng of Annex 7 corresponds toof Annex 8.

(4)  Mass fractiow accompanied by the symbol of the chemical compioaga subscript.
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A.7.0.5. Symbols for chemical balance used in Anhex

Xdilfexh = Amount of dilution gas or excess air per molexiiaust

XH20exh = Amount of water in exhaust per mole of exhaust

XCcombdry = Amount of carbon from fuel in the exhaust pederof dry exhaust

XH20exhdry = Amount of water in exhaust per dry mole of drhaust

Xprod/intdry = Amount of dry stoichiometric products per dry mof intake air

Xdillexhdry = Amount of dilution gas and/or excess air per nudldry exhaust

Xint/exhdry = Amount of intake air required to produce actuahbustion
products per mole of dry (raw or diluted) exhaust

Xrawlexhdry = Amount of undiluted exhaust, without excess jaér, mole of dry
(raw or diluted) exhaust

X02intdry = Amount of intake air @per mole of dry intake air

Xco2intdry = Amount of intake air COper mole of dry intake air

XH20intdry = Amount of intake air KD per mole of dry intake air

Xco2int = Amount of intake air COper mole of intake air

Xco2dil = Amount of dilution gas C&per mole of dilution gas

Xco2dildry = Amount of dilution gas C&per mole of dry dilution gas

XH20dildry = Amount of dilution gas D per mole of dry dilution gas

XH20dil = Amount of dilution gas kD per mole of dilution gas

Xemissionjmeas = Amount of measured emission in the sampleetéspective gas
analyzer

X[emission]dry = Amount of emission per dry mole of dry sample

XH20[emissionjmeas= Amount of water in sample at emission-detectmsation

XH20int = Amount of water in the intake air, based on a idlity

measurement of intake air

A.7.1. Basic parameters and relationships

A.7.1.1. Dry air and chemical species

This annex uses the following values for dry aimposition:
Xo2airary = 0-209445 mol/mol

Xcozairary = 0-000375 mol/mc

This annex uses the following molar masses orcgfe molar masses of chemical
species:

Mair 28.96559 g/mol (dry air)

Mar 39.948 g/mol (argon)

Mc  =12.0107 g/mol (carbon)

Mco =28.0101 g/mol (carbon monoxide)
Mco2 = 44.0095 g/mol (carbon dioxide)

My =1.00794 g/mol (atomic hydrogen)
My, = 2.01588 g/mol (molecular hydrogen)
Mu2o = 18.01528 g/mol (water)

Mue =4.002602 g/mol (helium)

My =14.0067 g/mol (atomic nitrogen)
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A.7.1.2.

A.7.1.2.1.

Mni2 = 28.0134 g/mol (molecular nitrogen)
Mnmue = 13.875389 g/mol (non-methane hydroca?b)on
Mnox = 46.0055 g/mol (oxides of nitrogdn

Mo = 15.9994 g/mol (atomic oxygen)
Moz = 31.9988 g/mol (molecular oxygen)
Mcsns = 44.09562 g/mol (propane)

Ms = 32.065 g/mol (sulphur)

Mrmc = 13.875389 g/mol (total hydrocarifpn

(@) The effective molar masses of THC and NMHC defined by an atomic
hydrogen-to-carbon ratia, of 1.85;

(b) The effective molar mass of N@ defined by the molar mass of nitrogen
dioxide, NQ.

This annex uses the following molar gas condafatrr ideal gases:

R=8.314472 mdl K

This annex uses the following ratios of specifiatsy | J/( kgK)|/[ J( koK) | for
dilution air and diluted exhaust:
vair = 1.399 (ratio of specific heats for intake airddution air)

yail = 1.399 (ratio of specific heats for diluted ex$igu

yai = 1.385 (ratio of specific heats for raw exhaust)

Wet air
This section describes how to determine the amoiuwater in an ideal gas:
Vapour pressure of water

The vapour pressure of watg¥o [kPa] for a given saturation temperature

condition, Ts4 [K], shall be calculated as follows:

(@) For humidity measurements made at ambienteeatyres from 0 to 100 °C or
for humidity measurements made over super-coolederwat ambient
temperatures from - 50 to 0 °C:

Ioglo(pHgo):10.79574E 1‘27316j_ 50280:0 |94—Tsat j"‘

273.16

sat

_8_2gegé Tsat -J; 4.76955@ }@]
+1.504757110°0 + 10 27316 ) \4 0.42873 T 10 st /— |14 0.2138
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(A.7-1)
Where:
PH20 = vapour pressure of water at saturation temperatondition [kPa]
Tsa=Saturation temperature of water at measured tiondK]

Example:
Tsat= 9.5 °C = 282.65 K

273.16 282.6
lo =10.79574] * + 5.02800 |
%0 (Prso) 4€ 282.65) %{ 273. 13

—8.2969@%— J} FLIEE S 16)
+1.504757110'0) + 10 ‘?*°J |+ 0.4287B T 28265 1 0.2138

09, (Py,0) = 0.074297 = p,, o= 1077 = 1.186581ki

(b) For humidity measurements made over ice atiemhbtemperatures from
(-100 to 0) °C:

Iogm(psat)=-9.096853E27T3'16— 3— 3.566506 Igg( 273'13+ 0.8768362—42%J— 0.2833
sat .

(A.7-2)

sat

Where:
Tsa=Saturation temperature of water at measured tondK]

Example:
T =-15.4°C=257.75F

log,, (P..) = —9.09685 273.16_ }— 3.566506 | ﬂ3+ 0.876 257IE
257.75 257.7

logy, ( p.,) =—0.798207 = p.= 107%%= 0.159145kF

A.7.1.2.2. Dew point

If humidity is measured as a dew point, the amafnivater in an ideal gagi.o
[mol/mol] shall be obtained as follows:

X20 = M (A-7'3)
pabs

Where:
X120 = amount of water in an ideal gas [mol/mol]
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A.7.1.2.3.

A.7.1.3.

vapour pressure of water at the measured dew, J@iF Tgew [KPa]
wet static absolute pressure at the locatiomlesf point measurement
[kPa]

PH20

pabs

Example:
Pabs = 99.980 kPa
Tsat = Tdew: 9'5°C

Using example of equation A.7-1py20 = 1.186581 [kPa]

= Pz _ 1186981, 1311558 molime
P,  99.980

XHZO

Relative humidity

If humidity is measured as a relative humid®ki% the amount of water of an ideal
gasxuzo [mol/mol] is calculated as follows:

X0 =0 P20 (A.7-4)
100 p,.

Where:

RH¥% = relative humidity [per cent]

P20 = water vapour pressure at 100 per cent relativeidity at the location of
relative humidity measuremeiga=Tamp [KPa]

Pabs = Wwet static absolute pressure at the location efative humidity
measurement [KPa]

Example:

RH% = 50.77 per cent
Pabs = 99.980 kPa
Tsat = Tamb: 20 OC

Using equation (A.7-2)pr2o = 2.3371 kPa

Xioo = 0.5077 2.3371 0.011868 mol/mc
99.980

Fuel properties

The general chemical formula of fuel is EHSN; with a atomic hydrogen-to-
carbon ratio (H/C),f atomic oxygen-to-carbon ratio (O/C),atomic sulphur-to-
carbon ratio (S/C) and atomic nitrogen-to-carbon ratio (N/C). Based tis t
formula the carbon mass fraction of fuej can be calculated. In case of diesel fuel

the simple formula CEHOg may be used. Default values for fuel compositiay be
derived from table A.7.1:
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Fuel Atomic hydrogen and oxygenr Carbon mass concentrationg
to-carbon ratios [9/g]
CH.Op
N. 2 Diesel CH 500 0.869
N. 1 Diesel CH 900 0.861

Table A.7.1 - Default values of atomic hydrogercéwbon ratio,a, atomic oxygen-
to-carbon ratiof, and carbon mass fraction of fuet, for diesel fuels

The carbon mass fraction of fuel,wc, may be calculated using the following
equation based on measured properties of a fuel hizng the chemical formula
CHaOﬂS,NJZ

1M,

W~ =
C 1AM +a M, +BIMy+y M+ M

(GD.A.7-4a)

Where:

wc = carbon mass fraction of fuel [g/g]

a = atomic hydrogen-to-carbon ratio of the mixtureof fuel(s) being
combusted, weighted by molar consumption

p = atomic oxygen-to-carbon ratio of the mixture ofuel(s) being

combusted, weighted by molar consumption
y = atomic sulphur-to-carbon ratio of the mixture d fuel(s) being
combusted, weighted by molar consumption

o = atomic nitrogen-to-carbon ratio of the mixtureof fuel(s) being
combusted, weighted by molar consumption

Mc = molar mass of carbon

My = molar mass of hydrogen

Mo = molar mass of oxygen

Ms = molar mass of sulphur

My = molar mass of nitrogen

Example:

a = 1.8

p = 0.05

y = 0.0003

0 = 0.0001

Mc = 12.0107 g/mol

My = 1.00794 g/mol

Mo = 15.9994 g/mol

Ms = 32.0655 g/mol

My = 14.0067 g/mol

W = 1x12.0107  0.820¢
€ 1x12.010% 1.8 1.0¢ 0.05 15.9994 0.0803 32.0658001x 14.0067
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A.7.1.4. Total HC and non-methane HC concentration

A.7.1.4.1. THC determination and THC/CHiitial contamination corrections

(@)

(b)

If THC emissions are required to be determine@iciric-ripy shall be
calculated by using the initial THC contaminati@ncentratiorkrucrHc-Fiojinit
from paragraph 7.3.3. as follows:

XrHeTHC-FIDcor = XTHC[THC-FIDJuncorr — XTHC[THGFID]init (A.7-5)

Where:
XrHc[tHe-FiDlcor - = THC concentration corrected for contaminafimol/mol]
XrHe[rHe-Fiojuncorr = THC uncorrected concentration [mol/mol]

XrHerrHe-Fiojinit - = initial THC contamination concentration [nmot3l]
Example:

XTHC[THC-FIDuncorr = 150.3 pmol/mol

XTHC[THC-FID]init = 1.1 pmol/mol

Xrueprreroeor = 190.3= 1.E 149.gmol/mol

For the NMHC determination described in paagbr A.7.1.4.2. Xruc[rHe-FiD]
shall be corrected for initial HC contaminationngsiequation (A.7-5). The
initial contamination of the CHsample train may be corrected using equation
(A.7-5), substituting in Cilconcentrations for THC.

A.7.1.4.2. NMHC determination

To determine NMHC concentratioxyvnc, one of the following shall be used:

(@)

(b)

If CH, is not measured, NMHC concentrations may be détedras follows:
The background corrected mass of NMHC shall bepared to background
corrected mass of THC. If the background correateds of NMHC is greater
than 0.98 times the background corrected mass of,TtHe background
corrected mass of NMHC shall be taken as 0.98 tities background
corrected mass of THC. If the NMHC calculations amgtted, the background
corrected mass of NMHC shall be taken as 0.98 tiries background
corrected mass of THC.
For non-methane cuttersymnc shall be calculated using the non-methane
cutter's penetration fraction®K) of CH, and GHg from paragraph 8.1.10.3.,
and using the HC contamination and wet-to-dry ate@ THC concentration
XTHC[THC-FIDJcor S determined in paragraph (a) of this paragraph.
(i) The following equation for penetration framis determined using an
NMC configuration as outlined in paragraph 8.1.103 shall be used:

X _ XTHC[THC-FIDJcor — XTHCINMC-FID] [RFCH4[THC—FID] (A.7-6)
NMHC — .
1- RFPFCZHG[NMC-FID] [RFCH4[THC»FID]
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Where:
XNMHC
XTHC[THC-FID]cor

concentration of NMHC

concentration of THC, HC contamination and
dry-to-wet corrected, as measured by the THC
FID during sampling while bypassing the NMC
XTHCINMC-FID] = concentration of THC, HC contamination
(optional) and dry-to-wet corrected, as measured
by the THC FID during sampling through the

NMC

RFchatHe-FID) = response factor of THC FID to CH4, according
to paragraph 8.1.10.3.4.

RFPF2nsinvcrip) = non-methane cutter combined ethane response

factor and penetration fraction, according to
paragraph 8.1.10.3.4.

Example:

XTHC[THC-FID]cor = 150.3 pmol/mol
XTHC[NMC-FID] = 20.5 pmol/mol
RF cHarrHe-FiD) =1.05

RFPFconsinvc-rpp = 0.019

y, 215037205 105 0y

1-0.019< 1.05

For penetration fractions determined using MMC configuration as
outlined in paragraph 8.1.10.3.4.2., the followatgation shall be used:

_ XTHC[THC—FID]cor EPFCH4[NMC—FID] - XTHC[NMC-FID] A.7-7
XNMHC - PF —PE ( 0T )
CH4[NMC-FID] C2H6[NMC-FID]
Where:
XNMHC concentration of NMHC

concentration of THC, HC contamination and dry-to

wet corrected, as measured by the THC FID  during

sampling while bypassing the NMC

non-methane cutter GH penetration fraction,

according to paragraph 8.1.10.3.5.

XrHejnme-Fipp - = concentration of THC, HC contamination (optijna
and dry-to-wet corrected, as measured by the THC
FID during sampling through the NMC

PFconenvc-rip) = Non-methane  cutter ethane  penetration  fraction,

according to paragraph 8.1.10.3.5.

XTHC[THC-FID]cor

PFchanme-FiD)

Example:
XTHC[THCFiDlcor =  150.3 pmol/mol
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PFchanvc-rpp = 0.990
XTHCINMC-FID] = 20.5 pmol/mol
PFcorsinvc-Fiop = 0.020

_150.3x 0.99G- 20.5

X = =132.3umol/mol
e 0.990- 0.020 i

(i) For penetration fractions determined usiag NMC configuration as

outlined in paragraph 8.1.10.3.4.3., the followagmation shall be used:
Xumie = XTHC[THC—FID]cor EPFCH4[NMC—FID] - XTHC[NMC-FID] ERFCH4[THC—FID] (A.7—8)

I:>FCH4[NMC—FID] - I?FPFCZHG[NMC—FID] |:|R|%2H4[THC—FID]
Where:
XNMHC concentration of NMHC

concentration of THC, HC contamination
and dry-to-wet corrected, as measured by
the THC FID during sampling while
bypassing the NMC

XTHC[THC-FID]cor

PFcHanme-FiD) = non-methane cutter Gidenetration
fraction, according to paragraph 8.1.10.3.6.
XTHCINMC-FID] = concentration of THC, HC contamination

(optional) and dry-to-wet corrected, as
measured by the THC FID during sampling
through the NMC
RFPFRe2HsNMC-FiD] = non-methane cutter GHcombined ethane
response factor and penetration fraction,
according to paragraph 8.1.10.3.6.
RFcHartHe-FiD] = response factor of THC FID to GH
according to paragraph 8.1.10.3.4.

Example:

XTHC[THC-FID]cor = 150.3 pmol/mol
PF cranme-FiD] =0.990
XTHCINMC-FID] = 20.5 pumol/mol
RFPF conenmc-ripp = 0.019

RF cHa[THC-FID] =0.980

- _150.3 0990 208 0.980, ) o

0.990- 0.01% 0.980

For a gas chromatograptiywnc shall be calculated using the THC analyzer's
response factor RF) for CH,; from paragraph 8.1.10.3., and the HC

contamination and wet-to-dry corrected initial THOncentratioNXrxcyrHe-

FiDjcor @S determined in paragraph (a) above as follows:
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XumHe = XrHcpTHe-FiDjcor RFCH4FI’HC-FID] D)%H4 (A'7'9)
Where:
XNMHC concentration of NMHC

concentration of THC, HC contamination and tirywet
corrected, as measured by the THC FID

XTHC[THC-FID]cor

XCHa = concentration of Clj HC contamination (optional) and
dry-to-wet corrected, as measured by the gas
chromatograph FID

RFchartHe-ripp = - response factor of THC-FID to GH

Example:

XTHC[THC-FID]cor = 145.6 umol/mol

XcH4 = 18.9 pmol/mol

RFchatherpp = 0.970

X =145.6- 0.976 18.8 127:8nol/mol

A.7.1.4.3. Approximation of NMHC from THC

A.7.1.5.

NMHC (non-methane hydrocarbon) emissions can Ipeoxpnated as 98 percent of
THC (total hydrocarbon).

Flow-weighted mean concentration

In some paragraphs of this annex, it may be nacgs$s calculate a flow-weighted
mean concentration to determine the applicabilitycertain provisions. A flow-
weighted mean is the mean of a quantity after itvesghted proportional to a
corresponding flow rate. For example, if a gas ceoration is measured
continuously from the raw exhaust of an engine, fisw-weighted mean
concentration is the sum of the products of eadordeed concentration times its
respective exhaust molar flow rate, divided by sluen of the recorded flow rate
values. As another example, the bag concentrétion a CVS system is the same
as the flow-weighted mean concentration becauseC¥& system itself flow-
weights the bag concentration. A certain flow-vixéggl mean concentration of an
emission at its standard might be already expebtetd on previous testing with
similar engines or testing with similar equipment anstruments.If it is necessary
to estimate the expected flow-weighted mean conceation of an emission at its
standard, the following examples are recommended tbe used as a guide for
how to estimate the flow-weighted mean concentrativexpected at the standard.
Note that these examples are not exact and that theontain assumptions that
are not always valid. Good engineering judgemensirecommended to be used
to determine if similar assumptions can be applied.

To estimate the flow-weighted mean raw exhaust NOconcentration from a
turbocharged heavy-duty compression-ignition engineat a NOyx standard
of 2.5 g/(kW-h), the following may be done:
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(@)

(b)

(€)

Based on the engine design, a map of maximurarque versus speed is
recommended to be approximated and is recommended tbe used with
the applicable normalized duty cycle to generate eeference duty cycle as
described in paragraph 7.7. The total reference wk, Wy, IS
recommended to be calculated as described in paragph A.7.5. The
reference work is recommended to be divided by theuty cycle's time

interval, Atguycycle, to determine mean reference powerP, .

Based on the engine design, the maximum powétnay, the design speed at
maximum power, fomax, the design maximum intake manifold boost
pressure, pinmax, @and temperature, Tinmax IS recommended to be estimated.
Also, a mean fraction of power that is lost due tdriction and pumping,

P is recommended to be estimated. This informatiors recommended

frict 1

to be used along with the engine displacement volem Vgsp, an

approximate volumetric efficiency, v, and the number of engine strokes
per power stroke (2-stroke or 4-stroke),Nsioke 10 €Stimate the maximum
raw exhaust molar flow rate, Nexhmax

The estimated values are recommended to be dsas described in the

following example calculation:

Ry = Gy W (GD.A.7-9a)

M, ... Uxtdu%yde[ﬁ Per + (Enct E%)]

max

2

Prnax wdisp Lf nmaxgr L—LV \Y

Nt max = R stroke (GD.A.7-9b)
Example:
enox = 2.5 g/(kW-h)
Wiet = 11.883 kW-h = 11.883 kW-h x 3600 s/h = 4277RB
Mnox = 46.0055 g/mol = 46.0055 f@/umol
P, = Wer _ 42.778,8K)_ 55 591w~ 35.65k

Aty ey 1200s
P = 15% 0Of Prmax
Pmax = 125 kW
Pmax = 300 kPa = 300000 Pa
Vaisp = 3.011 = 0.0030
frimax = 2800 rev/min = 46.67 rev/s
Nstroke = 4 1/reV
nv = 0.9
R = 8.314472 J/(mol-K)
Tmax = 348.15 K
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300kPax 3.0drhx 46.67rev§s 0.9
=6.53mol/s

n =
oM 8.314472J/(mdl K¥ 348.15K
2.59/(kWCh)x 11.883kW1 h

35.65kW+ 0.1% 125kWy
125kW

=189.4umol/mol

)_(exp =

46.0055¢ 10° gimolx 6.53mol/s 1200(5

Molar mass of the exhaust gas

In case of diluted exhaust, the molar mass of thexhaust gas mixture Mmix
[o/mol] can be calculated as a weighted mean of thmolecular mass of the dry
air and that of water. In this way the problem issolved by means of a very
simple relationship allowing the calculation of thegas molar mass only starting
from the water content of the mixture.

M. = Maiay Eﬂl‘ XHZO) +M 0K 00 (see A.7-66)
where:

Mairgry = dry air molar mass (28.96559 g/mol)

Xuzo = water molar fraction in the intake air flow [mol/mol]

Mu2o = water molar mass (18.01528 g/mol)

The values of the molar mass supplied by the abowxjuation are theoretically
acceptable only in case of the diluted exhaust gasehen the air contribution is
preponderant, because it associates to the exhauss the same molar mass of
the dry air. But the above equation seems excessifor the analysis of the
diluted gas, because for the diluted exhaust the &y mass of the dry air can be
assumed. This equation would be very useful in thease of raw exhaust gas;
however, in this instance the problem is solved wita rough approximation
from a theoretic point of view. For this reason, ti would better to use the
following equations which are more theoretically spported even if they require
more information.

In case of raw exhaust gas, the molar mass of teghaustMix = Mexn [g/MOl] is
recommended to be calculated as follows:

Mo = Z MiX et =M X icwer™ M coX comett M coX commdt M ¥ nowdi (GD.A.7-9¢)

+ M NOZXN02wet+ M H2X H2wet+ M sz( H20wef+ M ine%( inertwet

or, if the Xjwet quantities are not introduced, with:

Mo = (3 Mi)gdry)[l] (GD.A.7-9d)

1+ XHZOexhdry
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A.7.2.

A.7.2.1.

A.7.2.2.

wherei = HC, CO, CO,, NO, NO,, H,, H-0, inert.

The contribution of H, can not be considered according to the simplifying
assumptions of paragraph A.7.2.

Chemical balances of fuel, intake air, arldagist

General

Chemical balances of fuel, intake air and exhengst be used to calculate flows, the
amount of water in their flows, and the wet concatiin of constituents in their
flows. With one flow rate of either fuel, intaké& @r exhaust, chemical balances
may be used to determine the flows of the other. tweor example, chemical
balances along with either intake air or fuel flamdetermine raw exhaust flow may
be used.

Procedures that require chemical balances

Chemical balances are required to determine th@ximg:

(@) The amount of water in a raw or diluted exhal®wv, Xpz0exn When the
amount of water to correct for the amount of watanoved by a sampling
system is not measured.

(b) The flow-weighted mean fraction of dilutiom & diluted exhaustiexn, Wwhen
dilution air flow is not measured to correct focckground emissions. It has to
be noted that if chemical balances are used far porpose, the exhaust is
assumed to be stoichiometric, even if it is not.

(c) Simplifying assumptions and subsequent limitabns
In order to formulate a system of equations withsufficient accuracy for
their intended use — but without unnecessary compkity — certain
assumptions are made in order to arrive at the cheimal balance. In most
cases, these assumptions are completely valid, hawe there may be some
special cases where the chemical balance is not appriate. The
simplifying assumptions are as follows:

(i) No background emissions. The composition ofniake air and
dilution air is assumed to contain only nitrogen, gygen, water and
carbon dioxide. This assumption neglects measuredackground
emissions of CO, NMHC, CH, NO, NO, and H,. Corrections for
these measured background concentrations in intakair and dilution
gas is facilitated by using the chemical balance.

