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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

This International Standard is intended for use as a measurement procedure to determine the gaseous
and particulate emission levels of reciprocating internal combustion (RIC) engines for marine use in
small craft. [ts purpose is to provide a map of an engine’s emissions characteristics which, through use of
the proper weighting factors, can be used as an indication of that engine’s emission levels under various
applications. The emission results are expressed in units of grams per kilowatt-hour and represent the
mass rate of emissions per unit of work accomplished.

Although this International Standard is designed for marine engines, it shares many principles with
particulate pre-gaseous—enissionmeasturements—thathave-beenrintsefor-manyyears—fer-omroad
engines. Ong test procedure that shares many of these principles is the process of mixing dilutign air
with the total exhaust flow prior to separating a fraction of the diluted exhaust stream for analysis |(full-
flow dilutiop method) as currently specified for certification of 1985 and later heavy-duty,truck engines
in the USA. Another is the procedure for direct measurement of the gaseous emissions inythe undijuted
exhaust gas/as currently specified for the certification of heavy-duty truck engines injapan and Eufope.

NOTE Itfis common in many full-flow dilution systems to dilute this fraction of pre{dijuted exhaust a s¢cond
time to obtaih appropriate sample temperatures at the particulate filter (see Figure 199;

Many of thg procedures described in this International Standard are detailed accounts of laboratory
methods, since determining an emissions value requires performingta complex set of indivjdual
measurements, rather than obtaining a single measured value. Thys, the results obtained depend as
much on the process of performing the measurements as they depend on the engine and test methpd.

viii © ISO 2015 - All rights reserved
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Small craft — Reciprocating internal combustion engines
exhaust emission measurement — Test-bed measurement
of gaseous and particulate exhaust emissions

1 Scope

This
part

International Standard specifies the measurement and evaluation methods for~g
ulate exhaust emissions from reciprocating internal combustion (RIC) engines under

C
cond1itions on a test bed, necessary for determining one weighted value for each exhaust g

Varid

This
up tg

2

The
indis
refer

ISO
prind

ISO §
for th

ISO §
Test-

ISO §
Repo

ISO §

ISO 1
of en

ISO 1
pows

us combinations of engine load and speed reflect different engine applications:

aseous and
steady-state
hs pollutant.

International Standard is applicable to RIC marine engines intended tg he installed i small craft

24 m length of hull.

Normative references

following documents, in whole or in part, are normatively/referenced in this docunj
pensable for its application. For dated references, only the edition cited applies. |
ences, the latest edition of the referenced document{(including any amendments) appl

$725-1, Accuracy (trueness and precision) of medsurement methods and results — Par

iples and definitions

ent and are
For undated
es.

't 1: General

725-2, Accuracy (trueness and precision) of measurement methods and results — Part 2: Basic method

e determination of repeatability and repreducibility of a standard measurement method

178-1:2006, Reciprocating internal:combustion engines — Exhaust emission measuremé
bed measurement of gaseous and particulate exhaust emissions

178-6:2000, Reciprocating-internal combustion engines — Exhaust emission measuremé
't of measuring results and-test

666, Small craft —Principal data

4396, Reciprocating internal combustion engines — Determination and method for the 1
gine power -</Additional requirements for exhaust emission tests in accordance with ISO

5550:2002, Internal combustion engines — Determination and method for the measurem
r — General requirements

nt — Part 1:

nt — Part 6:

neasurement
B178

ent of engine

3

erms and definitions

For the purposes of this document, the terms and definitions given in ISO 8666 and the following apply.

3.1

particulates
material collected on a specified filter medium after diluting exhaust gases with clean, filtered air to a
temperature greater than 315 K (42 °C) and less than or equal to 325 K (52 °C), as measured at a point
immediately upstream of the primary filter

Note 1 to entry: Particulates consist primarily of carbon, condensed hydrocarbons, and sulfates and associated water.
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Note 2 to entry: Particulates defined in this International Standard are substantially different in composition
and weight from particulates or dust sampled directly from the undiluted exhaust gas using a hot filter method.
Particulates measurement as described in this International Standard is conclusively proven to be effective for
fuel sulfur levels up to 0,8 %.

[SOURCE: IS
3.2

0 8178-1:2006, 3.1, without Note 3 to entry]

partial-flow dilution system
system using a process of separating a part of the raw exhaust from the total exhaust flow, then mixing
with an appropriate amount of dilution air prior to passing through the particulate sampling filter

Note 1 to ent

3.3

full-flow di
system usin|
of the dilute

Note 1 to ent
second time {

34

isokinetic
process of ¢
probe equal

[SOURCE: IS

3.5
multiple-fil
process of u

y: See 18.2.1, Figures 10 to 18.

Jution system
lo a process of mixing dilution air with the total exhaust flow prior to separdating a fra
d exhaust stream for analysis

ry: It is common in many full-flow dilution systems to dilute this fraction of pre-diluted exh:
o obtain appropriate sample temperatures at the particulate filter (seeFigure 19).

ampling
ontrolling the flow of the exhaust sample by maintaining the mean sample velocity 4
to the exhaust stream mean velocity

0 8178-1:2006, 3.4]

ter method
sing one filter for each of the individual test cycle modes

Note 1 to enftry: The modal weighting factors areg accounted for after sampling during the data evalu

phase of the
[SOURCE: I§

3.6
single-filte
process of u

Note 1 to ent
cycle by adju
to sampling d

[SOURCE: IS
3.7

fest.

0 8178-1:2006, 3.6]

 method
sing one filter for altest cycle modes

y: Modal weighting factors must be accounted for during the particulate sampling phase of th
ting sample-flow rate and/or sampling time. This method dictates that particular attention be
uration and flow rates.

0 8178-1:2006, 3.7]

ction

ust a

t the

ation

e test
given

specific emissions

mass emissi
[SOURCE: IS

3.8
span gas
purified gas

ons expressed in grams per kilowatt-hour

0 8178-1:2006, 3.8—modified]

mixture used to span gas analyzers

Note 1 to entry: Calibration gases and span gases are qualitatively the same, but differ in terms of their primary
function. Various performance verification checks for gas analyzers and sample handling components might refer
to either calibration gases or span gases.
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3.9
Zero gas
gas that yields a zero response in an analyzer

Note 1 to entry: This may either be purified nitrogen, purified air, or a combination of purified air and purified nitrogen.

3.10

calibration

process of setting a measurement system’s response so that its output agrees with a range of
reference signals

3.11
veriiication
means to evaluate whether or not a measurement system’s outputs agree with acrange of applied
referjence signals to within one or more predetermined thresholds for acceptance
4 S$ymbols and abbreviations
4.1 | General symbols
Symbol Term Unit
A/Fst |Stoichiometric air-to-fuel ratio —
A}y Cross-sectional area of the isokinetic sampling probe m?2
Al Atomic mass G
Al Cross-sectional area of the exhaust pipe m?2
cl Background corrected concentration ppm %
(7v)
cl Concentration in the dilution air ppm %
(v/v)
ck Concentration in the exhaust (with suffix of the component nominating) ppm %
(W/v)
) Dilution factor —
Ecpz |CO2 quench of NOgandlyser %
EE Ethane efficiency %
Enpo |Water quench-of NOy analyser %
Em  |Methaneefficiency %
Enpx |Efficiency of NOy converter %
eft Rarticulate emission g/kW-h
ek Gas emission (with subscript denoting compound) g/kW-h

A Excess air factor ([kg dry air]/([kg fuel] * [4/Fst])) —

ARef |Excess air factor at reference conditions —

fa Laboratory atmospheric factor —

fe Carbon factor —

ftd Fuel specific factor for exhaust flow calculation on dry basis —

fth Fuel specific factor used for the calculations of wet concentrations from dry concentra- —
tions

ftw Fuel specific factor for exhaust flow calculation on wet basis —

H, Absolute humidity of the intake air (g water/kg dry air) g/kg

Hy Absolute humidity of the dilution air (g water/kg dry air) g/kg

© IS0 2015 - All rights reserved 3
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Symbol Term Unit
i Subscript denoting an individual mode —
ke Fuel specific factor for the carbon balance calculation —
kng |Humidity correction factor for NO for diesel engines —
knp  |Humidity correction factor for NOy for gasoline (petrol) engines —
kp Humidity correction factor for particulates —
kwa |Dryto wet correction factor for the intake air —
kwd |Dry to wet correction factor for the dilution air —
kwe |Drly to wet correction factor for the diluted exhaust gas Ka
kwr |Drly to wet correction factor for the raw exhaust gas Q'\:
M Percent torque related to the maximum torque for the test engine speed . b‘ v %
M;  |Mqlecular mass mQ)\o g
mq Mgss of the dilution air sample passed through the particulate sampling filters '\‘U kg
mtq | Pafticulate sample mass of the dilution air collected ‘Cyk) mg
mys  |Pafticulate sample mass collected r‘\\\v mg
Mmsep | M4ss of the diluted exhaust sample passed through the particulate:/@ru\afing filters kg
Pa Absolute outlet pressure at pump outlet Q\) kP
Da Saturation vapour pressure of the engine intake air &\\}\ ) kP3q
Pb Total barometric pressure % - kP3q
pd Saturation vapour pressure of the dilution air \\Q‘ kP
Pr Witer vapour pressure after cooler ‘\\Q kP4
Ds Drly atmospheric pressure xO\ kP
P Unfcorrected brake power . (.\‘17\ kW
Paux |Defclared total power absorbed by au)@}}\iles fitted for the test and not required by kW
IS¢ 14396 .
Pm dximum measured or declar \wer at the test engine speed under test conditions kW
(sge 13.5) C)
qmad |Infake air mass flow ragg@ a?y basis kg/h
qmaw |Inflake air mass flow(ga(‘?on wet basis kg/h
qmdw |Dilution air mas;,’@vdrate on wet basis kg/h
Gmedf |Equivalent d,iLlQ&‘exhaust gas mass flow rate on wet basis kg/h
qmew |Exhaust gQ&r{ass flow rate on wet basis kg/h
qmt  |Fupl ’ny\m‘low rate kg/h
Amdew Dihlm exhaust gas mass flow rate on wet basis kg/
(mgas |Emission mass flow rate of individual gas g/h
qmpt |Particle mass flow rate g/h
rd Dilution ratio —
ra Ratio of cross-sectional areas of isokinetic probe and exhaust pipe —
R, Relative humidity of the intake air %
Ry Relative humidity of the dilution air %
'h FID response factor —
'm FID response factor for methanol —
'y Ratio of the SSV throat to inlet absolute, static pressure —

4 © IS0 2015 - All rights reserved
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Symbol Term Unit
ry Ratio of the SSV throat diameter, d, to the inlet pipe inner diameter —
p Density kg/m3
S Dynamometer setting kW
Ta Absolute temperature of the intake air K
Ta Absolute dewpoint temperature K
Tref |Absolute reference temperature (of combustion air: 298 K) K
Tc Absolute temperature of the intercooled air K
Teter | Absolute intercooled air reference temperature K
VI, |Molar volume L
We | Weighting factor —
Wke |Effective weighting factor —
4.2 | Symbols for fuel composition
WALF H content of fuel, % mass
WBET C content of fuel, % mass
WGANM S content of fuel, % mass
WDE] N content of fuel, % mass
WEPS O content of fuel, % mass
a molar ratio (H/C)
B molar ratio (C/C)
y molar ratio (S/C)
1) molar ratio (N/C)
€ molar ratio (Q/C)
NOTH The conversion between mass content and molar ratio is given in ISO 8178-1:2006, Formulge A.3 to A.12.

4.3 | Symbols\and abbreviations for the chemical components

ACN

C1

acetonitrile

carbon 1 equivalent hydrocarbon

CHg
C2He
C3Hg
CH30H
co

CO2

methane

ethane

propane
methanol

carbon monoxide

carbon dioxide

© ISO 2015 - All rights reserved
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DNPH
DOP
HC
HCHO
H,0
NH3
NMHC
NO
NO>
NOx
N20
02
RME
SO,

SO3

dinitrophenyl hydrazine
dioctyl phthalate
hydrocarbons
formaldehyde

water

ammonia

npn-methane hydrocarbons
njtric oxide

njtrogen dioxide

oxides of nitrogen
d|nitrogen oxide

oxygen

rapeseed oil methylester

s]:lfur dioxide

sthilfur trioxide

4.4 Abbreviations

CFV
CLD
CVS
EP
ECS
FID
FTIR
GC
HCLD
HFID
HPLC
NDIR
NMC
PDP
PMD

critical flow venturi
chemiluminescent detector
constant volume sample
exhaust pipe
electrochemical sensor
flame ionization detector

Fopurier transform infrared analyser

gas’ehromatograph

heated chemiluminescent detector
heated flame ionization detector
high-pressure liquid chromatograph
non-dispersive infrared analyser
non-methane cutter

positive displacement pump

paramagnetic detector
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https://standardsiso.com/api/?name=48778b78fd03a9077e3f088f75d741da

ISO 18854:2015(E)

PT particulates

RH relative humidity

uvD ultraviolet detector
ZRDO zirconium dioxide sensor

5 Test conditions

5.1

5.1.1

The
pres
accol

a)
1

—

\

b)

—

NOTH
diffeq

5.1.2

For 4

Engine test conditions

Test condition parameter

hbsolute temperature, T, of the engine intake air expressed in Kelvin, and-the dry
bure, ps, expressed in kilopascals shall be measured, and the parametet, f;, shall be
‘ding to the following provisions.

Lompression-ignition engines

Naturally aspirated and mechanically pressure-charged engiues:

99 ( Ta j0’7
a =| — [*| S4ag
p, ) \298

Turbocharged engines with or without cooling of'the intake air:

0,7
99 ( Ta JLS
L= — X
P 298

park-ignition engines

1,2
99 Ty 0,6
a =| 1l Tao
P 298
Formulae (1).t0-(3) are identical with the exhaust emissions legislation from ECE, EEC,
ent from the ISO-power correction formulae.

Test validity

test tobe recognized as valid, the parameter, f;, shall be such that:

a

,93)< f,<1,07

htmospheric
determined

)

(2)

(3

and EPA, but

(4)

Tests should preferably be conducted with the parameter, f;, between 0,96 and 1,06.

5.2

Engines with charge air cooling

The charge air temperature shall be recorded and shall be, at the speed of the declared rated power
and full load, within #5 K of the maximum charge air temperature specified by the manufacturer. The
temperature of the cooling medium shall be at least 293 K (20 °C).

If a test shop system or external blower is used, the charge air temperature shall be set to within +5 K of
the maximum charge air temperature specified by the manufacturer at the speed of the declared rated
power and full load. Coolant temperature and coolant flow rate of the charge air cooler at the above set
point shall not be changed for the whole test cycle.
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5.3 Power

The basis of specific emissions measurement is uncorrected, observed power measured at the
crankshaft or its equivalent, the engine being equipped only with the standard auxiliaries necessary for
its operation on the test bed (brake power) as defined in ISO 14396. The engine shall be submitted with
auxiliaries needed for operating the engine. If it is impossible or inappropriate to install the auxiliaries
on the test bench, the power absorbed by them shall be determined and subtracted from the measured
engine power.

Certain auxiliaries necessary only for the operation of the machine and which may be mounted on the
engine shall be removed for the test. The following incomplete list is given as an example:

— power dteering;

— air conditioning compressor;
— pumps for hydraulic systems.
For further fletails, see ISO 14396.

Where auxiliaries have not been removed, the power absorbed by them at.the test speeds shdll be
determined|in order to calculate the dynamometer settings in accordance with 13.5, except for engines
where such puxiliaries form an integral part of the engine (e.g. cooling fdns for air-cooled engines)

5.4 Specific test conditions

5.4.1 Engine air inlet system

An engine ajir intake system or a test shop system shall;be used, presenting an air intake restrigction
within +30(Q Pa of the maximum value specified by themanufacturer for a clean air cleaner at the speed
of rated power and full load.

If the enging is equipped with an integral air inlet system, it shall be used for testing.

NOTE Tle restrictions are to be set at ratéd speed and full load.

5.4.2 Engine exhaust system

An engine gxhaust system or @-test shop system shall be used, presenting an exhaust backpregsure
within 80 %] to 100 % of theamaximum value specified by the manufacturer at the speed of rated ppwer
and full load. The exhaust S§ystem shall conform to the requirements for exhaust gas sampling, as sgt out
in8.5.4,18.2.1, and 18.2.2.

If the enging is equippéd with an integral exhaust system, it shall be used for testing.

If the enging js equipped with an exhaust aftertreatment device, the exhaust pipe shall have the same
diameter aslfound in use for at least four pipe diameters upstream to the inlet of the hpmnnlno of the
expansion section containing the aftertreatment device. The distance from the exhaust manifold flange
orturbocharger outletto the exhaustaftertreatment device shall be the same asin the craft configuration
or within the distance specifications of the manufacturer. The exhaust backpressure or restriction shall
follow the same criteria as above and may be set with a valve. The aftertreatment container may be
removed during dummy tests and during engine mapping and replaced with an equivalent container
having an inactive catalyst support.

NOTE The restrictions are to be set at rated speed and full load.

5.4.3 Cooling system

An engine cooling system with sufficient capacity to maintain the engine at normal operating
temperatures prescribed by the manufacturer shall be used.
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5.4.4 Lubricating oil

Specifications of the lubricating oil used for the test shall be recorded and presented with the results of
the test.

5.4.5 Adjustable carburettors

Adjustable carburettors shall be set at the manufacturer’s recommendation.

5.4.6 Crankcase breather

Whe
total
aften
to en

6

Fuel
used
fuels
refen

The
temp
and 1
use d

7 ]
Thed
inaf

basig

—

Test fuels

h it is required to measure the crankcase emissions of an open crankcase system.a
emissions from the engine, they shall be introduced into the exhaust system downst
treatment system, if used, and upstream of the sampling point. Sufficient distance-shal
sure mixing of the crankcase emissions with the exhaust gas.

characteristics influence the engine exhaust gas emission. Therefore, the characteristi
for the test shall be determined, recorded, and presented with the results of the test. K
designated in ISO 8178-5, the reference code and the analysis of the fuel shall be p
ence fuels in ISO 8178-5 or equivalent fuels apply.

fuel temperature shall be in accordance with the manufacturer’s recommendatio
erature shall be measured at the inlet to the fuel injection pump or as specified by the m
he location of measurement recorded. Fuel temperature measurement shall be option
f a mass flow meter.

