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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-geve ental—in—lial pith ; ake—part—in—the—work—SC ely with the
Interpational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization,

Interpational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Hart 2.

The |main task of technical committees is to prepare International Standards. Drafttnternationgl Standards
adogted by the technical committees are circulated to the member bodies for\voting. Publigation as an
Interpational Standard requires approval by at least 75 % of the member bodies, casting a vote.

Attention is drawn to the possibility that some of the elements of this docuntent may be the subject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO B178-1 was prepared by Technical Committee ISO/TC 70, nternal combustion engines, Subcommittee
SC 8, Exhaust gas emission measurement.

This|second edition cancels and replaces the first edition (ISO 8178-1:1996), which has beep technically
revised.

ISO B178 consists of the following parts, under the.general title Reciprocating internal combustioh engines —
Exhgust emission measurement.

— Part 1: Test-bed measurement of gaseous and particulate exhaust emissions
— Part 2: Measurement of gaseous’and particulate exhaust emissions at site
— Part 3: Definitions and methods of measurement of exhaust gas smoke under steady-state cqnditions
— Part 4: Test cycles for-different engine applications
— Part 5: Test fuels

— Part 6: Report of measuring results and test

— Part. 7¢ Engine family determination

— art o. £Engine group determination

— Part 9: Test cycles and test procedures for test bed measurement of exhaust gas smoke emissions from
compression ignition engines operating under transient conditions

— Part 10: Test cycles and test procedures for field measurement of exhaust gas smoke emissions from
compression ignition engines operating under transient conditions

— Part 11: Test-bed measurement of gaseous and particulate exhaust emissions from engines used in
nonroad mobile machinery under transient test conditions

© I1SO 2006 — All rights reserved \4
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Introduction

This part of ISO 8178 is intended for use as a measurement procedure to determine the gaseous

and

particulate emission levels of reciprocating internal combustion (RIC) engines for non-automotive use. Its
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 |nd|cat|on of that engmes emission levels under various applications.

The emissiga—resulis—are—expressed—in—units—of grams—perkilowatt-hourandreprese
emissions pér unit of work accomplished.

Although th|s part of ISO 8178 is designed for non-automotive engines, it shares many principles
particulate and gaseous emission measurements that have been in use for many years for on-read eng
One test prdcedure that shares many of these principles is the full-flow dilution method as-currently spe
for certification of 1985 and later heavy-duty truck engines in the USA. Another is the ‘procedure for
measurement of the gaseous emissions in the undiluted exhaust gas, as currently specified for
certification pf heavy-duty truck engines in Japan and Europe.

Many of the |procedures described in this part of ISO 8178 are detailed accounts)of laboratory methods,
determining [an emissions value requires performing a complex set of individual measurements, rather
obtaining a single measured value. Thus, the results obtained depend asymuch on the process of perfor
the measurgments as they depend on the engine and test method.

Evaluating
to the diver

missions from off-road engines is more complicated than the same task for on-road engineg
ity of off-road applications. For example, on-road applications primarily consist of moving a

Off-road engines and vehicles include a wider range of size, including the engines that power the equipr
Many of the|engines are large enough to preclude the-application of test equipment and methods that
acceptable for on-road purposes. In cases wherettie application of dynamometers is not possible, the
must be madgle at site or under appropriate conditions.

te of

with
ines.
cified
irect
the

since
than
ming
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load
table
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nent.
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Test-bed measurement of gaseous and particulate exhaust
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Scope

part of ISO 8178 specifies the measurement and evaluation methods for-gaseous and particu
sions from reciprocating internal combustion (RIC) engines under steady-state conditions o
ssary for determining one weighted value for each exhaust gas pollutant. Various combinatig
and speed reflect different engine applications (see ISO 817844 )

part of ISO 8178 is applicable to RIC engines for mabile, transportable and stationary us
nes for motor vehicles primarily designed for road use, This part of ISO 8178 may be appli¢
, for example, for earth-moving machines, generating'sets and for other applications.

nited instances, the engine can be tested on the test bed in accordance with 1ISO 8178-2,
ment. This can only occur with the agreement of the parties involved. It should be recogniz
ned under these circumstances may not agree completely with previous or future data obtain
ices of this part of ISO 8178. Therefore, it is recommended that this option be exercis
nes built in very limited quantities such.as very large marine or generating set engines.

engines used in machinery covered by additional requirements (e.g. occupational health
ations, regulations for powefplants), additional test conditions and special evaluation method

re it is not possible to(Use a test bed or where information is required on the actual emissio|

n in-service engings the site test procedures and calculation methods specified in 1SC
Dpriate.

Normative references

following referenced documents are indispensable for the application of this document.

late exhaust
n a test bed,
ns of engine

e, excluding
d to engines

the field test
ed that data
ed under the
ed only with

and safety
5 may apply.

ns produced
8178-2 are

For dated

refern

erices, only the edition cited applies. For undated references, the latest edition of the

referenced

docu

ment (including any amendments) applies.

ISO 31-0:1992, Quantities and units — Part 0: General principles

ISO 3046-1:2002, Reciprocating internal combustion engines — Performance — Part 1: Declarations of power,
fuel and lubricating oil consumptions, and test methods — Additional requirements for engines for general use

ISO 5167-1:2003, Measurement of fluid flow by means of pressure differential devices inserted in circular
cross-section conduits running full — Part 1: General principles and requirements
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ISO 5725-1, Accuracy (trueness and precision) of measurement methods and results — Part 1: General
principles and definitions

ISO 5725-2:1994, Accuracy (trueness and precision) of measurement methods and results — Part 2: Basic
method for the determination of repeatability and reproducibility of a standard measurement method

ISO 8178-4:1996, Reciprocating internal combustion engines — Exhaust emission measurement — Part 4:
Test cycles for different engine applications

ISO 8178-5:1997, Reciprocating internal combustion engines — Exhaust emission measurement — Part 5:

Test fuels

ISO 8178-6:R000, Reciprocating internal combustion engines — Exhaust emission measurement —=\Part 6:
Report of m¢asuring results and test

ISO 9000:2405, Quality management systems — Fundamentals and vocabulary

ISO 9096:2(03, Stationary source emissions — Manual determination of mass concentration of particulate
matter

ISO 14396:4002, Reciprocating internal combustion engines — Determination and method for| the
measuremeft of engine power— Additional requirements for exhaust emission tests in accordance| with
ISO 8178

ISO 15550:4002, Internal combustion engines — Determination and method for the measurement of engine
power — G@gneral requirements

ISO 16183:4002, Heavy duty engines — Measurement of gaseous emissions from raw exhaust gas apd of
particulate ejmissions using partial flow dilution systems underfransient test conditions

SAE J 108811993, Test procedure for the measurement of gaseous exhaust emissions from small tility
engines

SAE J 115111991, Methane measurement using gas chromatography

3 Termg and definitions

For the purppses of this document) the following terms and definitions apply.

3.1

particulates

material collected on,_ a' specified filter medium after diluting exhaust gases with clean, filtered air|to a
temperature|of 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 Particuraies consist primarily ot carbon, condensed hydrocarbons, and sulfates and assoclated water.

NOTE 2  Particulates defined in this part of ISO 8178 are substantially different in composition and weight from

particulates or dust sampled directly from the undiluted exhaust gas using a hot filter method (e.g. ISO 9096). Particulates
measurement as described in this part of ISO 8178 is conclusively proven to be effective for fuel sulphur levels up to 0,8 %.

NOTE 3

The filter temperature requirement has been changed compared to ISO 8178-1:1996 to reflect the latest legal

requirements in the USA and European Union. Existing systems built in compliance with the requirements of
ISO 8178-1:1996 may still be used.

© I1SO 2006 — All rights reserved
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3.2

partial-flow dilution method

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 See 17.2.1, Figures 10 to 18.

3.3

full-flow dilution method

process of mixing dilution air with the total exhaust flow prior to separating a fraction of the diluted exhaust
stream for analysis

NOTE It is common in many full-flow dilution systems to dilute this fraction of pre-diluted exhaust.a_second time to
obtaip appropriate sample temperatures at the particulate filter (see 17.2.2, Figure 19).

3.4
isokjnetic sampling
process of controlling the flow of the exhaust sample by maintaining the mean,.sample velocity jat the probe
equdl to the exhaust stream mean velocity

3.5
nondisokinetic sampling
process of controlling the flow of the exhaust sample independently, df:the exhaust stream velocity

3.6
multiple-filter method
process of using one pair of filters for each of the individualtest cycle modes

NOTE The modal weighting factors are accounted for_after sampling during the data evaluation phase df the test.

3.7
sing]e-filter method
process of using one pair of filters for all test'cycle modes

NOTE Modal weighting factors must be accounted for during the particulate sampling phase of the|test cycle by
adjugting sample flow rate and/or sampling time. This method dictates that particular attention be given to sampling
durafjon and flow rates.

3.8
spegific emissions
mas$ emissions expressed in grams per kilowatt-hour

NOTE For many engine types within the scope of this part of ISO 8178, the auxiliaries which will bp fitted to the
engirje in servige will not be known at the time of manufacture or certification.

it is not\appropriate to test the engine in the conditions as defined in ISO 14396 (e.g. if the engine and transmission
form |a single integral unit), the engine can only be tested with other auxiliaries fitted. In this case the dynamometer
settings~should be determined in accordance with 5.3 and 12.5. The auxiliary losses should not excegqd 5 % of the
maximum observed power. LO eS exceeding 7o MU pe approved by e partie nvolved pPrior to the 1e

3.9

brake power

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

NOTE See 5.3 and ISO 14396.
3.10

auxiliaries
equipment and devices listed in ISO 14396

© I1SO 2006 — All rights reserved 3


https://standardsiso.com/api/?name=0c9a9fafd97d74f8cd431f4e2b3d9058

ISO 8178-1:2006(E)

4 Symbols and abbreviations

4.1 General symbols

Symbol Term Unit
A/Fg | Stoichiometric air-to-fuel ratio 1
Ap Cross-sectional area of the isokinetic sampling probe m2
A Atomic mass 9
Ay Cross-sectional area of the exhaust pipe m2
Ce Background corrected concentration ppm Y%~V/V)
cd Joncentration in the dilution air ppmy% (F/V)
Cx Joncentration in the exhaust (with suffix of the component nominating) ppm % (V/7)
D Qilution factor 1
Ecoz GO, quench of NO, analyser %
Eg Hthane efficiency %
Eppo | Water quench of NO, analyser %
Em Methane efficiency %
Enox | Hfficiency of NO, converter %
epT Harticulate emission g/kW-h
ey Gas emission (with subscript denoting compound) g/kW-h
) Hxcess air factor ([kg dry air] / ([kg fuel] * [4/Fg])) 1
iRef Hxcess air factor at reference conditions 1
fa Lpboratory atmospheric factor 1
f,; Qarbon factor 1
Sfd Huel specific factor for exhaust flow calculation-on dry basis 1
fih Huel specific factor used for the calculations of wet concentrations from dry concentrations 1
Srw Huel specific factor for exhaust flowycalculation on wet basis 1
H, Aibsolute humidity of the intake air(g water / kg dry air) g/kg
Hy Apsolute humidity of the dilutien’ air (g water / kg dry air) a/kg
i Subscript denoting an individual mode 1
ky Huel specific factor férthe carbon balance calculation 1
khd Humidity correctionvfactor for NO, for diesel engines 1
knp Humidity correetion factor for NO, for gasoline (petrol) engines 1
ky Humidityseorrection factor for particulates 1
kwa Ory to.wet correction factor for the intake air 1
kwd ry 0 wet correction factor for the dilution air 1
kwe Dry to wet correction factor for the diluted exhaust gas 1
kewr Dry to wet correction factor for the raw exhaust gas 1
M Percent torque related to the maximum torque for the test engine speed %
M, Molecular mass g
my Mass of the dilution air sample passed through the particulate sampling filters kg
ms g Particulate sample mass of the dilution air collected mg
mg Particulate sample mass collected mg
Msep Mass of the diluted exhaust sample passed through the particulate sampling filters kg
Py Absolute outlet pressure at pump outlet kPa

4 © I1SO 2006 — All rights reserved
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Symbol Term Unit
Pa Saturation vapour pressure of the engine intake air kPa
Pb Total barometric pressure kPa
Pd Saturation vapour pressure of the dilution air kPa
D Water vapour pressure after cooler kPa
Ps Dry atmospheric pressure kPa
P Uncorrected brake power kW