(i)  No hydrogen emissions. All of the hydrogemithe fuel is converted
to water, and there is no significant molecular hydbgen in the
exhaust due to formation as part of the water-gasaaction during the
combustion process. This assumption limits the chacal balance
applicability to fuel-lean and stoichiometric, engne operation. Fuel-
rich operation will result in inaccurate chemical kalance results. If
significant CO values are observed (this is the casfor small Sl
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engines), it is likely that the chemical balance isnsufficiently
accurate for emissions determinations due to the asmption that all
fuel-related hydrogen formed water in the combustia process.

(iif) Excess air and its composition is dilution gs. Any engine exhaust
excess air due to fuel-lean combustion is consider@ilution air. In
other words, lean exhaust was assumed to be compds® complete,
incomplete, and NQ combustion products, plus dilution air. The
complete, incomplete, and N combustion products are summed
together and collectively referred to as "combustia products”. This
assumption means that any excess air from the intakair will be
assumed to have the composition of dilution air. & any
stoichiometric combustion, this assumption is irredvant. For any
raw exhaust measurements of fuel-lean combustiorheé composition
of "dilution air" or, better, the excess air should be set to be identical
to the actual intake air composition. This will prevent any error due
to this assumption. This assumption will have no &kct on any dilute
measurements as long as the intake air and dilutioair composition
is actually the same. This assumption will have ammpact on the
accuracy of the chemical balance if it is appliedat situations where
fuel-lean combustion is diluted with dilution air that has a very
different composition, as compared to the actual itake air
composition. An example of this case would be paal flow dilution
of diesel exhaust, where the source of dilution ia pure nitrogen
source, such as in a bag mini-dilutor. The worst ase for this
situation would be extremely fuel-lean conditions iad high dilution
ratios, which occur simultaneously at idle, when ugrg a partial flow
sampler to achieve proportional sampling.

(iv) Combine NMHC and CH4 as THC and assume&ayw = @ and Baw = .
Any measured hydrocarbons is assumed to be composeaof
completely unburned fuel: xruc has the composition of CHOg.
Sophisticated chemical analyses have been used ihetpast to
provide some details on the actual composition of HC in exhaust,
but such analyses are not performed during routineor regulated
emissions testing.

Chemical balance procedure

The calculations for a chemical balance involveystem of equations that require
iteration. The initial values of up to three quaes$ shall be guessed: the amount of
water in the measured flow20exn fraction of dilution air in diluted exhaust (or
excess air in the raw exhaustyexn, and the amount of products on a C1 basis per
dry mole of dry measured flowccomnary Time-weighted mean values of combustion
air humidity and dilution air humidity in the cheral balance may be used; as long
as combustion air and dilution air humidity remawithin tolerances of

+ 0.0025 mol/mol of their respective mean values dber test interval. For each
emission concentratiorx, and amount of watefoexn it shall be determined their
completely dry concentrationsyy andXu2oexnary It shall also be used fuel's atomic
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hydrogen-to-carbon ratiay, oxygen-to-carbon ratig? and carbon mass fraction of
fuel, we. For the test fuely andg or the default values in table 7.1 may be used.
Use the following steps to complete a chemicadiee:

(@)

(b)

(€)

Measured concentrations such &Sp2meas Xnomeas and Xu2oin, Shall be
converted to dry concentrations by dividing themooy minus the amount of
water present during their respective measurem@n&xampleXyzoxcozmeas
Xn2oxnomeas @Nd Xpooine:  If the amount of water present during a "wet"
measurement is the same as the unknown amounttef imahe exhaust flow,
Xn20exh It has to be iteratively solved for that valuettie system of equations.
If only total NO, are measured and not NO and N€eparately, good
engineering judgement shall be used to estimateliais your total NQ
concentration between NO and MNfr the chemical balances. The molar
concentration of NQ Xyox, Mmay be assumed to be 75 per cent NO and 25 per
cent NQ. For NQ storage aftertreatment systemgex may be assumed to
be 25 per cent NO and 75 per cent NCFor calculating the mass of NO
emissions, the molar mass of N@r the effective molar mass of all NO
species, regardless of the actual,Ni@ction of NQ, shall be used.

Equations in paragraph (c)(4) of this parabrdgave to be entered into a
computer program to iteratively solve fRi2oexh Xccombdry @Nd Xgivexn. Good
engineering judgement shall be used to guessliuélaes forxy20exh Xccombdry
andxgivexn. Guessing an initial amount of water that is d@ldaice the amount
of water in your intake or dilution air is recomnade. Guessing an initial
value ofXccombary@s the sum of your measured £QO, and THC values is
recommended. Guessing an initialyy between 0.75 and 0.95
(0.75< %y, < 0.99%), such as 0.8 is also recommended. Values isysEem of

equations shall be iterated until the most recenpyated guesses are all
within = 1 per cent of their respective most recently cal@ad values.

The following symbols and subscripts are ugsedhe equation system of
paragraph (c) of this paragraph whenenit is mol/mol:

Symbol

Description

Xdillexh

Amount of dilution gas or excess air per molexdfaust

XH20exh

Amount of HO in exhaust per mole of exhaust

XCcombdry

Amount of carbon from fuel in the exhaust per muflelry exhaust

XHZOexhdry

Amount of water in exhaust per dry mole of dry &xét

Xprod/intdry

Amount of dry stoichiometric products per dry mofantake air

Xdillexhdry

Amount of dilution gas and/or excess air per nufldry exhaust

Xint/exhdry

Amount of intake air required to produce actuahbastion products per moje
of dry (raw or diluted) exhaust

Xraw/exhdry

Amount of undiluted exhaust, without excess agr mole of dry (raw of
diluted) exhaust

XOZintdry

Amount of intake air @per mole of dry intake aiKozinwry = 0.209445 mol/mo
may be assumed
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Xcozintdry Amount of intake air C@per mole of dry intake aiXcozintary = 375pmol/mol
may be used, but measuring the actual concentratiothe intake air ig

recommended
XH20intdry Amount of the intake air #¥D per mole of dry intake air
Xcozint Amount of intake air C@per mole of intake air
Xcozdil Amount of dilution gas C&per mole of dilution gas

Xcozdildry Amount of dilution gas C@per mole of dry dilution gas. If air is used |as
diluent, Xcozdiary = 375 pmol/mol may be used, but measuring the actual
concentration in the intake air is recommended

XH20dildry Amount of dilution gas kD per mole of dry dilution gas

XH20dil Amount of dilution gas kD per mole of dilution gas

Xemissionjmeas | Amount of measured emission in the sample atebpactive gas analyzer

Xemissionjdry | Amount of emission per dry mole of dry sample

Xr20[emissionjmead Amount of water in sample at emission-detectioratmn. These values shall

be measured or estimated according to paragraph 3.8

XH20int Amount of water in the intake air, based on a Hditpimeasurement of intake
air
a Atomic hydrogen-to-carbon ratio of the mixture afei(s) (CH,O,) being
combusted, weighted by molar consumption
B Atomic oxygen-to-carbon ratio of the mixture of lig (CH,O,) being

combusted, weighted by molar consumption

(d) The following equations shall be used to iigedy solve forXgiyexn XH2o0exhand

Xccombdry
Xraw/exhdry
Xijexn =1~ 7————— (A.7-10)
1+ XHZOexhdry
XH20e><hdry
T R E e — (A.7-11)
1+ XH20exhdry
Xecombery = Xcozayt X codryt X tHedy X cozdIX divexhar~ Lozint O Nuexndry (A.7-12)
_a
Xi20exnary = 2 ( X ccombary~ X THCdr) * X tia0ah X divexnary X a0int Phvexnary (A.7-13)
— XdiI/exh
T e — (A.7-14)
7o1- XH20exh

1 a
)gmjexhdry = M{(E - ﬁ + 2) ( XCcombdry_ XTHCdry) - ( XCOdry_ XNOdry_ 2 XNOZdr):|
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(A.7-15)

1 (a
X awfexhdry — E[(E + ﬁj ( X ccombdry~ X THCdr) + (2 X thcayt X cody X Nogd)} + Xvexhdry
(A.7-16)

With a fuel having the chemical formula CH,OsSN; (paragraph A.7.1.3.), the
following equations should be used:

1 a
Xntiexhdry — m KE - ,3 +2+ ZVJ( Xccombdry ™ XTHCdry) - ( Xcodry™ Xnodry~ 2X N02dr):|
(GD.A.7-15a)

1| (a
X awfexhdry — E[(E + ,3 +0 ( X ccombdry~ X THCdr) + (2 X THCdry+ X coday X Nogd) + Kuexndry

(GD.A.7-16a)

o = 0.201982(} Xeozinry A7-17)
* Xi20intary

Xcopint = ﬁzﬁ (A.7-18)
Xei20intdry = % (A.7-19)
Xeoadi = HXC):% (A.7-20)
Xpz0didry = % (A.7-21)
Xcody = 1_?(:% (A.7-22)
Xcozdy = 1_?(:% (A.7-23)
XNodry = —uomess (A.7-24)

1_ XHZONOmeas
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Xyoay = - 202mESS (A.7-25)
Yo1- Xi120NO2meas
X - XTHCmeas (A 7-26)
THCdry — .

1= X207Hcmeas
(e) Calculations are performed as described in thisection.

(i)  For inputs into the chemical balance:
a. THC is recommended to be corrected for sampleystem
contamination;
b. measured concentrations are recommended to lberrected for
drift;
C. measured NQ emissions are recommended to not be corrected
for intake air humidity.

(i) Intake air
The following values for the composition of the iy intake air can be

used:

Xo2intdry = amount of O, per dry mole of intake air with the
assumed value oKozintary = 0.209445 mol/mol;

Xcozindy = ~amount of CO, per dry mole of intake air with the

assumed value 0Kcozinary = 0.000375 mol/mol.
The water content of the intake airXuzoint iS recommended to be
measured and converted to dry condition as follows:

— XHZOint
X oy = — P20 (see A.7-19)
o1~ Xii20int
XCOZintdry
Xeopin = ———22mdy_ (see A.7-18)
o 1+ XHZOintdry

The oxygen content of the wet air is calculated &m the reference
concentration, the CQ content and the water content as follows:

_ 020982(} XCOZintdry

Xoint = (see A.7-17)
o 1+ XHZOintdry

(iii) Dilution air
The following values for the composition of the dy dilution air can
be used:
Xo2dildry amount of O, per dry mole of dilution air with the
assumed value 0Kozdiigry = 0.209445 mol/mol;
Xcozinary = amount of CG, per dry mole of dilution air with the

assumed value 0kcozdidgry = 0.000375 mol/mol;
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(iv)

(v)

The water content of the intake airXq204i IS recommended to be
measured and converted to dry condition as follows:

— XH20di|
X 2odidry = — 22— (see A.7-21)
A X120dil
XCOZdiIdry
e e — (see A.7-20)
ozl 1+ XHZOdiIdry

Fuel composition
A fuel with known composition has to be used forhte emission test.
The molar fuel composition can be given a€H,O,with

a . hydrogen-to-carbon ratio in the fuel,
B: oxygen-to-carbon ratio in the fuel.

If only a composition on mass basis is known, theonversion to a
molar basis is described in paragraph A.7.1.3.

Exhaust composition

Having the preliminary steps concluded, it is posile to initiate the
measurement of the pollutant emitted by the enginaccording to the
given duty cycle (average value in the steady-statiéscrete-mode test
or instantaneous value in the transient or ramped mdal cycle) and
to estimate the corresponding vapour fractions chacteristic of the
measuring location which are in general known and Wwich depend
on the condensed water separator for those gases ialin are
measured on a dry basis. Then the complete dry coewtrations will
be determined.

The molar concentrations [mol/mol] of the followirg constituents are
necessary for the calculations:

Xcozmea: (Mea@sured molar fraction of CQ);
Xcomea: (Measured molar fraction of CO;
Xnomeas (Measured molar fraction of NO;

Xnozmeas (Measured molar fraction of NQ);
Xremeas (Measured molar fraction of THO).

If these constituents are measured dry, also theater content still
present at the measuring location after the dryer as to be known:

Xoocomea (MOlAr fraction of water in the CO, measuring location);
Xpocomea: (Molar fraction of water in the CO measuring locaton);
Xoonomea: (Molar fraction of vapour in the NO measuring locaion);
Xuoonozmea: (MoOlar fraction of vapour in the NO, measuring location).



ECE/TRANS/WP.29/2009/120
page 205

As unburned hydrocarbons are measured on wet basisstead of dry
basis as it occurs for CO, CQand NGO, this quantity is not relevant.
Then the concentration of the total unburned hydroarbons THC
can be determined only after calculation of the wagr | fraction
present in the wet exhaust gases.

(vi) Iterative procedure
The computations of the following 2 sections havi® be part of the
iterative calculation procedure. To solve the syste of equations,
three quantities [mol/mol] are recommended to be ggssed, i.e. the
fraction of dilution air in measured flow x,,..,, the water vapour

fraction in the exhaust x,..,, and the exhaust fraction of carbon
Products X ,may- INitial (i.e. first tentative) numerical values have to

be assigned to these 3 guessed quantities. For arste, the following
initial values are guessed (note: in case of raw fust the initial
value for the excess air iXgijexnh = 0):

Xiiexn = 0.8;
XHZOexh = XHZOint+ XHZOdi or XHZOexh = OS[G XHZOint+ XHZOdiD ;

XCcombdry: XCOZmeas+ X COmeé's- X THCm

(vi-1) Calculation of dry concentrations from themeasured concentrations

— xCOZmeas
=" see A.7-23
Yooz 1- Xi20c02meas ( )

CO: if measured dry: X.q4, = Xcomeas (see A.7-22)

1_ XHZOCOmeas

if measured wet: X, = XCOmea;/ (1- X H20exhdr)/

The water content of the dry exhaust, that is anmportant quantity
resulting from the iteration procedure:

a
Xii20exhdry — > ( X ccombdry~ X THCdr) + X poodk-X divexnart X aoint W hviexnary (see A.7-13)

— Xwomess (see A.7-24)

1_ XH20NOmeas

if measured wet: x, = xNOmea/ (1— xHZOexhdr)

NO: if measured dry: XNodry =

NO: if measured dry: X,o,q, :1)(“‘& (see A.7-25)
- XHZONOZmeas

if measured wet: X, = xNOZmeaJ (1— X HZOexhdr)



ECE/TRANS/WP.29/2009/120

THC (always measured wet):x,. = X, / (1— XHZOexhdry)

(vi-2) Carbon balance calculations

1

a
)gmlexhdry = m{(z - ﬁ + 2) ( )%combdry_ XTHCdry) _( XCOdry_ XNOdry_ 2 XNOZdr)i| (See A7_15)
2int

1| ( a
X =— —+ﬁ X - X +(2X + X = X + X see A.7-16
aw/exhdry 2 |:( 2 j( Ccombdry THCdr) ( THCdry COdry NO d)/:| t/exhdry ( )

— Xdil/exh
Xoiexhdry = = 2— (see A.7-14)
e 1_ XHZOexh
_a
XHZOexhdry_E(XCcombdry_ X THCdr) + X poodkX divexnhard X aoint W hviexnary (see A.7-13)
Having obtained the parameters from the above (alhitial values), it
is possible to calculate and then verify, by meansf the following
group of the remaining (i.e. not yet used) 3 equains, the values of
the 3 guessed parameters e, Xz0en &N Xccombary:
Xaivexn =1~ _Nawen (see A.7-10)
1+ XH20e><hdry
X0 = — 120 (see A.7-11)
1+ XHZOexhdry
XCcombdry: XCOZdry+ XCOdry+ XTHCdry_ X COdeX dillexr)dr_ %OZim |:l%t/exhdry (See A7_12)

With these last 3 parameters the first iteration un is concluded. If
the 3 initial values were guessed correctly, therfit tentative values
would be exactly re-obtained. Unless a lucky chai¢ this does not
occur and it is necessary to iterate more to obtairthe required
precision. The second iteration will follow exactt the same way as
previously done going back to "(vi-1) Calculation & dry
concentrations from the measured concentrations.".From this point
the next iteration step has to be performed. Secdnteration values
are those values resulting from the first iteration In general it is
necessary to effect additional iterations using, asalues of Xy,

Xe20exn &NA Xccombery corresponding to then iteration, those X e,
Xiooexn &N Xeooman, Values obtained from (-1) iteration.  This
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iteration process of the system of equation will edinue until the
most recently updated guesses are all within = 1 peent of their
respective most recently calculated values. Alsoit completely
false guesses, the iteration will give correct relia after 5 to
6 iterations.

At the end of the chemical balance, the molar ftate n,, is calculated as specified
in paragraphs A.7.3.2. and A.7.4.2.

NQ correction for humidity

All the NOy concentrations, including dilution air backgroucmhcentrations, shall
be corrected for intake-air humidity using the daling equation:

XNOxcor = XNOxuncorm9'953:b(H20+ 0832 (A7-27)

Where:
Xnoxuncor= Uncorrected N@molar concentration in the exhaust gas [pimol/mol]
Xn20= amount of water in the intake air [mol/mol]

Example:

XNOXuncor = 700.5 }JmOI/mOl

XH20 = 0.022 mol/mol

Xnoxcor = 700.E><( 9.95% 0.022 0.832 73Guhol/mol

Raw gaseous emissions

Mass of gaseous emissions

To calculate the total mass per test of gaseoussen my,s [g/test], its molar
concentration shall be multiplied by its respectiielar flow and by exhaust gas
molar mass; then integration over test cycle dtalberformed:

rT‘gas =M gas[J. N eer( gaw t (A-7'28)

Where:
Mgas = molar mass of the generic gaseous emissiorofgy/m
N, = instantaneous exhaust gas molar flow ratewatébasis [mol/s]

Xgas instantaneous generic gas molar concentraticanwet basis [mol/mol]
t time [s]

Since equation (A.7-28) has to be solved by nuraérntegration, it is transformed
in:
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, 1 _
Mo = M gasq N o X gl t = My = TDV' gasDZ Mo X e (A.7-29)
i=1

Where:
Mgas = generic emission molar mass [g/mol]
n instantaneous exhaust gas molar flow rate watéasis [mol/s]

exh
Xgas = iNstantaneous generic gas molar concentraticmwet basis [mol/mol]
f = data sampling rate [Hz]

N = number of measurements [-]

General equation may be modified according to tvimeasurement system is used,

batch or continuous sampling, and if a varying eatthan a constant flow rate is

sampled.

(@) For continuous sampling, in the general cdserying flow rate, the mass of
the gaseous emissiony,s[g/test] shall be calculated by means of the foilg

equation:
1 N
rT‘gas = T (M gas@ n e)thX gh (A.7-30)
i=1
Where:

Mgas = generic emission molar mass [g/mol]
N, = instantaneous exhaust gas molar flow rate ortebasis [mol/s]

ex

Xgas = Instantaneous gaseous emission molar fractiomwet basis

[mol/mol]
f = data sampling rate [Hz]
N = number of measurements [-]

(b)  Still for continuous sampling but in the padifiar case of constant flow rate the
mass of the gaseous emissiogs [g/test] shall be calculated by means of the
following equation:

rT‘bas =M gas[h exrg( gam t (A-7'31)

Where:
Mgas = generic emission molar mass [g/mol]
N, = exhaustgas molar flow rate on a wet basis [ghol/

Xas = Mean gaseous emission molar fraction on a a&stmol/mol]
At = time duration of test interval
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(c) For the batch sampling, regardless the flote iia varying or constant, the
equation (A.7-30) can be simplified as follows:

1 L
mgas = T (M gasIZR gasli N i (A7-32)
i=1
Where
Mgas = generic emission molar mass [g/mol]
n,; =  Instantaneous exhaust gas molar flow rate optebasis [mol/s]
Xpas = mean gaseous emission molar fraction on a was fpaol/mol]
f = data sampling rate [Hz]
N = number of measurements [-]

Dry-to-wet concentration conversion

Parameters of this paragraph are obtained fronrebkelts of the chemical balance
calculated in paragraph A.7.2. The following riglatexists between gas molar
concentrations in the measured flayysqsyandxgas[Mol/mol] expressed on a dry and
wet basis respectively:

— Xgas
Xgasdr - (A7-33)
Y1- X120
— Xgasdry
Xips = ot (A.7-34)
* 1+ XHZOdry
Where:
XH20 = molar fraction of water in the measured flowaowet basis [mol/mol]

XH20dry = Molar fraction of water in the measured floweodry basis [mol/mol]

For gaseous emissions a removed water corredtighlse performed for the generic
concentratiorx [mol/mol] as follows:

X= )ﬁemission]mea{m} (A 7'35)

1_ XHZO[emission]mea

Where:

Xemissionmeas = Molar fraction of emission in the measured flainmeasurement

location [mol/mol]

XH2o[emissionjmeas= amount of water in the measured flow at the ceatration
measurement [mol/mol]

amount of water at the flowmeter [mol/mol]

XH20exh
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A.7.3.3.

Example:

Xcomeas =29.0 pumol/mol

XH20comeas = 8.601 mmol/mol = 0.008601 mol/mol

XH20exh = 34.04 mmol/mol = 0.03404 mol/mol

X = 29.0x {M} = 28.3mol/mol
1-0.008601

Exhaust gas molar flow rate

The flow rate of the raw exhaust gases can bettiirmeasured or can be calculated
based on the chemical balance of paragraph AC&culation of raw exhaust molar
flow rate is performed from measured intake airandlow rate or fuel mass flow
rate. The raw exhaust molar flow rate can be taed from the sampled emissions,

N, based on the measured intake air molar flow rate, or the measured fuel
mass flow rate,m,,, and the values calculated using the chemicalnbalan

paragraph A.7.2. It shall be solved for the chatni@lance in paragraph A.7.2.(c) at
the same frequency thaf, or m,, is updated and recorded

(a) Crankcase flow rate. The raw exhaust flow lsarcalculated based a¥), or

M, only if at least one of the following is true ah@uankcase emission flow

rate:

(i) The test engine has a production emissiortrobsystem with a closed
crankcase that routes crankcase flow back to ttakeénair, downstream
of intake air flow meter.

(i) During emission testing open crankcase flave routed to the exhaust
according to paragraph 6.10.

(i) Open crankcase emissions and flow are meswand added brake-
specific emission calculations.

(iv) Using emission data or an engineering ans)yis can be demonstrated
that neglecting the flow rate of open crankcasessimins does not
adversely affect compliance with the applicabledtads

(b) Molar flow rate calculation based on intake ai
Based onn,,, exhaust gas molar flow rat&,[mol/s] shall be calculated as

int ?
follows:

Aey = L (A.7-36)
!14‘ ()gnt/exhdry - Xraw/exhdr;):l

(1+ XHZOexhdry)

Where:
n = raw exhaust molar flow rate from which emissi@re measured

exh
[mol/s]
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Mt = intake air molar flow rate including humidity iintake air
[mol/s]
Xnvexndry = amount of intake air required to produce actuailsastion
products per mole of dry (raw or diluted) exhansblfmol]
Xawlexhdry = amount of undiluted exhaust, without excessper mole of dry

(raw or diluted) exhaust [mol/mol]
XH20exhdy =  amount of water in exhaust per mole of dry exh@mol/mol]

Example:
n, = 3.780 mol/s

Xrawjexhdry = 1.10764 m0|/m0|
XH20exhdry = 107.64 mmol/mol = 0.10764 mol/mol

= 3.780 =6.066 mol/s

f
™[, (0.6902% 11076
(1+0.10764

(c) Molar flow rate calculation based on fuel misw rate
Based o, n,,,,[mol/s] shall be calculated as follows:

- r.nfuel BA{: I:q1+ )S-|20exhdry)

N, (A.7-37)
" MC D(Ccombdry

Where:

Ny = raw exhaust molar flow rate from which emissiane measured

Myl = fuel flow rate including humidity in intake du/s]

We = carbon mass fraction for the given fuel [g/g]

XH20exhdry = amount of HO per dry mole of measured flow [mol/mol]

Mc = molecular mass of carbon 12.0107 g/mol

Xccombdry = amount of carbon from fuel in the exhaust pedevof dry exhaust

[mol/mol]

Example:

Myl =7.559 g/s

Wc =0.869 g/g

XH20exhdry = 107.64 mmol/mol = 0.10764 mol/mol

Mc =12.0107 g/mol

Xccombdry = 99.87 mmol/mol= 0.09987 mol/mol

7.559x 0.86%( + 0.107g4
Ny, = ( 9 =6.066 mol/s
12.010% 0.09987
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A.7.4.