Application of the engine family/concept and choice of parent engine

ngine manufacturerisresponsiblefor defining those engines from his range which are t
amily. In order that engines be considered to belong to the same engine family, the foll
characteristics (but not spetification) must be common:

ombustion cycle;

ooling medium;

individual cylinder displacement: engines to be within a total spread of 15 %;

part of the
ream of any
| be allowed

Cs of the fuel
or reference
ovided. The

hs. The fuel
hnufacturer,
al in case of

beincluded
pwing list of

umber of éylinders and cylinder configuration (applicable to spark ignition engines only);

ethod'of aspiration;

uehtype;

— combustion chamber type;

— valve and porting (configuration, size and number);

— fuel system type;

— other features such as exhaust gas recirculation, air injection, exhaust after treatment, dual fuel, etc.

A parent engine shall be selected from an engine family in such a way that its emissions characteristics
are representative for all engines in that engine family. The engine incorporating those features that
are expected to result in the highest specific emissions (expressed in grams per kilowatt hour), when
measured on the applicable test cycle, shall be selected as the parent engine of the family.
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8 Measurement equipment and data to be measured

8.1 Gene

ral

The emission of gaseous and particulate components by the engine submitted for testing shall be
measured by the methods described in Clauses 17 and 18. These clauses describe the recommended
analytical systems for the gaseous emissions (Clause 17) and the recommended particulate dilution and

sampling sy

stems (Clause 18).

Other systems or analysers may be accepted if they yield equivalent results. The determination of

system equ
system und
refers to thd

valency shall be based on a seven-sample pair (or larger) correlation study betwee

n the

br consideration and one of the accepted systems in this International Standard. “Reg
specific cycle weighted emissions value. The correlation testing is to be performed3

same labordtory, test cell, and on the same engine. The tests shall be run concurrently. The est cy

be used sha

1 be the appropriate cycle. The equivalency of the sample pair averages shall be detern|

by F-test andl t-test statistics (see ISO 8178-1:2006, Annex D), with outliers excluded, and-ebtained y

the laboratd
testing shal

For the intrd
upon the cal

ry cell and the engine conditions described above. The systems to be used for correl
be declared prior to the test and shall be agreed upon by the partiesinvolved.

duction of a new system into the document, the determination of.equivalency shall be
culation of repeatability and reproducibility, as described in ISO>5725-1 and ISO 5725

The following equipment shall be used for emissions tests of engines\en engine dynamometers.

Internationa
Instead, onl
are given in

8.2 Dyna
An engine dy

Theinstru
power wit
equipment §

8.3 Exha

8.3.1 Gen

The exhaust

8.3.2 Dir¢
Direct meas|

— pressur

hi

7 the accuracy requirements of such equipment necéssary for conducting an emission
8.4.

mometer specification
rmnamometer with adequate characteristics to perform the appropriate test cycle shall be

entation for torque and speed measutementshall allow the measurementaccuracy ofthe
n the given limits. Additional calculations may be necessary. The accuracy of the measi
hall be such that the maximuin tolerances of the figures given in 8.4 are not exceeded.

1st gas flow

eral

gas flow shallbe determined by one of the methods given in 8.3.2 to 8.3.6.

pct measurement method

urement of the exhaust flow may be done by systems such as the following:

ults”
t the
rle to
lined
nder
htion

ased
2.

This

11 Standard does notcontain details of flow, pressure, andtemperature measuring equiptpent.

5 test

ised.

shaft
hring

e differential devices, like flow nozzle (see ISO 5167 series);

ultrasonic flowmeter;

vortex flowmeter.

Precautions shall be taken to avoid measurement errors which will impact on emission value errors.
Such precautions include the careful installation of the device in the engine exhaust system according
to the instrument manufacturers’ recommendations and to good engineering practice. In particular,
engine performance and emissions shall not be affected by the installation of the device.

The flowme

10

ters shall meet the accuracy specifications of 8.4.

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=48778b78fd03a9077e3f088f75d741da

ISO 18854:2015(E)

8.3.3 Air and fuel measurement method

This involves measurement of the air flow and the fuel flow. Air flowmeters and fuel flowmeters with an
accuracy defined in 8.4 shall be used. The calculation of the exhaust gas flow is as follows:

Amew = 9maw + Amf (5)

8.3.4 Fuel flow and carbon balance method

This involves exhaust mass calculation from fuel consumptlon fuel comp051t10n and exhaust

gas roncentrations umug the—carbomrbatatce lllCLllUu, as BIVCII with—the 1uuuvv1115 formulae (see

ISO §178-1:2006, A.3.2.3.1):

Wggr X Wpgr X1, 4
1,4xw 1
———BEL 4w, £ x0,08936-1 |x +fd
fe 1,293 )
Anew = Imf * + W x0,08936 1 x| A+ +1 (6)
fexfe 1000
where

fitda is according to ISO 8178-1:2006, Formulae A.20 to A4.23;
N, isthe g water per kg dry air;

fc isaccording to ISO 8178-1:2006, Formula:A.64:

Ccod +CHCW 7)
18522 17355

Ao = (cco2d —Ccozad )* 0,544 1+

dco2q isthe dry COz congentration in the raw exhaust [%];
dcozad is the dry COz-eoncentration in the ambient air [%];
dcoq  isthe dry-COconcentration in the raw exhaust [ppm];
dHcw  is the&wet HC concentration in the raw exhaust [ppm].

NOTH Qptienally, the oxygen balance method may be used. See ISO 8178-1:2006, A.3.3.

8.3.3 CTracer measurement method

This involves measurement of the concentration of a tracer gas in the exhaust.

A known amount of an inert gas (e.g. pure helium) shall be injected into the exhaust gas flow as a tracer.
The gas is mixed and diluted by the exhaust gas, but shall notreact in the exhaust pipe. The concentration
of the gas shall then be measured in the exhaust gas sample.

In order to ensure complete mixing of the tracer gas, the exhaust gas sampling probe shall be located
atleast 1 m or 30 times the diameter of the exhaust pipe, whichever is larger, downstream of the tracer
gas injection point. The sampling probe may be located closer to the injection point if complete mixing
is verified by comparing the tracer gas concentration with the reference concentration when the tracer
gas is injected upstream of the engine.

The tracer gas flow rate shall be set so that the trace gas concentration after mixing becomes lower than
the full scale of the trace gas analyser.
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The calculation of the exhaust gas flow is as follows:

qmew -

where

qmew

drt

_ qrtxpew

60 (Cpmix —Ca)
is the exhaust mass flow [kg/s];

is the tracer gas flow rate [cm3/min];

is the concentration of the tracer gas after miYing [ppm]

(8)

Cmix
Pew
Ca

The backgr

concentration measured immediately before the test run and after the test run.

When the b
(cmix) at ma

The total sy
according td

8.3.6 Air

This involvd

instantaneous exhaust gas mass flow is as follows:

= 9maw X(l

qmew

where

A/ Fg

is the density of the exhaust gas [kg/m3];

is the background concentration of the tracer gas in the intake air [ppm].

und concentration of the tracer gas (c;) may be determined by averaging the backgr
ickground concentration is less than 1 % of the concentration of thetracer gas after m

kimum exhaust flow, the background concentration may be neglected.

stem shall meet the accuracy specifications for the exhaust gas flow and shall be calib
9.6.

flow and air-to-fuel ratio measurement method

s exhaust mass calculation from the air flow and the air-to-fuel ratio. The calculation ¢

1
+—
AfFgxA

|

a &
138,0 + ———+

12,011x B +1,00794 x ot +15,999 4 x ¢ +14,0067 x5 +32,065x ¥

pund

ixing

rated

fthe

(9)

(10)

12
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\ 1_2XCCOX10_4
x| 100- 00" 1074 |4 %x :"5161%0_%} ‘%‘% x(cc02+cco><10_4)
1 = 1 B?CS)XCCOZ
4,764><(ﬂ+j—;+ij(ccoz+ccox104+CHC><104)
(11)
whefe

Lo

|/Fst  is the stoichiometric air-to-fuel ratio [kg/kg];
is the excess air ratio;

dco2  isthe dry CO; concentration [%];

dco is the dry CO concentration [ppm];

dHC is the HC concentration [ppm].

NOTH Fuel composition CgHgSyNsO, with § = 1. For fuels withgut'carbon (e.g. hydrogen), Form

(11)

The

dannot be used.

hir flowmeter shall meet the accuracy specifications of 8.4, the CO2 analyser used sh

specifications of 8.5.3.3, and the total system shall meetthe accuracy specifications for the exh3

Optipnally, air-to-fuel ratio measurement equipment, such as a zirconia-type sensor, whid
specifications of 8.5.3.13 may be used for the.measurement of the excess air ratio.

8.3.

Total dilute exhaust gas flow.

Wheh using a full-flow dilution system, the total flow of the dilute exhaust (gmdew) shall i
with|a PDP or CFV (see 18.2.2), The accuracy shall conform to the provisions of 10.2.

8.4

The
and

Accuracy

Calibration of allimeasuring instruments shall be traceable to national or internation
¢omply with the requirements given in Tables 1 and 2.

NOTH Calibrdtion requirements for analysers are given in 9.5.

The

instrunmients shall be calibrated as required by internal audit procedures, by the

manyfacturer. The deviations given in Tables 1 and 2 refer to the final recorded value, wh

ulae (10) and

all meet the
ust gas flow.

h meets the

e measured

W] standards

instrument
ich includes

the dataracquisition system.
Table 1 — Permissible deviations of instruments for engine-related parameters
No. | Measurement instrument Permissible deviation
Engine speed +2 % of reading or +1 % of engine’s max. value, whichever is larger
2 |Torque *2 % of reading or +1 % of engine’s max. value, whichever is larger
Fuel consumptiona *2 % of engine’s max. value

a

The calculations of the exhaust emissions as described in this International Standard are, in some cases, based on
different measurement and/or calculation methods. Because of limited total tolerances for the exhaust emission calculation,
the allowable values for some items, used in the appropriate equations, shall be smaller than the allowed tolerances given in
[SO 15550:2002, Table 4.
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Table 1 (continued)

No. | Measurement instrument Permissible deviation

4 |Air consumptiona +2 % of reading or +1 % of engine’s max. value, whichever is larger

Exhaust gas flowa +2,5 % of reading or £1,5 % of engine max. value, whichever is larger

a  The calculations of the exhaust emissions as described in this International Standard are, in some cases, based on
different measurement and/or calculation methods. Because of limited total tolerances for the exhaust emission calculation,
the allowable values for some items, used in the appropriate equations, shall be smaller than the allowed tolerances given in

[SO 15550:2002, Table 4.

No. Parameter Permissible deviation
1 Temperatures <600 K +2 K absolute
2 Temperatures >600 K *1 % of reading
3 Exhaust gas pressure +0,2 kPa abselute
4 [ntake air depressions +0,05 kPa-absolute
5 Atmospheric pressure +0,1%kPa absolute
6 Dther pressures +0,1 kPa absolute
7 Relative humidity +3 % absolute
8 Absolute humidity +5 % of reading
9 Dilution air flow +2 % of reading
10 Diluted exhaust gas flow +2 % of reading

8.5 Determination of the gaseous components
8.5.1 General analyser specifications

8.5.1.1 Ge¢neral specifications

The analysers shall have a measuring range appropriate for the accuracy required to measurg¢ the
concentratigns of the exhaust gasscomponents (see 8.5.1.2). The analysers shall be operated such that
the measurgd concentration fallsjbetween 15 % and 100 % of full scale.

If the full-s¢ale value is 165 Pppm (or ppmC) or less or if read-out systems (computers, data loggers)
that providg sufficient aeCuracy and resolution below 15 % of full scale are used, concentrations helow
15 % of full|scale are-also acceptable. In this case, additional calibrations are to be made to ensurg the
accuracy of the calibration curves.

The electroEnagnetic compatibility (EMC) of the equipment shall be at a level so as to mini|mize
additional errérs:

8.5.1.2 Accuracy

The analyser shall not deviate from the nominal calibration point by more than +2 % of the reading over
the whole measurement range (except zero) or 0,3 % of full scale, whichever is larger. The accuracy
shall be determined according to the calibration requirements laid down in 9.5.5.

NOTE For the purposes of this International Standard, accuracy is defined as the deviation of the analyser
reading from the nominal calibration values using a calibration gas (= true value).
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8.5.1.3 Precision

The precision, defined as 2,5 times the standard deviation of 10 repetitive responses toa given calibration
or span gas, shall be no greater than #1 % of full-scale concentration for each range used above 100 ppm
(or ppmC) or *2 % of full-scale concentration for each range used below 100 ppm (or ppmC).

8.5.1.4 Noise

The analyser peak-to-peak response to zero and calibration or span gases over any 10 s period shall not
exceed 2 % of full scale on all ranges used.

8.5.1.5 Zero drift

Zerofresponse is defined as the mean response, including noise, to a zero gas during a 30's'time |nterval. The
driftfof the zero response during a 1 h period shall be less than +2 % of full scale on, the lowestjrange used.

8.5.1.6 Span drift

Span|response is defined as the mean response, including noise, to a span gasduring a 30 s time nterval. The
driftjof the span response during a 1 h period shall be less than +2 % of full scale on the lowest[range used.

8.5.2 Gasdrying

Exhaust gases may be measured wet or dry. A gas-drying:device, if used, shall have a minimal effect
on the composition of the measured gases. Chemical driers are not an acceptable method pf removing
watefr from the sample.

8.5.3 Analysers

8.5.3.1 General

The measurement principles to be used are defined in 8.5.3.2 to 8.5.3.12. A detailed dgscription of
the measurement systems is given‘in Clause 16. The gases to be measured shall be analyged with the
folloywing instruments. For nonlinear analysers, the use of linearizing circuits is permitted.

8.5.3.2 Carbon monoxide:(CO) analysis

The ¢arbon monoxidezanalyser shall be of the non-dispersive infrared (NDIR) absorption type.

8.5.3.3 Carbonidioxide (CO2) analysis

The ¢arbontdioxide analyser shall be of the non-dispersive infrared (NDIR) absorption typsg.

8.5.3.40 Oxygen (02) analysis

Oxygen analysers shall be of the paramagnetic detector (PMD), zirconium dioxide (ZRDO), or
electrochemical sensor (ECS) type.

Zirconium dioxide sensors shall not be used when HC and CO concentrations are high, such as for lean-
burn spark-ignited engines.

Electrochemical sensors shall compensate for CO; and NOy interference.

8.5.3.5 Hydrocarbon (HC) analysis
The hydrocarbon analyser shall be of the heated flame ionization detector (HFID) type with detector,

valves, pipework, etc. heated so as to maintain a gas temperature of 463 K + 10 K (190 °C + 10 °C). For
methanol-fuelled engines, the temperature requirements of 8.5.3.12.3 apply. Optionally, for gas-fuelled
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engines and for the dilute testing of spark-ignition engines, the hydrocarbon analyser may be of the non-
heated flame ionization detector (FID) type.

8.5.3.6 Non-methane hydrocarbon (NMHC) analysis

8.5.3.6.1 General

Depending on the methane (CH4) concentration, this method is more relevant for gaseous than for

liquid fuels.

8.5.3.6.2

Non-metharj
chromatogr
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8.5.3.9 Ammonia (NH3) analysis

Ammonia sh

pal Joi e LLON 21 A
mch'rmnatugl apnreac metnoa

Tlhe application of the.calculation method for SOz assumes a 100 % sulfur conversion and is limi

e hydrocarbons shall be determined by subtraction of the methane analysed with

Non-methane cutter (NMC) method

nation of the non-methane fraction shall be performed with an NMC operated in line
r 8.5.3.5 by subtraction of the methane from the hydrocarbons.

xides of nitrogen (NOx) analysis

of nitrogen analyser shall be of the chemilumineScent detector (CLD) or hg
pscent detector (HCLD) type with an NO2/NO converter, if measured on a dry |
on a wet basis, an HCLD with converter maintained above 328 K (55 °C) shall be
e water quench check is satisfied (see 9.9.3.2). Kor both CLD and HCLD, the sampling
ntained at a wall temperature of 328 K to 473.K(55 °C to 200 °C) up to the converter fo
ht and up to the analyser for wet measurement.

Ifur dioxide (SO2) analysis

Qe X Weam x 20

but aftertreatmentSystems. In this case, SO, may be measured in accordance with the instrug
ment supplierss Since SO measurement is a difficult task and has not been fully demonstratg
urements, prier agreement of the parties involved is required.

h gas

hph (GC) conditioned at423 K (150 °C) from the hydrocarbons measured accordingto 8.5.

with

pated
asis.
ised,
path

Ir dry

ssion shall be calculated from the sulfur content of the fuel used since experience has shown
that using the direct measurement methed for SO, does not give more precise results:

(12)

edto
tions
bd for

5. For

altbe determined with a CLD, as described in 8.5.3.7, by using two different converter

the total am

ount of NOy and NHs, a high-temperature converter of 973 K (700 °C) shall be used.

For the NOy only, alow-temperature converter of 573 K (300 °C) shall be used. The difference between these
measurements is the ammonia concentration. This method has a long response time (approx. 10 min).

Alternatively, a Fourier transform infrared (FTIR) analyser or non-dispersive ultraviolet resonance
(NDUVR) analyser may be used in accordance with the instrument supplier’s instructions. Since the
technology has not been fully demonstrated for exhaust measurements, prior agreement of the parties
involved is required. The response time of this method is considerably shorter than with the double
converter method.
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8.5.3.10 Dinitrogen oxide (N20) analysis

An FTIR analyser or a non-dispersive infrared (NDIR) analyser may be used in accordance with the
instrument supplier’s instructions. Since the technology has not been fully demonstrated for exhaust
measurements, prior agreement of the parties involved is required.