Paux Declared total power absorbed by auxiliaries fitted for the test and not required by ISO 14396 kw
m MaxImum measured or deciared power at the [est engimne speed under est conaitions kW
(see 12.5)
qlrad Intake air mass flow rate on dry basis kg/h
glaw |Intake air mass flow rate on wet basis kg/h
qlaw | Dilution air mass flow rate on wet basis ka/h
qleqr | Equivalent diluted exhaust gas mass flow rate on wet basis kg/h
qlew |Exhaust gas mass flow rate on wet basis kg/h
df Fuel mass flow rate kg/h
gdAdew | Diluted exhaust gas mass flow rate on wet basis ka/h
9hgas | Emission mass flow rate of individual gas g/h
q)pt |Particle mass flow rate g/h
d Dilution ratio 1
a Ratio of cross-sectional areas of isokinetic probe and-eéxhaust pipe 1
Ra Relative humidity of the intake air %
R Relative humidity of the dilution air %
h FID response factor 1
m FID response factor for methanol 1
. Ratio of the SSV throat to inlet(@absolute, static pressure 1
y Ratio of the SSV throat diameter, d, to the inlet pipe inner diameter 1
0 Density kg/m3
S Dynamometer setting kW
A Absolute temperature of the intake air K
/q Absolute dewpoint temperature K
Bret Absolutéreference temperature (of combustion air: 298 K) K
/e Absolute temperature of the intercooled air K
Tkref | Absolute intercooled air reference temperature K
m Molar volume I
A Weighting factor 1
Wse Effective weighting factor 1

4.2 Symbols for fuel composition

WALF
WBET
WGAM

WDEL

© 180 2006 -

H content of fuel, % mass
C content of fuel, % mass
S content of fuel, % mass

N content of fuel, % mass
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WEPS

% X ™

&

NOTE The

O content of fuel, % mass
molar ratio (H/C)
molar ratio (C/C)
molar ratio (S/C)
molar ratio (N/C)

molar ratio (O/C)

conversion hetween mass content and malar ratia is given in Equations A 3 ta A 12 of Annex A
=) }

4.3 Symh

ACN
c1
CH,
C,Hg
CyHg
CH3OH
Cco
Cco,
DNPH
DOP
HC
HCHO
H,0
NH,
NMHC
NO
NO,
NO

X

ols and abbreviations for the chemical components

acetonitrile

carbon 1 equivalent hydrocarbon
methane

ethane

propane

methanol

carbon monoxide

carbon dioxide
dinitrophenyl hydrazine
dioctyl phthalate
hydrocarbons
formaldehyde

water

ammonia

non-methane hydroearbons
nitric oxide

nitrogen<dioxide

oxides of nitrogen

N,O

RME
S0,
SO,

dinitrogen oxide

oxygen

rapeseed oil methylester
sulphur dioxide

sulphur trioxide
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4.4 Abbreviations

CFV critical flow venturi

CLD chemiluminescent detector

Cvs constant volume sample

ECS electrochemical sensor

FID flame ionization detector

FTI Fourertransform-infrared-analyser
GC gas chromatograph

HCLD heated chemiluminescent detector
HFIC heated flame ionization detector
HPLLC high-pressure liquid chromatograph
NDIR non-dispersive infrared analyser
NMQ non-methane cutter

PDP, positive displacement pump

PMDO paramagnetic detector

PT particulates

uvD ultraviolet detector

ZRDP zirconium dioxide sensor

5 [lest conditions

5.1 | Engine test conditions

5.1.1 Test condition parameter

The pbsolute temperature T, of the engine intake air expressed in Kelvin and the dry atmospherig

expr
follo

a)

pssed in kilopascals shall be measured, and the parameter f, shall be determined accg
ving provisions.

Compression-ignition engines

Naturally aspirated and mechanically pressure-charged engines:

(99) ( 7,)\*
fa=(75,.) 208

Turbocharged engines with or without cooling of the intake air:

0,7
,o (99" (1)
a Ps 298

© I1SO 2006 — All rights reserved
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b) Spark-ignition engines
12 06
99 T ’
fa = — X[_3j (3)
Ps 298
NOTE Formulae (1) to (3) are identical with the exhaust emissions legislation from ECE, EEC and EPA, but different

from the ISO power correction formulae.

51.2 Test

validity

For a test to
0,93 <

Tests shoulg

5.2 Engir

The charge
load, within
the cooling 1

If a test sho
maximum ch
full load. Co
changed for
practice and

5.3 Power

The basis @
engine shal
impossible g

determined and subtracted from the measured engine power.

Certain auxi
should be re

air com

air cond

power steering_compressor,

be recognized as valid, the parameter £, shall be such that

fa <107 (4)

be conducted with the parameter f, between 0,96 and 1,06.

)es with charge air cooling

d full
re of

pir temperature shall be recorded and shall be, at the speed of the-declared rated power an
t 5 K of the maximum charge air temperature specified by the manufacturer. The temperaty
nedium shall be at least 293 K (20 °C).

f the

and
bt be
ering

h system or external blower is used, the charge air temperature shall be set to within + 5 K g
arge air temperature specified by the manufacturer at-the speed of the declared rated powe
plant temperature and coolant flow rate of the chargé air cooler at the above set point shall n
the whole test cycle. The charge air cooler velume shall be based upon good engine
typical vehicle/machinery applications.

The
it is
Il be

f specific emissions measurement s uncorrected brake power as defined in ISO 14396.
be submitted with auxiliaries needed for operating the engine (e.g. fan, water pump). If
r inappropriate to install the uxiliaries on the test bench, the power absorbed by them sha

iaries necessary only for the operation of the machine and which may be mounted on the engine
moved for the test."The following incomplete list is given as an example:

pressor for brakes,

itioning compressor,

For further d

pumps for hydraulic actuators.

etails, see 3.9 and ISO 14396.

Where auxiliaries have not been removed, the power absorbed by them at the test speeds shall be
determined in order to calculate the dynamometer settings in accordance with 12.5, except for engines where
such auxiliaries form an integral part of the engine (e.g. cooling fans for air-cooled engines).
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5.4 Specific test conditions

5.4.1 Engine air inlet system

An engine air intake system or a test shop system shall be used, presenting an air intake restriction within
+ 300 Pa of the maximum value specified by the manufacturer for a clean air cleaner at the speed of rated
power and full load.

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

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

5.4.4 Engine exhaust system

An gngine exhaust system or a test shop system shall be used, presenting an exhaust\backprgssure within
+ 65 Pa of the maximum value specified by the manufacturer at the speed of rated“power and full load. The
exhgust system shall conform to the requirements for exhaust gas sampling, as 'set out in 7.5.4, 17.2.1, EP
and [17.2.2, EP.

If thg engine is equipped with an integral exhaust system, it shall be used fortesting.
If th¢ engine is equipped with an exhaust aftertreatment device,{the exhaust pipe shall haje the same
diameter as found in use for at least four pipe diameters upsfream to the inlet of the begipning of the
expgnsion section containing the aftertreatment device. The distance from the exhaust manifgld flange or
turbgcharger outlet to the exhaust aftertreatment device shall"be the same as in the vehicle corjfiguration or
withip the distance specifications of the manufacturer. The-exhaust backpressure or restriction shgll follow the
same criteria as above, and may be set with a valve. Fhe 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 gngine cooling system with sufficient capacity to maintain the engine at normal operating temperatures
presgribed by the manufacturer shall be used.

5.4.4 Lubricating oil

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

5.4. Adjustable carburettors

For ¢ngines with limited adjustable carburettors, test of the engines shall be performed at both exfremes of the
adjustment.

5.4.6 Crankcase breather

When it is required to measure the crankcase emissions of an open crankcase system as part of the total
emissions from the engine, they shall be introduced into the exhaust system downstream of any
aftertreatment system, if used, and upstream of the sampling point. Sufficient distance shall be allowed to
ensure mixing of the crankcase emissions with the exhaust gas.

© I1SO 2006 — All rights reserved 9
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6 Test fuels

Fuel characteristics influence the engine exhaust gas emission. Therefore, the characteristics of the fuel used
for the test should be determined, recorded and presented with the results of the test. Where fuels designated
in ISO 8178-5 as reference fuels are used, the reference code and the analysis of the fuel shall be provided;
for all other fuels, the characteristics to be recorded are those listed in the appropriate universal data sheets in
ISO 8178-5.

The fuel temperature shall be in accordance with the manufacturer’'s recommendations.The fuel temperature
shall be measured at the inlet to the fuel injection pump or as specified by the manufacturer, and the location
of measurement recorded.

y the
5 not
fuel

The selectio
parties invol
available, a
shall be dec

n of the fuel for the test depends on the purpose of the test. Unless otherwise agreed.'b
ved, the fuel shall be selected in accordance with Table 1. When a suitable reference\fuel i
fuel with properties very close to the reference fuel may be used. The characteristics“of the
ared.

Table 1 — Selection of fuel

Teﬂt purpose Interested parties Fuel selection
Type approvlil 1. Certification body Reference fuel/ if one is defined
(Certification 2. Manufacturer or supplier Commeicial fuel if no reference fuel is defined
Acceptance test 1. Manufacturer or supplier Commercial fuel as specified by the
2. Customer or inspector @hufacturer 2
Research/dejelopment One or more of the following: To suit the purpose of the test.
manufacturer, research organization,
fuel and lubricant supplier, et¢:
a  Customerp and inspectors should note that the emission tests-carried out using commercial fuel will not necessarily comply with
limits specified when using reference fuels.

7 Measyrement equipment and data to be measured

7.1 General
ured
ytical

pling

The emissioh of gaseous and particulate components by the engine submitted for testing shall be meas
by the methods described ib~Clauses 16 and 17. These clauses describe the recommended anal
systems for| the gaseous-emissions (Clause 16) and the recommended particulate dilution and sam|

systems (Clause 17).

stem
nder

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

equivalency
consideratio

shall 'be based on a seven-sample pair (or larger) correlation study between the system {
h@nd one of the accepted systems of this part of ISO 8178. “Results” refers to the specific

Cycle

weighted en

iSsionTs vatue—The corretation testing isto beperformedatthe sametaboratory, testcettar

d on

the same engine. The tests should be run concurrently. The test cycle to be used shall be the appropriate
cycle as found in ISO 8178-4, or the C1 cycle as found in ISO 8178-4. The equivalency of the sample pair
averages shall be determined by F-test and r-test statistics (see Annex D), with outliers excluded, obtained
under the laboratory cell and the engine conditions described above. The systems to be used for correlation
testing shall be declared prior to the test and shall be agreed upon by the parties involved.

For introduction of a new system into the standard, the determination of equivalency shall be based upon the
calculation of repeatability and reproducibility, as described in ISO 5725-1 and ISO 5725-2.

The following equipment shall be used for emissions tests of engines on engine dynamometers. This part of
ISO 8178 does not contain details of flow, pressure, and temperature measuring equipment. Instead, only the
accuracy requirements of such equipment necessary for conducting an emissions test are given in 7.4.
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Dynamometer specification

An engine dynamometer with adequate characteristics to perform the appropriate test cycle described in
ISO 8178-4 shall be used.

The instrumentation for torque and speed measurement shall allow the measurement accuracy of the shaft
power within the given limits. Additional calculations may be necessary. The accuracy of the measuring
equipment shall be such that the maximum tolerances of the figures given in 7.4 are not exceeded.

7.3

Exhaust gas flow

7.3.1

The

7.3.2

Dire

Prec
prec
instri
perfd

The

7.3.3

This
accu

7.3.4

This
cong

General

exhaust gas flow shall be determined by one of the methods given in 7.3.2 to 7.3.6.

Direct measurement method
t measurement of the exhaust flow may be done by systems such as thefollowing:
bressure differential devices, like flow nozzle (see ISO 5167);
Liltrasonic flowmeter;
vortex flowmeter.
autions shall be taken to avoid measurement errarsiavhich will impact on emission value
utions include the careful installation of the device in the engine exhaust system acco
iment manufacturers’ recommendations and;~to good engineering practice. In partic

rmance and emissions shall not be affected by-the installation of the device.

flowmeters shall meet the accuracy spegifications of 7.4.