A7.4.1.

Diluted gaseous emissions

Emission mass calculation and backgrowmrdection

Equations for the calculation of gaseous emissmassmyas[g/test] as a function of
molar emissions flow rates are as follows:

(@)

(b)

(€)

Continuous sampling, varying flow rate

1 N
rT‘gas = T (M gasq_l: n e)thX gh (see A.7-29)

Continuous sampling, constant flow rate

rT‘bas =M gasl:h exrlj( gam t (see A.7-3l)

Batch sampling, regardless varying flow or stant rate is, the following
equation shall be used:

1

N
rTbas = T (M gasER ga@ n ekt (see A.7-32)
i=1

In case of diluted exhaust gases calculatddesafor mass of the pollutants
shall be corrected by subtracting the mass of backgl emissions, due to
dilution air:

(i) Firstly, the molar flow rate of dilution aim,, [mol/s] shall be

determined over the test interval. This may be asueed quantity or a
guantity calculated from the diluted exhaust flowd ahe flow-weighted

mean fraction of dilution air in diluted exhaus, ...
(i) The total flow of dilution airn,, [mol] shall be multiplied by the mean

concentration of background emission. This may bgme-weighted
mean or a flow-weighted mean (e.g., a proportignadiampled
background). The product ofyq and the mean concentration of a
background emission is the total amount of a bamkgd emission;

(iii) If the result is a molar quantity, it shdle converted to a mass of the
background emissiomgng [g] by multiplying it by emission molar
mass Mgas[g/mol];

(iv) Total background mass shall be subtractethftotal mass to correct for
background emissions.

(v) The total flow of dilution air may be detemed by a direct flow
measurement. In this case, the total mass of backd shall be
calculated, using the dilution air flow,iqi. The background mass shall
be subtracted from the total mass. The resultl $fealused in brake-
specific emission calculations.



ECE/TRANS/WP.29/2009/120
page 213

(vi) The total flow of dilution air may be deteimed from the total flow of
diluted exhaust and a chemical balance of the foilke air, and exhaust
as described in paragraph A.7.2. In this case, tttal mass of
background shall be calculated, using the totak fad diluted exhaust,
Ngexn Then this result shall be multiplied by the floweighted mean
fraction of dilution air in diluted exhausky,;, -

Considering the two cases (v) and (vi), the feltay equations shall be used:

r‘nokgnd =M gasD(gasdiEh airdil O mokgnd = Mgasg(dilleth bkgml:ln dex (A'7'38)

rngascorz mgas_ mbkgnn (A7-39)
Where:
Myas = total mass of the gaseous emission [g]

Mugnda = total background masses [g]

Myascor = Mass of gas corrected for background emisggins

Mgas = molecular mass of generic gaseous emission [¢/mol

Xgasdii = gaseous emission concentration in dilutiorfrasl/mol]

N,q = dilution air molar flow [mol]

Xgvexn = flow-weighted mean fraction of dilution air in dikd exhaust
[mol/mol]

Xougna = 9as fraction of background [mol/mol]

Ngexh = total flow of diluted exhaust [mol]

A.7.4.2.  Dry-to wet concentration conversion

The same relations for raw gases (paragraph R.Y.8hall be used for dry-to-wet
conversion on diluted samples. For dilution ainwamidity measurement shall be
performed with the aim to calculate its water vapioaiction Xu2odildry [Mol/mol]:

— XHZOdiI

Xi20dildry = 1-x, (see A.7-21)
20dil

Where:
Xn20dil = Water molar fraction in the dilution air flow ptimol]

A.7.4.3. Exhaust molar flow rate

(@) Calculation via chemical balance

The molar flow rateh,,, [mol/s] can be calculated based on fuel mass flae r
rhfuel :
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(b)

- r‘.nfuel D% EQ:H X—QOexhdry)

Mo (see A.7-37)
MC D(Ccombdry

Where:

Nt = raw exhaust molar flow rate from which emissi@re measured

Mye = fuel flow rate including humidity in intake aig/s]

We = carbon mass fraction for the given fuel [g/g]

XH20exhdry = amount of KO per dry mole of measured flow [mol/mol]

Mc = molecular mass of carbon 12.0107 g/mol

Xccombdry = amount of carbon from fuel in the exhaustrpete of dry

exhaust [mol/mol]
Measurement

The exhaust gas molar flow rate may be measweddans of three systems:

(i) PDP molar flow rate. Based upon the speedwvhich the Positive
Displacement Pump (PDP) operates for a test inftetive corresponding
slopeas, and intercepig [-], as calculated with the calibration procedure
of Appendix 1 to this annex, shall be used to dateumolar flow raten
[mol/s] as follows:

f=f o Po e (A.7-40)
RO,

Where:

Vrev — a:l. D’ pout pin + 30 (A7-4l)
fn,PDP pin

Where:

& = calibration coefficient [its]

& = calibration coefficient [firev]

Pn, Pout = inlet/outlet pressure [Pa]

R = molar gas constant [J/(mol K)]

Ti = inlet temperature [K]

View = PDP pumped volume fiinev]

f.pop = PDP speed [rev/s]

Example:

a = 50.43 ni/min = 0.8405 ni/s

fo.pop = 755.0 rev/min = 12.58 rev/s

Pout = 99950 Pa

Pin = 98575 Pa

ao = 0.056 ni/rev

R = 8.314472 J/(mol K)

Tin =323.5K
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v, = 08405 [ 99956 98573 56- o 06389 /e
1258 98575

n=12.5898575( 0.06389, 29.464 mol/

8.31447% 323.5

SSV molar flow rate. Based on ti@® versus B equation determined
according to Appendix 1 of this annex, the Sub-8dvienturi (SSV)
molar flow rate during an emission test[mol/s] shall be calculated as
follows:

n==_C,[C 3 Ah, (A.7-42)
\/Z |:I\/Imix ERD[n

Where:

pn = inlet pressure [Pa]

A = Venturi throat cross-sectional areg][m

R = molar gas constant [J/(mol K)]

Tn = inlet temperature [K]

Z = compressibility factor

Mmix = molar mass of diluted exhaust [kg/mol]
Gy =discharge coefficient of the SSV [-]
G = flow coefficient of the SSV [-]

Example:

A.  =0.01824rh

pin  =99132 Pa

z =1

Mmix = 28.7805 g/mol = 0.0287805 kg/mol
R =8.314472 J/(mol K)

Tn =298.15K

Re® =7.232x10

Y =1.399

g =038

Ap =2.312 kPa

Using equation (A.7-64)rssy = 0.997
Using equation (A.7-63)C; =0.274
Using equation (A.7-62)Cq = 0.990

Nn=0.990x 0.274 0.01824« 99132 = 58.173mol

J1x0.028780% 8.314472 298.15

CFV molar flow rate. To calculate the molflow rate through one
venturi or one combination of venturis, its respectmeanCy and other
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constants, determined according to the Appendoxthis annex, shall be
used. The calculation of its molar flow rate [mol/s] during an
emission test follows:

. A 0,
n= E -
C, [C \/Z M RO (A.7-43)
Where:
pn = inlet pressure [Pa]
A = Venturi throat cross-sectional are&]m
R = molar gas constant [J/(mol K)]
Tn = inlet temperature [K]
Z = compressibility factor

Mmix = molar mass of diluted exhaust [kg/mol]
Cy = discharge coefficient of the CFV [-]
G = flow coefficient of the CFV [-]

Example:

Cq =0.985

C =0.7219

A;  =0.00456 M

Pin =98836 Pa

Z =1

Mmix = 28.7805 g/mol = 0.0287805 kg/mol
R = 8.314472 J/(mol K)

Tin =378.15K

n=0.985x 0.7219 0.00456< 98836 = 33.6895mo

J1x0.028780% 8.314472 378.15

A.7.4.4. Determination of particulates

A.7.4.4.1. Sampling

(@)

Sampling from a varying flow rate:

If a batch sample from a changing exhaust flote ia collected, a sample
proportional to the changing exhaust flow rate Idbalextracted. The flow rate
shall be integrated over a test interval to deteenthe total flow. The mean

PM concentratiorM su (Which is already in units of mass per mole of gk
shall be multiplied by the total flow to obtain ttegal mass of PMney [g]:

My = My, (1 21) (A.7-44)
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Where:
n = instantaneous exhaust molar flow rate [mol/s]
M,,, = mean PM concentration [g/mol]
At; = sampling interval [s]

(b) Sampling from a constant flow rate
If a batch sample from a constant exhaust flote ia collected, the mean
molar flow rate from which the sample is extractd@ll be determined. The
mean PM concentration shall be multiplied by thtaltiow to obtain the total

mass of PMmey[qg]:

My = My (AL (A.7-45)
Where:

n = exhaust molar flow rate [mol/s]

M,,, = mean PM concentration [g/mol]

At = time duration of test interval

For sampling with a constant dilution ratidR), mey [g] shall be calculated
using the following equation:

Moy = Mpyei DR (A.7-46)
Where:

Memaii = PM mass in dilution air [g]

DR = dilution ratio [-] defined as the ratio betwethe mass of the

emissionm and the mass of diluted exhaust
Myivexn (DR = MY M., )- The dilution ratidR can be expressed
as a function oXgijexn:

DR=__1+ (A.7-47)
1- Xiiliexh

A.7.4.4.2. Background correction

The same approach as that of paragraph A.7.4all.lsh applied to correct the mass
of PM for the background. Multiplyind/ embkgna by the total flow of dilution air, the

total background mass of PMmokgna [g]) IS obtained. Subtraction of total
background mass from total mass gives backgrounccded mass of particulates
Mpmcor [g]

rnF—’Mcor = rnPMuncor_ M PMbkgncJ:In airdi (A7'48)
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A.7.5.
A.75.1.

A.7.5.1.1.

Where:

Mpmuncor = UNcorrected PM mass [g]

M emokgnd = mean PM concentration in dilution air [g/mol]
Nairdil = dilution air molar flow [mol]

Cycle work and specific emissions

Gaseous emissions

Transient and ramped modal cycle

Reference is made to paragraphs A.7.3.1. and A.7fdr raw and diluted exhaust
respectively. The resulting values for povigifkW] shall be integrated over a test
interval. The total workV,¢;[kWh] is calculated as follows:

N 1 1 1 2x{
- B A.7-49
W= 2, PIB = 06 g0z 1) (A7-49)
Where:
Pi = instantaneous engine power [kW]
N = instantaneous engine speed [rpm]
Ti = instantaneous engine torque [N-m]

W, = actual cycle work [kWh]
f data sampling rate [Hz]
number of measurements [-]

N

The specific emissionggs [9/kWh] shall be calculated in the following ways
depending on the type of test cycle.

_ Myas
egaS = W_ (A7-50)

act

Where:
Myas = total mass of emission [g/test]
W, = cycle work [kWh]

In case of the transient cycle, the final testltegy,s [g/kWh] shall be a weighted
average from cold start test and hot start testdyg:

— (0 1|]n:old) (O gjnmt) _
egas (0 lmvactcold) (O 9]/Vacthob (A7 51)

In case of an infrequent (periodic) exhaust regeien (paragraph 6.6.2.), the
specific emissions shall be corrected with the iplidative adjustment factok.
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(equation (6-4)) or with the two separate pairsadjustment additive factory,
(upward factor of equation (6-5)) akgl (downward factor of equation (6-6)).

Steady-state discrete-mode cycle

The specific emissiorgy.s[g/kWh] are calculated as follows:

Nmods .
; (rhgasi |]/V||:)
P SE— (A.7-52)
(P WF)
i=1
Where:
N.s = Mmeanemission mass flow rate for the middgh]
P = engine power for the mod¢gkW] with B =P . + P,
(see paragraphs 7.7.1.2. and 6.3.)
WF = weighting factor for the modd-]

Particulate emissions
Transient and ramped modal cycles
The particulate specific emissions shall be caked with equation (A.7-50)

where egas [0/kWh] and myas [g/test] are substituted bgey [g/kWh] and mey
[o/test] respectively:

— Moy

=_EM A.7-53
ePM Wact ( )
Where:

mpy = total mass of particulates emission, calculatedcording to
paragraph A.8.3.4. [g/test]
Wyt=  cycle work [kWh]

The emissions on the transient composite cycte ¢old phase and hot phase)
shall be calculated as shown in paragraph A.7.5.1.

Steady state discrete-mode cycle

The particulate specific emissiepy [g/kWh] shall be calculated in the following
way:
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A.7.5.2.2.1.

A.7.5.2.2.2.

For the single-filter method

L I (A.7-54)

i(P OWF)

i=1

Where:

P, = engine power for the modei [kW] with P=P_ +P,
(see paragraphs 7.7.1.2. and 6.3.)

weighting factor for the modd-]

particulate mass flow rate [g/h]

WF
My

For the multiple-filter method

N
2. (1M, CWF)
Gy =L (A.7-55)
> (R DWF)
i=1
Where:
P, = engine power for the modei [kW] with PR=PR_, +P.
(see paragraphs 7.7.1.2. and 6.3.)
WF, = weighting factor for the modd-]
m,,; = particulate mass flow rate at made/h]

For the single-filter method, the effective weightfactor, Wk, for each mode
shall be calculated in the following way:

. [

WFeffi — rnsmpldexm : eqdexhwe (A7-56)

I"nsmpldex ljﬂneqdexhwét

Where:

Msmpidexn = Mass of the diluted exhaust sample passedghrthe particulate
sampling filters at mode[kg]

Msmpidexh = Mass of the diluted exhaust sample passedghrthe particulate
sampling filters [kg]

Merwes = €quivalent diluted exhaust gas mass flow rateaei [kg/s]

Muenwer = AvErage equivalent diluted exhaust gas massréite [kg/s]

The value of the effective weighting factors shadél within £0.005 (absolute
value) of the weighting factors listed in Annex A.1
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Annex A.7. - Appendix 1

DILUTED EXHAUST FLOW (CVS) CALIBRATION

Introduction

This section describes the calculations for catibg various flow meters.
Paragraph (a) of this section first describes howcdnvert reference flow meter
outputs for use in the calibration equations, whach presented on a molar basis.
The remaining paragraphs describe the calibratadoutations that are specific to
certain types of flow meters.

Reference meter conversions

The calibration equations in this section use méaw rate, n_, as a reference
quantity. If he adopted reference meter outpuli®w rate in a different quantity,
such as standard volume ra&,,.,, actual volume ratey, .., Or mass ratefi,,,

the reference meter output shall be convertednolar flow rate using the following
equations, noting that while values for volume ratass rate, pressure, temperature,

and molar mass may change during an emissionthest,should be kept as constant
as practical for each individual set point durinigpav meter calibration:

_Vstdref |:pstd_ Vactrepoact_ mref A 7_57
ref — - - ( . )
Tstd (R Tact OR I\/Imix
Where:
neg = reference molar flow rate [mol/s]
V.eer = reference volume flow rate, corrected to a ddach pressure and a

standard temperature {fg]

V. et reference volume flow rate, at the actual presand temperature f¥s]
m, = reference mass flow [g/s]

pssa = Standard pressure [Pa]

Pact = actual pressure of the gas [Pa]

Tsa = standard temperature [K]

Tace = actual temperature of the gas [K]

R = molar gas constalﬁﬂ/(moIEK)]

Mmix = molar mass of the gas [g/mol]

Example 1:

Voo = 0.471948 s

actref

Pact =101325 Pa
Tact =293.15K
R = 8.314473/(molK)
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_ Vacuet o _ 0471948 101325 o o
TR  293.15< 8.314472

ref

Example 2:

m,, =287.805¢/:

Mmix = 28.7805 g/mol
_ M _287.805_

A, = =10.0000 mol/:
M, 28.7805

A.7.6.2.  PDP calibration calculations
For each restrictor position, the following valssll be calculated from the mean
values determined in paragraph 8.1.8.4., as follows
(a) PDP volume pumped per revolutidfy, (m*/rev):

Vi = %;.SD]'-” (A.7-58)
in nPDP

Where:

Neg = mean value of reference molar flow rate [mol/s]

R = molar gas constafif/(molCK)|

T = mean inlet temperature [K]

B, = mean inlet pressure [Pa]

feop = Mean rotational speed [rev/s]

Example:

N =25.096 mol/s

R =8.314473/(molCK)
=299.5K
=98290P¢

f.pop =1205.1rev/mire  20.085rev

Tin
Ei n

_ 25.096x 8.314472 299.5

V., =0.03166mM /rey
98290x 20.085

(b) PDP slip correction factos [s/rev]:

K, ==t | Pou” P (A.7-59)
fnPDP pout
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Where:

n. = mean reference molar flow rate [mol/s]

T

in

ref

mean inlet temperature [K]
P, = mean inlet pressure [Pa]

P« = Mean outlet pressure [Pa]
f,

R =molar gas constafd/(molK)|

+op = Mean PDP revolution speed [rev/s]

Example:

f.pop =1205.1rev/mire 20.085rev
Do =100.103kP:

B, =98.290kPe

K =L E{/100.103 98.290 ) 1067 s/re
20.085 100.103

(c) A least-squares regression of PDP volume pdnmee revolutionVye,, versus
PDP slip correction factoKs, shall be performed by calculating slope,and
intercept,ay, as described in Annex A.2.

(d) The procedure in paragraphs (b)(1) througho{3his section shall be repeated
for every speed that PDP is operated.

(e) The following table illustrates these calciglas for different values of .,

f_nF,DP [rev/min] f_nPDP [revis] | a, [m¥min] | & [m?s] a [m*/rev]
755.0 12.58 50.43 0.8405 0.056
987.6 16.46 49.86 0.831 -0.013
1254.5 20.9 48.54 0.809 0.028
1401.3 23.355 47.30 0.7883 -0.061

Table A.7.2 — Example of PDP calibration data

() For each speed at which the PDP is operaktedcorresponding slope;, and
intercept,ay, shall be used to calculate flow rate during eraisgesting as
described in paragraph A.7.4.3.(b)

Venturi governing equations and permigssddsumptions

This section describes the governing equations emhissible assumptions for
calibrating a venturi and calculating flow usingvanturi. Because a subsonic
venturi (SSV) and a critical-flow venturi (CFV) Iotoperate similarly, their
governing equations are nearly the same, excepthtorequation describing their
pressure ratior (i.e. rssy versusrcey). These governing equations assume one-
dimensional isentropic inviscid compressible flowf an ideal gas. In
paragraph (c)(4) of this section, other assumptibas may be made are described.
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If the assumption of an ideal gas for the meastiozdis not allowed, the governing
equations include a first-order correction for behaviour of a real gas; namely, the
compressibility factorZ. If good engineering judgement dictates usinglaes other
thanZ = 1, an appropriate equation of state to determahges ofZ as a function of
measured pressures and temperatures may be usgukadiic calibration equations
may be developed based on good engineering juddentieshall be noted that the
equation for the flow coefficient, is based on the ideal gas assumption that the
isentropic exponenty, is equal to the ratio of specific heatg/cy. If good
engineering judgement dictates using a real gagrig@c exponent, an appropriate
equation of state to determine valuesyafs a function of measured pressures and
temperatures may be used, or specific calibratigpatons may be developed.
Molar flow rate,n [mol/s], shall be calculated as follows:

n=C, G 3 A h, (A.7-60)
Y Z D\/lmix mDrn

Where:

Cq = Discharge coefficient, as determined in panalgr@)(1) of this section [-]

G = Flow coefficient, as determined in paragrapk{cof this section [-]

A = Venturi throat cross-sectional area]m

o = Venturi inlet absolute static pressure [Pa]

Z = Compressibility factor [-]

Mmix = Molar mass of gas mixture [kg/mol]

R = Molar gas constarjt)/(molK)]

Tin = Venturi inlet absolute temperature [K]

(@) Using the data collected in paragraph 8.1.8%4. is calculated using the
following equation:

D/ZENlmix ERDTn
Cf Dof Dpn

(A.7-61)

d _nref

Where:

n. = reference molar flow rate [mol/s]

Other symbols as per equation (A.7-60).

(b) G shall be determined using one of the following moels:
() For CFV flow meters onlyCicry is derived from the following table
based on values fgt (ratio of venturi throat to inlet diameters) apd
(ratio of specific heats of the gas mixture), ushimgar interpolation to
find intermediate values:
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CfCFV
B Wexn=1.385 Vaexh = Jair=1.399
0.000 0.6822 0.6846
0.400 0.6857 0.6881
0.500 0.6910 0.6934
0.550 0.6953 0.6977
0.600 0.7011 0.7036
0.625 0.7047 0.7072
0.650 0.7089 0.7114
0.675 0.7137 0.7163
0.700 0.7193 0.7219
0.720 0.7245 0.7271
0.740 0.7303 0.7329
0.760 0.7368 0.7395
0.770 0.7404 0.7431
0.780 0.7442 0.7470
0.790 0.7483 0.7511
0.800 0.7527 0.7555
0.810 0.7573 0.7602
0.820 0.7624 0.7652
0.830 0.7677 0.7707
0.840 0.7735 0.7765
0.850 0.7798 0.7828
Table A.7.3 -Cicry versus@ and yfor CFV flow meters
(i) For any CFV or SSV flow meter, the followireguation may be used to
calculateCs:
1
y1 2
20ylir ¥ =110
C = >
(-1 -r”
Where:

y=isentropic exponent [-]. For an ideal gas, thithe ratio of specific

heats of the gas mixturey/cy
r = pressure ratio, as determined in paragraph)(ojf(this section
p = ratio of venturi throat to inlet diameters

The pressure ratroshall be calculated as follows:
For SSV systems onlyssy is calculated using the following equation:

(i)
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(d)

oo, =1- AF;ssv (A.7-63)

Where:
Apssy = differential static pressure; venturi inlet msneenturi throat [Pa]

(i) For CFV systems onlyrcey shall be calculated iteratively using the
following equation:

AN IV S |
lepy © T EB mcw _T (A-7'64)

Any of the following simplifying assumptions$ the governing equations may
be made, or good engineering judgement may be tsedevelop more
appropriate values for testing:

(i) For emission testing over the full ranges@iv exhaust, diluted exhaust
and dilution air, the gas mixture may be assumebetoave as an ideal
gas:Z=1.

(i)  For the full range of raw exhaust a constaatio of specific heats of =
1.385 may be assumed.

(i) For the full range of diluted exhaust and é.g., calibration air or
dilution air), a constant ratio of specific heats p=1.399 may be
assumed.