8.5.3.11 Formaldehyde (HCHO) analysis

Formaldehyde shall be determined by passing an exhaust sample, preferably from the diluted exhaust
gas, through an impinger containing an acetonitrile (ACN) solution of DNPH reagent or through a silica
cartridge coated with 2,4-DNPH. The sample collected shall be analysed by a high-pressure liquid
chromatograph (HPLC) using UV detection at 365 nm.

Optigpnally, an FTIR analyser may be used in accordance with the instrument supplier’siinsfructions.
8.5.3.12 Methanol (CH30H) analysis

8.5.3.12.1 General

An HTIR analyser may be used in accordance with the instrumentsupplier’s instructiors. Since the
techmnology has not been fully demonstrated for exhaust measurements, prior agreement of the parties
involved is required.

8.5.3.12.2 Gas chromatographic (GC) method

Methanol shall be determined by passing an exhaust sathple through an impinger containinig de-ionized
water. The sample shall be analysed by a GC with FID.

8.5.3.12.3 HFID method

The HFID calibrated on propane shall beroperated at 385 K + 10 K (112 °C # 10 °C). The methanol
respopnse factor shall be determined-at several concentrations in the range of concentrdtions in the
sample, according to 9.8.5.

8.5.3.13 Air-to-fuel measurement

The fir-to-fuel measurement equipment used to determine the exhaust gas flow as specified in 8.3.6
shalllbe a wide range air-to-fuel ratio sensor or lambda sensor of zirconia type.

The $ensor shallbe mounted directly on the exhaust pipe where the exhaust gas temperdture is high
enoulgh to elimifiate water condensation.

The gccuracy of the sensor with incorporated electronics shall be as follows:

—  $39% of reading for A<2

— *5 % of reading for 2<A<5
— *10 % of reading for A>5

To fulfil the accuracy specified above, the sensor shall be calibrated as specified by the instrument
manufacturer.

8.5.4 Sampling for gaseous emissions

The gaseous emissions sampling probes shall be fitted at least 0,5 m or three times the diameter of the
exhaust pipe, whichever is the larger, upstream of the exit of the exhaust gas system but sufficiently
close to the engine so as to ensure an exhaust gas temperature of at least 343 K (70 °C) at the probe.
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In the case of a multi-cylinder engine with a branched exhaust manifold, the inlet of the probe shall be
located sufficiently far downstream so as to ensure that the sample is representative of the average
exhaust emissions from all cylinders. In multi-cylinder engines having distinct groups of manifolds,
such as in a “V” engine configuration, it is permissible to acquire a sample from each group individually
and calculate an average exhaust emission. Other methods which have been shown to correlate with the
above methods may be used. For exhaust emission calculation, the total exhaust mass flow shall be used.

If the composition of the exhaust gas is influenced by any exhaust aftertreatment system, the exhaust
sample shall be taken downstream of this device.

For spark-ignition engines, the exhaust sampling probe shall be in a high-pressure side of the muffler,
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dction, a mixing chamber may be optionally inserted between the muffler outlet an
e. The internal volume of the mixing chamber shall be not less than 10 times theycyl
It of the engine under test and shall be roughly equal dimensions in height, width,land d
chamber size shall be kept as small as practicable and shall be coupled as clo§eas possil
'he exhaust line leaving the mixing chamber shall extend atleast 610 mmdéyond the sa
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g chamber shall be maintained above the dew point of the exhaust\gases and a mini
e of 65 °C is recommended.
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the exhaust system for the purpose of cooling, tuning, or@oise reduction.

flow dilution system is used for the determination of the.particulates, the gaseous emis
determined in the diluted exhaust gas. The sampling probes shall be close to the partic
pbe in the dilution tunnel (see Figure 19, DT and\PSP).
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8.6.1 General
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air shall be higher than 288 K (15 °C) in close proximity to the entrance into the dilution tunnel.

For a partial-flow dilution system, the particulate sampling probe shall be fitted close to and upstream
of the gaseous probe as defined in 8.5.4 and in accordance with 18.2.1, Figures 10 to 18, EP and SP.

The partial-flow system shall be designed to extract a raw exhaust sample from the engine exhaust
stream, introduce dilution air into this sample, and subsequently measure the particulates in the diluted
sample. From that, it is essential that the dilution ratio be determined very accurately. Different sampling
methods can be applied, whereby the type of sampling used dictates the hardware and procedures to
be used (see 18.2.1).

To determine the mass of the particulates, a particulate sampling system, particulate sampling filters,
a microgram balance, and a temperature- and humidity-controlled weighing chamber are required. For
particulate sampling, the following two methods may be applied.
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The multiple-filter method dictates that one pair of filters (see 8.6.2.3) is used for each of the individual
modes of the test cycle. This method allows more lenient sample procedures but uses more filters.

The single-filter method uses one pair of filters (see 8.6.2.3) for all modes of the test cycle. Considerate
attention shall be paid to sampling times and flows during the sampling phase of the test; however, only
one pair of filters will be required for the test cycle.

8.6.2 Particulate sampling filters

8.6.2.1 Filter specification

Fluol
shall
of 35
betwf

8.6.2

Parti
filter

focarbon coated glass-fibre filters or fluorocarbon membrane filters are required. Al
have a 0,3 um DOP (dioctyl phthalate) collection efficiency of at least 95 % at a-gasf
cm/s and at least 99 % at 100 cm/s. When performing correlation tests betwegn' lab
een a manufacturer and a regulatory agency, filters of identical quality shall be used.

.2 Filter size

culate filters shall have a minimum diameter of 47 mm (37 mm stain diameter). Larg
s are acceptable (see 8.6.2.5).

filter types
ace velocity
oratories or

er diameter

8.6.2.3 Primary and back-up filters
The diluted exhaust shall be sampled during the test sequernce by one filter if the collectign efficiency
is >99 % (see 8.6.2.1), or a pair of filters placed in series (one primary and one back-up ffilter) if the
colleftion efficiency is between 95 % and 99 %. The back-up filter shall be located no more than 100 mm
downstream of the primary filter and shall not be if contact with the primary filter. The fiJters may be
weighed separately or as a pair with the filters placed stain side to stain side.
8.6.2.4 Filter face velocity
A gap face velocity through the filtet of 35 cm/s to 100 cm/s shall be achieved. The pressure-drop
incrgase between the beginning and the end of the test shall be no more than 25 kPa.
8.6.2.5 Filter loading
The ffilter loading should-be 0,338 pg/mm? filter area for the single-filter method. The required
minimum filter loadingshall be 0,065 ng/mm? filter area. For the most common filter sizef, the values
are given in Table 3.
For the multiplesfilter method, the filter loading for the sum of all filters is the product of thelappropriate
valu¢ above and the square root of the total number of modes.
Table 3 — Minimum filter loading
Filter diameter Recommended loading Required minimum
loading

mm mg mg

47 0,6 0,11

70 1,3 0,25

90 2,1 0,41

110 3,2 0,62
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8.6.3 Weighing chamber and analytical balance specifications

8.6.3.1 Weighing chamber conditions

The temperature of the chamber (or room) in which the particulate filters are conditioned and weighed shall
be maintained to within 295 K + 3 K (22 °C * 3 °C) during all filter conditioning and weighing. The humidity
shall be maintained to a dew point of 282,5 K+ 3 K (9,5 °C + 3 °C) and a relative humidity of 45 % * 8 %.

8.6.3.2 Reference filter weighing

The chamber i i i hat would
settle on th¢ particulate filters during their stabilization. Disturbances to weighing room specificafions
as outlined jn 8.6.3.1 will be allowed if the duration of the disturbances does not exceed 30-min| The
weighing rdom shall meet the required specifications prior to personal entrance into the, weighing
room. At least two unused reference filters or reference filter pairs shall be weighed within 4 h of (but
preferably 4t the same time as) the sample filter (pair) weighings. They shall be the,same siz¢ and
material as the sample filters.

If the average mass of the reference filters or reference filter pairs changesS-bétween sample filter
weighings By more than 10 pg + 5 % of particulate loading at the actual test-with an absolute ypper
limit of 40 g, then all sample filters shall be discarded and the emissions test repeated. Optionally, the
cycle may b¢ repeated on the same filter to get a higher particulate loading with correspondingly hjgher
reference filter tolerances.

If the weighing room stability criteria outlined in 8.6.3.1 are fiot' met, but the reference filter (jpair)
weighings meet the above criteria, the engine manufacturer ha§’the option of accepting the sample filter
masses or vpiding the tests, fixing the weighing room contrélsystem and rerunning the test.

8.6.3.3 Analytical balance

The analytifal balance used to determine the tnasses of all filters shall have a precision (standard
deviation) of 20 ug and a resolution of 10 pg (Indigit = 10 pg). For filters less than 70 mm in diameteg, the
precision and resolution shall be 2 pg and 1 ug, respectively.

8.6.3.4 Eljmination of static electricity effects

To eliminat¢ the effects of statig(electricity, the filters shall be neutralized prior to weighing, e.g] by a
polonium neutralizer or a devicgof similar effect.

8.6.3.5 Additional spécifications for particulate measurement

All parts of the dilution system and the sampling system from the exhaust pipe up to the filter h¢lder,
which are in contast with raw and diluted exhaust gas, shall be designed to minimize depositi¢pn or
alteration of the.particulates. All parts shall be made of electrically conductive materials that dp not
react with elxhau as components and shall be electrically grounded to prevent electro ic effelcts.

9 Calibration of the analytical instruments

9.1 General requirements

Each analyser shall be calibrated as often as necessary to fulfil the accuracy requirements of this
International Standard. The calibration method that shall be used is described below for the analysers
indicated in 8.5.3.
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9.2 Calibration gases

9.2.1 General
Calibration gases shall not be used past their shelf life.

The expiry date of the calibration gases stated by the manufacturer shall be recorded.

9.2.2 Pure gas

The required purity of the gases is defined by the contamination limits given below. The following gases
shalllbe available for operation:

— purified nitrogen (contamination <1 ppmC, <1 ppmCO, <400 ppmCOz, <0,1 ppmNO);
— purified oxygen (purity >99,5 % vol. 02);

— lhydrogen-helium mixture (40 % + 2 % hydrogen;, balancs helium)
contamination <1 ppmC, <400 ppmCO3);

— purified synthetic air (contamination <1 ppmC, <1 ppmC@, ‘<400 ppmCO3, <(,1 ppmNO)
oxygen content 18 % - 21 % vol.).

9.2.3 Calibration and span gases

Mixtpres of gases having the following chemical compogitions shall be available:
— (3Hg and purified synthetic air (see 9.2.2);

— (O and purified nitrogen;

— INOy and purified nitrogen (the amount 0f NO; contained in this calibration gas shall not exceed 5 %
f the NO content);

— 07 and purified nitrogen;

— (O3 and purified nitrogeng

— (H4 and purified synthetic air;
— (2Hg and purified:synthetic air.
NOTH Other gas-eombinations are allowed provided that the gases do not react with one anothgr.

The frue concentration of a calibration and span gas shall be within +2 % of the nominpl value. All
concentrations of calibration gas shall be given on a volume basis (volume per cent or volurhe ppm).

-------

9 2 Hee aofaoac divs <
nas OoSCOTgas aIviuacrs

The gases used for calibration and span may also be obtained by means of precision blending devices
(gas dividers), diluting with purified N or with purified synthetic air. The accuracy of the mixing device
shall be such that the concentration of the blended calibration gases is accurate to within *2 %. This
accuracy implies that primary gases used for blending must be known to an accuracy of at least +1 %,
traceable to national or international gas standards. The verification shall be performed at between
15 % and 50 % of full scale for each calibration incorporating a blending device.

Optionally, the blending device may be checked with an instrument which by nature islinear, e.g. using NO
gas with a CLD. The span value of the instrument shall be adjusted with the span gas directly connected
to the instrument. The blending device shall be checked at the used settings and the nominal value shall
be compared to the measured concentration of the instrument. This difference shall in each point be
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within *1 % of the nominal value. But this linearity check of the gas divider shall not be performed with
a gas analyser which was previously linearized with the same gas divider.

9.2.5 Oxygen interference gases

Oxygen interference check gases shall contain propane with 350 ppmC = 75 ppmC hydrocarbon. The
concentration value shall be determined to calibration gas tolerances by chromatographic analysis of total
hydrocarbons plus impurities or by dynamic blending. Nitrogen shall be the predominant diluent with the
balance oxygen. Blends required for gasoline-fuelled and diesel engine testing are listed in Table 4.

— Table4 — Oxygen interference check gases
(=]

Applicability 02 concentration Balance

%
Diesel 21 (20to 22) Nitregen
Diesel and ggsoline 10 (9 to 11) Nitregen
Diesel and ggsoline 5(4to6) Nitrogen
Gasoline 0(0to1) Nitrogen

9.3 Operating procedure for analysers and sampling system

The operating procedure for analysers shall follow the start-upvand operating instructions of the
instrument manufacturer. The minimum requirements given in 9.4to 9.9 shall be included. For laboratory
instrumentg such as GC and HPLC, only 9.5.4 applies.

9.4 Leakage test

A system legkage test shall be performed. The probe:shall be disconnected from the exhaust system and
the end plugged. The analyser pump shall be switched on. After an initial stabilization period, all|flow
meters should read zero. If not, the samplinglines shall be checked and the fault corrected.

The maxim;tm allowable leakage rate on'the vacuum side shall be 0,5 % of the in-use flow rate fgr the
portion of the system being checked. The analyser flows and bypass flows may be used to estimate the
in-use flow rates.

Another method is the introdéction of a concentration step change at the beginning of the sampling
line by switfhing from zeroto Span gas. If after an adequate period of time the reading shows a lpwer
concentratigpn comparedtothe introduced concentration, this points to calibration or leakage problems.

9.5 Calibration procedure

9.5.1 Insframent assembly

Calibrate the instrument assembly and check calibrated curves against calibration gases. The same gas
flow rates shall be used as when sampling exhaust gas.

9.5.2 Warm-up time

The warm-up time should be according to the recommendations of the manufacturer. If not specified, a
minimum of 2 h is recommended for warming up the analysers.

9.5.3 NDIR and HFID analyser

Tune the NDIR analyser as necessary, and optimize the combustion flame of the HFID analyser (see 9.8.1)
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9.54 GCand HPCL

Calibrate both instruments according to good laboratory practice and the recommendations of the
manufacturer.

9.5.5 Establishment of the calibration curve
a) Each normally used operating range shall be calibrated.

b) Using purified synthetic air (or nitrogen), the CO, CO2, NOy, and HC analysers shall be set at zero.

¢) Fheappropriatecabbrationgasesshallbe introducedtotheanalysers the valuesrecorded, and the

¢alibration curve established.

d) The calibration curve shall be established by at least six calibration points (excjtlding Zero)
jdpproximately equally spaced over the operating range. The highest nominal concentration shall be
equal to or higher than 90 % of full scale.

e) The calibration curve shall be calculated by the method ofleast squares:A best-fitlinear pr nonlinear
¢quation may be used.

f) The calibration points shall not differ from the least squares best-fit line by more tlhan *2 % of
reading or 0,3 % of full scale, whichever is larger.

g) The zero setting shall be rechecked and the calibrationprecedure repeated, if necessary.

9.5.4 Alternative calibration methods

If it ¢an be shown that alternative technology (coemputer, electronically controlled range switch, etc.)
can give equivalent accuracy, then these alternatives may be used.

9.5.7 Verification of the calibration

Each| normally used operating rangé_shall be checked prior to each analysis in accordarce with the
following procedure.

The ¢alibration is checked by-using a zero gas and a span gas whose nominal value is more than 80 % of
full gcale of the measuring-range.

If, fof the two points censidered, the value found does not differ by more than +4 % of full scale from
the declared reference-value, the adjustment parameters may be modified. Should this not|be the case,
the span gas shall bé'verified or a new calibration curve shall be established in accordance with 9.5.5.

9.6 | Calibration of tracer gas analyser for exhaust flow measurement

The gnalyser for measurement of the tracer gas concentration shall be calibrated using the ca]iibration gas.

The calibration curve shall be established by atleast six calibration points (excluding zero) approximately
equally spaced over the operating range. The highest nominal concentration shall be equal to or higher
than 90 % of full scale. The calibration curve is calculated by the method of least squares.

The calibration points shall not differ from the least-squares best-fit line by more than +2 % of reading
or 0,3 % of full scale, whichever is larger.

The analyser shall be set at zero and spanned prior to the test run using a zero gas and a span gas whose
nominal value is more than 80 % of the analyser full scale.
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9.7 Efficiency test of the NOx converter

9,7.1 General

The efficiency of the converter used for the conversion of NO into NO is tested as given in 9.7.2 to 9.7.9
(see Figure 1).

9.7.2 Testsetup

Using the test setup as schematically shown in Figure 1 (see also 8.5.3.7) and the procedure below, the
efficiency of converters can be tested by means of an ozonator.

1
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variac
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a  Alternating current.
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To analyser.

Figure 1 — Schematic representation of NO; converter efficiency device

9.7.3 Calibration

The CLD and the HCLD shall be calibrated in the most common operating range, following the
manufacturer’s specifications, using zero and span gas (the NO content of which must amount to about
80 % of the operating range and the NO; concentration of the gas mixture to less than 5 % of the NO
concentration). The NOy analyser shall be in the NO mode so that the span gas does not pass through the
converter. The indicated concentration shall be recorded.
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9.7.4 Calculation

The efficiency of the NOy converter is calculated as follows:

Enox = (1 + a_bj x 100 (13)
C_

where

a isthe NOy concentration according to 9.7.7;

h isthe I\I(‘\A concentration af‘r‘nrr]ing ta 97 Q;

¢ isthe NO concentration according to 9.7.5;

d isthe NO concentration according to 9.7.6.

9.7.3 Adding of oxygen

Via a|T-fitting, oxygen or zero air is added continuously to the gas flow u1itil the concentratior] indicated is
abouf 20 % less than the indicated calibration concentration given in 9.7Z3. (The analyser is in tlie NO mode.)

The indicated concentration (c) shall be recorded. The ozonator iskept deactivated throughoutthe process.

9.7.4 Activation of the ozonator

The pzonator is now activated to generate enough ozoti€ to bring the NO concentration down to about
20 % (minimum 10 %) of the calibration concentration given in 9.7.3. The indicated concgntration (d)
shalllbe recorded. (The analyser is in the NO mode.)