Air and fuel measurement method

involves measurement of (the air flow and the fuel flow. Air flowmeters and fuel flowme
racy defined in 7.4 shall be used. The calculation of the exhaust gas flow is as follows:

Amew = 9maw T Dnf

Fuel flowand carbon balance method

involves vexhaust mass calculation from fuel consumption, fuel composition and ¢
entrations using the carbon balance method, as given with the following formulae (see A.3.2.

errors. Such
rding to the
ilar, engine

ters with an

(®)

xhaust gas
B.1):

WBET ~ WBET © M7

1,4 x wggr 1 X

~7 T TBET Ly, x0,08936 -1 |x + /i
fo 1,293 H,

Imew = Imf > — +wp g x0,08936 -1 x| 1+ +1
Jex/te 1000

where

Jfiq is according to Equations A.20 to A.23;

H, is the g water per kg dry air;

© I1SO 2006 — All rights reserved
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fe

is according to Equation A.64:

CHCcw

x 0,544 1+-€C0d_
17 355

18 522

fe = (cco2d —ccozad)

where

NOTE

o

7.3.5 Trac
This involve

A known am
gas is mixeq
gas shall the

In order to e
1m or 30ti
injection poi
by comparin
upstream of

The tracer g

ccozq 18 the dry CO, concentration in the raw exhaust [%];

ccozad I8 the dry CO, concentration in the ambient air [%];

)

ccod is the dry CO concentration in the raw exhaust [ppm];

cHow i the wet HC concentration in the raw exhaust [ppm].

ptionally, the oxygen balance method may be used. See A.3.3.

er measurement method

E measurement of the concentration of a tracer gas in the exhaust.

ount of an inert gas (e.g. pure helium) shall be injected into the ‘exhaust gas flow as a tracer

n be measured in the exhaust gas sample.

hsure complete mixing of the tracer gas, the exhaustgas sampling probe shall be located at

the engine.

as flow rate shall be set so that thestrace gas concentration after mixing becomes lower tha

full scale of {he trace gas analyser.

The calculat

9 mew

where

Amew

qrt

on of the exhaust gas flow js-as follows:

qdrt X Pew
60><(cmiX —ca)

is the exhaust mass flow [kg/s];

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

and diluted by the exhaust gas, but shall not react in the exhaust pipe. The concentration g

mes the diameter of the exhaust pipe — whichever is larger — downstream of the tracef
nt. The sampling probe may be located closero*the injection point if complete mixing is ve|
g the tracer gas concentration with the refefence concentration when the tracer gas is injgcted

The
f the

least
gas
rified

h the

(8)

Crmix
Pew

Ca

is the concentration of the tracer gas after mixing [ppm];
is the density of the exhaust gas [kg/m3];

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

The background concentration of the tracer gas (c;) may be determined by averaging the background
concentration measured immediately before the test run and after the test run.

When the background concentration is less than 1 % of the concentration of the tracer gas after mixing (cpiy)

at maximum

12

exhaust flow, the background concentration may be neglected.

© I1SO 2006 — All rights reserved
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The total system shall meet the accuracy specifications for the exhaust gas flow, and shall be calibrated
according to 8.6.

7.3.6 Air flow and air-to-fuel ratio measurement method

This involves exhaust mass calculation from the air flow and the air-to-fuel ratio. The calculation of the
instantaneous exhaust gas mass flow is as follows:

1
9 mew ‘Imawx[ A/FstX/ij 9)

wherle

138,0><(ﬂ+ Z—;+}/j

Al Fy (10)
12,011x f+1,007 94 x @ + 15,999 4 x £ +14,006 7 x 5 + 32,065 x
] 2xcoo x1074
—4 P
ﬂx[100—w—cHCx1o4]+ %x 3’5”00_24 _%—g x(c002+ccox10*4)
1+CCO X1O
35
1 = X£co2 (11)
4,764><(ﬂ+Z—;+7/jx(ccoz+ccox104+cHC><1O4)
whelle

4/Fg;  is the stoichiometric air-to-fuel ratio [kglkg];
2 is the excess air ratio;

rco2  is the dry CO, concentration[%];

Cco is the dry CO concentration [ppm];

CHe is the HC concentration [ppm].

NOTE Fuel composition CBH(XSYNE;Og with g=1. For fuels without carbon (e.g. hydrogen) Equations|(10) and (11)
cannpt be used.

The (air flowmeter{shall meet the accuracy specifications of 7.4, the CO, analyser used shall meet the
spedifications0f,7.5.4.2, and the total system shall meet the accuracy specifications for the exhaupt gas flow.

Optipnally,air-to-fuel ratio measurement equipment, such as a zirconia-type sensor, whichh meets the
spedifications of 7.5.4.12 may be used for the measurement of the excess air ratio.

7.3.7 Total dilute exhaust gas flow

When using a full-flow dilution system, the total flow of the dilute exhaust (g,,4c,) shall be measured with a
PDP or CFV (see 17.2.2). The accuracy shall conform to the provisions of 9.2.

7.4 Accuracy

The calibration of all measuring instruments shall be traceable to national (international) standards and
comply with the requirements given in Tables 2 and 3.

NOTE Calibration requirements for analysers are given in 8.5.

© 1SO 2006 — All rights reserved 13
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The instruments shall be calibrated as required by internal audit procedures, by the instrument manufacturer
or in accordance with ISO 9000 requirements. The deviations given in Tables 2 and 3 refer to the final
recorded value, which includes the data acquisition system.

Table 2 — Permissible deviations of instruments for engine-related parameters

No. Measurement instrument Permissible deviation
1 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
3 Fuel comsumptiom T 2 7 Of engine s max. vaiue
4 | Air cpnsumption @ + 2 % of reading or + 1 % of engine’s max. value, whichever is larger,
5 Exhgust gas flow @ + 2,5 % of reading or £ 1,5 % of engine max. value, whichever islargér

a8  The calcilations of the exhaust emissions as described in this part of ISO 8178 are, in some cases,(based on different
measurement pnd/or calculation methods. Because of limited total tolerances for the exhaust emission calculation,\the allowable vplues
for some itemq, used in the appropriate equations, must be smaller than the allowed tolerances given in ISO 15550:2002, Table 4.

Table 3 — Permissible deviations of instruments for other essential parameters

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 absolute
4 Intake air depressions + 0,05 kPa absolute
5 Atmospheric pressure + 0,1 kPa absolute
6 Other 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

7.5 Determination ofthe gaseous components

7.5.1 General analyser specifications

7.51.1 Geeneral specifications

The analysers shall have a measuring range appropriate for the accuracy required to measure the
concentrations of the exhaust gas components (see 7.5.1.2). The analysers should be operated such that the
measured concentration falls between 15 % and 100 % of full scale.

If the full-scale value is 155 ppm (or ppmC) or less or if read-out systems (computers, data loggers) that
provide sufficient accuracy and resolution below 15 % of full scale are used, concentrations below 15 % of full
scale are also acceptable. In this case, additional calibrations are to be made to ensure the accuracy of the
calibration curves.

The electromagnetic compatibility (EMC) of the equipment shall be at a level so as to minimize additional
errors.

14 © IS0 2006 — All rights reserved
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.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 8.5.5.

NOTE

the nominal calibration values using a calibration gas (= true value).

7.5.1

3 Precision

For the purposes of this part of ISO 8178, accuracy is defined as the deviation of the analyser reading from

The

sparn
(orp
7.5.1

The
not ¢

7.5.1

Zero
drift

7.5.1

Spa
The

7.5.2
Exha

com
the g

7.5.3

7.5.3

7.5.3

precision, defined as 2,5 times the standard deviation of 10 repefifive responses o a given
gas, shall be no greater than + 1 % of full-scale concentration for each range usedcabd

systéms is given in Clause 16. The gases to be measured shall be analysed with the following

For 1

on-linear analysers, the use of linearizing circuits is permitted.

balibration or
ve 100 ppm

pmC) or £ 2 % of each range used below 100 ppm (or ppmC).
.4 Noise
analyser peak-to-peak response to zero and calibration or span gases ovetbany 10-second| period shall
xceed 2 % of full scale on all ranges used.
.5  Zero drift
response is defined as the mean response, including noise, to\a zero gas during a 30 s time [interval. The
bf the zero response during a 1 h period shall be less than2 % of full scale on the lowest range used.
.6 Span drift
response is defined as the mean response, including noise, to a span gas during a 30 s {ime interval.
drift of the span response during a 1 h period shall be less than 2 % of full scale on the lowes} range used.
Gas drying
ust gases may be measured wet ‘er/dry. A gas-drying device, if used, shall have a minimal pffect on the
position of the measured gases. Chemical driers are not an acceptable method of removing water from
ample.
Analysers
.1 General
.2 to 7.5.3.12-define the measurement principles to be used. A detailed description of the measurement

instruments.

7.5.3

32 _Car idoCO) analysi

The carbon monoxide analyser shall be of the non-dispersive infrared (NDIR) absorption type.

7.5.3.3 Carbon dioxide (CO,) analysis

The carbon dioxide analyser shall be of the non-dispersive infrared (NDIR) absorption type.

7.5.3.4 Oxygen (O,) analysis

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

sens

or (ECS) type.

© I1SO 2006 — All rights reserved
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Zirconium dioxide sensors should 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 NO, interference.

7.5.3.5 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 463K+ 10K (190 °C + 10 °C). For
methanol-fuelled engines, the temperature requirements of 7.5.3.12.3 apply. Optionally, for gas-fuelled
engines and for the dilute testing of spark-ignition engines, the hydrocarbon analyser may be of the non-
heated flamg¢ ionization detector (FID) type.

7.5.3.6 Npn-methane hydrocarbon (NMHC) analysis

7.5.3.6.1 (General

Depending gn the methane (CH,) concentration, this method is more relevant for gaseeus’than for liquid fuels.

7.5.3.6.2 Gas chromatographic (GC) method

Non-methane hydrocarbons shall be determined by subtraction of the)methane analysed with a| gas
chromatogrgph (GC) conditioned at 423 K (150 °C) from the hydrocarbons measured according to 7.5.3.5.

7.5.3.6.3 Non-methane cutter (NMC) method

The determiphation of the non-methane fraction shall be perfarmed with an NMC operated in line with an FID
as per 7.5.3J5 by subtraction of the methane from the hydrocarbons.

7.5.3.7 Oiides of nitrogen (NO,) analysis

The oxides ¢f nitrogen analyser shall be of the{chemiluminescent detector (CLD) or heated chemiluminegcent
detector (HGLD) type with an NO,/NO converter, if measured on a dry basis. If measured on a wet basig, an
HCLD with |converter maintained abovet328 K (55 °C) shall be used, provided the water quench dheck
(see 8.9.3.2] is satisfied. For both ,€LD and HCLD, the sampling path shall be maintained at a| wall
temperature| of 328 K to 473 K (55.°€“to 200 °C) up to the converter for dry measurement, and up t¢ the
analyser for wet measurement.

7.5.3.8  Splphur dioxide(SO,) analysis

The SO, enjission shall'be calculated from the sulphur content of the fuel used, since experience has shown
that using the direct.measurement method for SO, does not give more precise results:

4msop &) Gyt X weam x 20 (12)

NOTE The application of the calculation method for SO, assumes a 100 % sulphur conversion and is limited to
engines without aftertreatment systems. In this case SO, may be measured in accordance with the instructions of the
instrument suppliers. Since SO, measurement is a difficult task and has not been fully demonstrated for exhaust
measurements, prior agreement of the parties involved is required.

7.5.3.9 Ammonia (NH;) analysis

Ammonia shall be determined with a CLD, as described in 7.5.3.7, by using two different converters. For the
total amount of NO, and NHg, a high-temperature converter of 973 K (700 °C) shall be used.

For the NO, only, a low-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).
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Alternatively, an FTIR (Fourier transform infrared) analyser or NDUVR (non-dispersive ultraviolet resonance)
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.

7.5.3

.10 Dinitrogen oxide (N,0O) analysis

An FTIR analyser or an NDIR (non-dispersive infrared) 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.

7.5.3

Formpaldehyde shall be determined by passing an exhaust sample, preferably from the diluted ¢

throy
coat
(HPL

Optipnally, an FTIR analyser may be used in accordance with the instrument supplier’s instruction

7.5.3

7.5.3
An F
has

requ

7.5.3

Meth
The

7.5.3

The
facta

8.8.9.

7.5.3

The
a wig

.11  Formaldehyde (HCHO) analysis

gh an impinger containing an acetonitrile (ACN) solution of DNPH reagent or through a sil
bd with 2,4-DNPH. The sample collected shall be analysed by a high-pressure liquid ch
C) using UV detection at 365 nm.

.12 Methanol (CH;OH) analysis

.12.1 General
TIR analyser may be used in accordance with the instrument supplier’s instructions. Since th

not been fully demonstrated for exhaust measuremeénts, prior agreement of the parties
red.

.12.2 Gas chromatographic (GC) method

anol shall be determined by passing ahlexhaust sample through an impinger containing de-ig
sample shall be analysed by a GC with-FID.

.12.3 HFID method

r shall be determined at)several concentrations in the range of concentrations in the sample,

.13 Air-to-fuel’'measurement

pir-to-fuél’'measurement equipment used to determine the exhaust gas flow as specified in 7
e ranige-air-to-fuel ratio sensor or lambda sensor of zirconia type.

exhaust gas,
ca cartridge
romatograph

e technology
involved is

nized water.