(iv) For the full range of diluted exhaust and, dhe molar mass of the
mixture, Mmix [g/mol], may be considered as a function only loé t
amount of water in the dilution air or calibratiai, X420, determined as
described in paragraph A.7.1.2., as follows:

M = My, [ﬂl‘ XHZO) + M 0 Ko (A.7-65)

Where:

Mar = 28.96559 g/mol

Mi2o = 18.01528 g/mol

X120 = amount of water in the dilution or calibratiaimn [mol/mol]

Example 1:

Mar = 28.96559 g/mol
Xn2o = 0.011868 mol/mol
Mu2o = 18.01528 g/mol

M., =289655%( + 0.011898 18.01528 0.011868 28.83B6®I

Example 2:
Mair = 28.96559 g/mol
Xn20 = 0.0169 mol/mol
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Mo = 18.01528 g/mol
M., =289655%( + 0.016p+ 18.01528 0.0169 28.7805g

(v) For the full range of diluted exhaust and aiconstant molar mass of the
mixture, Mnix, may be assumed for all calibration and all tegsts long
as assumed molar mass differs no more than =1 @etr from the
estimated minimum and maximum molar mass duringoidlon and
testing. This assumption may be made if sufficamnttrol of the amount
of water in calibration air and in dilution air @sured, or if sufficient
water is removed from both calibration air and o air. The
following table gives examples of permissible ragé dilution air dew
point versus calibration air dew point:

If calibrationTgew |the following constant | for the following ranges Of gew

(°C)is... Mmi (g/mol) is assumed | (°C) during emission test8

dry 28.96559 dry to 18

0 28.89263 dry to 21

5 28.86148 dry to 22

10 28.81911 dry to 24

15 28.76224 dry to 26

20 28.68685 -8 10 28

25 28.58806 12t0 31

30 28.46005 2310 34

@ Range valid for all calibration and emission tegtbver the atmospheric
pressure range (80,000 to 103,325) kPa.

Table A.7.4 — Examples of dilution air and caliima air dew points at which a
constanMpx may be assumed

The following example illustrates the use of theayerning equations to calculate
the discharge coefficientCq of an SSV flow meter at one reference flow meter
value. Note that calculatingCq for a CFV flow meter would be similar, except
that C; would be determined from table A.7.3 of this seath or calculated
iteratively using values of # and y as described in paragraph (c)(ii) of this
section.

N =57.625mol/s

z =1

Mmix = 28.7805 g/mol = 0.0287805 kg/mol

R =8.314472 J/(mol-K)

Tin =298.15K

A, =0.01824rh

pn =99132.0 Pa

y =1.399

p =0.8

Ap =2.312kPa



ECE/TRANS/WP.29/2009/120
page 228

2.312

lssy =1——99 132= 0.977

N

1.399-1
2><1.399<( 0.977-%° — }
C = Z | =0.274
(1.399- J)X( 0.8- 0.977399}

Rx/1><0.0287805 8.3144%2 298.15

C, =57.62 =0.98;
0.274x 0.01824 99132.0

Finally, the SSV molar flow rate is calculated wit equation (A.7-60):

n=0.982x 0.274 0.01824 99132 = 57.6mol,

V1x0.028780% 8.3144%2 298.15

In case of a CFV flow meter, forf = 0.8 andy,r = 1.399 (see table A.7.3icry IS
equal to 0.7555; then from equation (A.7-61¢4 is obtained:

Cd:57_6\/1><0.0287805£ 8.3144 %2 298.1:50.35(
0.7555¢< 0.0182%8 99132

A.7.6.4 SSV calibration

(@) Molar based approach. To calibrate an SSW fioeter the following steps
shall be performed:

() The Reynolds numbeR€, for each reference molar flow rate, shall be
calculated using the throat diameter of the ventdri Because the
dynamic viscosity,u, is needed to computBe’, a specific viscosity
model may be used to determindor calibration gas (usually air), using
good engineering judgement. Alternatively, the hg&dand three-
coefficient viscosity model may be used to appratip:

— 4 DM mref

mix

7 0, (i

Rée' (A.7-66)

Where:

d = diameter of the SSV throat [m]
Mmix = mixture molar mass [kg/mol]

n. = reference molar flow rate [mol/s]

ref

and, using the Sutherland three-coefficient viggaaodel:
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3
T 2 LT, +S
1= | 22 | D2 (A.7-67)
To) (T, +S
Where:
p = Dynamic viscosity of calibration gas [kg /(n}-s)
Mo = Sutherland reference viscosity [kg /(m-s)]
S = Sutherland constant [K]
To = Sutherland reference temperature [K]
Tin = Absolute temperature at the venturi inlet [K]
Temp range within
Lo To S +2 per cent error Pressure limit
Gad? kg /(m-s) K K K kPa
Air 1.716 x 16 273 | 111 1700 1900 < 1800
CO, 1.370 x 16 273 \ 222 190 to 1700 < 3600
H,O 1.12x 10 350 | 1,064  360to 1500 < 10000
0, 1.919 x 16 273 \ 139 \ 190 to 2000 < 2500
N, 1.663 x 16 273 | 107 100 to 1500 < 1600
@ Tabulated parameters only for the pure gasesstesi)ishall be used. Parameters to calculatesiteof
gas mixtures shall not be combined.

Table A.7.5 — Sutherland three-coefficient visgosiodel parameters

Example:

U, =1.716x 10° kg/(niJs
To=273.11K
Tin=298.15K
S=111K

3
298.132x( 273.1% 111: 1.8378 10 kg/(m
273.1

1 =1.716x 105x(
298.15 11

Mmix = 28.7805 g/mol = 0.0287805 kg/mol
Ne =57.6mol/s

di =152.4mm=0.1524 m
Tin =298.15K

__4x0.028780% 57.6
nx0.1524x 1.8378 10

=7.537x 10

An equation forCy versusRé€’ shall be created, using paired values of
(R€, Cy). Cy is calculated according to equation (A.7-61), wi@h

(ii)
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(iii)

(iv)

v)

(vi)

(vii)

obtained from equation (A.7-62), or any mathemagepression may be
used, including a polynomial or a power series.e Td¢llowing equation
is an example of a commonly used mathematical egje for relating
Cq4 andR€"

10°
C=a-a R (A.7-68)

A least-squares regression analysis shallpbrformed to determine the
best-fit coefficients to the equation and calculatee equation's
regression statistics, the standard estimate &fE@tand the coefficient
of determination?, according to Annex A.2.

If the equation meets the criteria 8BEE< 0.5%l[M,, ., (or m....,) and

r? > 0.995, the equation may be used to deterr@in®r emission tests,
as described in A.7.4.3.(b).

If the SEEandr? criteria are not met, good engineering judgemeay m
be used to omit calibration data points to meet¢geession statistics. At
least seven calibration data points shall be usedetet the criteria.

If omitting points does not resolve outliersorrective action shall be
taken. For example, another mathematical expredsiothe Cy versus
Ré€ equation shall be selected, leaks are to be cteckehe calibration
process has to be repeated. If the process shalkepeated, tighter
tolerances shall be applied to measurements and timoe for flows to
stabilize shall be allowed.

Once the equation meets the regressioeriait the equation may be used
only to determine flow rates that are within thega of the reference
flow rates used to meet i@ versuskRe’ equation's regression criteria.

A.7.6.5. CFV calibration

Molar based approaclsome CFV flow meters consist of a single ventud an
some consist of multiple venturis, where differeombinations of venturis are
used to meter different flow rates. For CFV floweters that consist of
multiple venturis, either calibration of each ventodependently to determine
a separate discharge coefficie@t, for each venturi, or calibration of each
combination of venturis as one venture may be pewd. In the case where a
combination of venturis is calibrated, the sumha &ctive venturi throat areas
is used ag\, the square root of the sum of the squares ofthiwe venturi
throat diameters adi, and the ratio of the venturi throat to inlet deters as
the ratio of the venturi throat to inlet diametassthe ratio of the square root of
the sum of the active venture throat diametek} t0 the diameter of the
common entrance to all of the venturi®)( To determine th€y for a single
venturi or a single combination of venturis, thdldaing steps shall be
performed:

(@)

(i)

With the data collected at each calibratieh goint to an individuaCy
for each point shall be calculated using equatfii-60).
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The mean and standard deviation of all @yevalues shall be calculated
according to equations (A.2-1) and (A.2-2).

If the standard deviation of all th€y values is less than or equal
to 0.3 per cent of the me&h, then the mea@y shall be used in equation
(A.7-43), and the CFV shall be used only down ® [dwestr measured
during calibration.

r=1-(2p/p,) (A.7-69)

If the standard deviation of all th& values exceeds 0.3 per cent of the
meanCy, the Cy values corresponding to the data point collectethe
lowestr measured during calibration shall be omitted.

If the number of remaining data points issldean seven, corrective
action shall be taken by checking calibration datarepeating the
calibration process. |If the calibration processeigeated, checking for
leaks, applying tighter tolerances to measuremants allowing more
time for flows to stabilize, is recommended.

If the number of remainin@q values is seven or greater, the mean and
standard deviation of the remaini@g values shall be recalculated.

If the standard deviation of the remaini@g values is less than or equal
to 0.3 per cent of the mean of the remainiig that meanCy shall be
used in equation (A.7-43) and the CFV values omlwm to the lowest
associated with the remainii@y shall be used.

If the standard deviation of the remaini@g still exceeds 0.3 per cent of
the mean of the remaininGy values, the steps in paragraph (e) (4)
through (8) of this section shall be repeated.
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A7.7.1.

A7.7.2.

A.7.7.3.

A.7.7.4.

Annex A.7 - Appendix 2

DRIFT CORRECTION
Scope and frequency

The calculations in this section are performeddétermine if gas analyzer drift
invalidates the results of a test interval. Ifftddoes not invalidate the results of a
test interval, the test interval's gas analyzeparses shall be corrected for drift
according to this section. The drift-corrected gaalyzer responses shall be used in
all subsequent emission calculations. The accépthbeshold for gas analyzer drift
over a test interval is specified in paragraph222.

Correction principles

The calculations in this section utilize a gaslyre's responses to reference zero
and span concentrations of analytical gases, asndieted sometime before and after
a test interval. The calculations correct the gaslyzer's responses that were
recorded during a test interval. The correctiorb@&sed on an analyzer's mean
responses to reference zero and span gases, asdbased on the reference
concentrations of the zero and span gases themsseWaidation and correction for
drift shall be performed as follows:

Drift validation

After applying all the other corrections—excepftarorrection—to all the gas analyzer
signals, brake-specific emissions shall be caledlaiccording to A.7.5. Then all gas
analyzer signals shall be corrected for drift adoay to this section. Brake-specific
emissions shall be recalculated using all of th&-dorrected gas analyzer signals.
The brake-specific emission results shall be vétidaand reported before and after
drift correction according to paragraph 8.2.2.2.

Drift correction

All gas analyzer signals shall be corrected devid:
(@) Each recorded concentration,shall be corrected for continuous sampling or

for batch samplingX .
(b) Correction for drift shall be done using tleidwing equation:

2)§ - ( )%rezero-l- Xpostzer)

(A.7-70)
Xprespan+ X postspa)1_( X preze?'& X postzlr

)gdriftcor = Xrefzero+ ( Xrefspan_ X refzer)n(

Where:

Xdriftcor =CoNcentration corrected for drift [umol/mol]

Xefzero= reference concentration of the zero gas, whsctisually zero unless
known to be otherwise [pmol/mol]



(€)

(d)

(e)

(f)

()]

Xrefspan
Xorespan

Xpostspan
% or X

Xprezero

Xoostzero =

Example:

Xrefzero
Xrefspan
Xprespan
Xpostspan
Xj or X
Xprezero

Xpostzero

)gdriftcor =0+ (18000— Q

ECE/TRANS/WP.29/2009/120
page 233

reference concentration of the span gas [pnud)/m

pre-test interval gas analyzer response tgpla@ gas concentration
[umol/mol]

post-test interval gas analyzer response to #pan gas
concentration [umol/mol]

concentration recorded, i.e. measured, duresg, tbefore drift
correction [pumol/mol]

pre-test interval gas analyzer response ta¢he gas concentration
[umol/mol]

post-test interval gas analyzer response to #e®o gas
concentration [umol/mol]

= 0 pmol/mol
=1800.0 pmol/mol
= 1800.5 pmol/mol
= 1695.8 pmol/mol
= 435.5 pmol/mol
= 0.6 pumol/mol

= — 5.2 pmol/mol

2x435.5-( 0.6+(~ 5.))

(1800.5+ 16953-( 0.6(- 5]} 450.gmol/mol

For any pre-test interval concentrations, emt@tions determined most
recently before the test interval shall be usedr d8me test intervals, the most
recent pre-zero or pre-span might have occurredrbéaine or more previous
test intervals.

For any post-test interval concentrations, cemtrations determined most
recently after the test interval shall be usedr deone test intervals, the most
recent post-zero or post-span might have occurriéedr @ne or more
subsequent test intervals.

If any pre-test interval analyzer responsthéospan gas concentratiofespan

is not recordedxyrespanshall be set equal to the reference concentratighe
Span gaSXprespan= Xrefspan

If any pre-test interval analyzer responsehi® zero gas concentratioyezero

IS not recordedxyrezeroShall be set equal to the reference concentratidhe
Z2€r0 gaSXprezero= Xrefzero

Usually the reference concentration of theozeyas, Xefern IS Z€ro:
Xrefzero= 0 pmol/mol. However, in some cases it mightkbewn thatxetzero
has a non-zero concentration. For example, if a &@@lyzer is zeroed using

ambient

air, the default ambient air concentratioh CO, which

is 375 pmol/mol, may be used. In this caggsero= 375 umol/mol. When an
analyzer is zeroed using a non-z&f&.ero the analyzer shall be set to output
the actualketero cONcentration. For example, Xferzero = 375 pmol/mol, the
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analyzer shall be set to output a value of 375 ymumllwhen the zero gas is
flowing to the analyzer.
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Annex A.7 — Appendix 3

EXAMPLE OF CALCULATION PROCEDURE

Example 1: Gaseous emissions from a Cl engine ruimg on a diesel fuel — Raw
gas, steady-state discrete-mode test (8-mode cyofeAnnex A.1.1.(a))

The measurement data of an 8-mode test cycle ardosvn below. In this
example, CO, CQ and NOy are measured on a dry basis, HC on a wet basis.
Detailed calculations are carried out for mode 1, wile for the others only
results are given. At the end, emission results adihed with molar based
calculation approach are compared with mass basednession calculation of
Annex A.8 — Appendix 3.

Measured values Units Mode |Mode [Mode |Mode |Mode |Mode |Mode [Mode
1 2 3 4 5 6 7 8

INTAKE AIR
Total barometric [kPa]
pressure Pabs 101.300101.300101.300101.300101.300101.300101.300101.300
Relative
humidity of [%0]
intake air RH% 54.00 |[54.00 | 54.00 | 54.00| 54.00 54.00 54.00 54.00
Temperature of °C]
intake air Tintair 25.00 |25.00 | 25.00| 25.00/ 25.00 25.00 2500 25.00
Air mass flow | Mhinver |[kg/h] 966.11 | 924.74| 815.64 484.77 803.51 719/52 573.5%.334
FUEL
H/C ratio a - - 1.8529 [ 1.8529| 1.8529 1.8520 1.8529 1.8529 1.8528529.
O/C ratio B - - 0 0 0 0 0 0 0 0
SIC ratio y 0.0002 | 0.0002| 0.0002 0.000R 0.0002 0.0002 0.000200Q.
Fuel mass flow | Mue  |kg/h] 37.79 |3056 | 21.86| 7.33 | 37.29 28.18 19.55 1.67
MEASURE-
MENTS
Temperature of °C]
cooling bath Tcooler 464 |464 | 464 | 464 | 464 | 464 464 4.64
CO dry COugry |[umol/mol] [56.00 [59.00 | 66.00 | 86.00] 98.00 73.00 74.00 47.00
NO, dry NOyqry |[Umol/mol]  423.00 | 268.00| 179.00 140.0p 507.00 396/00 291.0@.020

[umol/mol
HC wet HC et |C1] 46.00 |123.00| 106.00 154.00 102.00 107/00 119119.00
CO, dry COyqgry|[mol/imol]  [0.0861 | 0.072 | 0.0579 0.030p 0.101 0.084 0.0718 6.0R1
0, dry Oogry |[mol/mol]  [0.124 |0.1381| 0.1527 0.1794 0.109 0.12p 0.1382 6.1188
TEST
CONDITIONS
Air to fuel ratio  |A - 176 |2.08 | 257 | 455 | 1.48 176 | 2.02| 5.99
Engine Power |P [kw] 161.00 | 121.60| 81.10| 16.40| 167.20 12550 83.J0 5.00
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Step 1: Ambient air and fuel parameters (paragraphA.7.1.)

Dry intake air density = 1.293 kg/ni with Xozinary = 0-209445mol/mc and
Xcozinary = 0-000375mol/mc.

_ RH%[p,,, _ 0.54x 3168.9

A.7-4): =0.01689 mol/ma
( )" a0 Paoe 101300
M., = 12.0107 1.00794 1.8529 32.065 0.0602 13.88fd/
W, = aM, _ 1,852% 1.0079 0.1345/c
M. 13.885
W = 1D\/|C:1x12.0107:0_865g/g
M.,  13.885
w = y Mg _ 0.0002x 32.065:0.00059/9
M. 13.885
W, =w, =0

Step 2: Chemical balance (paragraph A.7.2.)
Step 2.1: Input data

Xcomeas= 0-0861mol/mo (on dry basis); X ,ocommeas— 0-0087 mol/mo
Xcomeas=56% 10° mol/mo (on dry basis); X.,ocomess= 0-0087 mol/mo

Xnoxmess= 423% 10° mol/mo (on dry basis); Xomess= 0-85X
Xoonoxmeas— 0-0087 mol/mo

NOxmese

Xrnemeas = 0-000046 mol/mc (on wet basis)
Xio0ine = 0-01689 mol/mo;  X,,o4 = 0.01689 mol/me

Xoaintary = 0-209445mOI/MC; X1y = 0000375 mol/me

Xcozdiay = 0-000375mol/mc; a=1.85-]; B=0[-]; y=0.0004-]
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Step 2.2: Basic calculation

XCOmeas
1_ XHZOCOmeas 1_ 00087

(A7-22) Xeogy =

XCOZmeas

XCOZdry -
1- X 20c02meas

(A.7-23):
1-0.008

_ 0.000056_

__0.0861

56.49% 10° mol/mo

7: 0.0868556 mol/mc

XNo2meas - XNOxmeas[ql_ 083 - 423x 10° x (1— 085

A.7-25): =
( ) oz 1= Xzon02meas 1= X paonoxmeas 1- 0.0087
=64.01x 10° mol/mol
6
(A7-24): X,y = ——0mess = 42310 * 0.85_ 362 7% 10° mol/mc
1_ XHZONOmeas 1_ 00087
(A.7-19): Xipoimiary = Xoom - _0.01689 =0.01718mol/mo
1-Xpor 1-0.01689
(A.7-21): Xppoiary = X0 - 0-01089 =0.01718mol/mo
1-Xppoq  1-0.01689
(A.7-18): Xeopy = Xeomnary _ 0.000375_ ) 531 3687mame
1+ XHZOintdry 1+ 00172
.7-20): = My = =0mol/mo
A.7-20): Xcopi Xcozdiary O - omolimol
1+ Xi20dildry 1+0
) - Xrs.
(A.7-17): Yoy = Yoz ~ Xcoamay _ 0-209445 0.000373 555 38741/mc
1+ X iy 1+0.01718
Step 2.3: Guessed parameters

+ XHZOdiI_

XHZOexh = XHZOint

XTHCmeas X

THCmeas —

0.016892 G= 0.016892mol/m

46[10°

(A.7-26): Xrpcar

1- X120 THCmeas 1-x H20ex

1- 0.03378

h

Xccombary = Xcozdryt X couyt X rhcan= 0-086958 mol/mc

Xyiexn = 0 Mol/mol

=0.00004761mol/mc
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Step 2.4: First iteration

. — Xdil/exh — O =
A.7-14): X = = =0 mol/mol
( )" Xiivexnary 1= X o 1~ 0.016892
(GD.A.7-15a):
Kl 82529 0+2+ oj(segser 47.61-( 56 363 X 93}“ Bl
Kntrexnary = 2x0.205538

=0.619677 mol/mol

1.8529
(A.7-13): Xi20exhdry = (86958— 47. 6)_>< 15+ 8 ® 0.0160 0.619¢€

=0.090944 mol/mol

(GD.A.7-16a):

X awexhry = 2{(182529 )(86958— 47.61+( * 47.64 57 ﬂax e 0.619¢

=0.659958 mol/mol

Step 2.5: Initial (first tentative) guessed paramiers

Xizoexnay __ 0.09044 o sonnes o olime

A.7-11): =
( ) Xzoea 1+ X posmay 1+ 0.0.09044

(A.7-12): Xccombary = (86855.6+ 57 47.6¢ ® © 0.000389 6196%7
=0.086733mol/mol

(A.7-10): X0 =1- Xawexnay _ 1 0699958 _ 395467 molme
1+ Xpoemay 1+ 0.09044

Step 2.6: Second iteration

Xiivexh  — 0.395057 =0.430985mol/mc
~Xipoen 1~ 0.083362

(A.7-14): Xiiltexhdry — 1

6
(A.7-26): Xricay = XrHcmeas  — X THcmeas — 47.61x 10

1= XiporHemeas 1™ Xppoen 1~ 0.0834

=50.17x 10° mol/mo
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(GD.A.7-15a):
{(1'82529+2+2)(86733— 50.1y-( 56 363 X 93}* bl
Kawexnary = 2x0.205538

=0.618051mol/mol

(A.7-13);

xHZOexde:%‘r’zg(sﬁna— 50.17x 10+ 8 0.430985 0.0168924 0.61¢

=0.090705 mol/mol

(GD.A.7-16a):

&awlexhdrﬁ%{(@ﬂ(sema— 50.17+( 2 5t 56 @%X 10+ 0.618(

=0.658229 mol/mol

(A.7-11): X pours = Xezosnay 0090705 _ has1 65 molme
1+ X p0enay 1+ 0.090705

(A.7-12):
Xccompary = (86855.6+ 56- 50.17 ® 0.430985 0.000375 0.613850°

=0.086734 mol/mol

(A?-lO) Xd”/exh =1- Xraw/exhdry =1- 0.658229 =0.3965 09mol/mc

1+ Xpoonay 1+ 0.090705

Step 2.7: Third iteration

(AT-14): Xy = St = 9396509 _ g 3 426 motimo
1= X0  1-0.083162
6
(A.7-26): Xrucay = Xrycmess = Xrvcmess - 46%10 =50.172 10° mol/mc

1= Xpotcmeas 1™ X hzoexn 1~ 0.0832

1'8529+2j(86734— 50.1-( 56 363 ® %u T

(GD.A7-158): Xyyexpary = { 2x0.205538

=0.618055mol/mol
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(A.7-13):

1.8529

tzoexhdrsz(86734— 50.17x 10+ © 0.4324%5 0.01K8 0.618

=0.0907 05mol/mol

(GD.A.7-16a):

&aw,ethwzé{(%gj(%B& 50.17+( & 50.1¥ 56 6}& To-  0.618(

=0.658234 mol/mol

(A.7-11): X poors = Xizosmay 0090705 _; (1531694 molime

1+ Xp0exnay 1+ 0.090705

(A.7-12):

XcC0mbdry:(86855-6" 56- 50.17 ® 0.432475 0.000375 0.61§858°

=0.086734 mol/mol

(A?-lO) Xd“/exh:l_ Xraw/exhdry =1- 0.658234 =0.396505 mol/mc

1+ Xp00xndry 1+ 0.090705
After three iterations:
Mode

[mol/mol] 1 2 3 4 5 6 7 8
XH20exh 0.083162| 0.070511] 0.056950 0.0312p2 0.096197 0138130.070343| 0.02228
XCcombdry 0.086734 | 0.072633 0.057830 0.031083 0.101831 0@E470.072442| 0.02190
Xdil/exh 0.396505 | 0.488442 0.586925 0.772910 0.301892 020990.489634| 0.83798
XH20exhdry | 0.090705| 0.08482| 0.060389 0.0323p3 0.106436 0.08850.075666| 0.02279
Xint/exhdry 0.618055| 0.516657 0.411166 0.219940 0.725195 0ZD300.515360| 0.15549
Xraw/exhdry 0.6582 | 0.550365 0.43802D 0.234426 0.772412 0.64230648983| 0.16570

Step 3: Molar exhaust flow rate (paragraph A.7.3.3
Measured:

g, = Moy + Mo = 966.11kg/M+ 37.79kg/h=1003.9kg/h=1008.9° 1

Calculated on the basis of intake molar flow rate:

airwet

M, =M, =28.9655%( + 0.0168% 18.01528 0.01¢
(A.7-65): mix ( g
= 28.7806393g/mol

N s WO FE O
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_966.11kg/Mx 10009/Kg aacea o5 molt

" 28.7806393g/mol

(A.7-36): 1., = 33568.05 =34845.49 mol/l

(0.618055- 0.658p
+
(1+0.09070%

Calculated on the basis of fuel mass flow rate:

. 37.79%< 1006 0.868( £ 0.099%6
(A.7-37): Ny, = =34413.12mol/t
12.0107 0.08696

Calculated from the intake and the fuel molar flows, but considering also the
moles generated in the combustion proce$gombpius:

nexh = nintair + r-]fuel |:h(:ombplu

. o Myet . Mg [éé' a ﬁj _966.11 37.79% 0 1.8529 }
nexhwet_ + —+—+— = + —+ F_— i
M_. M 2 4 2 28.78063 13.88% 2 4 f

mix fuel

=34823.78mol/h

Calculated on the basis of molar mass of exhaustavequations (GD.A.7-9c) or
(GD.A.7-9d); here the Mexn is that obtained in Annex A.8 — Appendix 3 /

example 1:
h, = Mo _1003.9¢10 9N 500 20
M., 28.828g/mol
Mode
[mol/h] 1 2 3 4 5 6 7 8

Neyrwet 34823.78 | 33149.73% 29068.872 17088.062 29161/95M3X87 | 20580.27| 5105.26

Step 4: Correction of concentrations (paragraph A7.2.)