9.7.17 NOxmode

The INO analyser is then switched to the NOx mode so that the gas mixture (consisting of NO,[NO2, O, and
N3) jow passes through the converter-The indicated concentration (a) shall be recorded. (The analyser
is in the NOx mode.)

9.7.8 Deactivation of the ozonator

The pzonator is now deaetivated. The mixture of gases described in 9.7.7 passes through the converter
into the detector. The indicated concentration (b) shall be recorded. (The analyser is in the [NOx mode.)

9.7.9 NO mode

Switghed t6-NO mode with the ozonator deactivated, the flow of oxygen or synthetic air is also shut off.
The INOx reading of the analyser shall not deviate by more than +5 % from the value measurg¢d according

9 /e da i N 1 L +l o NN da)
tO LI T TIIC AIIAaTy ST TS TIT HIIT INUTITUUT

9.7.10 Test interval

The efficiency of the converter shall be tested prior to each calibration of the NOy analyser.

9.7.11 Efficiency requirement

The efficiency of the converter shall not be less than 90 %, but a higher efficiency of 95 % is strongly
recommended.

If, with the analyser in the most common range, the NOx converter cannot give a reduction from 80 % to
20 % according to 9.7.3, then the highest range which will give the reduction shall be used.
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9.8 Adjustment of the FID

9.8.1 Optimization of the detector response

The FID shall be adjusted as specified by the instrument manufacturer. A propane-in-air span gas shall
be used to optimize the response on the most common operating range.

With the fuel and air flow rates set at the manufacturer’s recommendations, a 350 ppmC + 75 ppmC
span gas shall be introduced to the analyser. The response at a given fuel flow shall be determined
from the difference between the span gas response and the zero gas response. The fuel flow shall be
incrementally adjusted above and below the manufacturer’s specification. The span and zero response

atthese fuel
and the fuell
need furthe
interference

If the oxyger]
9.8.3, the ai
for each floy

The optimiZ
9.8.2 Hyd

The analyse

Response fa

flows shall be recorded. The difference between the span and zero response shall be pl
flow adjusted to the rich side of the curve. This is the initial flow rate setting which|

btted
may

" optimization depending on the results of the hydrocarbon response factors andthe oxygen

check according to 9.8.2 and 9.8.3.

| interference or the hydrocarbon response factors do not meet the specificationsin 9.8.
I flow shall be incrementally adjusted above and below the manufacturer’s specificat
V.

ation may be conducted using the procedures outlined in SAE Teghnical Paper 770141

rocarbon response factors
r shall be calibrated using propane in air and purified.synthetic air, according to 9.5.

ctors shall be determined when introducing an aralyser into service and after major se

intervals. The response factor, ry, for a particular hydrocarbon species is the ratio of the FID C1 re3

to the gas cd

The concent
scale. The c

ncentration in the cylinder expressed by ppmC1.

ration of the test gas shall be at a level'to give a response of approximately 80 % o
ncentration shall be known to an accuracy of +2 % in reference to a gravimetric stan

expressed in volume. In addition, the gas cylinder shall be preconditioned for 24 h at a temperaty

298 K+5K([25°C+5°Q).

The test gasles to be used and the recommended relative response factor ranges are as follows:
— methang and purified synthetic.air: 1,00 < rp < 1,15.

— propylephe and purified syhthetic air: 090<srm<1,1.

— tolueneland purifiedsynthetic air: 090<r,<1,1.

These value

5 are relative to an r of 1 for propane and purified synthetic air.

9.8.3 Ox

en interference check

P and
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9
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The oxygen interference check shall be determined when introducing an analyser into service and after
major service intervals.

A range shall be chosen where the oxygen interference check gases will fall in the upper 50 %. The
test shall be conducted with the oven temperature set as required. The oxygen interference gases are

specified in

9.2.5.

a) The analyser shall be zeroed.

b) The analyser shall be spanned with the 0 % oxygen blend for gasoline-fuelled engines. Diesel engine
instruments shall be spanned with the 21 % oxygen blend.

c) The zeroresponse shall be rechecked. If it has changed by more than 0,5 % of full scale, steps a) and
b) shall be repeated.
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d) The 5 % and 10 % oxygen interference check gases shall be introduced.

e) The zero response shall be rechecked. If it has changed by more than *1 % of full scale, the test
shall be repeated.

f) The oxygen interference (%0zint) shall be calculated for each mixture in step d) as follows:

(B —analyser response)
B

%0,int = x 100 (14)

where

A
aInalyser response is ——x%FS atB
%FS atA

where

A  is the hydrocarbon concentration in parts per million C (microlitres\per litre) of the span gas
used in step b);

B isthe hydrocarbon concentration (ppmC) of the oxygen intetference check gases used in
step d).

~

gpmc)zg (15)

where

D is the percentage of full scale analyser response due to A.

g) The % of oxygen interference (%0zint) shall be less than £3,0 % for all required oxygen nterference
¢heck gases prior to testing.

h) If the oxygen interference is gredter than 3,0 %, the air flow above and below the mahufacturer’s
gpecifications shall be incrementally adjusted, repeating 9.8.1 for each flow.

i) If the oxygen interferenceé is greater than *3,0 % after adjusting the air flow, the fuel flow, and
thereafter, the sample flow shall be varied, repeating 9.8.1 for each new setting.

j) If the oxygen interférence is still greater than +3,0 %, the analyser, FID fuel, or burper air shall
e repaired orreplaced prior to testing. Steps a) to i) shall then be repeated with the|repaired or
eplaced equipment or gases.

9.8. Efficiency of the Non-Methane Cutter (NMC)

9.8.4.1 General

The NMC is used for the removal of the non-methane hydrocarbons from the sample gas by oxidizing all
hydrocarbons except methane. Ideally, the conversion for methane is 0 %, and for the other hydrocarbons
represented by ethane is 100 %. For the accurate measurement of NMHC, the two efficiencies shall be
determined and used for the calculation of the NMHC emission mass flow rate (see 15.4).
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9.8.4.2 Methane efficiency

Methane calibration gas shall be flowed through the FID with and without bypassing the NMC and the
two concentrations recorded. The efficiency shall be determined as follows:

Ey = 1_M (16)
Cw/oCutter

where

CwCutter is the HC concentration with CH4 flowing through the NMC;

Cw/ocCuttpr  is the HC concentration with CH4 bypassing the NMC.

9.8.4.3 Ethane efficiency

Ethane califration gas shall be flowed through the FID with and without bypassing the NMC and th¢ two
concentratigns recorded. The efficiency shall be determined as follows:

Ep = 1|--SwCutter (17)
Cw/oCutter

where
CwCutter is the HC concentration with CoHg flowing through:the NMC;

Cw/oCuttpr  is the HC concentration with C2Hg bypassingthe NMC.

9.8.5 Met‘hanol response factor
|

When the FID analyser is to be used for the analysisof hydrocarbons containing methanol, the methanol
response fagtor, rp, of the analyser shall be established.

A known vdlume of methanol (g, in millilitres) is injected, using a microlitre syringe, into the h¢ated
mixing zon¢ [395 K (122 °C)] of a septum injector, vaporized and swept into a tedlar bag wijith a
known volume of zero-grade air (b, in"citbic metres). The air volume(s) shall be such that the methanol
concentratign in the bag is representative of the range of concentrations found in the exhaust sample.

The bag sanpple is analysed usingthe FID, and the response factor is calculated as follows:

CsAM

where

xpip  [isthe FID reading, in parts per million (microlitres per litre) of C;

csaMm  is the methanol concentration in the sample bag in ppmC, as calculated from a and b:
csaM = 594 x a/b.

9.9 Interference effects with CO, CO2, NOx, 02, NH3, and N20 analysers

9.9.1 General

Gases other than the one being analysed can interfere with the reading in several ways. Positive
interference occurs in NDIR and PMD instruments where the interfering gas gives the same effect as
the gas being measured, but to a lesser degree. Negative interference occurs in NDIR instruments by
the interfering gas broadening the absorption band of the measured gas and in CLD instruments by the
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interfering gas quenching the radiation. The interference checks in 9.9.2 and 9.9.3 shall be performed
prior to an analyser’s initial use and after major service intervals, but at least once per year.

9.9.2 CO analyser interference check

Water and COz can interfere with the CO analyser performance. Therefore, a CO span gas having a
concentration of 80 % to 100 % of full scale of the maximum operating range used during testing shall
be bubbled through water at room temperature and the analyser response recorded. The analyser
response shall not be more than 1 % of full scale for ranges equal to or above 300 ppm or more than
3 ppm for ranges below 300 ppm.

9.9.3 NOy analyser quench checks

The two gases of concern for CLD (and HCLD) analysers are CO; and water vapour. Quernch fesponses to
thes¢ gases are proportional to their concentrations, and therefore require test techniques o determine
the quench at the highest expected concentrations experienced during testing,

9.9.3.1 CO2 quench check

A COp span gas having a concentration of 80 % to 100 % of full scalé.of the maximum operating range
shall|be passed through the NDIR analyser and the CO; value pecorded as A. It shall then be diluted
apprpximately 50 % with NO span gas and passed through the{NDIR and (H)CLD, with the|CO2 and NO
valug¢s recorded as B and C, respectively. The CO; shall thenbe shut off and only the NO [span gas be
passed through the (H)CLD and the NO value recorded as D,

The quench shall be calculated as follows:

Coz{l {(DxA)—(DxB)H 100 (19)

wherte

Iy

A is the undiluted CO; concentration measured with NDIR [%];

B is the diluted CO; concgentration measured with NDIR [%];

¢ isthe diluted NO concentration measured with (H)CLD [ppm];

D isthe undilutedNO concentration measured with (H)CLD [ppm].

Alternative methdds of diluting and quantifying CO; and NO span gas values, such [as dynamic
mixing/blending, can be used.

9.9.3.2 A Water quench check

This check applies to wet gas concentration measurements only. Calculation of water quench shall
consider dilution of the NO span gas with water vapour and scaling of water vapour concentration of the
mixture to that expected during testing.

A NO span gas having a concentration of 80 % to 100 % of full scale of the normal operating range shall
be passed through the (H)CLD and the NO value recorded as D. The NO span gas shall then be bubbled
through water at a temperature of 298 K + 5 K (25 °C + 5 °C), passed through the (H)CLD and the NO
value recorded as C. The water temperature shall be determined and recorded. The mixture’s saturation
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vapour pressure that corresponds to the bubbler water temperature (F) shall be determined and
recorded as G. The water vapour concentration (H, in %) of the mixture shall be calculated as follows:

H =100x [ij
Pp

The expected diluted NO span gas (in water vapour) concentration (D) shall be calculated as follows:

(20)

D, :Dxﬁl—%j (21)
For diesel exhaust, the maximum exhaust water concentration (in %) expected during testing shall be
estimated, ynder the assumption of a fuel atom H:C ratio of 1,8:1, from the maximum CO; conecentrption
A in the exhaust gas as follows:

H, =0[]9xA (22)
Record H, D¢, and Hp,.

The water quench shall be calculated as follows:

Eypo = [OOX[DeD_eC]X(HI;ﬂj (23)
where

De s the expected diluted NO concentration [ppm];

C

Hp, is the maximum water vapour concentration [%];

H

NOTE It
of NO7 in wat

9933 M

The maxim

For all
concent]
maintail
which is
25%R

is the diluted NO concentration [ppm];

is the actual water vapour concentratjon [%].

simportantthatthe NO spangascontains minimal NO; concentration for this check, since absor
er has not been accounted£orin the quench calculations.

haximum allowable€guench
Im allowable guetich shall be as follows.

dry CLD analysers, it shall be demonstrated that for the highest expected water va
ration. (i.e
ns CEP-humidity at less than or equal to 5 g water per kg dry air (or about 0,008 %
100-% RH at 3,9 °C and 101,3 kPa. This humidity specification is also equivalent to 3

ption

pour

“%H70exp” as calculated later in this section), the water removal technpique

120),
bout

RE-&% ')l:' °C an 101 2 I,Dq Tlmc- can ha Anmnnoqufnd h thao famnaratiien

Y maacuring

t the

TOU IO O T OtITo ottt OOy thtaou tirg ct—tCrpTroturT

outlet of a thermal dehumldlfler or by measuring humidity at a point just upstream of the CLD.
Humidity of the CLD exhaust might also be measured as long as the only flow into the CLD is the
flow of the dehumidifier.

For raw measurement CO2-quench according to 9.9.3.1: 2 % of full scale.

Water quench according to 9.9.3.2: 3 % of full scale.

For dilute measurement: 2 % combined CO3 and water quench.

9.9.4 07 analyser interference

Instrument response of a PMD analyser caused by gases other than oxygen is comparatively slight. The
oxygen equivalents of the common exhaust gas constituents are shown in Table 5.
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Table 5 — Oxygen equivalents

Gas 02 equivalent
%
Carbon dioxide (CO3) -0,623
Carbon monoxide (CO) -0,354
Nitric oxide (NO) +44,4
Nitrogen dioxide (NO7) +28,7
Water (H20) -0,381

The observed oxygen concentration shall be corrected by the following formula if high-precision
meagurements are to be done:

(Equivalent % 0, x Observed concentration)
100

[l

(24)

hterference =

ForZRDOand ECSanalysers,instrumentinterference caused by gasesotherthan oxygenshallbe jompensated
for, i accordance with the instrument supplier’s instruction and with good’engineering practire.

9.9.3 Cross-interference check compensation for NH3 and'N20 measurement channgls using IR
and UV measurement techniques

9.9.3.1 Procedure for establishing the cross-interference correction for NH3 analysers
(NDUVR method)

Therf are cross-interferences to nitrogen oxide {NO) and nitrogen dioxide (NO2). Both components shall
be nleasured with the measurement equipment and a compensation shall be applied to the analyser
readings, if the cross-interference exceeds 2.% full scale.

9.9.5.2 Check of the cross-interferences

NO and NO; calibration gases.are fed into the analyser with cross-interference cqmpensation
activiated. For each component, at least five different calibration gas concentrations with|equidistant
spacing between zero and the’maximum expected interference gas concentration shall be jused for the
compensation check. Thesmaximum deviation of the NH3 reading from the zero reading shall be less
than|+2 % full scale pf'the commonly used range. If the deviation is higher, a new correctipn curve for
the dorrespondingdnterference component shall be established and applied to the analyser readings.
The ise of singlé:bléend gases is possible, as well as the use of gas mixtures containing ffwo or more
interfference gases.

9.9.5.3 < Rrocedure for the generation of cross-interference correction curves

9.9.5.3.1 NO cross-interference

Calibration gases with at least five different NO concentrations that have to be spread equidistantly over
the used NO analyser range during measurement shall be fed into the NH3 analyser.

The nominal NO values and the measured NH3 concentrations have to be recorded. Using a least-squares fit
for a suitable fit function (e.g. polynomial fit function) f(NO), a correction curve to compensate for the NO
cross-interference is calculated. The number of fit points has to be higher by at least two than the number
of fit parameters (e.g. polynomial of fourth order needs at least seven fit points). The correction values
NH3_compensated = NH3_not compensated — f(NO) shall be within +1 % full scale of the analyser zero reading.

9.9.5.3.2 NO3 cross-interference

The procedure for NO3 is equivalent to that for NO; span gases. The resultis the correction curve f(NO2).
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The calibration gases used for establishing the cross-interference compensation curves shall be single-
blend mixtures. The use of gas mixtures with two or more interference gasesis notallowed for generating
the cross-interference compensation curves.

The following compensation calculation shall be done by the measurement system:

NH3_compensated = NH3_not compensated _f(NO) _f[NOZ)

After the compensation curves have been established, the cross-interference compensation shall be
checked by the procedures given in 9.9.5.2.

9.9.5.4 Preeed

(NDIR met

There are c

9.9.5.5 Ck

Calibration §
activated. F
spacing bety
compensati
than +2 % f|
the corresp
The use of |
interference

9.9.5.6 Pi

9.9.5.6.1
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the used CO

The nomina
for a suitabl
cross-interfj
of fit param

The correct
analyser ze

9.9.5.6.2

The same pi

od)

oss-interferences for CO7, CO, and NO and small interferences for some hydrocarnbons.

)eck the cross-interferences

rases for CO,CO2,NO,and C3Hgare fed into the analyser with cross-interference compens
br each component, at least five different calibration gas concentrations with equidi
veen zero and the maximum expected interference gas concentration shall be used fg
bn check. The maximum deviation of the NO; reading from(the zero reading shall bg
ull scale of the commonly used range. If the deviation is higher, a new correction cury
bnding interference component shall be established and<applied to the analyser read
ingle-blend gases is allowed, as well as the use of¢gas mixtures containing two or
gases.

ocedure for the generation of cross-interference correction curves

CO cross-interference

bases with at least five different CO:cencentrations that have to be spread equidistantly]
analyser range during measuremeént shall be fed into the N0 analyser.

CO values and the measuredN,0 concentrations shall be recorded. Using a least-squar

brence is calculated. Fhenumber of fit points shall be higher by at least two than the nu
bters (e.g. polynomial of fourth order needs at least seven fit points).

3d Values NZOCompensated = NZOnot Compensated _f(CO) Shall be Wlthln +1 % full Scale ¢
o reading.

02, NO;and C3Hg cross-interference

htion
stant
r the

less
e for
ings.
more

over

es fit

b fit function (e.g. polynemial fit function) f(CO), a correction curve to compensate for the CO

mber

f the

NO),

acedure is done for CO7, NO, and C3Hg. The result is the correction functions f(CO2), f{

and f(C3Hg),

Tespectively.

The calibration gases used for establishing the cross-interference compensation curves shall be single-
blend mixtures. The use of gas mixtures with two or more interference gasesis notallowed for generating
the cross-interference compensation curves.

The following compensation calculation shall be done by the measurement system:

NZOcompensated = N20not compensated -f(CO2) = - f(CO) - f(NO) - f(C3Hs)

After the compensation curves have been established, the cross-interference compensation shall be
checked by the procedure given in 9.9.5.5.
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9.10 Calibration intervals

The analysers shall be calibrated according to 9.5 at least every three months or whenever a system
repair or change is made that could influence calibration.