HFID calibrated on propané shall be operated at 385 K+ 10 K (112 °C + 10 °C). The methamol response

according to

.3.6 shall be

The

sensar shall be maunted dirprﬂy an the exhaust pipp where the exhaust gas temperature is

igh enough

to el

minate water condensation.

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

+ 3 % of reading for A<2
+ 5 % of reading for 2<A<5
+ 10 % of reading for 5<1

To fulfil the accuracy specified above, the sensor shall be calibrated as specified by the instrument
manufacturer.
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7.5.4 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.

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. Forextraustemissionm catcutationm thetotatextraustmass flowstrattbeused:

If the compg mple

shall be take

sition of the exhaust gas is influenced by any exhaust aftertreatment system, the exhaustsa
n downstream of this device.

ut as
mple

hition engines the exhaust sampling probe should be in a high-pressure side of the muffler, b)
exhaust port as possible. To ensure complete mixing of the engine exhaust before sa

For spark-ig
far from the

extraction, a
internal volu
under test 4
should be ke
line leaving
sufficient siz
maintained 4§

mixing chamber may be optionally inserted between the muffler outlet and\thé sample probe
me of the mixing chamber shall be not less than 10 times the cylinder displacement of the er
nd should be roughly equal dimensions in height, width and depth.“The mixing chamber,
he mixing chamber should extend at least 610 mm beyond the ‘§ample probe location and

bove the dew point of the exhaust gases and a minimum temperature of 65 °C is recommeng

The
gine
size

pt as small as practicable and should be coupled as close as possible to the engine. The exhaust

be of

e to minimize back pressure. The temperature of the inner sdrface of the mixing chamber shall be

led.

For marine g¢ngines the inlet of the probe shall be located so as.t@yavoid ingestion of water which is injgcted

into the exhd

ust system for the purpose of cooling, tuning or noise reduction.

When a full-flow dilution system is used for the determination of the particulates, the gaseous emissions|may
also be detefmined in the diluted exhaust gas. The sampling probes shall be close to the particulate sampling
probe in the|dilution tunnel (see 17.2.2, Figure 19, DT and PSP).

For compregsion-ignition engines, HC and NO{ shall be measured by direct sampling from the dilution tupnel.
CO and CO4 may optionally be determined by, direct measurement or by sampling into a bag and subsequent
measurement of the concentration in the sampling bag.

For spark-igpition engines and gas-fuelled engines, all components may optionally be measured directly in the
dilution tunngl, or by sampling into.a’ bag and subsequent measurement of the concentration in the samjpling
bag.

7.6 Particulate determination

7.6.1 Gengral

The determihation of the particulates requires a dilution system. Dilution shall be accomplished by a p3rtial-

flow or a full-flow dilution system. The flow capacity of the dilution system shall be Targe enough to completely
eliminate water condensation in the dilution and sampling systems, and maintain the temperature of the
diluted exhaust gas between 315 K (42 °C) and 325 K (52 °C) immediately upstream of the filter holders.
Humidity control of the dilution air before entering the dilution system is permitted; dehumidification, in
particular, is useful if dilution air humidity is high. The temperature of the dilution air shall be higher than 288 K
(15 °C) in close proximity to the entrance into the dilution tunnel.

Existing systems established in accordance with ISO 8178-1:1996 do not have to comply with the above filter
temperature requirements.

For a partial-flow dilution system, the particulate sampling probe shall be fitted close to and upstream of the
gaseous probe as defined in 7.5.4 and in accordance with 17.2.1, Figures 10 to 18, EP and SP.
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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 17.2.1).

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.

The multiple-filter method dictates that one pair of filters (see 7.6.2.3) 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 7.6.2.3) for all modes of the test cyelé)|Considerate
atterftion shall be paid to sampling times and flows during the sampling phase of the test,.howeyer, only one
pair of filters will be required for the test cycle.

7.6.3 Particulate sampling filters

7.6.2.1 Filter specification

Fluofocarbon coated glass-fibre filters or fluorocarbon membrane filters @re required. All filter typgs shall have
a 0,3 um DOP (di-octylphthalate) collection efficiency of at least 95 % at a gas face velocity of 3§ cm/s and at
least 99 % at 100 cm/s. When performing correlation tests between’ laboratories or between a manufacturer
and @ regulatory agency, filters of identical quality shall be used.

7.6.4.2 Filter size

Particulate filters shall have a minimum diameter of 47“mm (37 mm stain diameter). Larger diamefer filters are
acceptable (see 7.6.2.5).

7.6.4.3 Primary and back-up filters

The |diluted exhaust shall be sampled._during the test sequence by one filter if the collection |efficiency is
> 99|% (see 7.6.2.1), or a pair of filters placed in series (one primary and one back-up filter) if the collection
efficiency is between 95 % and 99%. The back-up filter shall be located no more than 100 mm dgqwnstream of
the grimary filter and shall not/be-in contact with the primary filter. The filters may be weighed separately or as
a pair with the filters placed-stain side to stain side.

7.6.2.4  Filter face velocity

A gas face velogity through the filter of 35 cm/s to 100 cm/s shall be achieved. The pressure-dfop increase
between the beginning and the end of the test shall be no more than 25 kPa.

7.6.4.5 ~ Filter loading

The filter loading should be 0,338 ug/mm? filter area for the single-filter method. The required minimum filter
loading shall be 0,065 ug/mm? filter area. For the most common filter sizes the values are given in Table 4.

For the multiple-filter method, the filter loading for the sum of all filters is the product of the appropriate value
above and the square root of the total number of modes.
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Table 4 — 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

7.6.3 Weig

7.6.3.1 W
The temperg
maintained 1
be maintaing

7632 R

hing chamber and analytical balance specifications

eighing chamber conditions

o within 295 K+ 3 K (22 °C + 3 °C) during all filter conditioning and weighihg. The humidity
d to a dewpoint of 282,5 K+ 3 K (9,5 °C + 3 °C) and a relative humidity of 45 % + 8 %.

pference filter weighing

The chambgr (or room) environment shall be free of any ambient contaminants (such as dust) that \

settle on th
outlined in 7
room should
unused refe

b particulate filters during their stabilization. Disturbances to weighing room specification
.6.3.1 will be allowed if the duration of the disturbances does not exceed 30 min. The weig
meet the required specifications prior to personal entrance into the weighing room. At leas
ence filters or reference filter pairs shall be weighed\within 4 h of (but preferably at the same|

as) the sample filter (pair) weighings. They shall be the same size and material as the sample filters.

If the averag
by more tha
sample filten
the same filt

If the weigh
meet the ab
voiding the t

7633 A
The analytic]
of 20 ug ang
resolution sh

7634 E

ture of the chamber (or room) in which the particulate filters are conditioned and.weighed shall be

shall

ould
s as
hing
t two
time

e mass of the reference filters or reference filter pairs changes between sample filter weig
n 10 ug + 5 % of particulate loading at the‘actual test with an absolute upper limit of 40 pg, th
5 shall be discarded and the emissions:test repeated. Optionally, the cycle may be repeats
br to get a higher particulate loading with correspondingly higher reference filter tolerances.

ove criteria, the engine manufacturer has the option of accepting the sample filter massg
bsts, fixing the weighing room control system and rerunning the test.

halytical balance
pl balance usedto determine the masses of all filters shall have a precision (standard devig

a resolutionof 10 ug (1 digit = 10 pg). For filters less than 70 mm in diameter, the precision
all be 2'4dg/and 1 ug, respectively.

imination of static electricity effects

!

ings
n all
d on

ng room stability criteria outlined in 7.6.3.1 are not met, but the reference filter (pair) weiglings

£S Or

tion)
and

To eliminate the effects of static electricity, the filters shall be neutralized prior to weighing, e.g. by a polonium

neutralizer o

7.6.4 Addi

r a device of similar effect.

tional specifications for particulate measurement

All parts of the dilution system and the sampling system from the exhaust pipe up to the filter holder, which are
in contact with raw and diluted exhaust gas, shall be designed to minimize deposition or alteration of the
particulates. All parts shall be made of electrically conductive materials that do not react with exhaust gas

components

20

, and shall be electrically grounded to prevent electrostatic effects.
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8 Calibration of the analytical instruments

8.1 General requirements

Each analyser shall be calibrated as often as necessary to fullfil the accuracy requirements of this part of
ISO 8178. The calibration method that shall be used is described below for the analysers indicated in 7.5.3.

8.2 Calibration gases

8.2.1 General

The phelf life of all calibration gases shall be respected.

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

8.2.4 Pure gas

The required purity of the gases is defined by the contamination limits given below. The following gases shall
be ayailable for operation:

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

— hydrogen—helium mixture (40 % +2 % hydrogen, *balance helium) (contamination| < 1 ppmC,
400 ppmCO,);

— purified synthetic air (contamination <1 ppmC, < 1ppmCO, < 400ppmCO,, <|0,1ppmNO)
oxygen content 18 % — 21 % vol.).

8.2.3 Calibration and span gases

Mixtlires of gases having the following chemical compositions shall be available:
— [3Hg and purified synthetic air(see 8.2.2);
— [CO and purified nitrogen;

— NO, and purified nittegen (the amount of NO, contained in this calibration gas shall not excegd 5 % of the
NO content);

— [P, and purified nitrogen;

— L0, and-purified nitrogen;

— [CHz and purified synthetic air;

— C,Hg and purified synthetic air.
NOTE Other gas combinations are allowed provided the gases do not react with one another.

The true concentration of a calibration and span gas shall be within +2 % of the nominal value. All
concentrations of calibration gas shall be given on a volume basis (volume percent or volume ppm).

8.2.4 Use of gas dividers
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
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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 is linear, 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 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.

8.2.5 Oxygen interference gases

Oxygen intgrference 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 predominantOdiluent with the
balance oxygen. Blends required for gasoline-fuelled and diesel engine testing are listed in Table 5:

Table 5 — Oxygen interference check gases

Applicability O, concentration Balance
Diesel 21 (20 to 22) Nitrogen
Diesel and gasoline 10 (9 to 11) Nitrogen
Diesel and gasoline 5 (4 to 6) Nitrogen
Gasoline 0(0to1) Nitrogen

8.3 Operating procedure for analysers and sampling system

The operatifg procedure for analysers shall follow,the start-up and operating instructions of the instrument
manufacturgr. The minimum requirements given“in 8.4 to 8.9 shall be included. For laboratory instrunjents
such as GC jand HPLC, only 8.5.4 applies.

8.4 Leakage test

A system legkage test shall be performed. The probe shall be disconnected from the exhaust system anfl the
end plugged. The analyser pump shall be switched on. After an initial stabilization period all flow mgters
should read [gero. If not, thedsampling lines shall be checked and the fault corrected.

The maximum allowablefleakage rate on the vacuum side shall be 0,5 % of the in-use flow rate for the pgrtion
of the system being-checked. The analyser flows and bypass flows may be used to estimate the in-use| flow
rates.

Another methots—the-introductior—of-a—conecentration otcp L;hGIIUC at-the bcy;llll;lls of-the oalllp“lly iHe by
switching from zero to span gas. If after an adequate period of time the reading shows a lower concentration
compared to the introduced concentration, this points to calibration or leakage problems.

8.5 Calibration procedure

8.5.1 Instrument assembly

Calibrate the instrument assembly and check calibrated curves against standard gases. The same gas flow
rates shall be used as when sampling exhaust gas.
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8.5.2 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.

8.5.3 NDIR and HFID analyser

Tune the NDIR analyser as necessary, and optimize the combustion flame of the HFID analyser (see 8.8.1)

8.5.4 GC and HPCL

Caligrate both instruments according to good laboratory practice and the recommendatlons of the
manpfacturer.

8.5.8 Establishment of the calibration curve
a) [Each normally used operating range shall be calibrated.
b) Using purified synthetic air (or nitrogen), the CO, CO,, NO, and HC analysers shall be set at rero.

c) [The appropriate calibration gases shall be introduced to the analysers, the values recorded, and the
Calibration curve established.

d) [The calibration curve shall be established by at least six calibration points (excluding zero) approximately
equally spaced over the operating range. The highest hominal concentration shall be equallto or higher
han 90 % of full scale.

e) [The calibration curve shall be calculated by theimethod of least squares. A best-fit linear ¢r non-linear
equation may be used.

f)  [The calibration points shall not differ from'the least squares best-fit line by more than + 2 % pf reading or
t 0,3 % of full scale, whichever is largén.

g) [The zero setting shall be rechecked and the calibration procedure repeated, if necessary.

8.5.4 Alternative calibration methods

If it gan be shown that altefnative technology (computer, electronically controlled range switch, etc.) can give
equiyalent accuracy, then these alternatives may be used.