6
Xco __56x10° _ 51.794x 10° mol/mc
1+ Xpoexnay 1+ 0.090705

XCOwet =

Xor - 00861 _ 5296325 molime

Xcozuet =7 Xepoenay 1+ 0.090705
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X 426x 10°

Xoxmet = o> S =391.22¢< 10° mol/mc
1+ X20exnay 1+ 0.090705
Mode

[mol/mol] 1 2 3 4 5 6 7 8
Xcowet | 0.000051 | 0.000056| 0.000062 | 0.000084  0.000089  06¥0P0.000069 | 0.000046
Xcoowet | 0.079632 | 0.067511| 0.054511| 0.029903  0.092085  O4B/[/®.067335 | 0.021303
XHcwet | 0.000046 | 0.00012 | 0.00011 0.00015 0.00010 0.0001100002 0.00012
XNOxwet | 0.000391 | 0.00025 | 0.00017 0.000136]  0.000462  0.00p6000273 | 0.000205]

NOy molar fraction corrected for intake air humidity:
(A.7-27): Xyoxeor = 0.00039122( 9.958 0.01689 0.893-2 0.0004303mol

Step 5: Molar flow rate of gaseous emissions (pageaph A.7.3.)

(A.7-31):
Meoner = M o e X cone= 28.005¢ 34823.78 0.000051 50.5176g/h
Meoe = M cotM el X connes 43.99% 34823.78 0.0796325 12202.954¢

Myower = Mue T, e Kuoue= 13.885¢ 34823.78 0.000046 22.2452g/h

Myomwet = M nox Mextwet X noxwetcor— 46-010x 34823.78 0.0004363 689.6931
Mode
[o/h] 1 2 3 4 5 6 7 8
Meowet | 50.5176 51.3579 51.1137 40.2174 72.9704 49.1460 9938. | 6.6276
Meozwet | 122029.5 | 98467.87| 69720 22483 1181542  88849.8 6097 | 4785.4
Mhcwet | 22 2452 56.6149 42.7839 36.5392 41.3012 38.5387 0034. | 8.4355
Muowet | 627.0012 | 383.3214| 22778211  107.5765  620.3004  488.06 258.4466 | 48.1945

Step 6: Specific gaseous emissions (paragraph A1)

Gaseous emissions are calculated according to egjoa (A.7-52) in the same
way as in Annex A.8 — Appendix 3.

Comparison between emission values obtained via hao based calculation and
mass based calculations:

Molar based Mass based A%
CO,[g/kWh]  [774.926 768.353 —-0.85
COJ[g/kWh] 0.467 0.463 —0.86
HC[g/kWh] 0.365 0.365 0
NO,[g/kWh] |3.546 3.516 —0.85
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Annex A.8

MASS BASED EMISSION CALCULATIONS

A.8.0. Symbol conversion
A.8.0.1. General symbols
Annex 8| Annex 7 Unit Quantity
b, Do & t.b.d® y intercept of the regression line
m a t.b.d® Slope of the regression line
AlF - Stoichiometric air to fuel ratio
Cq Cq - Discharge coefficient
c X ppm, % vol | Concentration (umol/mol = ppm)
Cq ) ppm, % vol | Concentration on dry basis
Cw S ppm, % vol | Concentration on wet basis
Co b ppm, % vol | Background concentration
D Xdil - Dilution factof
Do m>/rev PDP calibration intercept
d d m Diameter
dy m Throat diameter of venturi
e e g/kWh Brake specific basis
€gas €gas o/kWh Specific emission of gaseous components
€pm €pm g/kWh Specific emission of particulates
E 1-PF per cent Conversion efficienci?lt = Penetration fraction)
Fs - Stoichiometric factor
fe - Carbon factor
H o/kg Absolute humidity
Kv [(\/R Tn® IE) /ng CFV calibration function
ke m°/kg fuel Fuel specific factor
Kn - Humidity correction factor for NE) diesel engines
Kor kor - Downward adjustment factor
K K - Multiplicative regeneration factor
kur kur - Upward adjustment factor
Kw.a - Dry to wet correction factor for the intake air
Kuw,d - Dry to wet correction factor for the dilution air
Kw.e - Dry to wet correction factor for the diluted exisa
gas
K, r - Dry to wet correction factor for the raw exhagas
i s} Pa-s Dynamic viscosity
M M g/mol Molar mas¥’
M, b g/mol Molar mass of the intake air
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Annex 8 Annex 7 Unit Quantity
Me & g/mol Molar mass of the exhaust
Mgas Mgas g/mol Molar mass of gaseous components
m m kg Mass
Om m kgls Mass rate
My ) kg Mass of the dilution air sample passed throingh t
particulate sampling filters
Med ) kg Total diluted exhaust mass over the cycle
Medt &) kg Mass of equivalent diluted exhaust gas ovetdbe
cycle
Mew @ kg Total exhaust mass over the cycle
Iy & mg Particulate sample mass collected
M g ) mg Particulate sample mass of the dilution airemitd
Myas Myas g Mass of gaseous emissions over the test cycle
Mem Mem g Mass of particulate emissions over the test cycle
Mee & kg Exhaust sample mass over the test cycle
Meed &) kg Mass of diluted exhaust gas passing the dilution
tunnel
Msep ) kg Mass of diluted exhaust gas passing the paatieu
collection filters
Mssg kg Mass of secondary dilution air
n fa min™ Engine rotational speed
Np r/'s PDP pump speed
P P kwW Power
p p kPa Pressure
Pa kPa Dry atmospheric pressure
Po kPa Total atmospheric pressure
Pd kPa Saturation vapour pressure of the dilution air
Pp Pabs kPa Absolute pressure
Pr PH20 kPa Water vapour pressure
Ps kPa Dry atmospheric pressure
1-E PF per cent Penetration fraction
Qmmad m® kgls Intake air mass flow rate on dry basis
Omaw b kg/s Intake air mass flow rate on wet basis
Omce ) kgls Carbon mass flow rate in the raw exhaust gas
et ) kgls Carbon mass flow rate into the engine
Omcp & kgl/s Carbon mass flow rate in the partial flow tido
system
Omdew @ kgl/s Diluted exhaust gas mass flow rate on wetsbasi
O b kg/s Dilution air mass flow rate on wet basis
Omedt ) kgls Equivalent diluted exhaust gas mass flow cate
wet basis
Omew ) kg/s Exhaust gas mass flow rate on wet basis
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Annex 8| Annex 7 Unit Quantity
Omex ) kg/s Sample mass flow rate extracted from dilution
tunnel
O ) kg/s Fuel mass flow rate
Op S kgls Sample flow of exhaust gas into partial flow
dilution system
Qv v ms3/s Volume flow rate
auevs & ma/s CVS volume rate
Qvs b dm3/min System flow rate of exhaust analyzer system
vt S cm3/min Tracer gas flow rate
0 0 kg/m?3 Mass density
Pe kg/m3 Exhaust gas density
rq DR - Dilution ratid®
RH per cent Relative humidity
o S m/m Ratio of diameters (CVS systems)
rp - Pressure ratio of SSV
Re Ré - Reynolds number
o o - Standard deviation
T T °C Temperature
Ta K Absolute temperature
t t S Time
At At S Time interval
u - Ratio between densities of gas component and
exhaust gas
Vv Vv m° Volume
Qv vV m’/s Volume rate
Vo m°/r PDP gas volume pumped per revolution
W W kwWh Work
Wact Wact kWh Actual cycle work of the test cycle
WF WF - Weighting factor
w w a/g Mass fraction
Xo Ks slrev PDP calibration function
y y Arithmetic mean

(1)  See subscripts; e.gh,, for mass rate of dry aiffi,, for fuel mass rate, etc.

(2) Dilution ratiory in Annex 8 andDR in Annex 7: different symbols but same meaning sawhe equations.
Dilution factorD in Annex 8 andxy in Annex 7: different symbols but same physicalnirg; equation
(A.7-47) shows the relationship betwegnpandDR.

(3) t.b.d.=to be defined
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A.8.0.2.  Subscripts

Annex 8” | Annex 7 Quantity

act act Actual quantity

i Instantaneous measurement (e.g.: 1 Hz)

i An individual of a series

Q) In Annex 8 the meaning of subscript is deteediby the associated quantity; for example, thecift "d"
can indicate a dry basis as i '= concentration on dry basis", dilution air as'py = saturation vapour
pressure of the dilution air" oky 4 = dry to wet correction factor for the dilutiorr'aidilution ratio as in fy".

A.8.0.3. Symbols and abbreviations for the chensocahponents (used also as a subscript)

Annex 8 Annex 7 Quantity
Ar Ar Argon

Cl Cl Carbon 1 equivalent hydrocarbon
CH, CH, Methane

C,Hs C,Hg Ethane

CsHsg CsHs Propane

CO CO Carbon monoxide

CO, (e{e)) Carbon dioxide

DOP DOP Di-octylphthalate

HC HC Hydrocarbon

H,O H,O Water

NMHC NMHC Non-methane hydrocarbon
NO, NO, Oxides of nitrogen

NO NO Nitric oxide

NO, NO, Nitrogen dioxide

PM PM Particulate matter

S S Sulphur

A.8.0.4. Symbols and abbreviations for the fuel position

Annex 8" Annex 79 Quantity

we? we? Carbon content of fuel, mass fraction [g/g] or [pent mass]
Wy Wy Hydrogen content of fuel, mass fraction [g/g] cefgent mass]
Wy Wy Nitrogen content of fuel, mass fraction [g/g] oefgent mass]
Wo Wo Oxygen content of fuel, mass fraction [g/g] or [pent mass]
Ws Ws Sulphur content of fuel, mass fraction [g/g] orrpent mass]

o a Atomic hydrogen-to-carbon ratio (H/C)

€ B Atomic oxygen-to-carbon ratio (O/€)

y y Atomic sulphur-to-carbon ratio (S/C)

0 0 Atomic nitrogen-to-carbon ratio (N/C)

1) Referred to a fuel with chemical formula {3N,;S,

(2)  Referred to a fuel with chemical formula {E4S,N;

(3)  Attention should be paid to the different meanof symbolp in the two emissions calculation annexes: in
Annex 8 it refers to a fuel having the chemicahiata CHSN,O, (i.e. the formula ¢H,SN;O, wherep = 1,
assuming one carbon atom per molecule), while imeXn7 it refers to the oxygen-to-carbon ratio with
CH,OsS,N;. Theng of Annex 7 corresponds toof Annex 8.

(4)  Mass fractiow accompanied by the symbol of the chemical compioaga subscript.
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Basic Parameters

Dry air

Assuming no compressibility effects, all of the gas involved in the engine
intake/combustion/exhaust process can be considereid be ideal and the
volumetric calculations given hereafter are basedrothat assumption. Hence
according to Avogadro's hypothesis, they each occyi22.414 I/mol.

The gas densitypyas [0/1] is calculated from the basic data molar massVigas
[g/mol] and molar volume MVgas [I/mol]:

M
=—% GD.A.8-0a
Pgas 22.414 ( )

Where:
Mgasis the molar mass [g/mol]

For dry intake air, the following composition is asumed:

Volumetric .
. Mass fraction
Gas fraction [0/d]
[mol/mol] 9'g
N, 0.78084 0.7551
0, 0.209445 0.2315
Argon 0.00934 0.0128
CO, 0.000375 0.0006
Inert gases 0.7905 0.7685

Table 1 of A.8. Dry air composition

The following dry air parameters are assumed:

M., = 28.96559g—| - 28.97iI P =1.293‘~|3 at 273.14 K and 101.325 kPa
mo mo

Wet air

The saturation vapour pressurep, [Pajas a function of the temperaturerl, [K] is
calculated by using the following equation or any ther valid equation:

-12.1507990IM, - 8499.2X 72— 7423.186H '+ 96.1635%47 0.024917546

p, =exp +(-1.3160118 18[T,?)- 11460484 f0r’+ 2.1701289 'IW,‘+

+(-3.610258 10°[T,°)+ 3.8504520 16T,°- 1.4317 “foT,’
(GD.A.8-0b)
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The air humidity H [g H,O/kg dry air] may be derived from relative humidity
measurement, dew point measurement, vapour pressureneasurement or
dry/wet bulb measurement using generally acceptedqgeations. The generally
accepted equations for the intake air humidityH, as well as the dilution air
humidity Hg are calculated as a function of vapour pressure, [Pa] / relative
humidity RH, [%] and pq[Pa] / RH4[%] respectively as follows:
621.8ElmE|oa 621.8[4%[1)(,
H, = 100 v H, = 100 v (GD.A.8-0c)
—_ ! I a —_ d
Po = Pa 100 Pp = Pa 100

Where:
pp is the atmospheric pressure [Pa]
Basic data for stoichiometric calculations
Atomic mass of hydrogen AWy = 1.00794 g/atom
Atomic mass of carbon AW¢ = 12.011 g/atom
Atomic mass of sulphur AWs = 32.065 g/atom
Atomic mass of nitrogen AWy = 14.0067 g/atom
Atomic mass of oxygen AW, = 15.9994 g/atom
Atomic mass of argon AW, = 39.9 g/atom
Molar mass of water Mu20 = 18.01534 g/mol
Molar mass of carbon dioxide Mcoz = 44.01 g/mol
Molar mass of carbon monoxide Mco = 28.011 g/mol
Molar mass of oxygen Mo, = 31.9988 g/mol
Molar mass of nitrogen Mnz = 28.011 g/mol
Molar mass of nitric oxide Mno = 30.008 g/mol
Molar mass of nitrogen dioxide Mno2 = 46.01 g/mol
Molar mass of sulphur dioxide Mso2 = 64.066 g/mol

Molar mass of dry air Mair = 28.965 g/mol

Fuel properties

The chemical formula of the fuel can be written asCgHSNLO, with

H (hydrogen), C (carbon), S (sulphur), N (nitrogen)and O (oxygen). Assuming
B= 1, the fuel composition dataa, B, y; dand € are defined as the molar ratios of
H, C, S, N and O related to C; the chemical formulaof the fuel becomes
CiHSNLO;, related to one carbon atom per molecule. The refian to one
carbon atom per molecule is used, because the rearbon atom number per an
average fuel molecule is not known with real fuelsThe conventional molecular
mass M [g/mol] of an average fuel molecule CESNLO, and the fuel
composition dataa, B, y; dand £ can be calculated as follows:

Mo = aAW, + SOAW + yOAW+ O O AW+ e AY (GD.A.8-0d)



A.8.1.1.

ECE/TRANS/WP.29/2009/120
page 249

azm; 13:1; y= WS/AV\é . JZWN/AV\(\' X EZWO/AV\E (GDA8'0€)

W,/ AV We/ AW T W /AW T we/ AW
W, = a CAW, 100 W, = BTAW, (100 W= y CAW, (100 W, = o AW, [100
M fuel M fuel M fuel M fuel
w, = £ AV (100 (GD.A.8-0f)
|vlfuel
Where
a = molar hydrogen to carbon ratio (H/C) [-]
B = molar carbon to carbon ratio (C/C) [-]
y = molar sulphur to carbon ratio (S/C) [-]
o = molar nitrogen to carbon ratio (N/C) [-]
£ = molar oxygen to carbon ratio (O/C) [-]
AWy = atomic mass of hydrogen [g/mol]
AWc = atomic mass of carbon [g/mol]
AWy = atomic mass of nitrogen [g/mol]
AWy = atomic mass of oxygen [g/mol]
AWs = atomic mass of sulphur [g/mol]
Mue = conventional molecular mass of fuel characterizeby CHSNLO,
[g/mol]
W = hydrogen content of the fuel [per cent mass]
wec = carbon content of the fuel [per cent mass]
Ws = sulphur content of the fuel [per cent mass]
Wi = nitrogen content of the fuel [per cent mass]
Wo = oxygen content of the fuel [per cent mass]

Determination of methane and non-metha@ecbhcentration

The calculation of NMHC and CHdepends on the calibration method used. The
FID for the measurement without NMC, shall be aalied with propane. For the
calibration of the FID in series with NMC, the fmNing methods are permitted.

(a) calibration gas — propane; propane bypasses,NMC

(b) calibration gas — methane; methane passesghidivC

The concentration of NMHCc{mnc [-]) and CH, (Ccha [-]) shall be calculated as
follows for (a):

_ Chcmme) ~ Gucuionme) Eﬂl‘ ECZHG)
C
NMHC —
RFCH4FI’HC-FID] E@ Econe ~ ECH4)

(A.8-1a)
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A.8.2.
A.8.2.1.

A.8.2.1.1.

Cricwionmc) Eﬂl‘ ECH4) ~ Chcwinmve)

CCH4 (A.8-28.)

EC2H6 - ECH4

The concentration of NMHC and Gldhall be calculated as follows for (b):

_ Chcwionmo) Eﬂl— ECH4) ~ Chcwinmvo) DRFCH4[THC-F|D][GJ-_ ECH4)

CNMHC - (A.8-1b)
Econe ~ Echa
_ Chicownme) ERFCH4[THC—FID] Eﬂl— ECH4) - CHC(w/oNMC)[ql_ ECZHQ)
Cena = (A.8-2b)
RFCH4FI’HC-FID] [Q EczHe - ECH4)
Where:
CHC(W/NMC) = HC concentration with sample gas flowing thrioutdpe NMC
[Ppm]
CHC(W/ONMC) = HC concentration with sample gas bypassind\k [ppm]
RFcHarie-Fipp = methane response factor as determined in @gpla@.1.10.1.4. [-]
Echa = methane efficiency, as determined in paragéapHl0.3. [-]
Econs = ethane efficiency, as determined in parag@&fil0.3. [-]

If RFchatHe-rip) < 1.05, it may be omitted in equations A.8-1a,-AtBand A.8-2b.

NMHC (non-methane hydrocarbon) emissions can Ipecxpnated as 98 percent of
THC (total hydrocarbon).

Raw gaseous emissions

Gaseous emissions
Steady state tests
The emission rate of a gaseous emissiggs; for each mode of the steady state test

shall be calculated. The concentration of the @asemission shall be multiplied by
its respective flow:

qrrgasi = khEk[Ugaéjqn ew,DC gasl,:BGOO (A8'3)

Omgasi = €emission rate in modeof the steady state test [g/h]

k = 1 for Gasrw,iin [ppm] andk = 10,000 for gasrw,iin [per cent vol]

kn = NGO correction factor [-], only to be applied for th¢O, emission
calculation (see paragraph A.8.2.2.)

Ugas = component specific factor or ratio between dmssof gas component

and exhaust gas [-]; to be calculated with equat{@n8-12) or (A.8-13)
Omewj = e€Xxhaust gas mass flow rate in mooda a wet basis [kg/s]
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Cgasi = emission concentration in the raw exhaust gasadei, on a wet basis
[ppm] or [per cent vol]

Transient and ramped modal cycles tests
The total mass per test of a gaseous emissiggn[gitest] shall be calculated by

multiplication of the time aligned instantaneous@entrations and exhaust gas flows
and integration over the test cycle according &ftlowing equation:

1 N
rTl;as = T D(h Ek[ugasq_;, ( a, ew,DCgais) (A.8-4)

Where:

f data sampling rate [Hz]

kn NGO, correction factor [-], only to be applied for tH¢Ox emission
calculation

k = 1 for Gasrw,iin [ppm] andk = 10,000 for gesrw; in [per cent vol]

Uas = component specific factor [-] (see paragrapB.2A4.)

N = number of measurements [-]

Omew; = Instantaneous exhaust gas mass flow rate et asis [kg/s]

Cgasi = Instantaneous emission concentration in the eakhaust gas, on a wet

basis [ppm] or [per cent vol]

The following chapters show how the needed quastiyasi, Ugasandgmew;) shall be
calculated.

Dry-to wet concentration conversion
If the emissions are measured on a dry basisméresured concentratiag on dry

basis shall be converted to the concentratipron a wet basis according to the
following general equation:

c, =k, [& (A.8-5)
Where:

ke = dry-to-wet conversion factor [-]

Ci = emission concentration on a dry basis [ppniper cent vol]

For complete combustion, the dry-to-wet converdiactor for raw exhaust gas is
written asky a[-] and shall be calculated as follows:
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1.24427H_ + 11110, o
1- Orvagj
773.4+ 1.2442H, + ™[k (1100
Ko = - (A.8-6)
Py
Where:
Ha = intake air humidity [g BD/kg dry air]
Oni = Instantaneous fuel flow rate [kg/s]
Omadj = Instantaneous dry intake air flow rate [kg/s]
pr = water pressure after cooler [kPa]
Po = total barometric pressure [kPa]
wy = hydrogen content of the fuel [per cent mass]
ke = combustion additional volume ffirg fuel]
with:
k, =0.0555940W, + 0.0080020w, + 0.007004%, (A.8-7)
Where:
wy = hydrogen content of fuel [per cent mass]
Wy = nitrogen content of fuel [per cent mass]
Wo = oxygen content of fuel [per cent mass]

In the equation (A.8-6), the ratip,/ p, may be assumed:

1

5
Py

For incomplete combustion (rich fuel air mixturem)d also for emission tests
without direct air flow measurements, a second woetlof ky, calculation is

=1.008 (A.8-8)

preferred:
: -k,
_1+aM.005(c.q, +Ceo) ™ (A.8-9)
a 1_&

Py
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Where
Ccoz = concentration of CL4n the raw exhaust gas, on a dry basis [per oaliht v
Cco = concentration of CO in the raw exhaust gasa dry basis [ppm]
pr = water pressure after cooler [kPa] (see equdfAds9))
pp = total barometric pressure [kKPa] (see equatho8-0))
a = molarto carbon hydrogen ratio [-]
kvi = intake air moisture [-]

_ 1.608MH,
" 1000+ 1.608H,

(A.8-10)

NQ correction for humidity and temperature

As the NQ emission depends on ambient air conditions, the d¢@centration shall
be corrected for ambient air temperature and huynwiith the factors, [-] given in
the following equation. This factor is valid forhamidity range between 0 and
25 gy20/kg dry air.