10 Calibration of the particulate measuring system

10.1 General

Each component shall be calibrated as often as necessary to fulfil the accuracy requirements of this

Inteq
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If the
be su
in Fig

10.2

If CO
gas 3

10.2

A ca
contl
flow
inth

The
prod
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Ifac
The
carb

national Standard. The calibration method to be used 1s described 1n this clause for the
ated in 8.6 and Clause 18.

Calibration procedure

1 Flow measurement

calibration of gas flow meters or flow measurement instrumientation shall be {
national and/or national standards.

gas flow is determined by differential flow measurement, the maximum error of the dif
ch that the accuracy of gmedris within +4 % (see also 18.25), éxhaust gas analyser explan
rures 10 to 18). It can be calculated by taking the root-miean-square of the errors of each

2 Exhaust gas analysers

b or NOy concentration measurement is usedfor the determination of the dilution ratio
nalysers shall be calibrated in accordance-with 9.5.5.

3 Carbon flow check

'bon flow check using actual exhaust is strongly recommended for detecting measy
‘ol problems and verifyingsthe proper operation of the partial-flow dilution system.
check shall be run at least each time a new engine is installed, or something significan
e test cell configuration:

engine shall be opérated at peak torque load and speed or any other steady-statg
uces 5 % or moreZaf CO7. The partial-flow sampling system shall be operated with a di
out 15 to 1.

arbon fléw check is conducted, the procedure given in ISO 8178-1:2006, Annex F, shal
arbon flow rates shall be calculated according to ISO 8178-1:2006, Formulae F.1, F.2
b1 flow rates shall agree to within 6 %.

components

raceable to

Ference shall
ations given
instrument.

the exhaust

rement and
The carbon
t is changed

b mode that
ution factor

[ be applied.

and F.3. All

10.3 Checking the partial-flow conditions

The range of the exhaust gas velocity and the pressure oscillations shall be checked and adjusted
according to the requirements of 18.2.1, exhaust pipe explanations given in Figures 10 to 18, if applicable.

10.4 Calibration intervals

The flow measurement instrumentation shall be calibrated at least once per year or whenever a system
repair or change is made that could influence calibration.
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11 Calibration of the CVS full-flow dilution system

11.1 General

The CVS system shall be calibrated by using an accurate flowmeter and a restricting device. The flow
through the system shall be measured at different restriction settings, and the control parameters of
the system shall be measured and related to the flow.

Various type of flowmeter may be used, e.g. calibrated venturi, calibrated laminar flowmeter, calibrated
turbinemeter.

11.2 Calib

11.2.1 Gen

All the para
related to a
(in m3/min
function wh

relates the pump flow and the correlation function shall be determined. If-a~CVS has a multiple-g

drive, the c3
Temperaturj

Leaks in all
maintained

11.2.2 Dat

The air flov
from the flg
converted t

meters related to the pump shall be simultaneously measured, along withi-the param

ration of the Positive Displacement Pump (PDP)

eral

calibration venturi which is connected in series with the pump. The calculated flow
at pump inlet, absolute pressure, and temperature) shall be plotted against a correl
ich is the value of a specific combination of pump parameters., The’linear equation W

libration shall be performed for each range used.
e stability shall be maintained during calibration.

the connections and ducting between the calibration venturi and the CVS pump sh4
lower than 0,3 % of the lowest flow point (highestrestriction and lowest PDP speed p

h analysis

U rate, (s, at each restriction setting {tinimum six settings) shall be calculated in
wmeter data using the manufacturer’s prescribed method. The air flow rate shall th¢

LX101,3
273 Pa

-2
n
where
Qs ist
T

pa is the absolute pressure at pump inlet [kPa];

n

is the temperatute at pump inlet [K];

is thelpump speed [rev/s].

e air flow rate at'standard conditions (101,3 kPa, 273 K) [m3/s];

pump flow, Vp, in m3/rev at absolite pump inlet temperature and pressure as follows}:

pters
rate
htion
rhich
peed

1l be
int).

m3/s
en be

(25)

To account for the interaction of pressure variations at the pump and the pump slip rate, the correlation
function, X, between pump speed, pressure differential from pump inlet to pump outlet, and absolute
pump outlet pressure shall be calculated as follows:

XOZ—X
n

where
App ist
ist

pA

34

Apy,
Pa

he pressure differential from pump inlet to pump outlet [kPa];

he absolute outlet pressure at pump outlet [kPa].

(26)
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Alinear least-squares fit shall be performed to generate the calibration formula as follows:

Vo =Do—mx(Xy) (27)

Do and m are the intercept and slope constants, respectively, describing the regression lines.

For a CVS system with multiple speeds, the calibration curves generated for the different pump flow
ranges shall be approximately parallel, and the intercept values (Dg) shall increase as the pump flow
range decreases.

The calculated values from the equation shall be within £0,5 % of the measured value of V/y. Values of m
will fary from one pump to another. Particulate influx over time will cause the pump slip foldecrease, as
reflected by lower values for m. Therefore, calibration shall be performed at pump start-upf after major
mairftenance, and if the total system verification indicates a change of the slip rate.

11.3 Calibration of the Critical-Flow Venturi (CFV)

11.3{1 General

Calibration of the CFV is based upon the flow equation for a critical-flow venturi. Gas flow, Qs, is a
function of inlet pressure and temperature:

g, =XexPa (28)

T
wherte
kv is the calibration coefficient;

Ba is the absolute pressure at the venturi inlet [kPa];

T isthe temperature at the ventutiinlet [K].

11.3{2 Data analysis

The jir flow rate, Qs, at each restriction setting (minimum eight settings) shall be calculgted in m3/s
from|the flow meter data@sing the manufacturer’s prescribed method. The calibration coefficient shall
be cqlculated from the.¢alibration data for each setting as follows:

v =—Qspxﬁ 29)
A

wherte

{sis the air flow rate at standard conditions (101,3 kPa, 273 K) [m3/s];

T isthe temperature at the venturi inlet [K];
pa is the absolute pressure at the venturi inlet [kPa].

To determine the range of critical flow, ky shall be plotted as a function of venturi inlet pressure. For
critical (choked) flow, ky will have a relatively constant value. As pressure decreases (vacuum increases),
the venturi becomes unchoked and ky decreases, which indicates that the CFV is operating outside the
permissible range.

For a minimum of eight points in the region of critical flow, the average ky and the standard deviation
shall be calculated. The standard deviation shall not exceed 0,3 % of the average k.
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11.4 Calibration of the Subsonic Venturi (SSV)

11.4.1 General

Calibration of the SSV is based upon the flow equation for a subsonic venturi. Gas flow, Qssy, is a function
of inlet pressure and temperature, pressure drop between the SSV inlet and throat, as shown below:

2 1/ 14286 . 17143 1
Qssy =Apgd“Cypp ;(r R P

— T ne (30)
X X ) 1_ry4rxl,4286

where

Ag is alcollection of constants and unit conversions = 0,006 111 in SI units of
1

m? KE 1 |
mjn || kPa || mm? |’

d isthe diameter of the SSV throat [m];

Cq s the discharge coefficient of the SSV;

pa is the absolute pressure at venturi inlet [kPa];

T isthe temperature at the venturi inlet [K].

ry is the ratio of the SSV throat to inlet absolute, static pressure, rx =1 - (4p/pa);

ry isthe ratio of d to the inlet pipe inner diameter (D), ry = d/D.

11.4.2 Dath analysis

The air flow|rate, qyssy, at each restrigtion setting (minimum 16 settings) shall be calculated in m3}/min
from the flgwmeter data using the manufacturer’s prescribed method. The discharge coefficient, Cg,
shall be caldulated from the calibration data for each setting as follows:

Cyq= dvssv (31)
1/ 14486 17143 1
dZ;A —(rx ’ —ry ) —
41,4286
T 1-ry"ry
where

ctha qir flaw rata at ctandard canditiane (101
quSV St O Tt E ot aar G o e oS (o

3-kPa; K} fnd/min i

T is the temperature at the venturi inlet [K];

d is the diameter of the SSV throat [m];

Iy is the ratio of the SSV throat to inlet absolute, static pressure, rx = 1 - (4p/pa);
Iy is the ratio of d to the inlet pipe inner diameter (D), ry = d/D.

To determine the range of subsonic flow, Cq shall be plotted as a function of Reynolds number, Re, at the
SSV throat. The Re at the SSV throat is calculated with the following formula:

Re=A; sV (32)
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where

Aq

is a collection of constants and units conversions = 25,551 52 [ij(ﬂ j[@j,

m3 S m

qvssy  is the air flow rate at standard conditions (101,3 kPa, 273 K) [m3/s];
d is the diameter of the SSV throat, [m];

L is the absolute or dynamic viscosity of the gas, calculated with the following formula:

pT3/2  pT1/2

Y= = kg/ms (33)
S+T 4. S
T
where
1 6 kg
is an empirical constant = 1,458x10 77
msK /

§ isanempirical constant = 110,4 K.

Becase Qssy is an input to the Re formula, the calculations'shall be started with an initial giiess for Qssy
or C{ of the calibration venturi and repeated until Qs§s converges. The convergence method shall be
accurate to 0,1 % of a point or better.

For a minimum of 16 points in the region of subseénic flow, the calculated values of Cq from the resulting
calibration curve fit equation shall be within+0.5 % of the measured Cq for each calibration point.

11.5 Total system verification

11.5{1 General

The fotal accuracy of the CVS.sampling system and analytical system shall be determined by|introducing
a knpwn mass of a pollutant'gas into the system while it is being operated in the normal manner. The
pollutant is analysed and/the mass calculated according to 15.5, except in the case of proppne where a
factor of 0,000 472 is<Used in place of 0,000 479 for HC. Either of the following two techniques shall be used.

11.5{2 Metering with a critical flow orifice

A knpwn quantity of pure gas (carbon monoxide or propane) shall be fed into the CVS system through a
calibj ated critical or1f1ce Ifthe 1n1et pressure is hlgh enough the flow rate, Wthh is adjusted by means
g A e es 3 A CVS system
shall be operated asin a normal exhaust emission test for about 5 min to 10 min. A gas sample shall
be analysed with the usual equipment (sampling bag or integrating method), and the mass of the gas
calculated. The mass so determined shall be within +3 % of the known mass of the gas injected.

11.5.3 Metering by means of a gravimetric technique

The mass of a small cylinder filled with carbon monoxide or propane shall be determined with a
precision of 0,01 g. For about 5 min to 10 min, the CVS system shall be operated as in a normal exhaust
emission test, while carbon monoxide or propane is injected into the system. The quantity of pure gas
discharged shall be determined by means of differential weighing. A gas sample shall be analysed with
the usual equipment (sampling bag or integrating method) and the mass of the gas calculated. The mass
so determined shall be within =3 % of the known mass of the gas injected.
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12 Test cycles (running conditions)

12.1 Requ

irements

Each test shall be performed in the given sequence of the test modes for a particular test cycle. The
minimum default test mode length is 6 min. If necessary, the mode length may be extended, e.g. to collect
sufficient particulate sample mass or to achieve stabilization with large engines.

The mode length shall be recorded and reported.

The gaseous exhaust emission concentration values shall be measured and recorded for at least 3 min

anywhere i the mode if the engine is stabilized and meets the speed and torque requirements d

respective T
accordance

Particulate
has been aq
measured. |
the complet

For the my
may be rep

requiremenlts are met.

Test modes

In case of the first mode of any cycle, the engine shall be preconditioned according to 13.3. If a del

more than 2
mode, the e
engine shall

If at any tinpe during a test mode, the test equipment malfunctions or the engine speed and log

not meet th
restarted by

NOTE B¢
12.2 Test (

12.2.1 App

Five test cyq

node. Only the last 60 s of the measuring period shall be used for emission calculati
with Clause 14.

sampling shall not commence before engine stabilization, as defined by thethanufact
hieved, and shall preferably be conducted at the same time as gaseOus emission
or the single filter method, the completion of particulate sampling shall be within #!
on of the gaseous emission measurement.

Itiple filter method only, particulate sampling and gaseous\emissions measure

pated during the mode until a valid sample is obtained asdlong as the speed and tg

may be repeated, as long as the engine is preconditiened by running the previous n
0 min, but less than 4 h, occurs between the end©fone mode and the beginning of an

hgine shall be preconditioned by running the prévious mode. If the delay exceeds 4 |
be preconditioned according to 13.3.

e requirements of 13.7.1, the test mode is void and may be aborted. The test mode m
 preconditioning with the previot$mode.

aware of 13.7.2 when choosingiwhere in the mode to take the measurements.
rycles

lications
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f the
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urer,
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ment
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— cycle E1: diesehengines for craft less than 24 m in length;

— cycle EJ: _‘heavy-duty marine engines (propeller law);

— cycle E47—sparkignition engines for craft tess than 24 m in length;

— cycle E5: diesel engines for craft less than 24 m in length (propeller law).

— cycle D2: generating sets with intermittent load as base for diesel electric propulsion

For diesel engines, test cycle E1 or E5 can be applied depending on which cycle is closer to the actual
operation. The E3 cycle may also be used.

For constant-speed marine engines, cycle D2 applies. For controllable pitch propeller sets, cycle
D2, E3, or E5 may be used depending on which cycle is closer to the actual operation; usually the
operation is closer to constant-speed operation (cycle D2).

For spark ignition engines test, cycle E4 applies.
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12.2.2 Test modes and weighting factors

See Tables 6 and 7.

Table 6 — Cycles type E test modes and weighting factors

1(‘;'}‘,’32 g;‘)‘“ber 1 | 2 3 | a 5
Speeda Rated speed Intermediate speed L(;;\gie((iile
Torquea 6 100 5 75 50 0
Weighting factor 0,08 0,11 0,19 0,32 0,3
odk mumber : : | s s
Spedda, % 100 91 80 63
Power, % 100 75 50 25
Weighting factor 0,2 0,5 0,15 0,15

b,c
?’C';C‘}E Ez)mber 1 2 3 4 5
Spedda, % 100 80 60 40 Idle
Torqued, % 100 71,6 46,5 25,3 0
Weighting factor 0,06 0,14 0,15 0,25 0,40
l(vcl;jgg Eg)mbe‘" 1 2 3 4 5
Speqda, % 100 91 80 63 Idle
Power, % 100 75 50 25 0
Weighting factor 0,08 0,13 0,17 0,32 0,3
a  {4eeISO 8178-1:2006, 12.5 and I1SO 8178+4:2007, 3.5, 3.6, Clauses 5 and 6.
b Atrequest of the manufacturer, CO:ermission at mode 1 may be omitted.
¢ Nodification of a test mode is@llowed for engines not able to operate at that mode, subject to satisfactory documentation
being provided by the engine manittfacturer.
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Table 7 — Cycle type D2 test modes and weighting factors

l("cl}‘,’g: g‘z‘;“ber 1 2 3 4 5
Speeda Rated speed

Torque?d, % 100 75 50 25 10
}’:Ceiglr‘ti“g 0,05 0,25 0,3 0,3 0,1
a  SeelSO8178-1:2006, 12.5 and ISO 8178-4:2007, 3.5, 3.6, Clauses 5 and 6.

12.2.3 Performing the test

les E1, E3, E4, E5, or D2 shall be performed in ascending order of the mode number df the

stion.

The test cyd
cycle in que

The provisions of 12.1 shall be taken into account.

13 Test run

13.1 Preparation of the sampling filters

and
pair)
osed
pf its

Atleast 1 h
placed in a ¥
shall be wei
Petri dish o
removal fro

before the test, each filter (pair) shall be placed in a.elosed, but unsealed Petri disH
veighing chamber for stabilization. At the end of thestabilization period, each filter (|
ighed and the tare shall be recorded. The (pair of)filter(s) shall then be stored in a c
- filter holder until needed for testing. If the (pair of) filter(s) is not used within 8 h
n the weighing chamber, it must be reweighed:before use.

13.2 Insta]lation of the measuring equipment

lentation and sample probes shall\be installed as required. When using a full-flow dilfition

xhaust gas dilution, the tailpipe shall be connected to the system.

The instrun
system for ¢

13.3 Starting the dilution system and the engine

The dilution|
have stabilij

ures
1.3.2.

system and the engine’shall be started and warmed up until all temperatures and pres;
red at full load and\rated speed. Stabilization criteria are given in ISO 15550:2002, 6.2 4

13.4 Adjustment of thedilution ratio

The particul
for the mult

ate sampling system shall be started and run on bypass for the single-filter method (opt
iple-filter method). The particulate background level of the dilution air may be detern

ional
lined
ment

by passing d

lilition air through the particulate filters. If filtered dilution air is used, one measure

may be doneat any timrepriorto; thur trrg; ot afterthetestHthe ditutionairishotfilttered,measurements
at a minimum of three points (at the beginning, at the end, and a point near the middle of the cycle) are
required and the values averaged.

The dilution air shall be set to obtain a maximum filter face temperature of 325 K (52 °C) at each mode.
The total dilution ratio shall not be less than 4.

For COz or NOy concentration controlled systems, the COz or NOx content of the dilution air must
be measured at the beginning and at the end of each test. The pre- and post-test background CO; or
NOy concentration measurements of the dilution air shall be within 100 ppm or 5 ppm of each other,
respectively.

When using a dilute exhaust gas analysis system, the relevant background concentrations of the
gaseous components shall be determined by sampling dilution air into a sampling bag over the complete

40 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=48778b78fd03a9077e3f088f75d741da

test

ISO 18854:2015(E)

sequence. Continuous (non-bag) background concentration may be taken at a minimum of three

points of the cycle (the beginning, the end, and at a point near the middle) and then the average value
determined. At the request of the engine manufacturer, background measurements may be omitted.

13.5 Determination of test points

The

settings of inlet restriction and exhaust back pressure shall be adjusted to the manufacturer’s upper

limits, in accordance with 5.4.1 and 5.4.2.

The

maximum torque values at the specified test speeds shall be determined by experimentation in

order to calculate the torque values for the specified test modes. For engines which are not designed to
operfte over a speed range on a full-load torque curve, the maximum torque at the test spgeds shall be

decldred by the manufacturer.