8.5.1 Verification of the calibration

Each) normally’ used operating range shall be checked prior to each analysis in accordance with the following
procedure.

The calibration is checked by using a zero gas and a span gas whose nominal value is more than 80 % of full
scale of the measuring range.

If, for the two points considered, 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 be verified or a new calibration curve shall be established in accordance with 8.5.5.
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The analyser for measurement of the tracer gas concentration shall be calibrated using the standard gas.

The calibration curve shall be established by at least 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 analyse
nominal vall

8.7 Effici

e is more than 80 % of the analyser full scale.

ency test of the NO, converter

8.7.1 Introduction

The efficiend
Figure 1).

8.7.2 Test

Using the tg
efficiency of

setup

converters can be tested by means of an ozonator.

e

Q9

_~

v 4

a -1
2

r shall be set at zero and spanned prior to the test run using a zero gas and a span gas-whose

y of the converter used for the conversion of NO, into NO is tested as@iven in 8.7.2 to 8.7.9|(see

st setup as schematically shown in Figure 1 (see also.7:5.3.7) and the procedure below, the

0.0

Key

1 solenoid valve

2 variac

3  ozonator

@  Alternating current.
b

24

To analyser.

Figure 1 — Schematic representation of NO, converter efficiency device
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8.7.3 Calibraton

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 NO,
analyser shall be in the NO mode so that the span gas does not pass through the converter. The indicated
concentration shall be recorded.

8.7.4 Calculation

The efficiency of the NO, converter is calculated as follows:

Enox = [1+ “‘2] x 100 (13)

c—

wherle

is the NO, concentration according to 8.7.7;
b is the NO, concentration according to 8.7.8;

- is the NO concentration according to 8.7.5;

i/ is the NO concentration according to 8.7.6.

8.7.4 Adding of oxygen

Via @ T-fitting, oxygen or zero air is added continuously to the gas flow until the concentration| indicated is
aboyt 20 % less than the indicated calibration concentration given in 8.7.3. (The analyser is in the[NO mode.)

The |ndicated concentration (c) shall be recorded. The ozonator is kept deactivated throughout thg process.

8.7.4 Activation of the ozonator
The pzonator is now activated to-generate enough ozone to bring the NO concentration down tg about 20 %

(minfjmum 10 %) of the calibration concentration given in 8.7.3. The indicated concentration |(d) shall be
recofded. (The analyser is-in"the NO mode.)

8.7.1 NO, mode

The NO analyseér is then switched to the NO, mode so that the gas mixture (consisting of NO, NO,, O, and
N,) ITOW passes through the converter. The indicated concentration (a) shall be recorded. (The gnalyser is in

the NOymode.)

8.7.8 Deactivation of the ozonator

The ozonator is now deactivated. The mixture of gases described in 8.7.7 passes through the converter into
the detector. The indicated concentration (b) shall be recorded. (The analyser is in the NO, mode.)

8.7.9 NO mode
Switched to NO mode with the ozonator deactivated, the flow of oxygen or synthetic air is also shut off. The

NO, reading of the analyser shall not deviate by more than + 5 % from the value measured according to 8.7.3.
(The analyser is in the NO mode.)
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interval

The efficiency of the converter shall be tested prior to each calibration of the NO, analyser.

8.7.11 Effic

iency 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 NO, converter cannot give a reduction from 80 % to 20 %

according to

8.7.3, then the highest range which will give the reduction shall be used

8.8 Adjustment of the FID
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mization of the detector response

Il be adjusted as specified by the instrument manufacturer. A propane-in-aif-span gas shou
hize the response on the most common operating range.

and air flow rates set at the manufacturer's recommendations, a 350 * 75 ppmC span gas
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f the hydrocarbon response factors and the oxyger<nterference check according to 8.8.2

interference or the hydrocarbon response factors do not meet the following specifications, th
incrementally adjusted above and below the manufacturer’s specifications, 8.8.2 and 8.8,

tion may optionally be conducted‘using the procedures outlined in SAE Technical Paper 77
phy).

I shall be calibrated ‘wsing propane in air and purified synthetic air, according to 8.5.

e response factor (r,) for a particular hydrocarbon species is the ratio of the FID C1 reading t
Fation in the cylinder expressed by ppmC1.

The concen

concentrationtshall be known to an accuracy of + 2 % in reference to a gravimetric standard express

<[ation of the test gas shall be at a level to give a response of approximately 80 % of full scale
volume. In addition, the gas cylinder shall be preconditioned for at a temperatare o +5K

d be
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Il be
bd to
gon
and

e air
3 for

D141

rvice
b the

The

(25 °C £ 5 °C).

The test gas

These value
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Methane and purified synthetic air:
Propylene and purified synthetic air:

Toluene and purified synthetic air:

es to be used and the recommended relative response factor ranges are as follows.
1,00 < r, < 1,15,

0,90 <ry, < 1,1,

0,90 <ry, <1,1.

s are relative to a ry, of 1 for propane and purified synthetic air.

ed in
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8.8.3 Oxygen interference check

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 8.2.5.

a) The analyser shall be zeroed.

b) The analyser shall be spanned with the 0 % oxygen blend for gasoline-fuelled engines. Diesel engine
nStraments shall be spanned with the 2T 7% oxygen biend.

c) [The zero response shall be rechecked. If it has changed by more than 0,5 % of full scale) stgps a) and b)
shall be repeated.

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
fepeated.

f)  [The oxygen interference (%O,int) shall be calculated for each mixture in step d) as follows:

(B — analyserresponse)

%0,int = 2 x 100 (14)
vhere
. A
analyser response is ———x%FS atB
%FS at 4
where

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

B is the hydrocarbaon gencentration (ppmC) of the oxygen interference check gases used in step d).

A
mC)= — 15
(PPmC) 5 (15)
where
D is the percentage of full scale analyser response due to 4.

g) [The % of oxygen interference (%O,int) shall be less than + 3,0 % for all required oxygen|interference

chetck gases prior to testing
~J L J

h) If the oxygen interference is greater than + 3,0 %, the air flow above and below the manufacturer’s
specifications shall be incrementally adjusted, repeating 8.8.1 for each flow.

i) If the oxygen interference is greater than + 3,0 % after adjusting the air flow, the fuel flow and thereafter
the sample flow shall be varied, repeating 8.8.1 for each new setting.

j)  If the oxygen interference is still greater than + 3,0 %, the analyser, FID fuel, or burner air shall be

repaired or replaced prior to testing. Steps a) to i) shall then be repeated with the repaired or replaced
equipment or gases.
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8.8.4 Efficiency of the Non-Methane Cutter (NMC)

8.8.4.1 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 14.4).

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

EM — 1_ CwCutter (16)

Cwi/oCutter

where

cweutter| 18 the HC concentration with CH, flowing through the NMC,

cwiocuttdr 18 the HC concentration with CH, bypassing the NMC.
8.8.4.3 Ethane efficiency
Ethane califjration gas shall be flowed through the FID with andwithout bypassing the NMC and theg two
concentratiops recorded. The efficiency shall be determined as follows:

EE — 1_ cwCutter (17)

Cw/oCutter

where

cweutter| 18 the HC concentration with.CsHg flowing through the NMC,

cwiocuttdr 18 the HC concentration with C,Hg bypassing the NMC.
8.8.5 Methanol response facton
When the FD analyser is,to’be used for the analysis of hydrocarbons containing methanol, the methanol
response fagtor (r,,,) of the'analyser shall be established.
A known vojume ofimethanol (a, in millilitres) is injected, using a microlitre syringe, into the heated mixing
zone [395 K| (122 €C)] of a septum injector, vapourized and swept into a tedlar bag with a known volume of
zero-grade gir(3, in cubic metres). The air volume(s) shall be such that the methanol concentration in thg bag
is representative of the range of concentrations jound in the exhaust sample.
The bag sample is analysed using the FID, and the response factor is calculated as follows:

oy = —FID_ (18)

€sAM

where

XFID is the FID reading, in parts per million (microlitres per litre) of C,

csam i the methanol concentration in the sample bag in ppmC, as calculated from « and b:

28

CSAM =594 x a/b.
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8.9 Interference effects with CO, CO,, NO,, O,, NH; and N,O analysers

8.9.1 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 interfering gas
quenching the radiation. The interference checks in 8.9.2 and 8.9.3 shall be performed prior to an analyser’'s
initial use and after major service intervals, but at least once per year.

8.9.4 CO analyser interference check

Watgr and CO, can interfere with the CO analyser performance. Therefore, a CO, ‘span ghas having a
congentration of 80 % to 100 % of full scale of the maximum operating range used during testing shall be
bubhled through water at room temperature and the analyser response recorded. Thetanalyser response shall
not Re more than 1 % of full scale for ranges equal to or above 300 ppm or more_than 3 ppm for ranges below
300 ppm.

8.9.3 NO, analyser quench checks

The ftwo gases of concern for CLD (and HCLD) analysers are COx.and water vapour. Quench fesponses to
thesg¢ gases are proportional to their concentrations, and therefore/require test techniques to determine the
quer|ch at the highest expected concentrations experienced duting testing.

8.9.31 CO,quench check

A CQ, span gas having a concentration of 80 % to 400 % of full scale of the maximum operating range shall
be passed through the NDIR analyser and the CQywalue recorded as 4. It shall then be diluted approximately
50 % with NO span gas and passed through the)NDIR and (H)CLD, with the CO, and NO values|recorded as
B and C, respectively. The CO, shall then b€ shut off and only the NO span gas be passed|through the
(H)GLD and the NO value recorded as D.

The puench shall be calculated as follows:

[ (Cxa) )

x 100 (19)
wherle

4 is the'undiluted CO, concentration measured with NDIR [%],

B sthe diluted CO, concentration measured with NDIR [%],

isthedituted NOtoncentratiomr measured with(HYCEDfppm;
D is the undiluted NO concentration measured with (H)CLD [ppm].

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

8.9.3.2 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.
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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 + 5 K (25 £ 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 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:

= 100xkpbj (20)

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

H

D, - Dx[1—m] (21)

For diesel ¢xhaust, the maximum exhaust water concentration (in %) expected during ‘testing shall be

estimated, under the assumption of a fuel atom H:C ratio of 1,8:1, from the maximum CQOj.concentratior] 4 in
the exhaust pas as follows:

Hy =109 x 4 (22)
Record H, Dy, and H,,.

The water qliench shall be calculated as follows:

(Dg—C) (H ]
E = 100 & m 23
H20 x k D, J “\ (23)
where
D, is the expected diluted NO concentration [ppm];

C s tihe diluted NO concentration [ppm];
is the maximum water vapour coneentration [%];

H is the actual water vapour coneentration [%].

NOTE tlis important that the\NO span gas contains minimal NO, concentration for this check, since absorptfon of
NO, in water has not been accounted for in the quench calculations.

8.9.3.3 Maximum allowable quench

The maximum allowable quench shall be as follows.

— For all dr\/ ClD analvqpre it shall he demanstrated that for the hl(‘thQf expected water vdpour
concentratlon (i.e. “%HZOexp as calculated later in this section), the water removal technique maintains
CLD humidity at less than or equal to 5 g water per kg dry air (or about 0,008 % H,O), which is 100 % RH
at 3,9 °C and 101,3 kPa. This humidity specification is also equivalent to about 25 % RH at 25 °C and
101,3 kPa. This can be demonstrated by measuring the temperature at the outlet of a thermal
dehumidifier, 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 CO,-quench according to 8.9.3.1: 2 % of full scale.
— Water quench according to 8.9.3.2: 3 % of full scale.

— For dilute measurement: 2 % combined CO, and water quench.
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8.9.4 O, 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 6.

Table 6 — Oxygen equivalents

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

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

(Equivalent % O, x Observed concentration)
100

Interference = (24)

For ZRDO and ECS analysers, instrument interference ‘caused by gases other than oxygen shall be
compensated for in accordance with the instrument supplief’s instruction and with good engineering practice.

8.9.3 Cross-interference check compensation for NH; and N,O measurement channels usjing IR and
UV measurement techniques

8.9.5.1 Procedure for establishing the cross-interference correction for NH; analysers (NDUVR
method)

There are cross-interferences to_nitrogen oxide (NO) and nitrogen dioxide (NO,). Both components shall be

meagured with the measurement_equipment and a compensation shall be applied to the analysef readings, if
the dross-interference exceeds-2 % full scale.

8.9.3.2 Check of the.cross-interferences

NO and NO, calibration gases are fed into the analyser with cross-interference compensation attivated. For
eachl components at least five different calibration gas concentrations with equidistant spacing between zero
and the maximdm expected interference gas concentration shall be used for the compensatior] check. The
maxjmum \deviation of the NH; reading from the zero reading shall be less than +2 % full gcale of the
commonly used range. If the deviation is higher, a new correction curve for the corresponding|interference
compefient—shall-be—established—and-—appled-to—the analyser readings—Fhe—use—of single-blehd gases is
possible, as well as the use of gas mixtures containing two or more interference gases.