_15.699H

N 2+0.832 (A.8-11)
1000
Where:
Ha= humidity of the intake air [g ¥D/kg dry air]

Component specific factar
Tabulated values

Applying some simplifications (assumption on thevalue and on intake air
conditions as shown in the following table) to #wuations of paragraph A.8.2.4.2.
figures forugss can be calculated (see paragraph A.8.2.1.). uflgalues are given
in table A.8.1.

Gas NQ (6{0) HC CQ O, CH,
Oyas[kg/m?] 2.053 1.250 0.621 1.9636 | 1.4277 | 0716
FUEL o CoefficieniysatZ = 2, dry air, 273 K, 101.3 kPa
Diesel 12939 | 0001587 | 0.000966 | 0.000479]  0.001418001a03 | 0.000553

Table A.8.1 — Raw exhaust gasand component densities (thefigures are
calculated for emission concentration expresseipm).
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A.8.2.4.2. Calculated values

The component specific factang.s; can be calculated by the density ratio of the
component and the exhaust or alternatively by theesponding ratio of molar

masses:

Ugest =M 5o (M ,11000) (A.8-12)
or

Ugesi = P gad (0 £[1000) (A.8-13)
Where

Mgas = molar mass of the gas component [g/mol]

Me; = instantaneous molar mass of the wet raw extgassfg/mol]

Pgas = density of the gas component [kdlrtsee equation GD.A.8-0a)

Pej = instantaneous density of the wet raw exhaus{lgs

The molar mass of the exhausl,; shall be derived for a general fuel composition
CH,ONsS, under the assumption of complete combustion, ésvel

1+M
Mei = quYI -3
a £ O H, 10 L1
O 271 , 2x1.00794 15.9994 M,
Oew; 12.00k 1.00794 + 15.9994+ 14.00@+  32.0085 +H, 0 210
(A.8-14)

Where:

Oni = instantaneous fuel mass flow rate on wet Hagis]

Omawj = Iinstantaneous intake air mass flow rate onbasts [kg/s]

a = molar hydrogen-to-carbon ratio [-]

o = molar nitrogen-to-carbon ratio [-]

£ = molar oxygen-to-carbon ratio [-]

y = atomic sulphur-to-carbon ratio [-]

Ha = intake air humidity [g kD/kg dry air]

M. = dryintake air molecular mass = 28.965 g/mol

The instantaneous raw exhaust denaitykg/m’] shall be derived as follows:

) 10004, + lOOQqqu,i/qmadvi)
)

pe,i (A8-15)
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Where:
Omi = instantaneous fuel mass flow rate [kg/s]
Omadj = Instantaneous dry intake air mass flow ratégkg
Ha = intake air humidity [g bD/kg dry air]
ke = combustion additional volume ffkg fuel] (see equation A.8-7)

Mass flow rate of the exhaust gas
Air and fuel measurement method
The method involves measurement of the air flod #re fuel flow with suitable

flowmeters. The calculation of the instantaneausaest gas flovgyew; [kg/s] shall
be as follows:

qmew,i = qmaw,i + qnf,i (A8‘16)
Where:
Omawj instantaneous intake air mass flow rate [kg/s]

O, i instantaneous fuel mass flow rate [kg/s]

Tracer measurement method

This involves measurement of the concentration thcer gas in the exhaust. The
calculation of the instantaneous exhaust gas fjauy,i[kg/s] shall be as follows:

___ %p
qmew,| 10—6 [qcmixj _ CD) (A8 17)
Where:
ow = tracer gas flow rate [m¥/s]
Cmix; = Instantaneous concentration of the tracer fias mixing [ppm]
pPe = density of the raw exhaust gas [kg/m?]
G, = background concentration of the tracer gakeniitake air [ppm]

The background concentration of the tracer gasay be determined by averaging
the background concentration measured immediagfiyré the test run and after the
test run. When the background concentration is l®mn 1 per cent of the
concentration of the tracer gas after mixingx; at maximum exhaust flow, the
background concentration may be neglected.

Air flow and air to fuel ratio measuramenethod

This involves exhaust mass calculation from theflaw and the air to fuel ratio.
The calculation of the instantaneous exhaust g&s M@ gmewj [K9/S] is as follows:
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A.8.2.5.4.

1

= 1+ A.8-18
qmew,l qmaw; [E A/Fst D‘; J ( )
with:

138.0[€ 1+% —52 + yj
k.= (A.8-19)
12.011+ 1.00794 + 15.9994+ 14.006#4 32.0p
1 2o 1o*
Ceog 107 2) .| @ 3.5¢, ) ,

(100_C0d2_CHCW ao ]"' ZW_E_E [qccom"'ccodmo )

A= 3-S50z (A.8-20)
4.764[€ 1+% —5'2 +y] {0z * CooaMLO" + €y, 010")

Where:
Omaw; = Wetintake air mass flow rate [kg/s]
A/Fst = stoichiometric air-to-fuel ratio [-]
A = instantaneous excess air ratio [-]
Ccod = concentration of CO in the raw exhaust gas drydasis [ppm]
Ccozd = concentration of CLn the raw exhaust gas on a dry basis [per cent]
Chcw = concentration of HC in the raw exhaust gas aeBbasis [ppm C1]
a = molar hydrogen-to-carbon ratio [-]
o = molar nitrogen-to-carbon ratio [-]
£ = molar oxygen-to-carbon ratio [-]
y = atomic sulphur-to-carbon ratio [-]
Carbon balance method, 1 step-procedure

The following 1-step formula can be used for thkglation of the wet exhaust mass
flow rategmew; [KQ/s]:

Orewi = O, Eﬁ ( Sl (1+ H, J + 1} (A.8-21)

1.0828w, +k, Of, ) .\~ 100

with the carbon factdk [-] given by:

- _ Ccod Cricw
f, =0.5441{Cc 00~ Ceopag + TR (A.8-22)
Where
O, instantaneous fuel mass flow rate [kg/s]

we = carbon content of fuel [per cent mass]
= intake air humidity [g bD/kg dry air]
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Kea = combustion additional volume on a dry basi&kmfuel]
Ccozd = dry CQ concentration in the raw exhaust [per cent]

Ccozd,a = dry CQ concentration in the ambient air [per cent]
Ccod dry CO concentration in the raw exhaust [ppm]
CHCw wet HC concentration in the raw exhaust [ppm]

and factorky [m/kg fuel] that is calculated on a dry basis by sutiing the water
formed by combustion frork :

kg =k —0.111180W, (A.8-23)
Where:

k= fuel specific factor of equation (A.8-7) ftkg fuel]

wy = hydrogen content of fuel [per cent mass]

Diluted gaseous emissions

Mass of the gaseous emissions

Full flow dilution measurement (CVS)

The exhaust mass flow rate shall be measured avitonstant volume sampling
(CVS) system, which may use a positive displacerpenmip (PDP), a critical flow

venturi (CFV) or a subsonic venturi (SSV).

For systems with constant mass flow (i.e. withtheechanger), the mass of the
pollutantsmyas[g/test] shall be determined from the following atjan:

rngas = kh EkDJgasDCgane (A8'24)

Where:

Ugas = ratio between density of exhaust componentdarsity of air, as given in
table A.8.2 or calculated with equation (A.8-39) [-

Cias = Mmean background corrected concentration ottimeponent on a wet basis

[ppm] or [per cent vol] respectively

ki = NGO correction factor [-], only to be applied for tHeO, emission
calculation

k = 1 forcgasrw in [ppm],k = 10,000 forcyasrwi in [per cent vol]

meq = total diluted exhaust gas mass over the cygédst]

For systems with flow compensation (without heathanger), the mass of the
pollutantsmgas [g/test] shall be determined by calculation of thetantaneous mass
emissions, by integration and by background cowacaccording to the following
equation:
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A.8.3.2.

A.8.3.2.1.

N
M= kh[kE{Z[( m, Ocu,,) | —K m.J cgél—%j O ug;}} (A.8-25)
i=1
Where:
Cc = emission concentration in the diluted exhaast, @n a wet basis [ppm] or
[per cent vol]
Cs = emission concentration in the dilution air,awet basis [ppm] or [per cent
vol]
Megj = mass of the diluted exhaust gas during timervati [kg]
Mgy = total mass of diluted exhaust gas over theecd]
Ugas = tabulated value from table A.8.2 [-]
D = dilution factor (see equation (A.8-29) of pasuh A.8.3.2.2.) [-]
ki = NO correction factor [-], only to be applied for tH¢Oy emission
calculation
k = 1 forcin [ppm],k = 10,000 forc in [per cent vol]

The concentrationsgss Ce andcy can be either values measured in a batch sample
(bag, but not allowed for NOand HC) or be averaged by integration from
continuous measurements. Alsgy; has to be averaged by integration over the test
cycle.

The following equations show how the needed qtiastiCe, Ugas andmeg) shall be
calculated.
Dry-to wet concentration conversion

All concentrations in section A.8.3.2. shall beneerted using equation (A.8-5)

(¢, =k, &)
Diluted exhaust gas

All concentrations measured dry shall be convettedet concentrations by one of
the following two equations applied to equation:

Kye= { (1—%) - sz} [1.00¢ (A.8-26)
or
(l_ sz)
Kye = ST 1.008 (A.8-27)
1+ co2d

200
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Where:
kve = dry-to-wet conversion factor for the dilutechaxst gas [-]
a = molar hydrogen to carbon ratio of the fuel [-]
Cco2w = concentration of CLn the diluted exhaust gas on a wet basis [petr\aah

Ccozd = concentration of CLn the diluted exhaust gas on a dry basis [per oalh

The dry to wet correction factéy,, takes into consideration the water content of both
intake air and dilution air:

]
s 3]

Where:

Ha= intake air humidity [g bD/kg dry air](see paragraph A.8.1. on wet air)
Hq = dilution air humidity [g HO/kg dry air](see paragraph A.8.1. on wet air)
D = dilution factor (see equation (A.8-29) of pamggn A.8.3.2.2.) [-]

Dilution factor

The dilution factoD [-] (which is necessary for the background coigecend the
kw2 calculation) shall be calculated as follows:

D= Fs - (A.8-29)
Ceoze™ (CHc,e+ Cco,() (10

Where:

Fs = stoichiometric factor [-]

Ccoze = concentration of COn the diluted exhaust gas on a wet basis [petr\aah

Chce = concentration of HC in the diluted exhaust gas wet basis [ppm C1]

Ccoe = concentration of CO in the diluted exhaust@as wet basis [ppm]
The stoichiometric factor shall be calculateda@®ivs:

F,=10003 1 (A.8-30)

1+9 4 3.76[6 i ”j
2 4

Where:
a= molar hydrogen to carbon ratio in the fuel [-]

Alternatively, if the fuel composition is not knawthe following stoichiometric
factors may be useé#fs (diesel) = 13.4
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A.8.3.2.3.

A.8.3.2.4.

If a direct measurement is made of the exhaustigas the dilution factoD [-] may
be calculated as follows:

p=evs (A.8-31)
q/eW

Where:
Ovevs is the volumetric flow rate of diluted exhaust gaﬁls]
Ovew = Volumetric flow rate of raw exhaust gas’{s}

Dilution air
Ky = (1— KNS) [1.00¢€ (A.8-32)
with

_ 1.608H,
"3 1000+ 1.608H,

(A.8-33)

Where:
Ha = dilution air humidity [g HO/kg dry air](see paragraph A.8.1. on wet
air)

Determination of the background corrdaencentration

The average background concentration of the gaspollutants in the dilution air
shall be subtracted from measured concentratiogsttthe net concentrations of the
pollutants. The average values of the backgroumtentrations can be determined
by the sample bag method or by continuous measuntemith integration. The
following equation shall be used:

1

Cas = Cgase™ C Q[élgj (A.8-34)

Where:

Cias = het concentration of the gaseous pollutant [jopmfiper cent vol]

Cgase = €emission concentration in the diluted exhawst, @n a wet basis [ppm]
or [per cent vol]

Cq = emission concentration in the dilution air, @nwet basis [ppm] or [per
cent vol]

D = dilution factor (see equation (A.8-29) of pasgh A.8.3.2.2.) [-]
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A.8.3.3.  Component specific factor
The component specific factogas of diluted gas can either be calculated by the

following equation or be taken from table A.8.2;table A.8.2 the density of the
diluted exhaust gas has been assumed equal terssityl

M M

u= v ;SO OO: N gas 1 (A.8-35)
dw [Mdaw[él—}M rwtéﬂ [1000
’ D =D
Where:
Mgas = molar mass of the gas component [g/n(@dfe paragraph A.8.1. on basic

data for stoichiometric calculation)

Mdw = molar mass of diluted exhaust gas [g/mol]
Mdaw = molar mass of dilution air [g/mol]
Mrw = molar mass of raw exhaust gas [g/mol]
D = dilution factor (see equation (A.8-29) of paeguh A.8.3.2.2.) []
Fuel Pde Gas
NO, [ coO | HC | ¢ | 0O | CH,
Paas[kg/m?’]
2053 | 1250 | 0.621 | 1.9636 | 1.4277 | 0.716

CoefficientizsatA = 2, dry air, 273 K, 101.3 kPa
Diesel 1.293 | 0.001588 0.000967 0.000480 0.001519001004 | 0.000553

Table A.8.2 — Diluted exhaust gasvalues and component densities (thBgures
are calculated for emission concentration expresspgm)

A.8.3.4. Exhaust gas mass flow calculation
A.8.3.4.1. PDP-CVS system
The calculation of the mass of the diluted exhdkgttest] over the cycle is as

follows, if the temperature of the diluted exhaogy is kept within £6 K over the
cycle by using a heat exchanger:

_ P, 273
m, =1.293V,, [npt-»—lollgazT— (A.8-36)
Where:
Vo = volume of gas pumped per revolution underdestlitions [m3/rev]
Np = total revolutions of pump per test [rev/test]
Po = absolute pressure at pump inlet [kPa]
T = average temperature of the diluted exhaustgaump inlet [K]
1.293 = air density [kg/fhat 273.15 K and 101.325 kPa
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A.8.3.4.2.

If a system with flow compensation is used (i.&éhaut heat exchanger), the mass of
the diluted exhaust gaseq; [kg] during the time interval shall be calculated
follows:

_ Pe 73
m,,; =1.293V,[h, Glmng_ (A.8-37)
Where:
Vo = volume of gas pumped per revolution underdestitions [m3/rev]
Po = absolute pressure at pump inlet [kPa]
Np; = total revolutions of pump per time intervédiev/At]
T = average temperature of the diluted exhausagpamp inlet [K]

1.293 = air density [kg/fhat 273.15 K and 101.325 kPa
CFV-CVS system
The calculation of the mass flow over the cyolg [g/test] is as follows, if the

temperature of the diluted exhaust is kept withirl K over the cycle by using a
heat exchanger:

1.2931 K, [p
m, = TO_SV P (A.8-38)
Where:
t = cycle time [s]
Ky = calibration coefficient of the critical flow méuri for standard conditions
[ (VK i ) kg
Po = absolute pressure at venturi inlet [kPa]
T = absolute temperature at venturi inlet [K]

1.293 = air density [kg/fhat 273.15 K and 101.325 kPa
If a system with flow compensation is used (i.@éhout heat exchanger), the mass of

the diluted exhaust ga®eqj [kg] during the time interval shall be calculated
follows:

12934 (K, [,

My 05 (A.8-39)
T
Where
4t = time interval of the test [s]
Ky = calibration coefficient of the critical flow vami for standard conditions
[(\/K n* ) /kg]
Pp = absolute pressure at venturi inlet [kPa]
T= absolute temperature at venturi inlet [K]
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1.293 = air density [kg/fhat 273.15 K and 101.325 kPa
SSV-CVS system
The calculation of the diluted exhaust gas mags the cyclemgy [kg/test] shall be

as follows, if the temperature of the diluted exdtais kept within £11K over the
cycle by using a heat exchanger:

m,, =1.29310},¢, [At (A.8-40)
Where:
1.293 kg/ni=  air density at 273.15 K and 101.325 kPa
At = cycle time [s]
with
— d 2 C l 1.4286 _ 1.714 1 A 8_41
Qvssv = Ab vV Ra (r‘; rp j _p 4, 14286 ( ' )
T 1-1,°r,
Where:

1

. . . 3 2
Ao = collection of constants and units conversiols656940 M K 1
min kPa mmni

dv = diameter of the SSV throat [mm]

Cq4 = discharge coefficient of the SSV [-]

pp = absolute pressure at venturi inlet [kPa]
Tin = temperature at the venturi inlet [K]

I = ratio of the SSV throat to inlet absolute statiessure(l—%} []
P

a

ro = ratio of the SSV throat diameter to the inlgtgoinner diamete% [-]

If a system with flow compensation is used (i.éhaut heat exchanger), the mass of
the diluted exhaust gaseq; [kg] during the time interval shall be calculated
follows:

medi :1'293:qusvmti (A-8'42)
Where:

1.293 kg/mM = air density at 273.15 K and 101.325 kPa

At = time interval [s]

Ovssv = volumetric flow rate of the SSV fis]

Calculation of particulates emission
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A.8.3.5.1. Transient and ramped modal cycles

The particulate mass shall be calculated afteydooy correction of the particulate
sample mass according to paragraph 8.1.12.2.5.

A.8.3.5.1.1. Patrtial flow dilution system
The calculation for double dilution system is sihaw paragraph A.8.3.5.1.2.
A.8.3.5.1.1.1. Calculation based on sample ratio

The particulate emission over the cyaley [g] shall be calculated with the
following equation:

_ m
My, = A.8-43
™ r,[1000 ( )

Where:

my = particulate mass sampled over the cycle [mg]
rs = average sample ratio over the test cycle [-]
with:

r =M len (A.8-44)
rnew rT£ed

=
@
®

sample mass of raw exhaust over the cycle [kg]

Mew = total mass of raw exhaust over the cycle [kg]
Msep = mass of diluted exhaust gas passing the plateuaollection filters [kg]
Med = mass of diluted exhaust gas passing the dilutiaonel [kg]

In case of the total sampling type systemg,andmsegare identical
A.8.3.5.1.1.2. Calculation based on dilution ratio

The particulate emission over the cyaiey [g] shall be calculated with the
following equation:

=M M A.8-45
My m,, 1000 (A.8-45)
Where:
ny = particulate mass sampled over the cycle [mg]
Msep = mass of diluted exhaust gas passing the pkateoollection filters [kg]
Megt = mass of equivalent diluted exhaust gas ovecybke [kg]
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The total mass of equivalent diluted exhaust gassmver the cycleegs[kg] shall
be determined as follows:

1 N
My = T E Qrea;  (A-8-46)
i=1

qmedf,i = qmew,i |:I’di (A8-47)
— qmdew,i

r, =———— (A.8-48)
Y qmdew,i - qmdw,i

Where:

Omedii = Instantaneous equivalent diluted exhaust meassrhte [kg/s]

Omewj = Instantaneous exhaust mass flow rate on a ase$ fkg/s]

Fd; = instantaneous dilution ratio [-]

Omdewj = INstantaneous diluted exhaust mass flow rate wet basis [kg/s]

Omw,i = Instantaneous dilution air mass flow rate [kg/s

f = data sampling rate [Hz]

N = number of measurements [-]

A.8.3.5.1.2.Full flow dilution system

The mass emission shall be calculated as follows:

- m My

=—L =L A.8-49
o = 5000 (A.8-49)
Where:
e particulate mass sampled over the cycle [mg]

Msep mass of diluted exhaust gas passing the p&tenollection filters [kg]
Meg mass of diluted exhaust gas over the cycle [kg]

with

Mg, = My ™ Mg, (A.8-50)
Where:

Mse:= mass of double diluted exhaust gas throughquaatie filter [kg]
Mssg= Mmass of secondary dilution air [kg]
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A.8.3.5.1.3.Background correction

A.8.3.5.2.

The particulate massey c[g] may be background corrected as follows:

_m om0 1 My )
Thue {msep [ msd[él Dﬂ} 1000 (85D
Where:
ny = particulate mass sampled over the cycle [mg]
Myep = mass of diluted exhaust gas passing the ptatécaollection filters [kg]
Mg = mass of dilution air sampled by background paréiteisampler [kg]
my - mass of collected background particulates of ditutir [mg]
Mg = mass of diluted exhaust gas over the cycle [kg]
D = dilution factor (see equation (A.8-29) of pasgh A.8.3.2.2.) [-]

Calculation for steady-state discretedenoycles

A.8.3.5.2.1.Dilution system

All calculations shall be based upon the averagees of the individual modes
during the sampling period.