The ¢ngine setting for each test mode shall be calculated using the following formula:
M
g = ((Pm+Paux)Xm)_Paux (34)
where
h) is the dynamometer setting [kW];

13.64 Checking of the analysers

The

13.7] Test cycles

174 is the torque specified for the test made [%].

Pm  is the maximum observed or declared power at the'test speed under the test conditions

(specified by the manufacturer) [kW];

Paux is the declared total power absorbed by any-auxiliaries fitted for the test and nof required

by ISO 14396 [kW];

emission analysers shall be set-atZero and spanned.

Thetestcyclesare definedinClause 12. Thistakesinto accountthe variationsin engine size and application.

13.7{1 Test sequénce

The

bngine shall be operated in each mode in the appropriate test cycle of Clause 12. The tolerances

indidated below apply during the emission data acquisition, particulate, and bag sampling period only.

a)

b)

For.engines tested with the dynamometer speed control test configuration

During each mode of the test cycle after the initial transition period, the specified speed shall be
held within +1 % of the rated speed or +3 rev-min-1, whichever is greater, except for low idle which
shall be within the tolerances declared by the manufacturer. The specified torque shall be held so
that the average over the period during which the measurements are being taken is within +2 % of
the maximum torque at the test speed.

For engines tested with the dynamometer load control test configuration

During each mode of the test cycle after the initial transition period, the specified speed shall be
within +2 % of the rated speed or +3 rev-min-1, whichever is greater, but shall in any case be held
within +5 %, except for low idle which shall be within the tolerances declared by the manufacturer.

During modes of the test cycle where the prescribed torque is 50 % or greater of the maximum
torque at the test speed, the specified average torque over the data acquisition period shall be held
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within +5 % of the prescribed torque. During modes where the prescribed torque is less than 50 %
of the maximum torque at the test speed, the specified average torque over the data acquisition
period shall be held within +10 % of the prescribed torque or +0,27 N-m, whichever is greater.

13.7.2 Analyser response

The output of the analysers shall be recorded on a strip chart recorder or measured with an equivalent
data acquisition system with the exhaust gas flowing through the analysers at least during the last
3 min of each mode. If bag sampling is applied for the diluted CO and CO; measurement (see 8.5.4), a
sample shall be bagged during the last 3 min of each mode and the bag sample analysed and recorded.

13.7.3 Par

Particulate
method (seq

Since the re

For the sing
taken into a
This can be
that the crit

Sampling shj
at least 20 s

information|
time per mo

13.7.4 Eng

The engine
measured a

If the meas
the carbon 4

Any additio1

13.8 Re-ch

After the en
considered ;

13.9 Test i

ficulate sampling

sampling can be done either with the single-filter method or with the maltiple-
8.6).

sults of the methods may differ slightly, the method used shall be declarédwith the re

le-filter method, the modal weighting factors specified in the testeycle procedure shj
ccount by taking a sample proportional to the exhaust mass flow fer‘each mode of the ¢
hchieved by adjusting sample flow rate, sampling time and/or dilution ratio, according]
erion for the effective weighting factors in 16.6 is met.

all be conducted as late as possible within each mode. The sampling time per mode sh
for the single-filter method and at least 60 s for the thultiple-filter method. For addit]
on test mode duration, see Clause 12. For systemswithout bypass capability, the sam|
de shall be at least 60 s for single- and multiple-filter methods.

ine conditions

speed and load, intake air temperature, fuel flow, and air or exhaust gas flow sha
each mode once the engine has begn stabilized.

filter

ults.

111 be
ycle.
ly, so

1l be
ional

pling

1l be

rement of exhaust gas flow or-combustion air is not possible, they can be calculated ysing

nd oxygen balance methods(see 8.3.6 and ISO 8178-1:2006, Annex A).

hal data required for calcuilation shall be recorded (see Clause 14).

ecking the analysers

lission test, azeto gas and the same span gas shall be used for re-checking. The test wj
icceptable.if the difference between the two measuring results is less than 2 %.

report

ill be

The testre

el 11 PR IR | J . : :
TUSIIAIT COIILA T ULIE Udld gIVEIT T

14 Data evaluation for gaseous and particulate emissions

14.1 Gaseous emissions

For the evaluation of the gaseous emissions, the chart reading of at least the last 60 s of each mode
shall be averaged, and the average concentrations of HC, CO, CO2, NOx, 02, NMHC (NMC method), NH3,
and CH30H (FID method) during each mode shall be determined from the average chart readings and
the corresponding calibration data. The average concentrations in the sampling bag, if used, shall be
determined from the bag readings and the corresponding calibration data. A different type of recording
can be used if it ensures an equivalent data acquisition.
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The average background concentrations, if measured, shall be determined from the bag readings of the
dilution air or from the averaged continuous (non-bag) background readings and the corresponding
calibration data.

When using impinger or cartridge sampling methods for CH30H and HCHO, the concentrations and
background concentrations, if used, shall be determined from the CH30H/HCHO quantity in the
impingers or cartridges (see Figures 7 and 8) as determined by GC and HPLC analysis, and the total
sample volumes through the impingers or cartridges.

14.2 Particulate emissions

For the evaluation of the particulates, the total sample masses (msep) through the filters shalllbe recorded
for each mode.

The flilters shall be returned to the weighing chamber and conditioned for at least 1.h,'but ngt more than
80 h,and then weighed. The gross mass of the filters shall be recorded and the tare (13.1) subtracted.

If bagkground correction is to be applied, the dilution air mass, mq, through thefilters and the¢ particulate
masy, mgq, shall be recorded. If more than one measurement was madej.the quotient m¢4fmgq shall be
calcylated for each single measurement and the values averaged.

15 Calculation of the gaseous emissions

15.1 General

Figure 2 gives some guidance on the different possibilities to calculate the exhaust emissions| Alternative
calcylations for gaseous emissions may be used if justified.
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Measurement of exhaust component
in the raw exhaust

Dry to wet and wet to dry calculations

K using K o USing
gmi and qmad CO and CO,
Eqn 36 or 37 Eqgn 39
I
]
Wet congentrations Dry concentrations
Direct mgasurement c Oxygen balanee method
of alr flow arbon balance method iterative proeédure
. Use of*preliminary values
Calculation of gmew With intermediate Bou=1,34 and kur=1
using [Eqn 5 g mew calculation
using Eqns 8 or 9-11

Calculation of @ new using
Eqns A.78, A.79, A.83 and A.85

Calculation of coefficients u
with molar masses: Eqn 51+53/54

with gas densities: Eqn 52+55 Calculation of pqusing Eqn A.46

oruse of Table 7 Calculation of kwr using Egn A.32

. . 3 iterations
Final cglculation Direct calculation
of eiission 0f'q mgas using Eqn 57
Gmgas uging Eqn 50

Figure 2.== Measurement of exhaust component in the raw exhaust

15.2 Determination of the exhaust gas flow

Th h £1 de 1 111 Ao H d £ 1 pa | - de Q.29 12 4 fa e M
€ eXNauStgas TIiow Tate;, fmew, sitdair oCaetCH TIMTa 10T Cacir Modc acCoraing to 002 t0 0. 0.7.

When using a full-flow dilution system, the total dilute exhaust gas flow rate, gmdew, shall be determined
for each mode according to 8.3.7.

15.3 Dry/wet correction

If the emissions are not measured on a wet basis, the measured concentration shall be converted to a wet
basis according to either of the following formulae. The derivation is given in ISO 8178-1:2006, Annex A.

cw =ky xcy (35)

44 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=48778b78fd03a9077e3f088f75d741da

ISO 18854:2015(E)

a) For the raw exhaust gas:

1) Complete combustion:

1,2442x H, +111,19xw p p x 1t

Ky = |1 - Imad |, 1 008
773,4+1,2442x H, + 1M » f %1000
Qmad
or
AV /
1,2442x H, + 111,19 xw ppp x —mf
wrl —
773,441,244 2x H, + 1M x f %1000 Py

Amad
2) Incomplete combustion:

In cases of considerable amounts of not or only partly combusted.¢omponents (CO, Hp), t
formula shall be used (see derivation in ISO 8178-1:2006, Antiex A):

1
Kwr2 = [
1+a X0,00SX[CCOZd +CCOd ]_0,01 X CHZd +kW2 —R

and

Lo 05%ax ceogx(Ceod + Ccozd)

H2d — 3
Ccod 9% €cozad

NOTH The CO and CO; concentrations\in Formulae (39) and (40) are expressed as percentages

b) For the diluted exhaust gas:

wel :(1_T0Wj_kw1

=

r

[%].

, (1-ky1)
wez —
ox c
1+ co2d
200
c) Eerthedilutionair:
kwd =1- kwl

1,608 x {Hd x[l—;) + Hax(;ﬂ

Kt = 1 1
1000+11,608x| Hyx|1-— |+ Hyx| —

D D

d) For the intake air (if different from the dilution air):

kwa = 1_kw2
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1,608xH,

k =
"2 1000+ (1,608xH, )

where
Ha; Hd

NOTE

are the absolute humidities of intake air and dillution air [g of water per kg of dry air].

measurement, or dry/wet bulb measurement using the generally accepted formulae.

(46)

H,, Hq can be derived from relative humidity measurement, dewpoint measurement, vapour pressure

15.4 NOy correction for humidity and temperature
As the NOy pmission depends on ambient air conditions, the NOy concentration shall be corrected for
ambient air|temperature and humidity with the factors given in the following formulae. These fafrtors
are valid for]a humidity range between 0 g/kg and 25 g/kg dry air.
If the partiep involved agree, reference values for humidity other than 10,71 g/kg magybe used and|shall
be reported|with the results.
Other corrertion formulae outside the above humidity range may be used, ifthey can be justified or
validated upon agreement of the parties involved. In the following formulae, T, corresponds tp the
ambient air temperature at the inlet to the air filter and H,; correspondsito the ambient air humidjty at
the inlet to the air filter.
Water or stpam injected into the air charger (air humidification)+is considered an emission control
device and sghall therefore not be taken into account for humidity correction. Water that condenges in
the charge dooler will change the humidity of the charge aig*and shall, therefore, be taken into ac¢ount
for humidity correction.
a) For compression ignition engines:
1
kyqg = 47
M 1-0,0182x(H, —10,71) + 0,0045x(T, - 298) “47)

where

Ty is tIe temperature of the aif [K];

H, is the humidity of the ifitake air [g water per kg dry air].
b) For compression ignition engines with intermediate air cooler, the following alternative formula

may be used:

1
kpg = (48)
1-0,012x(H, —10,71) - 0,00275x (T, —298) + 0,00285x (Tsc —TscRef )

where

Tsc is the temperature of the intercooled air;

Tscref is the intercooled air reference temperature - to be specified by the manufacturer.
NOTE For an explanation of the other variables, see a).
c) For sparkignition engines:

kpp =0,6272 + 44,030 x 10> x H, -0,862x 10~ x H} (49)
NOTE For an explanation of the variables, see a).
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15.5 Calculation of the emission mass flow rates

15.5.1 Raw exhaust gas

The emission mass flow rates for each mode shall be calculated from the raw concentrations of the
pollutants, the u values from Table 8 and the exhaust mass flow in accordance with 15.5.1.1. If
concentrations are measured on a dry basis, the dry/wet correction according to 15.3 shall be applied
to the concentration values before any further calculation is done.

Optionally, the mass emissions may be calculated using the exact formulae of 15.5.1.2 with the prior
agreement of the parties involved. The exact formulae must be used if the fuel used for the test is not
specified in Table 8, under multi-fuel operation or in case of dispute.

15.5{1.1 Calculation method based on tabulated values
The following formula shall be applied:
=u (50)

Qmgas gas X Cgas X Amew

where
qmgas is the emission mass flow rate of individual gas;

Ygas  is the ratio between density of exhaust component and density of exhaust gas;
gas is the concentration of the respective comp@nent in the raw exhaust gas [ppm]
dmew is the exhaust mass flow [kg/hl].

For the calculation of NOy, the humidity correction factor, knq or knp, as applicable and as|determined
according to 15.4, shall be used.

The fneasured concentration shall beconverted to a wet basis according to 15.3, if not already measured
on a wet basis.

Valugs for u are given in Table 8for'selected components based on ideal gas properties and a range of fuels.

15.5{1.2 Calculation method based on exact formulae

The mass emissionsshall be calculated using Formula (50). Instead of using the tabulated values, the
following formuld’shall be applied for the calculation of ugys. It is assumed in the following equations
that the concentration cgas in Formula (50) is measured in or converted to ppm.

M

rgas
Uppes 20— 51
8 "M .. x1000 (1)
or
pgas
u = ————— 52
85 p.x1000 (52)
where

Pgas = Mrgas/22,414 or optionally taken from Table 8 (based on ideal gas properties).
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Table 8. The molecular mass of

the exhaust, My, shall be derived for a general fuel composition CgHy0:NsSy under the assumption of

complete co

mbustion, as follows:

1+t
" _ qmaw
re Ha><1073
a ¢ 0O
. e —+— 2x1,00794 +15,9994 M
mt 4 2 2 + o
Aoy 120115 +1,00794xa+15,9994x ¢ +14,0067 x5 +32,065x 1+H,x10"

or for incom

M. =

r,e

plete combustion:

MI'HC XCHCw + 28'01><CCOW N 44'01XCC02W n 46'01XCNOXW

32x(|
_l’_
10

28,01
100

The exhaust

10° 10° 102 10°
2,016
Do 207 HIW 418,01 (1K)
10
c c CNO
X IOO_M_M_CCOZW _TZ‘N_COZW _CHZW _100X(1_kwr)

density, pe, shall be derived as follows:

1000 + H, + 1000 (G /Tmad)

pe=7

where

73,4 + 1,2434x H, + fp, % 1000 %(q 5 /T mad)

frw =0,055594 xw 51 +0,008002 1 x Wy + 0,007 004 6 x Wgps

When using

the carbon balance method:

M

rgas = €gas XGmf

Amgas =

where cco a
The derivat

Ml'f =

c +c

COw i HCw :|>< 10
10

hd cyc are expressed’in ppm and ccoz in percentage volume.

M ¢ x|:(CC02w —Cco2amw.)*

on of Formwla (58) is given in ISO 8178-1:2006, A.2.2.2.

ArH +ﬁXArC +7/XAI'S +6XAI‘N +€XAI.O

15.5.2 Dily

jte_exhaust gas

(53)

(54)

(55)

(56)

(57)

(58)

The emission mass flow rates for each mode shall be calculated from the diluted concentrations of the
pollutants, the u values from Table 9, the diluted exhaust mass flow as follows. If concentrations are

48
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measured on a dry basis, the dry/wet correction according to 15.3 shall be applied to the concentration
values before any further calculation is done.

qmgas = Ugyg X Cgas,c X qmdew (59)
where
Ugas  is the ratio between density of exhaust component and density of diluted exhaust gas
(equivalent to air density);
Cgas,c is the background corrected concentration of the respective component in the diluted
exhaust gas [ppm][;
Gmdew is the diluted exhaust mass flow [kg/s].
Valugs for u are given in Table 9 for selected components based on ideal gas properties and a range of fuels.
q. = c—Cq % 1—1 (60)
c d D
FS
= ) (61)
CCOZ + (CCO + CHC) X 10
or
FS
= (62)
€coz
whefe
1
RS =100 x (63)
o o Og
14+ —4+y+3,76| 1+ —+vy
2 4 2
a, v, € means a fuel composition.of CHgO¢S,.
For diesel fuel, FS = 14,4.
Table 8 -~Coefficient ugas and fuel specific parameters for raw exhaust gas
Gas
Fuel e Noy | co | wHC | cop | o0, | cHs | HcHO| | cHzoH
cprrespond- Pgas (kg/m3)
i 3
ingoe(ke/m?) | 5053 [ 1250 |« [ 19636 | 14277 | o716 | 1,340 | 1430
Coefficientug,sb
Diesel 1,294 310,001 586|0,000 966| 0,000479 {0,001517|0,001 103|0,000 553|0,001 035|0,001 104
RME 1,29500,001 585|0,000 965| 0,000 536 {0,001 5160,001 102 |0,000 553|0,001 035|0,001 104
Methanol |1,2610 (0,001 628|0,000991| 0,001 133 |0,001 557|0,001 132|0,000 568| 0,001 062 |0,001 134
Ethanol 1,27571(0,001 609{0,000980| 0,000805 {0,001 539|0,001119 0,000 561 0,001 050 0,001 121
a  Depending on fuel.
b AtA=2,dryair, 273 K, 101,3 kPa.
¢ uaccurate within 0,2 % for mass composition of C=66 % - 76 %; H=22% -25%; N=0% - 12 %.
d  NMHC on the basis of CHz 93 (for total HC the Ugas coefficient of CHg shall be used).
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Table 8 (continued)
Gas
Fuel and Noy | co | HC | co, 0, | cHy | HCHO | cHzoH

correspond- Pgas (kg/m3)

i 3

ingpe (ke/m%) 2053 | 1250 | | 19636 | 14277 | 0716 | 1,340 | 1430

Coefficientug,sb

g:;“ral 1,266 10,001 621|0,000 987 | 0,000 5584 | 0,001 551{0,001 128 0,000 565 | 0,001 058 | 0,001 129
Propane ;2805 0,001 603[0,000976[ 0,000 512 |U,001 533 [0,00T I15[0,000 5590, 00T U046 0,00] 116
Butane | [,283 20,001 600(0,000974| 0,000 505 |0,001530|0,001 113 0,000 558 0,001 044 |-,00] 114
Gasoline | [1,297 70,001 582/ 0,000 963| 0,000 481 | 0,001 513 0,001 100 0,000 552 | 0,001 032/}0,001 102
a  Depending on fuel.
b AtA=2,dfyair, 273 K, 101,3 kPa.