8.9.5.3 Procedure for the generation of cross-interference correction curves

8.9.5.3.1 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 NH; concentrations have to be recorded. Using a least-squares fit

for a suitable fit function (e.g. polynomial fit function) {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
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parameters (e.g. polynomial of fourth order needs at least seven fit points). The correction values
NH3 compensated = NH3 not compensated —/ANO) should be within £ 1 % full scale of the analyser zero reading.

8.9.5.3.2 NO, cross-interference
The procedure for NO, is equivalent to that for NO, span gases. The result is the correction curve f{NO,).
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 gases is not allowed for generating the cross-
interference compensation curves.

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

NH3_cor1pensated = NH3_not compensated —fIN=) - AANOy)

After the compensation curves have been established, the cross-interference compensation ‘shall be checked
by the procedures given in 8.9.5.2.

8.9.5.4 Procedure for establishing the cross-interference correction for N,@ analysers (NDIR
method)

There are crpss-interferences for CO,, CO and NO and small interferencesfor some hydrocarbons.

8.9.5.5 Check the cross-interferences

Calibration gases for CO, CO,, NO and C3Hg are fed into the aqalyser with cross-interference compensgation
activated. For each component at least five different calibration”gas concentrations with equidistant spacing
between zerno and the maximum expected interference gas;concentration shall be used for the compensgation
check. The maximum deviation of the NO, reading from the zero reading shall be less than + 2 % full scale of
the commonly used range. If the deviation is higher, a;hew correction curve for the corresponding interference
component ghall be established and applied to the analyser readings. The use of single-blend gasegs is
allowed, as yvell as the use of gas mixtures containing two or more interference gases.

8.9.5.6 Procedure for the generation.of.cross-interference correction curves

8.9.5.6.1 CO cross-interference

Calibration gases with at least five different CO concentrations that have to be spread equidistantly over the
used CO anglyser range during‘measurement shall be fed into the N,O analyser.

The nominal CO values ‘and the measured N,O concentrations shall be recorded. Using a least-squares fit for
a suitable fiff function\(e'g. polynomial fit function) {CQO), a correction curve to compensate for the CO cfoss-
interference|is caleulated. The number of fit points shall 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 corrected values NoO;ompensated = N2Onot compensated — fACO) should be within + 1 % full scale of the
analyser zero reading.

8.9.5.6.2 CO,, NO and C3Hg cross-interference

The same procedure is done for CO,, NO and C3Hg. The result is the correction functions f{CO,), ANO), and
f(C3Hg), respectively.

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 gases is not allowed for generating the cross-
interference compensation curves.
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The following compensation calculation should be done by the measurement system:

NZOcompensated =N2Oyt compensated - fICO,) =-ACO) - ANO) — fIC3Hg)

After the compensation curves have been established, the cross-interference compensation shall be checked
by the procedure given in 8.9.5.5.

8.10 Calibration intervals

The analysers shall be calibrated according to 8.5 at least every three months or whenever a system repair or
change is made that could influence calibration

9.1
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Calibration of the particulate measuring system

General
component shall be calibrated as often as necessary to fulfil the accuragy requirements o

B178. The calibration method to be used is described in this clause férthe components ind
17.

Calibration procedure

Flow measurement

calibration of gas flow meters or flow measurement instrumentation shall be traceable to
br national standards.

gas flow is determined by differential flow, measurement, the maximum error of the differe
that the accuracy of g4 is within + 4% (see also 17.2.1, exhaust gas analyser explan
v Figures 10 to 18). It can be calculated by taking the root-mean-square of the errors of each

Exhaust gas analysers

> or NO, concentration measurement is used for the determination of the dilution ratio, the
sers shall be calibrated.in-accordance with 8.5.5.

Carbon flow check

rbon flow check using actual exhaust is strongly recommended for detecting measurement
ems and{verifying the proper operation of the partial-flow dilution system. The carbon flow g
In at_least each time a new engine is installed, or something significant is changed in
guration.

f this part of
cated in 7.6

international

nce shall be
ations given
instrument.

exhaust gas

and control
heck should
the test cell

The

Tgineshattbeoperatedat peak torquetoadand—speedor any other steady-state modett

at produces

5 % or more of CO,. The partial-flow sampling system shall be operated with a dilution factor of about 15 to 1.

If a carbon flow check is conducted, the procedure given in Annex F shall be applied. The carbon flow rates
shall be calculated according to Equations F.1, F.2 and F.3. All carbon flow rates should agree to within 6 %.

9.3

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 17.2.1, exhaust pipe explanations given below Figures 10 to 18, if applicable.
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9.4 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.

10 Calibration of the CVS full-flow dilution system

10.1 General

Ietars ball b e H S A-baiiaiaa P eata-flovoaatar ond o o deiatioo Ao Th Mt
The CVS Sy T oSTriam T oanmoratc U oy oSty ar acCuUratc moUwWiTTC o arid a ToSthotry Ut vicC T TSmO trT Ough

the system s$hall be measured at different restriction settings, and the control parameters of the systém| shall

be measuredl and related to the flow.

Various typg¢ of flowmeter may be used, e.g. calibrated venturi, calibrated laminar flowmeter, calibrated

turbinemeter.
10.2 Calibration of the Positive Displacement Pump (PDP)

10.2.1 General

All the parar
a calibration

heters related to the pump shall be simultaneously measured,‘along with the parameters relajed to
venturi which is connected in series with the pump. The_calculated flow rate (in m3/min at pump

inlet, absolute pressure and temperature) shall be plotted against a correlation function which is the valug¢ of a
specific compbination of pump parameters. The linear equation which'relates the pump flow and the correfation
function shajl be determined. If a CVS has a multiple-speed drive, the calibration shall be performed for|each
range used.

Temperaturg stability shall be maintained during calibration.

Leaks in al| the connections and ducting between the calibration venturi and the CVS pump sha|l be
maintained Ipwer than 0,3 % of the lowest flow point (highest restriction and lowest PDP speed point).

10.2.2 Datajanalysis

The air flow [rate (Qg) at each restriction’ setting (minimum six settings) shall be calculated in standard mY/min

from the flg
converted to

wmeter data using.-the manufacturer's prescribed method. The air flow rate shall ther
pump flow (77;) in m3/fev at absolute pump inlet temperature and pressure as follows:

0 T 1013
Vo =—F X —x—
nl 273 /px
where
Oy s theairflowrateat standardconditions (1643 kPa 273 K) st

be

(25)

T is the temperature at pump inlet [K];
pp is the absolute pressure at pump inlet [kPa];

n is the pump speed [rev/s].
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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:

xo=tx 2P0 (26)
n Pa
where
App is the pressure differential from pump inlet to pump outlet [kPa];
ba IS the absolute outlet pressure at pump outlet [kPal].
A lingar least-squares fit shall be performed to generate the calibration equation as follows:
Vo = Do —mx(Xy) (27)

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

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

The alculated values from the equation shall be within + 0,5.%"of the measured value of V. Vallies of m will
vary|from one pump to another. Particulate influx over time,will cause the pump slip to decrease, |as reflected
by Igwer values for m. Therefore, calibration shall be p&rformed at pump start-up, after major maintenance,
and [f the total system verification indicates a change of the slip rate.

10.3 Calibration of the Critical-Flow Venturi (CFV)

10.3]1 General

Caliration of the CFV is based upan the flow equation for a critical-flow venturi. Gas flow (Qg) is f function of
inlet pressure and temperature:

0, = Xvxpa (28)

Jr
wherle

k., is the.calibration coefficient;

v

patis'the absolute pressure at the venturi inlet [kPal];

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

10.3.2 Data analysis

The air flow rate (Qg) at each restriction setting (minimum eight settings) shall be calculated in standard
m3/min from the flowmeter data using the manufacturer’s prescribed method. The calibration coefficient shall
be calculated from the calibration data for each setting as follows:

05 xNT
Pa

ky = (29)
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where

Os

T

P

is the air flow rate at standard conditions (101,3 kPa, 273 K) [m3/s];
is the temperature at the venturi inlet [K];

is the absolute pressure at the venturi inlet [kPa].

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

range.

For a minim

calculated. The standard deviation shall not exceed + 0,3 % of the average k.

10.4 Calibration of the Subsonic Venturi (SSV)

10.4.1 Geng¢ral

Calibration @
inlet pressur

where

36

Ix

2 1( 14286 17143 1
Ossv 5 40d“Cyqpra F(rx ~ % )[1_r 2 1,4286}
y

is g collection of constants and unit conversions

1

3 2
~0[006 111 in Sl units of | ™ || £ |1,
min |kkPa || mm?

is the diameter of the S8V/-throat [m];

is the discharge coefficient of the SSV;
is the absolufeypressure at venturi inlet [kPa];

is the temperature at the venturi inlet [K].

im of eight points in the region of critical flow, the average k, and the standard deviation)shgll be

f the SSV is based upon the flow equation for a subsonic venturi. Gas flow (Qggy) is a functign of
e and temperature, pressure drop between the SSV inlet and threat, as shown below:

(30)

is the ratio of the SSV throat to inlet absolute, static pressure, r, = 1 — (dp/pp);

is the ratio of d to the inlet pipe inner diameter (D), ry= diD.
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10.4.2 Data analysis

The air flow rate (q,5gy) at each restriction setting (minimum 16 settings) shall be calculated in standard
m3/min from the flowmeter data using the manufacturer’s prescribed method. The discharge coefficient (Cy)
shall be calculated from the calibration data for each setting as follows:

2 1( 14286 17143 1
d°pa —(r ’ -7, ) —_—
7\'x X 1_ry4rx1,4286

wherle

,ssyv is the air flow rate at standard conditions (101,3 kPa, 273 K) [m3/min];

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

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

'y is the ratio of the SSV throat to inlet absolute, static pressure ‘e, = 1 — (dp/pp);
& is the ratio of d to the inlet pipe inner diameter (D), ry, = d/D:

To determine the range of subsonic flow, C4 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 = 4, 4vssv. (32)
du
whefe
4.4 is a collection of constants and units conversions

o)

,ssy 1S the air flowrate at standard conditions (101,3 kPa, 273 K) [m3/s];

7 is the diameter of the SSV throat, [m];

7 isthe*absolute or dynamic viscosity of the gas, calculated with the following formula:

bT3/2 bT1/2
M= = < kg/m-s (33)
e
T

where

kg

b is an empirical constant = 1,458 x108 ;
msK /2

S is an empirical constant= 110,4 K.
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Because Qggy is an input to the Re formula, the calculations shall be started with an initial guess for Ogg\ or
Cy of the calibration venturi, and repeated until Ogg\ converges. The convergence method shall be accurate
to 0,1 % of a point or better.

For a minimum of sixteen points in the region of subsonic flow, the calculated values of C4 from the resulting

calibration curve fit equation shall be within = 0.5% of the measured C for each calibration point.

10.5 Total

system verification

10.5.1 General

The total ac
known masg
is analysed,

curacy of the CVS sampling system and analytical system shall be determined by introddei
of a pollutant gas into the system while it is being operated in the normal manner. The-pollytant
br of

and the mass calculated according to 14.5, except in the case of propane where afact

ng a

0,000 472 is|used in place of 0,000 479 for HC. Either of the following two techniques shall be used.

10.5.2 Metering with a critical flow orifice

A known qulantity of pure gas (carbon monoxide or propane) shall be fed into the,€VS system through a
calibrated cirjtical orifice. If the inlet pressure is high enough, the flow rate, which.isvadjusted by means of the
critical flow [orifice, is independent of the orifice outlet pressure (critical flow)) The CVS system sha|l be
operated as|in 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 mags so
determined shall be within + 3% of the known mass of the gas injected.

10.5.3 Metering by means of a gravimetric technique

The mass of a small cylinder filled with carbon monoxide ot propane shall be determined with a precisign of
+ 0,01 g. Fof about 5 min to 10 min, the CVS system shall*be operated as in a normal exhaust emission [test,
while carbor} monoxide or propane is injected into the(system. The quantity of pure gas discharged shall be
determined py 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 shdll be
within + 3% pf the known mass of the gas injected.

11 Running conditions (test cycles)

ISO 8178-4 hpplies.