(@) For partial-flow dilution, the equivalent mdtswv of diluted exhaust gas shall
be determined by means of the system with flow messent shown in figure
9.2:

qmedf = qmew l:rd (A8-52)

— qmdew
gy =

qmdew - qmdw

(A.8-53)

Where:
Oedt

Omew
g
qmew
erdw

equivalent diluted exhaust mass flow rate [kg/s
exhaust mass flow rate on a wet basis [kg/s]
dilution ratio [-]

diluted exhaust mass flow rate on a wet b&gjs]
dilution air mass flow rate [kg/s]

(b)

For full-flow dilution systemsjgew iS used agmedt.
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A.8.3.5.2.2. Calculation of the particulate massvftate

The particulate emission flow rate over the cygigm [g/h] shall be calculated as
follows:

(@)

(b)

For the single-filter method

grem =gy 5000 (A.8-54)
Mgy 1000
- N
Qrect = »_ QeariCWR (A.8-55)
i=1
N
rT%ep = Z mse'p (A8‘56)
i=1
Where:
gwm = particulate mass flow rate [g/h]
m = particulate mass sampled over the cycle [mg]
q?w = average equivalent diluted exhaust gas massriite on wet basis
[kg/s]
Omedi = equivalent diluted exhaust gas mass flow ratevet basis at mode
i [kg/s]
WF = weighting factor for the modd-]
Msep = mass of diluted exhaust gas passing the patéeucollection
filters [kg]
Mse; = mass of diluted exhaust sample passed throhghparticulate
sampling filter at mode[kg]
N = number of measurements [-]

For the multiple-filter method

_m 600
e msep Eqmedﬂ l%oo (A8 57)
Where:
Owmi =  particulate mass flow rate for the modg/s]
my = particulate sample mass collected at middeg]
Omedi = equivalent diluted exhaust gas mass flow ratewet basis at
modei [kg/s]
Mse; = mass of diluted exhaust sample passed throhghparticulate

sampling filter at mode[kg]

The PM mass is determined over the test cycleunynsation of the average
values of the individual modesiuring the sampling period.
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The particulate mass flow ratgpeyv [g/h] may be background corrected as
follows:
(c) For the single-filter method
_) m rnf,d N 1 medf
= —-|— 1- = |owF |} (et A.8-58
Grem {msep { m, %( D "] 1000 ( )
(d) For the multiple-filter method
— rT"fi rnf,d 1 dfi
= ———-|—01-= A.8-59
quM {rnsep |: md[é Dj:|} 1000 ( )
Where:
Ogwvm = particulate mass flow rate [g/h]
WF = weighting factor for the modd-]
e = particulate sample mass collected [mg]
i = particulate sample mass collected at mddey]
N 4 = particulate sample mass of the dilution altemted [mg]
Omedi = equivalent diluted exhaust gas mass flow mtewet basis at
modei [kg/h]
Mep = mass of diluted exhaust sample passed throghparticulate
sampling filter [kg]
Mse; = mass of diluted exhaust sample passed throghparticulate
sampling filter at mode[kg]
my = mass of the dilution air sample passed throtgh particulate
sampling filters [kg]
D = dilution factor (see equation (A.8-29) of pgnaph A.8.3.2.2.) [-]
If more than one measurement is madg,/m shall be replaced with
M/ My
A.8.4. Cycle work and specific emissions

A.8.4.1. Gaseous emissions
A.8.4.1.1. Transient and ramped modal cycles
Reference is made to paragraphs A.8.2.1. and A.8i@ raw and diluted exhaust

respectively. The resulting values for poviRefkW] shall be integrated over a test
interval. The total workV,.:[KWh] is calculated as follows:
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W, —ZN:RUM—E = GAZ&ZNJ( ) A.8-60
o f 3600 16 60< (A.8-60)
Where
Pi = instantaneous engine power [kW]
n = instantaneous engine speed [rpm]
Ti = instantaneous engine torque [Nm]
W, = actual cycle work [kWh]
f = data sampling rate [HZ]
N = number of measurements [-]

The specific emissionggss [0/kWh] shall be calculated in the following ways
depending on the type of test cycle.

Cas = CVL; (A.8-61)

act

Where:
Myas= total mass of emission [g/test]
Waet=  cycle work [kwWh]

In case of the transient cycle, the final testltegy,s [g/kWh] shall be a weighted
average from cold start test and hot start testdiyg:

__(0.10in,) +(0.9m,) i
egas (O 1wvactcold) (O g]/Vact ho) (A8 62)

In case of an infrequent (periodic) exhaust regeimn (paragraph 6.6.2.), the
specific emissions shall be corrected with the iplidative adjustment factok.
(equation (6-4)) or with the two separate pairsadfustment additive factors,,
(upward factor of equation (6-5)) akgl (downward factor of equation (6-6)).

Steady-state discrete-mode cycle
The specific emissiorg.s[g/kWh] are calculated as follows:

~ (qmgas i)
€as = "N (A.8-63)
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A.8.4.2.

A.8.4.2.1.

A.8.4.2.2.

Where:

Owasi = Mean emission mass flow rate for the miojdgh]

P = engine power for the mode [kW] with R =PR_ + P
(see paragraphs 7.7.1.2. and 6.3.)

WHF = weighting factor for the modd-]

Particulate emissions
Transient and ramped modal cycles
The particulate specific emissions shall be caked with equation (A.8-61) where

€gas [0/KWh] and myas [g/test] are substituted bgenm [g/kWh] and mey [g/test]
respectively:

_ My,

=M A.8-64
aDM Wact ( )
Where:

mpw = total mass of particulates emission, calculateatcording to
paragraph A.8.3.4. [g/test]
Wt = cycle work [kWh]

The emissions on the transient composite cyate ¢old phase and hot phase) shall
be calculated as shown in paragraph A.8.4.1.

Steady state discrete-mode cycle

The particulate specific emissi@ay [g/kWh] shall be calculated in the following
way:
(@) For the single-filter method

SHVIES % (A8-65)
P OVF

i=1

Where:
Pi = engine power for the modd [kW] with P=P _ +P
(see paragraphs 7.7.1.2. and 6.3.)

weighting factor for the modd-]
particulate mass flow rate [g/h]

WH
OmPm
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For the multiple-filter method
N
> (s WVF)
Gy = (A.8-66)
(R OWF)
i=1
Where:
P = engine power for the mode [kW] with P=P_.+ P,
(see paragraphs 7.7.1.2. and 6.3.)
WF - weighting factor for the moddg-]
Owemi = particulate mass flow rate at made/h]

For the single-filter method, the effective weiglgt factor, Wk, for each
mode shall be calculated in the following way:

WF, = M (0, ear (A.8-67)
rrLep[qnedf

Where:

Mz = mass of the diluted exhaust sample passedghrthe particulate

sampling filters at mode[kg]

Ot = average equivalent diluted exhaust gas massréite [kg/s]
Omedi = equivalent diluted exhaust gas mass flow ratecaei [kg/s]
Msep = mass of the diluted exhaust sample passedghrtte particulate

sampling filters [kg]

The value of the effective weighting factors shadl within+0.005 (absolute
value) of the weighting factors listed in Annex A.1
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Annex A.8 - Appendix 1

DILUTED EXHAUST FLOW (CVS) CALIBRATION

A.8.5. Introduction
The CVS system shall be calibrated by using anrate flowmeter and a restricting
device. The flow through the system shall be mesbwat different restriction
settings, and the control parameters of the systeali be measured and related to
the flow.

Various types of flowmeters may be used, e.gbcatied venturi, calibrated laminar
flowmeter, calibrated turbine meter.

A.8.5.1. Positive displacement pump (PDP)

All the parameters related to the pump shall beukaneously measured along with
the parameters related to a calibration venturictviis connected in series with the
pump. The calculated flow rate (in*® at pump inlet, absolute pressure and
temperature) shall be plotted versus a correldtimetion which is the value of a
specific combination of pump parameters. The lineguation which relates the
pump flow and the correlation function shall beedetined. If a CVS has a multiple
speed drive, the calibration shall be performecdefrh range used.

Temperature stability shall be maintained durialijpcation.

Leaks in all the connections and ducting betwaerctlibration venturi and the CVS
pump shall be maintained lower than 0.3 per certheflowest flow point (highest
restriction and lowest PDP speed point).

The airflow rate dycvs) at each restriction setting (minimum 6 settingball be
calculated in standard ¥s from the flowmeter data using the manufacturer's
prescribed method. The airflow rate shall thencbeverted to pump flowMp) in
m*/rev at absolute pump inlet temperature and presssifollows:

vy = v T G013 (A.8-68)
n 273 p,

Where:

ovevs =  airflow rate at standard conditions (101.3 K8 K) [nf/s]

T = temperature at pump inlet [K]

Po = absolute pressure at pump inlet [kPa]

n = pump speed [rev/s]

To account for the interaction of pressure vaviadiat the pump and the pump slip
rate, the correlation functiorXq) [s/rev] between pump speed, pressure differential
from pump inlet to pump outlet and absolute pumipedypressure shall be calculated
as follows:
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A
x =2p/P (A.8-69)
n\ p
Where

= pressure differential from pump inlet to pumylet [kPa]
pp = absolute outlet pressure at pump outlet [kPa]
= pump speed [rev/s]

A linear least-square fit shall be performed tmegate the calibration equation as
follows:

V, = D, - mOX, (A.8-70)

with Do [m%¥rev] and m [m%s], intercept and slope respectively, describihg t
regression line.

For a CVS system with multiple speeds, the caiibnacurves generated for the
different pump flow ranges shall be approximatedyatlel, and the intercept values
(Do) shall increase as the pump flow range decreases.

The calculated values from the equation shall bthinv +0.5 per cent of the
measured value ofp. Values ofm will vary from one pump to another. Particulate
influx over time will cause the pump slip to deseaas reflected by lower values
form. Therefore, calibration shall be performed at pustart-up, after major
maintenance, and if the total system verificatimficates a change of the slip rate.

Critical flow venturi (CFV)

Calibration of the CFV is based upon the flow doumafor a critical venturi. Gas
flow is a function of venturi inlet pressure anchfeerature.

To determine the range of critical flo,, shall be plotted as a function of venturi
inlet pressure. For critical (choked) floWy, will have a relatively constant value.
As pressure decreases (vacuum increases), therivbettomes unchoked ari€l,
decreases, which indicates that the CFV is operaiézide the permissible range.

The airflow rate §cvs) at each restriction setting (minimum 8 settingball be
calculated in standard ¥s from the flowmeter data using the manufacturer's

prescribed method. The calibration coefficidfy [(\/Rmn“ B) /kg} shall be

calculated from the calibration data for each sgttis follows:

Qvcvs B/T

K, =-evs = (A.8-71)
P
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A.8.5.3.

Where:

Oussv = air flow rate at standard conditions (101.3 K8 K) [n/s]
T = temperature at the venturi inlet [K]

Po = absolute pressure at venturi inlet [kPa]

The averageKy and the standard deviation shall be calculateche $tandard
deviation shall not exceed 0.3 per cent of theayeK .

Subsonic venturi (SSV)

Calibration of the SSV is based upon the flow ¢igmafor a subsonic venturi. Gas
flow is a function of inlet pressure and temperatyressure drop between the SSV
inlet and throat, as shown in equation (A.8-41).

The airflow rate dyssy) at each restriction setting (minimum 16 settingisall be
calculated in standard ¥s from the flowmeter data using the manufacturer's
prescribed method. The discharge coefficient dfaltalculated from the calibration
data for each setting as follows:

C,= RVEY (A.8-72)

1 1
dv2 pp\/|:T(rpl.4286_ r 1'7143[1_ o 1.4286j:|

in,v D 'p

Where:

Oussv = air flow rate at standard conditions (101.3 kP8 K) [ni/s]

Tinv = temperature at the venturi inlet [K]

dv = diameter of the SSV throat [mm]

Mo = ratio of the SSV throat to inlet absolute statiessure 1-Ap/p, [-]

o = ratio of the SSV throat diametel, to the inlet pipe inner diametBr[-]

To determine the range of subsonic flo@ shall be plotted as a function of
Reynolds numbeRg at the SSV throat. THeeat the SSV throat shall be calculated
with the following equation:

Re= A sy (A.8-73)
d, L

with
15

=T (A.8-74)

S+T
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Where
A1 = collection of constants and units
conversions = 27.438:{]&@&@1”}
m3d s m
Ovssy = air flow rate at standard conditions (101.3 K8 K) [n/s]
dv = diameter of the SSV throat [mm]
U = absolute or dynamic viscosity of the gas [kg/ms
b = 1.458 x 1B(empirical constant) [kg/m<K]
S = 110.4 (empirical constant) [K]

Becauseayyssy is an input to th&eequation, the calculations shall be started with a
initial guess forgyssvy or Cq of the calibration venturi, and repeated umgiksy

converges. The convergence method shall be aectoad.1 per cent of point or
better.

For a minimum of sixteen points in the region whsonic flow, the calculated values
of Cq4 from the resulting calibration curve fit equatishall be within + 0.5 per cent
of the measure@q for each calibration point.
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A.8.6.

Annex A.8 — Appendix 2

DRIFT CORRECTION

Calculations
Calculations in this appendix are performed ascrilesd in Appendix 2 to
Annex A.7.

_ + _ 20| - (Cprezero+ Cpostzer)
C|driftcor - Crefzero (Crefspan c refzer) + _ +
(Cprespan c postspa)w (C prezero ¢ postz)sr

(A.8-75)

Where:

Cidriftcor = concentration corrected for drift [ppm]

Crefzero = reference concentration of the zero gas, witchsually zero unless
known to be otherwise [ppm]

Crefspan = reference concentration of the span gas [ppm]

Corespan = pre-test interval gas analyzer response tosga gas concentration
[Ppm]

Cpostspan = post-test interval gas analyzer response tsplag gas concentration
[Ppm]

Ggorc = concentration recorded, i.e. measured, duriagt, tbefore drift
correction [ppm]

Corezero = pre-test interval gas analyzer response toz#te gas concentration
[Ppm]

Coostzero = post-test interval gas analyzer response ta@éne gas concentration

[ppm]
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Annex A.8 — Appendix 3

EXAMPLE OF CALCULATION PROCEDURE

Example 1: Gaseous emissions from a Cl engine rumyg on a diesel fuel — Raw
gas, steady-state discrete-mode test (8-mode cyofeAnnex A.1.1.(a))

The measurement data of an 8-mode test cycle ardosvn below. In this
example, CO, CQ and NOy are measured on a dry basis, HC on a wet basis.
Detailed calculations are carried out for mode 1, wile for the others only
results are given. At the end, emission results aodhed with mass based
calculation approach are compared with molar basedemission calculation of
Annex A.7 — Appendix 3.

Measured values: Units Mode 1| Mode 2| Mode 3 Mode 4Mode 5 | Mode 6 | Mode 7| Mode 8
INTAKE AIR

Total barometric pressure  |p, [kPa]  |101.300| 101.300 101.300 101.300 101.300 101.300.3001 101.300
R’_elative humidity of intake (%]

air RH, 54.00 |54.00 | 54.00 | 54.00 | 54.00| 54.00] 54.00 54.0p
Temperature of intake air [T, [°C] 25.00 |25.00 | 25.00 | 25.00 | 2500 25000 25.09 25.0p
Air mass flow Omaw [kg/h]  |966.11 | 924.74 | 815.64| 484.77 80350 719.42 573/55.334
FUEL

Fuel H/C ratio a - - 1.8529 |1.8529 | 1.8529] 1.852d 1.852p 1.8549 1.85p9:B529.
Fuel O/C ratio & - - 0 0 0 0 0 0 0 0

Fuel S/C ratioy 0.0002 | 0.0002 | 0.0002| 0.0004 0.000R 0.0092 0.0002000Q.
Fuel mass flow ot [kg/h] |37.79 |30.56 | 21.86 | 7.33 37.29| 2818| 1954 1.67
MEASUREMENTS

Temperature cooling bath | Teoger  |[°Cl 4.64 4.64 4.64 4.64 4.64 4.64 4.64 4.64
CO dry co [ppm] |56.00 |59.00 | 66.00 | 86.00 | 98.00| 73.000 74.00 47.0p
NO, dry NO, [ppm]  |423.00 |268.00 | 179.00| 140.00 507.0p 396.00 291.008.0R0
HC wet HC [ppmC1]|46.00 |123.00 | 106.00| 154.000 102.00 107.00 119.p0 .0019
CO, dry Cco, [% vol] [8.61 7.20 5.73 3.06 10.10 | 8.40 7.18 2.16
O, dry 0, [%vol] 1240 |13.81 | 15.27 | 17.94| 1090| 12.60[ 13.87 18.8p
TEST CONDITIONS

Air to fuel ratio 2 - 1.76 2.08 2.57 4.55 1.48 1.76 2.02 5.99
Engine Power P [kw] 161.00 |121.60 | 81.10 | 16.40 | 167.20 12550 83.70 5.0




ECE/TRANS/WP.29/2009/120
page 278

Step 1: Ambient air and fuel parameters (paragraphA.8.1.)
Density of dry air = 1.293 kg/ni (273.15 K and 101.325 kPa)

(GD.A.8-0b): )
~12.15079% If 298.106- 8499.28 298)T6- 7423.1865 298.14
+96.1635147% 0.024917646 29846 1.3160119°%0 29846

p, =exp +(-1.1460454 18)x( 2986+ 2.1701289718( 29§16 =

+(-3.610258 10°)x( 298.06+ 3.85045480'°x(298.19° +

| -1.4317010° % 298.1p
=3170.5P& 3.1705kPa 3.17kPa

621.®<E>< 3.17 g H,0
(GD.A.8-0c): H, = =10.690———2—
o4 kg dry air

101.3- 3.1& —
100

M, =1.8529x1.0079 1x12.01%0 0.0002x32.0600+ (
(GD.A.8-0d):
=13.885g/mol

_ aTAW, (100 _ 1.8529% 1.007% 100

(GD.A.8-0f): w, =13.45%
M, 13.885
w, = BTAW, 100 _1x12.0110< 100 86.50%
Ml 13.885
w = y DAW, (100 _ 0.0002x 32.0608 100 0.05%
Mo 13.885
W, =w, =0

Step 2: Dry/wet correction (paragraphs A.8.2.2. athA.8.3.2.3.)

1.608H, _ 1.608x 10.690 —0.0169

(A.8-33): k,, = =
1000+ (1.608H, ) 1008 1.608 10.690

(A.8-32): Kk, 4 = (1~ k,;)[1.008= (1~ 0.0169x 1.008 0.99:

3
(A.8-7): k, =0.055594 13.4% 0.00800X%1 +0 0.0070846= 0 Oférl%—l
g fue
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3
(A.8-23): k,=k —0.111180y, = 0.748 0.11138 13.45 0.748 —

kg fuel
O = q”jj’l = 912662 - 955,899
1+ Ha (14_ : j h
1000 1000
(A.8-6) and (A.8-8):
1.2442x 10.69 111.190 13.4:537'79
Ky.=|1- 5779 955.89  |x1.008= 0.919
773.4+ 1.244% 10.69 — x 0.748 1000
Mode 1l | Mode2 | Mode3| Mode4| Mode5 Mode& Modey o8
Omad [Kg/n] | 955.89 | 914.96 | 807.01 | 479.64] 79501 71190 567.48 3.794
Kw.r 0.9190 0.9299 0.9412 0.9628 0.9061 0.918p 0.9280 9696.
(A.8-5): Ceorws= Ky [eorg=0.9190¢ 56= 51.464 ppm
Ceonrm= Kuur[Beona=0.9190¢ 8.6 7.912%
Chcrw,1 = Chcra = 46 PPM
Cruonms = Koy (Byoe g = 0.9190¢ 423 388.737pp
Model | Mode2 | Mode3 | Mode4| Mode5 Modef Mode7 dde8
Ccow [PPM] 51.46 54.874 62.130 82.803 88.822 67.097 88.6 | 45.571
Ccozw[% VOI] 7.91 6.692 5.396 2.942 9.154 7.720 6.666| 082
Crcw [PPM] 46.00 123.000| 106.000 154.000 102.000 107.00019.000 | 119.000
Cnoxw [PPM] 388.74 249.216| 168.4829 134.7920 459.3937 .88 | 270.0593 201.67959
37.79
: 1+
(A8-14):  _ 96611 _28.828.9
' 1.8529 10.69x 10 + mol
37.79>< +O+O+ 2x1.007 94 15.9994 28.97
966.11 13.885 1+10.6% 10°
U, =Moo 28005 _ 5409714
* (M,,1000 28.828< 1000
Upy = ez = 43999 _ 5y9506;
(A8-12): ' (M.,[000 28.828« 1000
Upc1 = Muc = 13.885 =0.0004817
* (M,,[1000 28.828 1000
u = Muox 46.01 =0.001596(

"%t (M,,[1000)  28.828« 1000
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Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7| dde 8
M. [g/mol] 28.828 28.821 28.815 28.802 28.835 28.828 28.822 .7988
Ugas Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7 Me 8
Unox 0.0015960| 0.0015964 0.0015968 0.0015975 0.001595®018960| 0.0015963 0.0015977
Uco 0.0009714| 0.0009717 0.0009719 0.0009723 0.000971D009715| 0.0009716 0.0009725
UHc 0.0004817| 0.0004818 0.0004819 0.0004821 0.000481%004817| 0.00048171 0.0004822
Uco2 0.0015263| 0.0015266 0.0015270 0.0015277 0.00152590186263 | 0.0015266 0.0015279

Tabulated values (table A.8.1) are reported for amparison:

Ugas

Unox 0.001587
Uco 0.000966
UHc 0.000479
Uco2 0.001518

Step 3: Exhaust gas mass flow — Measured and altexttive methods (paragraph

A.8.2.5.)

Direct measurement;
(A.8-16): Orery = Omawst Orri= 966.1% 37.7% 1003.90kgk 278.861

Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7| dde 8
Omew [KO/N] 1003.90 955.30 837.50 492.10 840.80 747.70 593.10 47.00
Omew [9/S] 278.861 265.361 | 232.639 136.694 233.536 207.694 .7%64 | 40.833

Tracer gas (with qV; = 0.011 n¥/s, Gnix1 = 50800 ppm and g= 0 ppm):

(GD.A.8-0a): p, = M. _28828_, »a6q/l = 1.286kg/it
22,414 22.414

(A.8-17):
q .= Q. CP.y  _  0.01111.286
™10 % (e —G,)  10°%(50800- 9

'mix, 1 -

=0.278497kg/s = 278.497 ¢

Air flow and air-to-fuel ratio measurement:

(A.8-19):

1.8529 o 0.000}

138.0><( I+

F. =
S 12.011% 1.00794 1.85290 15.9994+0 14.0867% 0 32-0B000Z
=14.545mol/mol
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(A.8-20):
2x56x 10*

. _2xo6x 107
100-26"107 _ 46 10 |+| 185297 35x861 _ O x(8.61+ 56¢ 10°)
2 4 p.06x100 2 2

3.5 8.61

A=

4.764x(1+1'84529—20+ o.ooo%x( 8.6 56 10+ 46 10
=1.731
(A.8-18): qwl:o.zaa{ 1+;j= 0.2790kg/s = 279.0¢

' 14,545 1.73

Carbon balance:
(A.8-22): f,=0.5441x( 8.6% o.o)4+5—6 + 20
18522 17355

0. .=0.0105 1.4x 86.5 14 10690
(A.8-21): ™" (1.0828< 86.5 0.748 4.68 4.668 1000

=0.2746022kg/s 274.6022g/s

Comparison of alternative methods with respect tahe direct measurement of
mass flow rate of the exhaust gas for mode 1:

Direct Tracer gas A/F ratio Carbon balance
measurement
(DM)

Omew [9/S] 278.861 278.497 279.022 274.6022

A [%0] - —0.130 0.058 —1.527

Step 4: Gaseous emissions mass flow calculatiorafpgraph A.8.2.1.1.)
NOy correction for intake air humidity:

15.698H, 15.698x 10.69

(A.8-11): k, = +0.832=————+ 0.832 0.99¢
1000 1000
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(A.8-3):

Oncor —1x0.000971% 278.864 51.48 36 50.208g/h
Oneo21 =10000< 7.9% 0.00152638 278.861 3.6 121201.13g/h
Omic, =1x0.000481% 278.861 46 36 22.244g/h

Gvor s = 0.9998< & 0.00159625 278.861 388.%37 3.6 622

Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7 dde 8
Omco [g/h] | 50.202 50.936 50.572 39.620 72.531 48.736 39.583 5156.
Omcoz [@/h] | 121201.13| 97591.87| 69004.29 22119.75 117442.47 7809 | 60357.03 | 4692.90
Omuc [9/h] | 22.244 56.608 42.778 36.534 41.296 38.534 34.001 4348.
Omnox [9/h] | 622.817 380.0421| 225.2985 105.9569 616.2818  438.23655.6736 | 47.3635

Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7 dde 8
Omco [0/s] | 0.014 0.014 0.014 0.011 0.020 0.014 0.011 0.002
Omcoz [9/S] | 33.666 27.109 19.168 6.144 32.623 24472 16.766 041.3
Omuc [9/S] | 0.006 0.016 0.012 0.010 0.011 0.011 0.009 0.002
Omnox [9/S] | 0.173 0.105 0.063 0.029 0.171 0.121 0.071 0.013