¢ u accuratg

within 0,2 % for mass composition of C=66 % - 76 %; H=22 % -25%; N=0% 412 %.

d  NMHC on the basis of CHp 93 (for total HC the Ugas coefficient of CHg shall be used).
Table 9 — Coefficient ugas and fuel specific parameters fordiluted exhaust gas
Gas
Noxy | co | HC | co, 0, | cHy | HCcHO | cHjoH
Fuel

(pe = 1,293 kg/m3) Pgas tkg/m3)

2053 | 1250 | a | 19636 | 14277 | 0716 | 1,340 | 14830

Coefficientug,sd

Diesel 0,001 588(0,000967| 0,000 480 10,001 519 0,001 104|0,000 553| 0,001 036 | 0,001 106
RME 0,001 588{0,000967| 0,000537 |0,001519|0,001 104|0,000 553|0,001 036 {0,001 106
Methanol 0,001 588{0,000967| 0,001 105 | 0,001 519|0,001 104 0,000 553|0,001 036 {0,001 106
Ethanol 0,001 588{0,000 967}:0,000 795 | 0,001 519|0,001 104 0,000 553 | 0,001 036 {0,001 106
g:g"al 0,001 588(0,000'967 | 0,000 584d | 0,001 519 | 0,001 104| 0,000 553 | 0,001 036 | 0,001 106
Propane 0,001 588,0;000967| 0,000 507 | 0,001 519|0,001 104|0,000 553| 0,001 036| 0,001 106
Butane 0,001.588(0,000967| 0,000 501 |0,001519|0,001 104|0,000 553|0,001 036|0,001 106
Gasoline 0,001-588(0,000967| 0,000 483 | 0,001 519|0,001 104|0,000 553|0,001 036 {0,001 106
a  Depending on fuel.
b Assume dpnsjty ‘¢f diluted exhaust gas = density of air.

¢ u accuratq

d  NMHC on the basis of CHp 93 (for total HC the ug,s coefficient of CHy shall be used).

within 0,2 % for mass composition of C =66 % - 76 %; H=22 % -25%; N=0% - 12 %.

15.5.3 Determination of the NMHC concentration

The determination of cympc depends on the method used (see 17.5). In both cases, the CH4 concentration
shall be determined and subtracted from the HC concentration as follows:

a) GCmethod:

CNMHC = €HC ~ CcH,

b) NMC method:

50

(64)
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CHC(w/oCutter) X (1= EM ) — CHC(wCutter)

c = 65
NMHC E,_Ey (65)
where
CHC(wCutter) is the HC concentration with the sample gas flowing through the NMC;

CHC(w/oCutter) 1S the HC concentration with the sample gas bypassing the NMC;

Em is the methane efficiency as determined per 9.8.4.2;

E 1s the ethane etficiency as determined per 9.6.4.5.

15.6 Calculation of the specific emission

The ¢mission shall be calculated for all individual components in the followingway:

i=n
Z (qmgasi X Wfi)

gas, = (66)

iPXWfI

where
Jmgas is the emission mass flow rate of the individual gas;

R =P, +Py, 67)

whertte
Pm  is the measured power of theiindividual mode;

Paux 1is the power of the auxiliaries fitted to the engine of the individual mode.
The weighting factors and theynumber of modes (n) used in the above calculation are accgrding to the

provjsions of Clause 12.

16 Calculation;of the particulate emission

16.1 Particulate correction factor for humidity

As the partlculate emission of dlesel engmes depends on ambient alr condltlons the particulate
conc e following formulae.

Reference values for humidity instead of 10,71 g/kg may be used and shall be reported with the results
by agreement within the parties involved.

Other correction formulae may be used if they can be justified or validated.

1
k. =
P [1+0,0133 x (H,-10,71)]

(68)

where

H, isthe humidity of the intake air [g water per kg dry air].
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16.2 Partial-flow dilution system

The final reported test results of the particulate emission shall be determined through the following
steps. Since various types of dilution rate control may be used, different calculation methods for gpedr
apply. All calculations shall be based upon the average values of the individual modes during the
sampling period.

16.2.1 IsoKkinetic systems

See 18.2.1, Figures 10 and 11.

Amedf =Hmew < T4

with

qm(

w + (qmew x ra)

rd—

qmew X ra

(69)

(70)

where r cofresponds to the ratio of the cross-sectional areas of the isokiietic probe Ap and the
exhaust pipg AT:

16.2.2 Syst

ems with measurement of CO2 or NOy concentration

See 18.2.1, Higures 12, 14 to 16.

For gmedf, us

ry - <5
Cpy

where
CEw 19
Cpw 19

CAw 19

Concentrati

16.2.3 Sysl

e Formula (69) and

F — Caw

b — CAw

the wet concentration of the tracer gas in raw exhaust;
the wet concentration of the tracer gas in the diluted exhaust;
the wet concentration of the tracer gas in the dilution air.

bns measured on a dry basis shall be converted to a wet basis according to 15.3.

ems.with CO2 measurement and carbon balance method

See Figure 13.

Calculation of gmeqr with:

Amedf =
where
€(C02)D

C(CO2)A

ke X g
€(co,)p ~€(coz)A

is the CO2 concentration of the diluted exhaust;

is the CO2 concentration of the dilution air.

Concentrations are in volume per cent on wet basis.

52

(71)

(72)

(73)
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Therefore,

kg X q g

" e <[00 ~ 0

(74)

Inthe above formula, kfcan be determined as given in ISO 8178-1:2006, A.4, with the following final formula:

16.2.4 Systems with flow measurement

(75)

See 18.2.1, Figures 17 and 18.

For ¢meds, see Formula (69).

Amdew

Amdew ~9mdw

rj:

16.3 Full-flow dilution system

The reported test results of the particulate emission shall be detérmined through the folloy

All chlculations shall be based upon the average values of.the individual modes during t
periqd. For full-flow dilution systems, gmdew is used as qmeaf:

16.4 Calculation of the particulate mass flow rate

The particulate mass flow rate shall be calculated’as follows.

a)

b)

For the single-filter method:

Mg Amedf

Qe = mge, 1000

i i=n

Amedf = quedfi x W
i=1
i=n

Msep = ZMsepi
i=1

(76)

ving steps.

he sampling

(77)

(78)

(79)

Forthe multiple-filter method:

M, Gmedti

1000

AmPTi =
sepi

i=1,..n

(80)

PTpass is determined over the test cycle by summation of the average values of the individual modes

during the sampling period.

The particulate mass flow rate may be background-corrected (13.4) as follows.

)

For the single-filter method with background correction:
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mg mgy A 1 dmeds
_ _1 P S - L e |« Tmedt 81
ImpT {m [md 2[ Dij f‘” 1000 (81)

sep i=1

d) For the multiple-filter method with background correction:

) me | Med g lj o« Imedfi 82
mPTi {msepi [ my ( D 1000 (52)
where D is calculated according to Formulae (61) and (62). Optionally, the dilution ratio, rg, as

determined according to 16.2.1 to 16.2.4, may be used instead of D for partial-flow dilution systems
if the dilute CO2 concentration is not measured.

If more thar one measurement is made, mfq/mq shall be replaced with Mg 4 /my.

16.5 Calculation of the specific emissions
The particulate emission shall be calculated in the following way.

a) For the pingle-filter method:

epp = —1mPT___ (83)

1

T NAT
L Jd3

b) For the multiple-filter method:

_
1l

n

| dmpTi X Wi
i=jt
epr = F— (84)
ZPI- x Wy
=1
where
Pi:Pmi+Pauxi (85)

Cf. Formula [(39).

16.6 Effective weighting factor

For the single-filtefxmethod, the effective weighting factor, Wre;, for each mode shall be calculated ipn the
following way.

msepi X qmedf

eri = (86)

msep X Qmedfi

i=1,..n

The value of the effective weighting factors shall be within 0,005 (absolute value) of the weighting
factors listed in Clause 12.
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17 Determination of the gaseous emissions

17.1 General

Figures3to10and 17.2 to 17.6 contain detailed descriptions of the recommended sampling and analysing
systems. Since various configurations can produce equivalent results, exact conformance with these
figures is not required. Additional components such as instruments, valves, solenoids, pumps, and
switches may be used to provide additional information and coordinate the functions of the component
systems. Other components which are not needed to maintain the accuracy on certain systems may be
excluded if their exclusion is based upon good engineering judgement.

17.2 Main exhaust components CO, CO2, HC, NOy, 02

An apalytical system for the determination of the gaseous emissions in the raw or diluted exhaust gas is
described, based on the use of the following:

— HFID or FID for the measurement of hydrocarbons;
— NNDIRs for the measurement of carbon monoxide and carbon dioxide€;
— HCLD, CLD or equivalent for the measurement of nitrogen oxideSy and

— PMD, ECS or ZRDO for the measurement of oxygen.

For the raw exhaust gas (see Figure 3), the sample for all components may be taken with one sampling
probe or with two sampling probes located in close proximity and internally split to the different
analysers. Care must be taken that no condensation of exhaust components (including water and
sulpluric acid) occurs at any point of the analytical'system.

For the diluted exhaustgas (see Figure 4), the sample for the hydrocarbons shall be taken with a sampling
probg other than that used with the samplexfer the other components, unless a common sample pump is
used|for all analysers and the sample line'system design reflects good engineering practicg. Care must
be talken that no condensation of exhaust-components (including water and sulphuric acid) qccurs at any
point of the analytical system.
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Bd

CO, —— »a

SL

-+ b

HF1 HF2  HP
SP1 L AL AL N
T\
EP _lL___erSL1_I|____|'__\\\,//__I 1

a  Vent.
b Zero, splan gas.
¢ Exhaust.

d  Optiondl.

Figure B — Flow diagram of raw exhaust gas analysis;system for CO, CO2, NOy, HC, and Op
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SP2 HC ———-—>a
-« b
DT
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HF1  HF2  HP
SP3—| __—L—I'_/'\|_||———|'_/I\_||——// \\———-l co B
I AnSal R -
HSL2 If)
I B¢
|l HsL2r
Eae==ie {}NOX{}—_»a
[ | [
-+ b

a  Vent.
b Zero, span gas.
¢ Diluted exhaust.

d  Qptional.

F

s

gure 4 — Flow diagram of diluted'exhaust gas analysis system for CO, CO2, NOx, HC, and O

Components of Figures 3 and 4
General

All cpmponents in the sampling gas path shall be maintained at the temperatures specjfied for the
respective systems,

EP — exhaust pipe (Figure 3 only)
DT — dilution‘tunnel (Figure 4 only)

For details, see 18.2.2.

SP1 — raw exhaust gas sampling probe (Figure 3 only)

A stainless steel, straight, closed-end, multi-hole probe is recommended. The inside diameter shall not
be greater than the inside diameter of the sampling line. The wall thickness of the probe shall not be
greater than 1 mm. There shall be a minimum of three holes in three different radial planes sized to
sample approximately the same flow. The probe shall extend across at least 80 % of the diameter of the
exhaust pipe.

NOTE If exhaust pulsations or engine vibrations are likely to change the sampling probe, the wall thickness
of the probe may be enlarged with the agreement of the parties involved.

SP2 — dilute exhaust gas HC sampling probe (Figure 4 only)
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The probe shall

SP3 — dilute exhaust gas CO, CO2, NOx sampling probe (Figure 4 only)
The probe shall

HSL1 — heated sampling line

be defined as the first 254 mm to 762 mm of the heated sampling line HSL1,
have a 5 mm minimum inside diameter,

be installed in the dilution tunnel DT (see Figure 19) at a point where the dilution air and exhaust
gas are well mixed (i.e. approximately 10 tunnel diameters downstream of the point where the
exhaust enters the dilution tunnel),

be sufficiently distant (radially) from other probes and the tunnel wall so as to be free from the
influence of any wakes or eddies,

be heatg¢d so as to increase the gas stream temperature to 463 K + 10 K (190 °C £ 10 °C) at.thé¢ exit
of the pfobe, or to 385 K+ 10 K (112 °C + 10 °C) for methanol-fuelled engines, and

be non-heated in case of FID measurement (cold).

be in the same plane as SP2,

be sufficiently distant (radially) from other probes and the tunnel/wall so as to be free from the
influenge of any wakes or eddies, and

be heate¢d and insulated over its entire length to a minimunpteémperature of 328 K (55 °C) to pr¢vent
water cpndensation.

The sampling line provides a gas sample from a single probe to the split point(s) and the HC analyser.

The sampling line shall

b)

58

have a § mm minimum and a 13,5 mm ‘maximum inside diameter, and
be madg¢ of stainless steel or PTEE,
For nontmethanol-fuelled engines:

If the tgmperature of thesexhaust gas at the sampling probe is equal to or below 463 K (19( °C),
maintain a wall temperature of 463 K + 10 K (190 °C + 10 °C) as measured at every separjately
controlled heated section.

If the temperature of the exhaust gas at the sampling probe is above 463 K (190 °C), maintain q wall
tempergture greater than 453 K (180 °C).

£ 11
1

d-._l A 41 1 PRSR | AR no 3 .1 DN e 4 4 cnrqrr.lOK
Imme 1diTly DCIUTT UIT [ITALCU TTILCT ' Z - dITU LI TIFITU, HIdIIUAIIT d 545 LICHIPTT LUl T Ul 700 IN

(190 °C £ 10°C).
For methanol-fuelled engines:

If the temperature of the exhaust gas at the sampling probe is equal to or below 385 K (112 °C),
maintain a wall temperature of 385 K + 10 K (112 °C + 10 °C) as measured at every separately
controlled heated section.

If the temperature of the exhaust gas at the sampling probe is above 385 K (112 °C), maintain a wall
temperature greater than 375 K (102 °C).

Immediately before the heated filter F2 and the HFID, maintain a gas temperature of 385 K + 10 K
(112°C £ 10 °C).
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HSL2 — heated NOy (and NH3) sampling line
The sampling line shall

— maintain a wall temperature of 328 K to 473 K (55 °C to 200 °C), up to the converter C when using a
cooling bath B, and up to the analyser when a cooling bath B is not used, and

— be made of stainless steel or PTFE.

NOTE Since the sampling line need only be heated to prevent condensation of water and sulphuric acid, the
sampling line temperature will depend on the sulfur content of the fuel.

SL —sampiing tine for €O, (CO0z,032)

The line shall be made of PTFE or stainless steel. It may be heated or unheated.
BK —+ background bag (optional; Figure 4 only)

For the measurement of the background concentrations.

BG — sample bag (optional; Figure 4, CO and CO2 only)

For the measurement of the sample concentrations.

HF1|— heated pre-filter (optional)

The temperature shall be the same as HSL1 or HSL2.

HF2 — heated filter

The filter shall extract any solid particles from tlie: gas sample before the analyser. The femperature
shalllbe the same as HSL1 or HSL2. The filter shall’be changed as needed.

HP —+ heated sampling pump
The pump shall be heated to the temperature of HSL1 or HSL2.
HC

Heatpd-flame ionization detector (HFID) for the determination of the hydrocarbons. The femperature
shalllbe kept at 453 K to 473,K' (180 °C to 200 °C) for non-methanol-fuelled engines and at 375 K to 395 K
(102[°C to 122 °C) for methanol-fuelled engines.

Co, (0>
NDIRs for the.determination of carbon monoxide and carbon dioxide.

NO

CLD prZHCLD for the determination of the oxides of nitrogen. If an HCLD is used, it shall |be kept at a
temperature of 328 K to 473 K (55 °C to 200 °C).

C — converter

A converter shall be used for the catalytic reduction of NO; to NO prior to analysis in the CLD or HCLD.
02

PMD, ZRDO, or ECS for the determination of oxygen.

B — cooling bath

To cool and condense water from the exhaust sample. The bath shall be maintained at a temperature of
273 Kto 277 K (0 °Cto 4 °C) by ice or refrigerator. It is optional whether the analyser is free from water
vapour interference as determined in 9.9.2 and 9.9.3. If water is removed by condensation, the sample
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gas temperature or dew point shall be monitored either within the water trap or downstream. The
sample gas temperature or dew point shall not exceed 280 K (7 °C). Chemical driers are not allowed for
removing water from the sample.

17.3 Ammonia analysis

In cases where ammonia (NH3) is present in the exhaust gas [for instance from NH3 sources in Selective
Catalytic Reduction [SCR] equipment], the measurement system described in Figure 5 is recommended.
The high-temperature converter C1 oxidizes NH3 to NO and the measured value “C” is the sum of NH3
and NOy. The low-temperature converter C2 does not oxidize NH3 but reduces NO; to NO. The measured
value “A” is NOy. The difference between C and A corresponds to the NHz value. The system can be
integrated ipto the analytical system described in 17.2 and Figures 3 and 4 by adding a second cofiwverter
and associated piping. The calculation procedure is identical to the other exhaust components and is
given in 15.5.

—»a
2
700°C
d — —
—»b A
e —» 1 {>— —g
—c
f — —
300°C
3
Key
1 HSL2
2 C1
3 C2
4 B (optional)
a

B (NO mgasurement).

o

C (NOx +|NH3 measurement).
¢ A (NOxnpeasurement).

d  Sample gas.

e Zero.
f Span gas
&  Toanalyfer.

NOTE A - H=NQzcontent; C - A = NH3 content.

Figure 5 — Flow diagram of a converter system for NOx/NH3 measurement

Components of Figure 5

C1 — high-temperature converter

The temperature of C1 shall be kept at 953 K to 993 K (680 °C to 720 °C).
C2 — low-temperature converter

The temperature of C2 shall be kept at 553 K to 593 K (280 °C to 320 °C).

B — cooling bath (optional)
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To cool and condense water from the exhaust sample. The bath shall be maintained at a temperature of
273 Kto 277 K (0 °Cto 4 °C) by ice or refrigeration. It is optional whether the analyser is free from water
vapour interference as determined in 9.9.2 and 9.9.3. Chemical driers are not allowed for removing
water from the sample.

17.4 Methane analysis

The methane (CH4) analysis can be done in two ways.

17.4.1 Gas chromatographic (GC) method (Figure 6)

For d

Whe
throt

to their boiling points so that they elute from the column at different times. They then pa

dete
analy

For (]
whic
NMH
COb
be m|

Figu
Othe

etails of this method, see Reference [7].

h using the GC method, a small measured volume of a sample is injected into amanaly
1gh which it is swept by an inert carrier gas. The column separates various componen

‘tor which gives an electrical signal that depends on their concentrationThis is not §
sis technique.