12 Test|run

12.1 Preparation-of the sampling filters

At least one-hour-before—the tcot, each-filtet ('JG;I) shalt-be p=aucd —a u:uocd, but-tnseatedPetri—disH and

placed in a weighing chamber for stabilization. At the end of the stabilization period, each filter (pair) shall be
weighed and the tare shall be recorded. The (pair of) filter(s) shall then be stored in a closed Petri dish or filter
holder until needed for testing. If the (pair of) filter(s) is not used within 8 h of its removal from the weighing
chamber, it must be reweighed before use.

12.2 Installation of the measuring equipment

The instrumentation and sample probes shall be installed as required. When using a full-flow dilution system
for exhaust gas dilution, the tailpipe shall be connected to the system.
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12.3 Starting the dilution system and the engine

The dilution system and the engine shall be started and warmed up until all temperatures and pressures have
stabilized at full load and rated speed. (Stabilization criteria are given in ISO 15550:2002, 6.2.4.3.2.)

12.4 Adjustment of the dilution ratio

The particulate sampling system shall be started and run on bypass for the single-filter method (optional for
the multiple-filter method). The particulate background level of the dilution air may be determined by passing
dilution air through the particulate filters. If filtered dilution air is used, one measurement may be done at any

time prior to, durin
points (at the beginning, at the end, and a point near the middle of the cycle) are required, @n

inning, the end, and at a point near the middle) and then the average value determined. At th
ngine manufacturer, background measurements may be‘omitted.

Determination of test points

The
in ac

settings of inlet restriction and exhaust back pressure shall be adjusted to the manufacturer's
cordance with 5.4.1 and 5.4.2.

The
calcy

maximum torque values at the spécified test speeds shall be determined by experimentatio|
late the torque values for the specified test modes. For engines which are not designed to of

or _after the test. If the dilution air is not filtered, measurements at a minimum of three

1 the values

n mode. The

air must be
CO, or NO,
spectively.

the gaseous
st sequence.

inuous (non-bag) background concentration may be taken at.a minimum of three points of tihe cycle (the

e request of

upper limits,

n in order to
erate over a

spegd range on a full-load torque-curve, the maximum torque at the test speeds shall be declared by the
manpfacturer.
The pngine setting for each.test mode shall be calculated using the following formula:
S = [(Pm+Paux) X%J—Paux (34)
whetle
S is the dynamometer setting [kW];
P,, is the maximum observed or declared power at the test speed under the test conditions (specified
by the manufacturer) [kW];
P,y is the declared total power absorbed by any auxiliaries fitted for the test and not required by
ISO 14396 [kW];
M is the torque specified for the test mode [%].
12.6 Checking of the analysers
The emission analysers shall be set at zero and spanned.
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12.7 Test cycles

The test cycles are defined in ISO 8178-4. This takes into account the variations in engine size and
application.

12.7.1 Test sequence

The engine shall be operated in each mode in the appropriate test cycle of 1ISO 8178-4. The tolerances
indicated below apply during the emission data acquisition, particulate and bag sampling period only.

a) For engines tested with the dynamometer speed control test configuration

During ach 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~!, whichever is greater, except for low idle whick’ shall be
within the tolerances declared by the manufacturer. The specified torque shall be held so that the avgrage
over thg period during which the measurements are being taken is within = 2 % of the maximum torgpe at
the test|speed.

b) For engjnes tested with the dynamometer load control test configuration

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

During mnodes 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 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 % pf the prescribed torque or + 0,27 N-m, whichever'is greater.

12.7.2 Analyser response
The output ¢f the analysers shall be recordedsona strip chart recorder or measured with an equivalent|data
acquisition gystem with the exhaust gas flowing through the analysers at least during the last 3 min of ach

mode. If bag sampling is applied for the.diluted CO and CO, measurement (see 7.5.4), a sample shall be
bagged during the last 3 min of each méde; and the bag sample analysed and recorded.

12.7.3 Particulate sampling
Particulate sampling can be‘done either with the single-filter method or with the multiple-filter method (seq 7.6).

Since the regults of the.methods may differ slightly, the method used shall be declared with the results.

For the sing|e-
into account
achieved byla
for the effectlve welghtlng factors in 15 6 is met.

Sampling shall be conducted as late as possible within each mode. The sampling time per mode shall be at
least 20 s for the single-filter method and at least 60 s for the multiple-filter method. For additional information
on test mode duration, see ISO 8178-4. For systems without bypass capability, the sampling time per mode
shall be at least 60 s for single- and multiple-filter methods.

12.7.4 Engine conditions

The engine speed and load, intake air temperature, fuel flow and air or exhaust gas flow shall be measured at
each mode once the engine has been stabilized.

40 © IS0 2006 — All rights reserved


https://standardsiso.com/api/?name=0c9a9fafd97d74f8cd431f4e2b3d9058

ISO 8178-1:2006(E)

If the measurement of exhaust gas flow or combustion air is not possible, they can be calculated using the
carbon and oxygen balance method (see 7.3.6 and Annex A).

Any additional data required for calculation shall be recorded (see Clause 13).

12.8

Re-checking the analysers

After the emission test, a zero gas and the same span gas shall be used for re-checking. The test will be

cons

12.9

The

13

13.1

For 1
aver.
CHy
corre
from
ensy

The
diluti
data

Whe
back
cartr

volufnes through the impingers or cartridges.

13.2 Particulate emissions

For the evaluation of the particulates, the total sample masses (mg,) through the filters shall be
each mode.

The filters shall be-returned to the weighing chamber and conditioned for at least 1 h, but not mo

and

If ba

idered acceptable if the difference between the two measuring results is less than 2 %.

L ] rt
- Testreport

est report should contain the data given in ISO 8178-6.

Data evaluation for gaseous and particulate emissions

Gaseous emissions

he evaluation of the gaseous emissions, the chart reading of at least\the last 60 s of each m
hged, and the average concentrations of HC, CO, CO,, NOg, O,, NMHC (NMC metho
DH (FID method) during each mode shall be determined-from the average chart readi
sponding calibration data. The average concentrations in.the sampling bag, if used, shall bg
the bag readings and the corresponding calibration data: A different type of recording can
res an equivalent data acquisition.

average background concentrations, if measured, shall be determined from the bag rea

pn air or from the averaged continuous (non-bag) background readings and the correspondin

N using impinger or cartridge sampling methods for CH;OH and HCHO, the concen
ground concentrations (if used) shall.be determined from the CH3;OH/HCHO quantity in the
dges (see Figure 7 and Figure 8)“as determined by GC and HPLC analysis, and the

ckground correction is to be applied, the dilution air mass (my) through the filters and the part

ode shall be
1), NH; and
ngs and the
determined
be used if it

dings of the
g calibration

trations and
mpingers or
otal sample

recorded for

e than 80 h,

hen weighed. The gross mass of the filters shall be recorded and the tare (see 12.1) subtracted.

culate mass

alculated for

(my 4
each

shall be recorded. If more than one measurement was made, the quotient n 4/my shall be g
single measurement and the values averaged.
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14 Calculation of the gaseous emissions

14.1 General

Figure 2 gives some guidance on the different possibilities to calculate the exhaust emissions.

Measurement of exhaust component
in the raw exhaust

Dry to wet and wet to dry calculations

K yrqusing Ko Using
gmf and gmad CO and CO,
Eqn 36 or 37 Eqgn 39
Wet congentrations Dry concentrations
Direct m¢asurement q Ogygen balance method
of dir flow Carbon balance metho iterative procedure
Use of preliminary values
Calcqlat on of gmew With intermediate Peg= 1,34 and kyr=1
using|Eqn 5 G mew calculation
using Eqgns 8 or 9-11
Calculation of g Using |
| Eqns A.78, A.79, A.83 and A.85
Calculation of coefficients &
wlith molar masses: Eqn 51#53/54 . .
with gas densities: Eqn-52+55 Calculation of p.qusing Eqn A.46
or use of Table~r Calculation of kyr using Eqgn A.32
. . X - 3 iterations
Final calculation Direct calculation
of erpission of @ mgas using Eqn 57
g mgas U$ing«Egn 50

Figure 2 — Measurement of exhaust component in the raw exhaust

14.2 Determination of the exhaust gas flow
The exhaust gas flow rate (g,,¢,,) shall be determined for each mode according to 7.3.2 t0 7.3.7.

When using a full-flow dilution system, the total dilute exhaust gas flow rate (g,,40,,) Shall be determined for
each mode according to 7.3.7.
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14.3 Dryl/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 Annex A.

ey = ky % ¢y (35)
a) For the raw exhaust gas

1) Complete combustion

12442 x Hy + 11119 x wa p x —1mf
by = |1 - Imad | « 1,008 (36)

7734 +1244 2x H, + -1 £ %1000
9 mad

or

1244 2x Hy +11119 x wp g x —1mf

byt = |1 - Imad {1 —”f] (37)
7734 +1244 2 x H, +-1m 5 £ x4000 Pb
9 mad
fow = 0,055 594 xwp ¢ + 0,008 002 1 x wpg+ 0,007 004 6 x wepsg (38)

P)  Incomplete combustion

In cases of considerable amounts of net or only partly combusted components (CO, H,) the following
equation shall be used (see derivation+in Annex A):

1

kwro = P (39)
1+ ax0,005xfreconq + ccog 1= 0,01 x cppg + kyo **pr

b

and

0)5 x & x ccog* (ccod + ccozd) (40)

CHod &
ccod +3 % ¢coad

NOTE\/The CO and CO, concentrations in Equations (39) and (40) are expressed as percentages{ [%)].

b) Fer.the diluted exhaust gas

a X c
kwet = [1 - W\J = kw1 (41)
or
1-k
e = | — U w) “2)
1+ a X ¢cozd
200
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c) For the dilution air

kwg = 1= kw1 (43)

1 1
1,608 x | Hy x 1—5 + Hgx )
bt = 1 1 (44)
1000 + {1,608 X {Hd X [1 - j + Hyx (ﬂ}
D D

d) For the jntake air (if different from the dilution Qir)

ol = 1- &y (45)

1,608 x H
kb = X a (46)
i 1000+(1,608xHa)
where

H,|Hy are the absolute humidities of intake air and dillution air [g of water per kg of dry air].
NOTE Hp, Hy can be derived from relative humidity measurement, dewpoint measurement, vapour prepsure
measuremen{ or dry/wet bulb measurement using the generally accepted formulae.
14.4 NO, ¢orrection for humidity and temperature
As the NO, emission depends on ambient air conditions, the-NO, concentration shall be corrected for ampient
air temperature and humidity with the factors given in thefollowing formulae. These factors are valid ffor a
humidity range between 0 g/kg and 25 g/kg dry air.
If the partieg involved agree, reference values forf humidity other than 10,71 g/kg may be used and shall be
reported with the results.
Other corregtion formulae outside the above humidity range may be used if they can be justified or validated
upon agreement of the parties involved. In the following formulae, T, corresponds to the ambient air
temperature|at the inlet to the air filter‘and H, corresponds to the ambient air humidity at the inlet to the air
filter.
Water or stdam injected into the air charger (air humidification) is considered an emission control devicg and
shall therefgre not be taken-into account for humidity correction. Water that condenses in the charge cpoler
will change the humidity'of the charge air and shall therefore be taken into account for humidity correction
a) For compression ignition engines:

4
k 47
" T 1-0,0182x(H, -10,71) + 0,004 5 x (T, — 298) @)
where
T, is the temperature of the air [K];
H_ is the humidity of the intake air [g water per kg dry air].

a

44
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b) For compression ignition engines with intermediate air cooler, the following alternative equation may be

used:

“hd = 770012 : “8)
-0, x(Hy —10,71) — 0,002 75 x (T, —298) + 0,002 85 x (Tsc — TscRef )

where
Tgc  is the temperature of the intercooled air;
Fscrer 1S theintercooted-airreference-temperature—to-be-specified-by-the-manufacturen.

NOTE 1 For an explanation of the other variables, see a).

c) For spark ignition engines:

knp = 0,627 2 + 44,030 x 107 x H,-0,862x 107> x H2 (49)

NOTE 2 For an explanation of the variables, see a).
14.5 Calculation of the emission mass flow rates

14.5]1 Raw exhaust gas
The pmission mass flow rates for each mode shall be calculated from the raw concentrations of tHe pollutants,
the # values from Table 7 and the exhaust mass flow’in accordance with 14.5.1.1. If concentrations are
measgured on a dry basis, the dry/wet correction aceording to 14.3 shall be applied to the concentfation values
befofe any further calculation is done.
Optipnally, the mass emissions may be ‘¢alculated using the exact formulae of 14.5.1.2 wjth the prior

agrepment of the parties involved. The.exact formulae must be used if the fuel used for th¢ test is not
spedified in Table 7, under multi-fuel operation or in case of dispute.