Emissions obtained with tabulated values fougas

Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7 dde 8
Omco [g/h] | 49.920 50.639 50.264 39.362 72.143 48.463 39.353 4716.
Omcoz [@/h] | 120540.6 | 97041.276 68598.927 21980.016 116837.2862832 | 60018.82| 4662.60
Omuc [9/0] 22.120 56.283 42.523 36.300 41.080 38.322 33.807 3798.
Omnox [@/h] | 618.807 377.479 223.716 105.156 612.492 431.426 .98%3 | 46.998

Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7 dde 8
Omco [0/S] 0.014 0.014 0.014 0.011 0.020 0.013 0.011 0.002
Omcoz [9/S] 33.484 26.956 19.055 6.106 32.455 24.339 16.672 951.2
Omuc [0/S] 0.006 0.016 0.012 0.010 0.011 0.011 0.009 0.002
Omnox [9/S] | 0.172 0.105 0.062 0.029 0.170 0.120 0.071 0.013
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Step 5: Specific emissions (paragraph A.8.4.1.2.)
(A.8-63):
8

WF
e _;qmco" ' 50.202 0.15 50.936 06 +. 39.583 6.1 6.315 0.15
o~ 8 -

S P 161.0< 0.15 121.8 0.15 + 837 61 50 0.15
i=1
=0.463g/kWh
8 .
Lheori™F 1511673% 015 9759187 0.45 +4692.9% 015
o _ 3% 0. &7 0.35 +4692.90< 0.
02 ES:PDNF 161.0< 0.15 121.8 0.15 + 50 0.15

i=1

=768.353g9/kWh

TWF
qu”Cv' ' 22242 0.15 56.608 0.35 +. 34.001 ©.1 8.434 0.15

3 P WF 161.0x 0.15 121.8 0.16 +. 83%7 6.1 5.0 0.15
= 0.365Ig=;1/kWh

8 .
e =;q"‘N°X~‘ ME=622.328< 0.15 379.712 0.%5 +. 255.464 9.1 4%380.15
O ZSZF?WNE 161.0 0.15 121.8 0.16 + 83%7 6.1 50 0.15
:3.5169I/=IiWh

Comparison between specific emissions obtained viwbulated values with
respect to calculated ones:

Calculated values Tabulated values A%
CO; [g/kWh] 768.353 764.098 — 0.554
CO [g/kwh] 0.463 0.460 —0.648
HC [g/kWh] 0.365 0.363 —0.548
NOy [g/kWh] 3.516 3.493 —0.654

Comparison between emission figures obtained via atar based calculations
with respect to mass based calculations:

Molar based Mass based A%
CO,[g/kWh] |774.926 768.353 0.86
CO[g/kWh] | 0.467 0.463 0.86
HC[g/kwh] ]0.365 0.365 0
NOy[g/kWh] |3.546 3.516 0.85

Example 2: Gaseous emissions from a Cl engine rumgy on a diesel fuel —
Diluted exhaust gas, transient test (schedule of Aex A.1.3.(a))
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The measurement data of the individual poini of the test cycle (data sampling
rate of 1 Hz) for the calculation of the instantaneus mass emission are shown
below. In this example, CO and CQ@ are measured on a dry basis, while HC and
NOy on a wet basis. The calculation procedure is ideietl for the other points of

the cycle.
N |Meng Torque Qvoys  (Cnoww  (Ccw Ccod Ccozd  |COmaw O
[rpm]  [[N-m] |[m%s] |[ppm] |[ppm] [[ppm] |[% vol] |[kg/h] |[kg/h]
1
2
3
4 0
i 0.89810| 77.715| 6.453 158.869 0.935 226.391 0.67
1200

INTAKE AIR

Total barometric pressure Po [Pa] |99051.9
Partial vapor pressure PH20 [Pa] [1825.3
Temperature of intake air Ta K] 297.1
DILUTION AIR

Total barometric pressure Po [Pa] |99051.9
Partial vapor pressure Puzo [Pa] 1994.6
Temperature of dilution air Tyg K] 296.6
CO Background concentration Ccobwi |[ppm] [3

CO, Background concentration Ccozbwi |[PPm] [0.04
HC Background concentration Chcbw.i |[ppm] [2

NO, Background concentration Crnoxowi |[PPpm] [0.3
FUEL

Fuel H/C ratio a - - 1.853
PARTICULATE SAMPLING

SYSTEM

Particulate mass sampled over the [mg]

cycle My 1.866
Particulate mass in the dilution air  |mj [mg] (0.043
Total flow through the filter Vet [m** [.1647
Sample volume over the cycle Vsep [m*]* [1.299
Total exhaust volume over the cycle [Veq [m°]* [1080.55
Volume of secondary dilution air Vssd [m°]* 10.8655

(*) Referred to 293.15 K and 101.325 kPa

0
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Step 1: Ambient air and fuel parameters (paragraphA.8.1.)

Dry air density: 1.293 kg/n?

(GD.A.8-0c):
Intake air humidity:
621 8&[}0
100 _ 621.8x 1825.3
H =11.673 kg dry a
2 _RH, ~ 99051.9- 1825.3 9H G kg dry
P 100
Dilution air humidity:
621. 8&[@,
H, = 100 - 621.8¢1994.8 _1, 7789 H O kg diya
H, Mo 99051.9- 1994.6
P 100 ‘
(GD.A.8-0d): M, =1.853x 1.0079- £ 12.011® 13.885g/n
W, = a [AW, (100 _1.853< 1.007% 100 0 13 450
M (o 13.885
(GD.A.8-0f): w, _ BTAW, [100_1x12.0110< 100 ) 86.50%
el 13.885
Wy =w, =w,=0

Step 2: Dry/wet correction (paragraphs A.8.2.2. athA.8.3.2.3.)

Intake air:
(A8-33) k., = 1.608H, _ 1.608x 11.673 — 00184
1000+ (1.608H, ) 100& 1.608 11.673

(A.8-32): k,,, = (1- k,;3)[1.008=(1- 0.018¥x 1.008 0.98¢

Dilution air:
(A8-33): k. 1.608H, _ 1.608x 12.778 —0.0205
1000+ (1.608H, ) 1008 1.608 12.778

(A.8-32): k, 4 = (1- k,;)[1.008= (1~ 0.020}x 1.008 0.98:

(A.8-7): k =0.055594 13.45 0.00800%1 +0 0.0070846= 0 0.7%8mfukl

(A.8-23): k,=k —0.11118W, = 0.748 0.11138 13.45 0.748m kg'
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(A.8-14):
0.670
1+
M, = 223.2 = 28,7715
1.8529 11.673« 10° L1 mol
0670, 4 +0+0+ 2x1.007 94 15.9994 28.97
223.2 13.885 1+11.67% 10

Omew; = raw exhaust gas mass flow of the individual poinit[kg/s]:

226.39% 0.670
= +qQ.,. = =0.0630725kg/
qmew,| qmaw,| qnf,l 3600 g

Raw exhaust gas volume of the individual poinitQvew;:

Qo = oy B = 0.0630725 020X 29313 55748

M Lp 28.77Xx 101321

el

(A.8-31): D, = devs = 0.89810_
| 0.05274

(A.8-28):

1.608x 12.778€ £ ! ]j+ 11.6‘[6 1 1
27.15 27.15

K,p; = =0.0201

1000+4 1.60&| 12.77 {i + 11.6 !
27.15 27.15

(1_ sz,i) (]_— 0.020:) )
1y O fes | L5 Loog 0% DY

200 200

17.019¢

x1.008=

(A.8-27): k. =
1+

Corrected concentrations

Cootni = Kug [Ecoqq =0.971x 158.86 154.26pp
(A-8-5): Ceongi = KueEeopqs =0-971x 0.935 0.908%

w,e,i

Crcaw; = 6-453ppm
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(A.8-34):
Ccocwi = Ccodwi, ~ Ccoba, 1_5 =154.350- ¥| * 17.0196 =151.1763pp
CcOZc,wi - Ccozd,w,_ CCOZb,W, 1_5 =0.909- 0.0 % 17.0196, =0-871359
C =c -C 1—i =6.453-2x| 1- 1 =4.571ppm
HCc,wj HCd,wi, HCb,w, Di ' 17.0196, .
Cnoxewi — Cnoxdwi, ~ Coxbiiv Dl_a =77.715 0.3 % 17.0196, =17.432pp

From table A.8.2:

Uqas
NOy 0.001588
CcoO 0.000967
HC 0.000480
CO» 0.001519

Step 3: Exhaust gas mass flow

Paragraph A.8.3.4., e.g. (A.8-42):
My = P.[Qcvg AF=1.293x 0.89818 £ 1.16124kyg 116

Step 4: Mass of emissions
NOx correction for intake air humidity:

15.608H, | o 0op 15698 LL6T3 oo 1 (0

A.8-11): k, =
( )k, 1000 1000

(A.8-24):
Myo; = Ko 0o, My =1x0.00096% 151.1768 1.161 0.16989g

Meos; = Koy (eop , OM,; =10000< 0.001518 0.909 1.161 16.031g
Mue; = Kl DGie g M, =1x0.000486 4.574 1.161 0.00255¢
Muoy = K Koy OGoy s (g =1.022 X 0.001588 79.149 1.161 0.1/
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(A.8-4): My, =10° ), My (oo, (Uco= 23.1699
=
Moz =10 D My Moo, DU 11608.012
i=1
M, =10° ), my; (G, (U= 2.601g
i1

rnNO>< = 103 E n]edi D:NOXC,W, |:|uNO><: 695139
i=1

Step 5: Specific gaseous emissions

(A.8-60):
N 1_1 1 2 &
W.=>» RIAt=—01 4— = =14.614kWh

NO, =4.757 g/kWh
M. _ |CO=1585g/kWh
HC=0.178g/kWh
CO,=794.287 g/kW

(A.8-61): g, =

act

Example 3: PM emissions from a Cl engine running o a diesel fuel — Diluted
exhaust gas, transient test with the same input datof example 2

12.778 2.778
M, =M, [@-H )+M ,oH ,=28.91)(F——— } 18.01 28.83¢g/r
o =M= H )+ M oo H = 28.970(F =20 =273 28.830

m, =V, P Me _ 5 164710132K 28.771 -, aq
ROT 8314.5k 293.15

™
M, =V, e - 0 gessLotS2 28.83_ ) a0y
RCT 8314.51x293.15

m, =V, 27 = 100 554 0132% 28.771 1595 4072k
ROT 8314.5% 293.15

(A.8-56): m, = m,,— m_=2.5891 1.0344 1.5547k

ssd

(A.8-31): D = ket _ Ve _ 2.1647
\% 1.299

ep sep

=1.6664
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(A8:51): m,,. = { 1.866 _[ 0.043[1_ 1 )J} 12014072, o

1.5547 | 1.12 1.666 1000
1.530

A.8-64): e, = bm — 2299 _ g 4 50 40WF

( ): & W.. 14.614 g
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Annex A.9

SYSTEMS FOR EXHAUST GAS MEASUREMENT AND PARTICULATE SAMPLING

A.9.1.

A.9.1.1.

A.9.1.2.

Analytical system for raw and diluted exhausgas measurement

Introduction

This paragraph contains the basic requirements anthe general descriptions of
the sampling and analyzing systems. Since varioe®nfigurations can produce

equivalent results, exact conformance with figuresA.9.1 and A.9.2 is not

required. However, conformance with the basic reguements such as sampling
line dimensions, heating and design is mandatory. Components such as
instruments, valves, solenoids, pumps, flow devicasid switches may be used to
provide additional information and coordinate the functions of the component

systems. Other components which are not needed aaintain the accuracy on

some systems may be excluded if their exclusiondased upon good engineering
judgement.

Description of the analytical system

Analytical system for the determination of the gasous emissions in the raw

exhaust gas (figure A.9.1) or in the diluted exhatusgas (figure A.9.2) are

described based on the use of:

(@) HFID or FID analyzer for the measurement of hylrocarbons;

(b) NDIR analyzers for the measurement of carbon wnoxide and carbon
dioxide;

(c) HCLD or CLD analyzer for the measurement of tle oxides of nitrogen.

The sample for all components should be taken witbne sampling probe and
internally split to the different analyzers. Optionally, two sampling probes
located in close proximity may be used. The relaterequirements are specified
in paragraph 9.3.2.1.
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Figure A.9.1 - Schematic flow diagram of raw exhast gas analysis system with
one sample probe for CO, CQ NOy, HC

HF2 HP1
T ] 3
N N L N g b1
—) === ——= HC ——— ~a
V' HsL1| V| =T
— "'_b
B

SL g O, —— ——a
HF4 HP2 : - b

<>
gl
/”I N
. //|
\j //
]
I
)
o
n
T
o [uf]

a =vent b = zero, span gas ¢ = dilution tunnel d optional

Figure A.9.2 - Schematic flow diagram of diluted ehaust gas analysis system
with two sample probes for CO, CQ, NOy, HC
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A.9.1.3.

Components of figures A.9.1 and A.9.2
EP Exhaust pipe
SP1 Raw exhaust gas sampling probe (figure A.9.1ly)

Either single-port or multi-port probes are used br sampling gaseous emissions.
The probes may be oriented in any direction relatie to the raw exhaust flow as
specified in paragraph 9.3.2.1. Single or multiplsampling probes may be used.

SP2 Dilute exhaust gas HC sampling probe (figure 8.2 only)

The probe is recommended to:

(@) be installed in the dilution tunnel DT (figure A.9.6) at a point where the
dilution air and exhaust gas are well mixed.

(b) be sufficiently distant (radially) from other probes and the tunnel wall so
as to be free from the influence of any wakes or diks.

(c) be heated as specified in paragraph 9.3.2.1)(b

(d) Either single-port or multi-port probes are used for sampling gaseous
emissions. The probes may be oriented in any dirgon relative to the
diluted exhaust flow as specified in paragraph 9.3.1.

(e) A common sampling probe may be used to measui@ HC, NOx, CO and
CO, measurement.

SP3 Dilute exhaust gas CO, C£NO, sampling probe (figure A.9.2 only)

The probe is recommended to:

(@) Dbe in the same plane as SP2.

(b) be sufficiently distant (radially) from other probes and the tunnel wall so
as to be free from the influence of any wakes or eees.

(c) be heated to prevent aqueous condensations aspecified in
paragraph 9.3.2.1.(a).

(d) Either single-port or multi-port probes are used for sampling gaseous
emissions. The probes may be oriented in any dirgon relative to the
diluted exhaust flow as specified in paragraph 9.3.1.

(e) Single or multiple sampling probes may be used.

HF1 Heated pre-filter (optional)
The temperature is recommended to be the same asSHL.

HF3 Heated pre-filter (optional)
The temperature is recommended to be the same asSH2.

HF2 Heated filter

The filter is recommended to extract any solid pdicles from the gas sample
prior to the analyzer. The temperature is recommeded to be the same as
HSL1. The filter is recommended to be changed asaded.
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HF4 Heated filter

The filter is recommended to extract any solid paicles from the gas sample
prior to the analyzer. The temperature is recommeded to be the same as
HSL2. The filter is recommended to be changed asaded.

HSL1 Heated sampling line
The sampling line provides a gas sample from a gife probe to the split point(s)
and the HC analyzer.

The sampling line is recommended to:
(@) be made of stainless steel or PTFE.
(b) maintain a wall temperature as specified in pagraph 9.3.2.2.(b).

HSL2 Heated NQ, sampling line

The sampling line is recommended to:

(@) maintain a wall temperature as specified in pagraph 9.3.2.2.(a).
(b) be made of stainless steel or PTFE.

HP1 Heated sampling pump
The pump is recommended to be heated to the tempdure of HSL1.

HP2 Heated sampling pump
The pump is recommended to be heated to the tempdure of HSL2.

SL Sampling line for CO and CQ
The line is recommended to be made of PTFE or stdess steel. It may be
heated or unheated.

HC HFID analyzer

Heated flame ionization detector (HFID) or flame onization detector (FID) for
the determination of the hydrocarbons. The temperure of the HFID is
recommended to be kept as specified in paragraph/27.1.1.

CO, CO, NDIR analyzer
NDIR analyzers for the determination of carbon momxide and carbon dioxide
(optional for the determination of the dilution ratio for PT measurement).

NOy CLD analyzer

CLD or HCLD analyzer for the determination of the oxides of nitrogen. If a
HCLD is used it is recommended to be kept at a tengpature as specified in
paragraph 9.4.8.1.4. to prevent agueous condensatio

B Cooling bath (chiller) (optional for NO measurenent)

To cool and condense water from the exhaust samplelt is optional if the
analyzer is free from water vapour interference as determined in
paragraph 8.1.11.1.5. If water is removed by condeation, the sample gas
temperature or dew point is recommended to be morored either within the
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A.9.1.4.

A.9.1.5.

water trap or downstream. Chemical dryers are notallowed for removing
water from the sample.

BK Background bag (optional; figure A.9.2 only)
For the measurement of the background concentratits.

BG Sample bag (optional; figure A.9.2 only)
For the measurement of the sample concentrations.

C NOXx converter
Non-methane cutter method (NMC)

The cutter oxidizes all hydrocarbons except Ckito CO, and H,O, so that by
passing the sample through the NMC only Chlis detected by the HFID. In
addition to the usual HC sampling train (see figure A.9.1 and A.9.2), a second
HC sampling train is recommended to be installed agipped with a cutter as
laid out in figure A.9.3. This allows simultaneousneasurement of total HC and
NMHC.

The performance of non-methane-cutter is recommerati to be determined as
specified in paragraph 8.1.10.3. The dew point an®, level of the sampled
exhaust stream must be known. The relative respoaesof the FID to CH, and
C,Hg is recommended to be determined in accordance witharagraph 8.1.10.3.

=Vent
4
r— R
I
|
I
zero, span gas V1
= NMC HC = Vent
Sample
== . HC [—>Vent
i
= R
r
=Vent

Figure A.9.3 - Schematic flow diagram of methaneralysis with the NMC
Components of figure A.9.3

NMC Non-methane cutter
To oxidize all hydrocarbons except methane



A.9.2.

A.9.2.1.

A.9.2.2.

ECE/TRANS/WP.29/2009/120
page 295

HC

Heated flame ionization detector (HFID) or flame onization detector (FID) to
measure the HC and CH concentrations. The temperature of the HFID is
recommended to be kept as specified in paragraph/27.1.1.

Vi Selector valve
To select zero and span gas

R Pressure regulator
To control the pressure in the sampling line andrte flow to the HFID

Dilution and particulate sampling system

Introduction

This paragraph contains the basic requirements anthe general descriptions of
the dilution and particulate sampling systems, withfurther information on
partial flow dilution system. Since various configrations can produce
equivalent results, exact conformance with figure$.9.4 to A.9.7 is not required.
However, conformance with the basic requirements s as sampling line
dimensions, heating and design is mandatory. Adddnal components such as
instruments, valves, solenoids, pumps, and switchesay be used to provide
additional information and coordinate the functions of the component systems.
Other components which are not needed to maintainhe accuracy on some
systems may be excluded if their exclusion is basaghon good engineering
judgement.

Description of the partial flow dilution s/stem for proportional raw exhaust
sampling and raw exhaust gas measurement.

A schematic of raw/partial flow measurement systenfor raw exhaust gas
measurement and for proportional raw exhaust samplig is shown in figure
A.9.4. The instantaneous concentration signals t¢iie gaseous components are
used for the calculation of the mass emissions by uftiplication with the
instantaneous exhaust mass flow rate. The exhaustass flow rate may be
measured directly, or calculated using the methodsf intake air and fuel flow
measurement, tracer method or intake air and air/fel ratio measurement.
Special attention is recommended to be paid to theesponse times of the
different instruments. These differences are recomended to be accounted for
by time aligning the signals. For particulates, th exhaust mass flow rate signals
are used for controlling the partial flow dilution system to take a sample
proportional to the exhaust mass flow rate. The cality of proportionality is
checked by applying a regression analysis betweeamsple and exhaust flow.
The complete test set up is schematically shown figure A.9.4.
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Exhaust Flow Rate (Diractly Measured)
= Exbaustsample 0 ) | }F--——--t—-r——————-T———== T

1
I
Flow measurement o . i
Dilction Air i
—————— Signals for system Flow Control Y
control and computation Exhaust [T T T T
Partial Flow
’ Dilution System Computer
System
Raw Exhaust Gas | Concenlration
-+ N e -
Analysis System
Fuel Flow Exhaust ~low Rate |

C ; (Calculated) !

Engine

Figure A.9.4 — Schematic example of raw/partial lw measurement system.

A partial flow dilution system for proportional raw exhaust sampling is
described based upon the dilution of a part of thexhaust stream. Splitting of
the exhaust stream and the following dilution proces may be done by different
dilution system types. For subsequent collectionfdhe particulates, the entire
diluted exhaust gas or only a portion of the dilutd exhaust gas is passed to the
particulate sampling system. The first method is eéferred to as total sampling
type and has been shown in figure A.9.5., the seabmmethod as fractional
sampling type. The calculation of the dilution rato depends upon the type of
system used.

With the fractional sampling system, raw exhaust gs is transferred from the
exhaust pipe EP to the dilution tunnel DT through he sampling probe SP and
the transfer line TL. The total flow through the tunnel is adjusted with the flow
controller FC1 connected either to the dilution airflow or to the suction blower
for the total tunnel flow. The flow controller FC1 may useQgmew OF Qmaw and Qms
as command signals for the desired exhaust splitThe sample flow into DT is
the difference of the total flow and the dilution a flow. The dilution air flow
rate is measured with the flow measurement deviceNFL, the total flow rate
with the flow measurement device FM2. The dilutiorratio is calculated from
these two flow rates. From DT, a particulate samg is taken with the
particulate sampling system (see figure A.9.6).
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Figure A.9.5 — Schematic of partial flow dilutionsystem (fractional sampling
type).

Components of figure A.9.5:

DAF = Dilution air filter — The dilution air (amb ient air, synthetic air, or
nitrogen) is recommended to be filtered with a higkefficiency (HEPA)
filter.

DT = Dilution tunnel

EP = Exhaust pipe

FC1 = Flow controller

FH = Filter holder

FM1 = Flow measurement device measuring the dilign air flow rate

FM2 = Flow measurement device measuring the totéllow rate

Omew = Exhaust gas mass gas flow rate on wet basis

P = Sampling pump

PB = Pressure blower

PSP = PM sampling probe

PTL = PM transfer line

SP = Dilute exhaust gas sampling probe (see figu®.3)

TL = Transfer line
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Figure A.9.6— Schematic of particulate sampling sgem.

Components of figure A.9.6.:

a = from dilution tunnel
\% = Valve (Optional)
DT = Dilution tunnel
FC2 = Flow controller
FH = Filter holder
FM3 = Flow measurement device measuring the totflow rate
P = Sampling pump
PTL = PM transfer line
FM4 SDT
~—-CHf

a PTL

v b
a = diluted exhaust from DT b = optional ¢ = vend = secondary dilution air

Figure A.9.7— Scheme of double dilution particula# sampling system

Components of figure A.9.7:

V = Valve (optional)

FC2 = Flow controller — A flow controller is recanmended to be used for
controlling the particulate sample flow rate.

FH = Filter holder(s) that contain the particulate sampling filters

FM3 = Flow measurement device measuring the totdlow rate — Gas meter

or flow instrumentation to determine the particulate sample flow
through the particulate filter. It may be installed upstream or
downstream of the sampling pump P.
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FM4 = Flow measurement device — Gas meter or floimmstrumentation to

determine the secondary dilution air flow through te particulate
filter.

P = Sampling pump
PTL = PM transfer line
SDT = Secondary dilution system