Hg, an automated GC with a FID shall be used. The exhaust gas is sampled into a sampl
h a part is taken and injected into the GC. The sample is separated into two parts (CH4
C/C02/H30) on the Porapak column. The molecular sieve column separates CH4 froni
pfore passing it to the FID. A complete cycle from injectionofone sample to injection of
ade in 30 s.

e 6 shows a typical GC assembled to routinely determine CHy.

r GC methods can also be used based on good eéngineering judgement.

rical column
Ls according
s through a

continuous

ng bag from
/air/CO and

the air and
h second can
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a  Vent.

b Sample,

¢ Span gak.
d  Airinlef.

e Fuel inl¢t.

Figure 6, — Flow diagram for methane analysis (GC method)

Components of Figure-6

PC — Porapak colunin

Porapak N, 180/300 um (50/80 mesh) 610 mm 1ength x 2,16 mm ID shall be used and conditioned for at

o QA PG 2L 3
leaSt 12 h at 423 K (150 C) N2 th carriet Sao PT 101+ LU 1111\.10} TSt

MSC — molecular sieve column

Type 13X, 250/350 pm (45/60 mesh), 1220 mm length x 2,16 mm ID shall be used and conditioned for at
least 12 h at 423 K (150 °C) with carrier gas prior to initial use.

OV — oven

To maintain columns and valves at a stable temperature for analyser operation and to condition the
columns at 423 K (150 °C).

SLP — sample loop

A sufficient length of stainless steel tubing to obtain approximately 1 cm3 volume.
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P — pump
To bring the sample to the gas chromatograph.
D — drier

To remove water and other contaminants which might be present in the carrier gas; contains a
molecular sieve.

HC — flame ionization detector (FID)

To measure the concentration of methane.

V1 — sample injection valve

To inject the sample. It shall be low dead volume, gas-tight, and heatable to 423 K (150.°C).
V3 — selector valve

To sglect span gas, sample or no flow.

V2,V¥4,V5,V6,V7, V8 — needle valves

To sdt the flows in the system.

R1, R2, R3 — pressure regulators

To cantrol the flow rate of the fuel (i.e. carrier gas), the sample, and the air, respectively.
FC — flow capillary

To cdntrol the rate of air flow to the FID.

G1, G2, G3 — pressure gauges

To mpnitor the flow of the fuel (i.e. carrier gas), the sample, and the air, respectively.
F1, K2, F3, F4, F5 — filters

Sintgred metal filters to preyent’grit from entering the pump or the instrument.

FL1 +— flowmeter

To mleasure the sample’bypass flow rate.

17.4}2 Non-methane cutter (NMC) method (Figure 7)

The ¢uttefioexidizes all hydrocarbons except CH4 to CO2 and H0, so that by passing the sanjple through
the NMC only CHy is detected by the HFID. The usual HC sampling train (see 17.2, Figures 3|and 4) shall
be eduipped with a flow diverte em-with-which the flow can-be alternatively passed through or
around the cutter. During non-methane testing, both values shall be observed on the FID and recorded.

The cutter shall be characterized at or above 600 K (327 °C) prior to test work with respect to its catalytic
effect on CH4 and CHHg at H20 values representative of exhaust stream conditions. The dewpoint and
07 level of the sampled exhaust stream shall be known. The non-methane fraction shall not be evaluated
for previously collected (bagged) samples. The relative response of the FID to CH4 shall be recorded.
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Figure 7 — Flow diagram for methane analysis (NMC method)

s of Figure 7

-methane cutter

1 hydrocarbons except methane.

e ionization detector (HFID) to measuré)the HC and CH4 concentrations. The temper
F at 453 Kto 473 K (180 °C to 200 °C).

meter

the sample bypass flow rate:

anol analysis

methanol analysis methods described in 8.5.3.12, this section describes the
hphic (GC) method (see Figure 8).

iture

gas

sample is,passed through two ice-cooled impingers placed in series containing deiofpized

ling time'and flow rate shall be such that a recommended CH30H concentration of at
eached-in the primary impinger. The CH30H concentration in the second impinger

least
shall
pund

than 10 % of the total amount collected. These requirements do not apply to backgr

measureme

'y
ILS.

A sample from the impingers is injected into the GC, preferably not later than 24 h after the test, in
accordance with established gas chromatographic procedures. Ifitis not possible to perform the analysis
within 24 h, the sample shall be stored in a dark, cold environment of 277 K to 283 K (4 °C to 10 °C) until
analysis. CH30H is separated from the other components and detected with an FID. The GC is calibrated

with known

64

amounts of CH30H calibration gas.
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Figure 8 — Flow diagram for methanol analysis

Formaldehyde analysis

igure 9.

e High Pressure Liquid Chromatograph (HPLC),d$mall measured volume of the samp
an analytical column through which it is swept by an inert liquid under pressure.

e is injected
Separation,

bn, and detection of the components follow.the same general rules as with the GC. Likg the GC, it is

continuous analysis technique.

bxhaust sample is passed through two ice-cooled impingers placed in series contaifing an ACN
ion of DNPH reagent or through asilica cartridge coated with 2,4-DNPH. An HCHO condentration in

pllectors of at least 1 mg/1 is recommended.

e test. If it is

components
brated with

not gossible to perform the dnalysis within 24 h, the sample shall be stored in a dark, cold gnvironment
of 277 K to 283 K (4 °C to(10 °C) until analysis. HCHO is separated from the other carbonyl
by giradient elution (Figuve 9) and detected with a UV detector at 365 nm. The HPLC is cal
calibration gas of CHO=DNPH derivatives.
T2
1
Fivt
FL
%
= — CA D
(SP HSL P V2

Key

1 exhaust pipe or dilution tunnel
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Figure 9 — Flow diagram for formaldehyde analysis

2015 - All rights reserved

65


https://standardsiso.com/api/?name=48778b78fd03a9077e3f088f75d741da

ISO 18854:2015(E)

Components of Figures 8 and 9
SP — sampling probe

For the raw exhaust gas, a stainless steel, straight, closed-end, multi-hole probe is recommended. The
inside diameter shall not be greater than the inside diameter of the sampling line. The wall thickness
of the probe shall not be greater than 1 mm. There shall be a minimum of three holes in three different
radial planes sized to sample approximately the same flow. The probe must extend across at least 80 %
of the diameter of the exhaust pipe. The probe shall be fitted close to the HC/CO/NOx/C02/02 sampling
probe as defined in 8.5.4.

as the HC, CD/NOx/CO> and particulate sampling probes, but sufficiently distant from
the tunnel wall to be free from the influence of any wakes or eddies.

e 19)
5 and

HSL — heated sampling line

The temperature of the HSL shall be between the maximum dewpoint of the mixture and 394 K (121 °C).
Heating of the HSL may be omitted, provided the sample collection system (IP) be close coupled tp the

To collect the methanol or formaldehyde in the sample. The impingefs should be cooled with icq or a
refrigeration unit.

CA — cartrjdge collector (formaldehyde only; optional)
To collect the formaldehyde in the sample.

B — cooling bath

To cool the impingers.

D — drier (pptional)

To remove water from the sample.

P — sampling pump

V1 — solenpid valve

To direct th¢ sample to thecollection system.

V2 — needle valve

To regulate the sample flow through the collection system.

T1 — temperature sensor

To monitor the temperature of the cooling bath.

T2 — temperature sensor (optional)

To monitor the temperature of the sample.

FL — flowmeter (optional)

To measure the sample flow rate through the collection system.

FM — flow measurement device

Gas meter or other flow instrumentation to measure the flow through the collection system during the

sampling period.
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18 Determination of the particulates

18.1 General

Figures 10 to 21 and 18.2 and 18.3 contain detailed descriptions of the recommended dilution and
sampling systems. Since various configurations can produce equivalent results, exact conformance with
these figures is not required. Additional components such as instruments, valves, solenoids, pumps, and
switches may be used to provide additional information and coordinate the functions of the component
systems. Other components, which are not needed to maintain the accuracy on certain systems, may be

excluded if their exclusion is based upon good engineering judgment.

18.2

18.2

A dil
exha

Dilution system

1 Partial-flow dilution system (Figures 10 to 18)

ition system is described based upon the dilution of a part of the exhauststream. Spl
ust stream and the following dilution process may be done by different dilution syste

itting of the
n types. For

subsgquent collection of the particulates, the entire dilute exhaust gas-0r’only a portion pf the dilute
exhajst gas is passed to the particulate sampling system (see Figure 20)-"The first method if referred to
as tofal-sampling type, the second method as fractional-sampling type.

The talculation of the dilution ratio depends upon the type of.system used. The following types are
recommended.

Isokjnetic systems (Figures 10 and 11)

With| these systems, the flow into the transfer tubge is matched with the bulk exhaust flow in terms of
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elocity and/or pressure, thus requiring an. undisturbed and uniform exhaust flow at
e. This is usually achieved by using a resonator and a straight approach tube upst
ling point. The split ratio is then calculated from easily measurable values such as tub
uld be noted that isokinesis is only uised for matching the flow conditions and not for n
listribution. The latter is not typically necessary, as the particle dimension is small s

!

controlled systems with concentration measurement (Figures 12 to 16)

these systems, a sampleis taken from the bulk exhaust stream by adjusting the dilu
he total dilute exlaust flow. The dilution ratio is determined from the concentratid
5, such as COp orf2NOy, naturally occurring in the engine exhaust. The concentrations

st gas and in the dilution air are measured, whereas the concentration in the raw exh
i‘Fher measuréd directly or determined from fuel flow and the carbon balance equatio

osition.is known. The systems may be controlled by the calculated dilution ratio (Fig
r by theflow into the transfer tube (Figures 14 to 16).

he sampling
ream of the
e diameters.
hatching the
uch that the

fion air flow
ns of tracer
n the dilute
aust gas can
n, if the fuel
ures 12 and

controlled systems with flow measurement (Figures 17 and 18)

With these systems, a sample is taken from the bulk exhaust stream by setting the dilution air flow and
the total dilute exhaust flow. The dilution ratio is determined from the difference of the two flow rates.
Accurate calibration of the flowmeters relative to one another is required, since the relative magnitude
of the two flow rates can lead to significant errors at higher dilution ratios (of 15 and above). Flow
control is very straightforward and is maintained by keeping the dilute exhaust flow rate constant and
varying the dilution air flow rate, if needed.

NOTE Partial-flow dilution systems are recommended not only because they are more cost-effective than
full-flow dilution systems, but also because of the impossibility of realizing full-flow dilution for “medium and
large” engine testing on the test bed and at site and because of site constraints for other engines.

In order to realize the advantages of partial-flow dilution systems, attention must be paid to avoiding the potential
problems of loss of particulates in the transfer tube, ensuring that a representative sample is taken from the
engine exhaust and determination of the split ratio.
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The systems described take into account these critical areas.
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a  Exhaust.

b See Figyre 20.

¢ To particulate sampling system.
d  Vent.

e Dilution air.

Figure 10 — Partial-flow dilution system with-isokinetic probe and fractional sampling (SB conitrol)

Raw exhaust gas is transferred from.the exhaust pipe EP to the dilution tunnel DT through the
isokinetic sampling probe ISP and the“transfer tube TT. The differential pressure of the exhauslt gas
between exhaust pipe and inlet tothe probe is measured with the pressure transducer DPT. This sjgnal
is transmitted to the flow contreller FC1 that controls the suction blower SB to maintain a differgntial
pressure of gero at the tip ofithe probe. Under these conditions, exhaust gas velocities in EP and ISP are
identical, an[d the flow through ISP and TT is a constant fraction (split) of the exhaust gas flow. The| split
ratio is detefmined from‘the cross-sectional areas of EP and ISP. The dilution air flow rate is meaqured
with the floww measutément device FM1. The dilution ratio is calculated from the dilution air flow rate
and the split ratio,

68 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=48778b78fd03a9077e3f088f75d741da

	Foreword
	Introduction
	1	Scope
	2	Normative references
	3	Terms and definitions
	4	Symbols and abbreviations
	4.1	General symbols
	4.2	Symbols for fuel composition
	4.3	Symbols and abbreviations for the chemical components
	4.4	Abbreviations
	5	Test conditions
	5.1	Engine test conditions
	5.1.1	Test condition parameter
	5.1.2	Test validity
	5.2	Engines with charge air cooling
	5.3	Power
	5.4	Specific test conditions
	5.4.1	Engine air inlet system
	5.4.2	Engine exhaust system
	5.4.3	Cooling system
	5.4.4	Lubricating oil
	5.4.5	Adjustable carburettors
	5.4.6	Crankcase breather
	6	Test fuels
	7	Application of the engine family concept and choice of parent engine
	8	Measurement equipment and data to be measured
	8.1	General
	8.2	Dynamometer specification
	8.3	Exhaust gas flow
	8.3.1	General
	8.3.2	Direct measurement method
	8.3.3	Air and fuel measurement method
	8.3.4	Fuel flow and carbon balance method
	8.3.5	Tracer measurement method
	8.3.6	Air flow and air-to-fuel ratio measurement method
	8.3.7	Total dilute exhaust gas flow
	8.4	Accuracy
	8.5	Determination of the gaseous components
	8.5.1	General analyser specifications
	8.5.2	Gas drying
	8.5.3	Analysers
	8.5.4	Sampling for gaseous emissions
	8.6	Particulate determination
	8.6.1	General
	8.6.2	Particulate sampling filters
	8.6.3	Weighing chamber and analytical balance specifications
	9	Calibration of the analytical instruments
	9.1	General requirements
	9.2	Calibration gases
	9.2.1	General
	9.2.2	Pure gas
	9.2.3	Calibration and span gases
	9.2.4	Use of gas dividers
	9.2.5	Oxygen interference gases
	9.3	Operating procedure for analysers and sampling system
	9.4	Leakage test
	9.5	Calibration procedure
	9.5.1	Instrument assembly
	9.5.2	Warm-up time
	9.5.3	NDIR and HFID analyser
	9.5.4	GC and HPCL
	9.5.5	Establishment of the calibration curve
	9.5.6	Alternative calibration methods
	9.5.7	Verification of the calibration
	9.6	Calibration of tracer gas analyser for exhaust flow measurement
	9.7	Efficiency test of the NOx converter
	9.7.1	General
	9.7.2	Test setup
	9.7.3	Calibration
	9.7.4	Calculation
	9.7.5	Adding of oxygen
	9.7.6	Activation of the ozonator
	9.7.7	NOx mode
	9.7.8	Deactivation of the ozonator
	9.7.9	NO mode
	9.7.10	Test interval
	9.7.11	Efficiency requirement
	9.8	Adjustment of the FID
	9.8.1	Optimization of the detector response
	9.8.2	Hydrocarbon response factors
	9.8.3	Oxygen interference check
	9.8.4	Efficiency of the Non-Methane Cutter (NMC)
	9.8.5	Methanol response factor
	9.9	Interference effects with CO, CO2, NOx, O2, NH3, and N2O analysers
	9.9.1	General
	9.9.2	CO analyser interference check
	9.9.3	NOx analyser quench checks
	9.9.4	O2 analyser interference
	9.9.5	Cross-interference check compensation for NH3 and N2O measurement channels using IR and UV measurement techniques
	9.10	Calibration intervals
	10	Calibration of the particulate measuring system
	10.1	General
	10.2	Calibration procedure
	10.2.1	Flow measurement
	10.2.2	Exhaust gas analysers
	10.2.3	Carbon flow check
	10.3	Checking the partial-flow conditions
	10.4	Calibration intervals
	11	Calibration of the CVS full-flow dilution system
	11.1	General
	11.2	Calibration of the Positive Displacement Pump (PDP)
	11.2.1	General
	11.2.2	Data analysis
	11.3	Calibration of the Critical-Flow Venturi (CFV)
	11.3.1	General
	11.3.2	Data analysis
	11.4	Calibration of the Subsonic Venturi (SSV)
	11.4.1	General
	11.4.2	Data analysis
	11.5	Total system verification
	11.5.1	General
	11.5.2	Metering with a critical flow orifice
	11.5.3	Metering by means of a gravimetric technique
	12	Test cycles (running conditions)
	12.1	Requirements
	12.2	Test cycles
	12.2.1	Applications
	12.2.2	Test modes and weighting factors
	12.2.3	Performing the test
	13	Test run
	13.1	Preparation of the sampling filters
	13.2	Installation of the measuring equipment
	13.3	Starting the dilution system and the engine
	13.4	Adjustment of the dilution ratio
	13.5	Determination of test points
	13.6	Checking of the analysers
	13.7	Test cycles
	13.7.1	Test sequence
	13.7.2	Analyser response
	13.7.3	Particulate sampling
	13.7.4	Engine conditions
	13.8	Re-checking the analysers
	13.9	Test report
	14	Data evaluation for gaseous and particulate emissions
	14.1	Gaseous emissions
	14.2	Particulate emissions
	15	Calculation of the gaseous emissions
	15.1	General
	15.2	Determination of the exhaust gas flow
	15.3	Dry/wet correction
	15.4	NOx correction for humidity and temperature
	15.5	Calculation of the emission mass flow rates
	15.5.1	Raw exhaust gas
	15.5.2	Dilute exhaust gas
	15.5.3	Determination of the NMHC concentration
	15.6	Calculation of the specific emission
	16	Calculation of the particulate emission
	16.1	Particulate correction factor for humidity
	16.2	Partial-flow dilution system
	16.2.1	Isokinetic systems
	16.2.2	Systems with measurement of CO2 or NOx concentration
	16.2.3	Systems with CO2 measurement and carbon balance method
	16.2.4	Systems with flow measurement
	16.3	Full-flow dilution system
	16.4	Calculation of the particulate mass flow rate
	16.5	Calculation of the specific emissions
	16.6	Effective weighting factor
	17	Determination of the gaseous emissions
	17.1	General
	17.2	Main exhaust components CO, CO2, HC, NOx, O2
	17.3	Ammonia analysis
	17.4	Methane analysis
	17.4.1	Gas chromatographic (GC) method (Figure 6)
	17.4.2	Non-methane cutter (NMC) method (Figure 7)
	17.5	Methanol analysis
	17.6	Formaldehyde analysis
	18	Determination of the particulates
	18.1	General
	18.2	Dilution system
	18.2.1	Partial-flow dilution system (Figures 10 to 18)
	18.2.2	Full-flow dilution system
	18.3	Particulate sampling system
	Bibliography