14.5|1.1 Calculation method(based on tabulated values
The following formula shall(be ‘applied:

(50)

dmgas — Ugas XCgas X Imew
whele

mgas 1S the emission mass flow rate of individual gas;

/ is-the ratio hetween doneify of exhaust r-nmpnnnnf and dnncify of exhaust gas;

gas
Cgas is the concentration of the respective component in the raw exhaust gas [ppm];
dmew 1S the exhaust mass flow [kg/h].

For the calculation of NO,, the humidity correction factor — k,q or k,,, as applicable and as determined
according to 14.4 — shall be used.

The measured concentration shall be converted to a wet basis according to 14.3, if not already measured on a
wet basis.

Values for u are given in Table 7 for selected components based on ideal gas properties and a range of fuels.
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14.5.1.2 Calculation method based on exact formulae

The mass emission shall be calculated using Equation (50). Instead of using the tabulated values, the
following equation shall be applied for the calculation of Ugas- It is assumed in the following equations that the
concentration Cgas in Equation (50) is measured in or converted to ppm.

(51)

yo o Mgas
935 M, o x 1000
or
e = Pgas
985~ b x1000
where
Pgas = Mrgas /22,414 or optionally taken from Table 7 (based on ideal gas properties)t
The densitief, Pgas are given for a number of exhaust gas components in Table 7~Fhe molecular mass d
exhaust, M, },, shall be derived for a general fuel composition C;H,O,NsS, under the assumption of com
combustion,|as follows:
14 mt
q
M _ maw
re -3
o e o Hg x10 L]
i AR . 2x100794+159994 M
maw  12011x 4 +1,007 94 x a +15,999 4 x & + 14,0067 x 5 + 32,065 x y 1+ H, %1073
or for incomplete combustion
Mre 1 MrHC XGCHCW n 28,01 XGCCOW . 44,01 X ;COZW n 46,01 X gNOXW
' 10 10 10 10
32 2,01
*Copw 218> Chaw 15 015 (1-4,,)
102 102
28,01 CHCw CCow CNO, w
———x 00 - —=% — —=—=% — - X — - -100x(1-%
100 104 104 CCO2w ~ 4~ Coaw ~ CHaw (1= kwr)
The exhaust defsity p, shall be derived, as follows:

(52)

f the
plete

(83)

(54)

1000 + Hy + 1000% (q,,/qmad)

Pe

where

JSw =0

46

7734 + 1,243 4% Hy + fry x 1000 x(q,6/q nad)

,055 594 x wa ¢ + 0,008 002 1x wpg, + 0,007 004 6 x weps

(59)

(56)
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When using the carbon balance method

M, gas X Cgas X qpf
9mgas = . p (57)
co HC
Mg x {(Ccozw ~ ccozaw) + W104 = } x 10
where ccq and ¢y are expressed in ppm and ¢, in percentage volume.
The derivation of Equation (58) is given in A.2.2.2
Mg = ax Ay + BxAc +yx As +Ox AN+ Ex Ao (58)

14.5]2 Dilute exhaust gas
The |emission mass flow rates for each mode shall be calculated from the diluted’ concentrgtions of the
pollutants, the u values from Table 8 and the diluted exhaust mass flow as follows. If concentrations are

meagured on a dry basis, the dry/wet correction according to 14.3 shall be applied to the concenttation values
befofe any further calculation is done.

dmgas = Ygas X Cgas,c X Imdew (99)
where

is the ratio between density of exhaust compopent and density of diluted exhaust ga$ (equivalent
to air density);

gas

is the background corrected concentratian of the respective component in the diluted |[exhaust gas
[Ppm];

Fgas,c

I ndew 1S the diluted exhaust mass flow [kg/s].
Valugs for u are given in Table 8 for.selected components based on ideal gas properties and a range of fuels.

cc = c—cq X {1—%} (60)

D = FS (61)

Cco2 & (CCO + CHC) X 10_4

or
52 FS (62)
€co2
where
FS =100 x ! (63)

(24 a &
1+ = +y+376[1+— - -+
27 [ 472 yj

a, y, ¢ means a fuel composition of CH,O,S,..

For diesel fuel, FS = 13,4.
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Table 7 — Coefficient Ugas and fuel specific parameters for raw exhaust gas

Gas
Fuel and NO, CoO HC CO, 0, CH,4 HCHO CH30H
corresponding Pgas (kg/m3)
pe (kgm?) 2,053 1,250 a 1,9636 | 1,4277 0,716 1,340 1,430
Coefficient ug,°
Diesel 1,294 3 | 0,001 586 | 0,000 966 | 0,000 479 | 0,001 517 (0,001 103 | 0,000 553 0,001 035 | 0,001 104
RME 17,2950 [ 0,007 585 [ 0,000 965 | 0,000 536 [0,00T 5716 [0,00T T0Z[0,000 553 0,00T 035 [ 0,007 104
Methanol 1,261 0 | 0,001 628 | 0,000 991 | 0,001 133 | 0,001 557 {0,001 132 (0,000 568 | 0,001 062 {-0;001[ 134
Ethanol 1,2757 | 0,001 609 | 0,000 980 | 0,000 805 | 0,001 539(0,001 119 (0,000 561 0,001 050%'0,001 121
Natural gas®|| 1,266 1 | 0,001 621 | 0,000 987 | 0,000 5584 |0,001 551 {0,001 128 {0,000 565 | 0,001 058 | 0,001 129
Propane 1,2805 | 0,001 603 | 0,000 976 | 0,000 512 | 0,001 533(0,001 115 (0,000 559}-0,001 046 | 0,001 116
Butane 1,283 2 | 0,001 600 | 0,000 974 | 0,000 505 | 0,001 530(0,001 113 |0,000.558| 0,001 044 | 0,001 114
Gasoline 1,297 7 | 0,001 582 | 0,000 963 | 0,000 481 | 0,001 513 (0,001 100 | 0,000 552| 0,001 032 | 0,001 102
a8  Depending on fuel.
b Ata=2 dry air, 273 K, 101,3 kPa.
€ u accuratg within 0,2 % for mass composition of C =66 % — 76 %; H=22 % —25%; N=0 % — 12 %.
d  NMHC onthe basis of CH, g3 (for total HC the ug, coefficient of CH, shall lve.used).
Table 8 — Coefficient Ugas and fuel specific parameters for diluted exhaust gas
Gas
NO, CO HC CO, 0O, CH,4 HCHO CH4OH
(Pe = 1,F21sla 3' kg/m3) Pgas (kgim3)
2,053 1,250 a 1,9636 | 1,4277 0,716 1,340 1,4B0
Coefficient g, P
Diesel 0,001‘588 | 0,000 967 | 0,000 480 |0,001 519|0,001 104 {0,000 553 | 0,001 036 | 0,001 106
RME 0,001 588 | 0,000 967 | 0,000 537 |0,001 519|0,001 104 0,000 553| 0,001 036 | 0,001 106
Methanol 0,001 588 | 0,000 967 | 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
Natural gas® 0,001 588 | 0,000 967 |0,000 5849 (0,001 519|0,001 104 |0,000 553 | 0,001 036 | 0,001 106
Propane 0,001 588 | 0,000 967 | 0,000 507 | 0,001 519(0,001 104 (0,000 553| 0,001 036 | 0,001 106
Butane 0,001 588 | 0,000 967 | 0,000 501 | 0,001 519|0,001 104 (0,000 553| 0,001 036 | 0,001 106
Gasoline 0,001 588 | 0,000 967 | 0,000 483 |0,001 519|0,001 104 {0,000 553 | 0,001 036 | 0,001 106

b

@  Depending on fuel.

Assume density of diluted exhaust gas = density of air.

d NMHC on the basis of CH, o3 (for total HC the ug,g coefficient of CH, shall be used).

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

48
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14.5.3 Determination of the NMHC concentration

The determination of cyyyc depends on the method used (see 16.5). In both cases, the CH, concentration
shall be determined and subtracted from the HC concentration as follows:

a) GC method
CNMHC = €HC ~ €CHy4 (64)

b) NMC method

chcwiocutter) * (1~ Em) — CHoweutter)
CNMHC = (65)
Eg - Ey

where

cHoweutter) 1S the HC concentration with the sample gas flowing through the NMC;
cHcwiocutter) 1S the HC concentration with the sample gas bypassing the NMC;

Ep is the methane efficiency as determined per,8:8.4.2;

Eg is the ethane efficiency as determined per. 8.8.4.3.

14.§ Calculation of the specific emission

The pmission shall be calculated for all individual components in the following way:

i=n
Z(‘Imgasi x Wfi)
i=1

gas, = —— (66)
(B < Wy)
i=1
where
Imgas 1S the emission mass flow rate of the individual gas;
P = P +Ryx (67)
vhete
P, IS the measured power of the individuat mode;
P,ux is the power of the auxiliaries fitted to the engine of the individual mode.

The weighting factors and the number of modes (n) used in the above calculation are according to the
provisions of ISO 8178-4.
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15 Calculation of the particulate emission

15.1 Particulate correction factor for humidity

As the particulate emission of diesel engines depends on ambient air conditions, the particulate concentration
shall be corrected for ambient air humidity with the factor ko given in the 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 farmulae may be used if they can be justified or validated

1

k. = (68)
1|+ 00133 x (H,-10,71)]
where
H, is the humidity of the intake air [g water per kg dry air].

15.2 Partial-flow dilution system
The final reported test results of the particulate emission shall be detesmined through the following sfeps.

Since varioys types of dilution rate control may be used, different calculation methods for g4 apply. All
calculations jshall be based upon the average values of the individual'modes during the sampling period.

15.2.1 Isokinetic systems

See 17.2.1, Figures 10 and 11.

9 medf S| 9mew X 7d (69)
with
+ X 7.
ry = 9 ndw (qmew a) (70)
Imew X Ta

where r coresponds to the ratio of the cross-sectional areas of the isokinetic probe Ay and the exhaust|pipe
At

ry=—4 (71)

15.2.2 Systpms with measurement of CO, or NO, concentration

See 17.2.1, Figures 12, 14 to 16.

For ¢,,eqf Use Equation (69) and

CEW _ CAW (72)

CDw ~ CAw

rqy =

where

cew I8 the wet concentration of the tracer gas in raw exhaust,
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cpw i the wet concentration of the tracer gas in the diluted exhaust;
caw IS the wet concentration of the tracer gas in the dilution air.
Concentrations measured on a dry basis shall be converted to a wet basis according to 14.3.

15.2.3 Systems with CO, measurement and carbon balance method

See 17.2.1, Figure 13.

Calcptation-efgsgrwith

k
I medf = f X dmf (73)
€(coy)p T €(COz)A

wherle

Fco2)p i the CO, concentration of the diluted exhaust;
rco2)a IS the CO, concentration of the dilution air.

Congentrations are in volume per cent on wet basis.
Thergfore,

kf X g

Dmew * [C(COZ)D - C(Coz)A]

rq (74)

In the above equation, k; can be determined,as given in A.4, with the following final equation:
ks = wgeT x2,4129 (75)
15.2}/4 Systems with flow measurement

See [17.2.1, Figures 17 and 18.

For ¢,,eqf €€ Equation (69).

rd _ qmdew (76)

Ymdew ~ 9 mdw

15.3 Full-flow dilution system
The reported test results of the particulate emission shall be determined through the following steps.

All calculations shall be based upon the average values of the individual modes during the sampling period.
For full-flow dilution systems g, 4\, i Used as g,,¢4f-

© I1SO 2006 — All rights reserved 51


https://standardsiso.com/api/?name=0c9a9fafd97d74f8cd431f4e2b3d9058

ISO 8178-1:2006(E)

15.4 Calculation of the particulate mass flow rate

The particulate mass flow rate shall be calculated as follows.

a) For the single-filter method

M, dmedf

4wPT =7 1000

sep

i=n

9 medf

A
=) Tmedfi X Vi
i=1

i=f,..n
b) For the multiple-filter method
My q j
qubTi = — X Zmedfi
Mmsep; 1000

i=[l,..n
PTmass
during the sampling period.

The particulate mass flow rate may be background:cerrected (see 12.4) as follows.

c) Forthe

<
3

d) Forthe

single-filter method with background/correction

|| i x§(1—i]xW- o« dmedf
T my ¢ pi) [ 7 1000

Msep =1

multiple-filter methed with background correction

Mmy; Mt d 1 9 medfi
= R g - | dmedfi
i {msep,. { my [ Dﬂ} 1000

where i

s determined over the test cycle by summatign:of the average values of the individual m

(77)

(78)

(79)

(80)

podes

(81)

according to 15 2.1 to 15 2 4 may be used mstead of D for parhal-flow dllutlon systems |f the dllute CO,
concentration is not measured.

If more than

52

one measurement is made, myy/my shall be replaced with m¢ 4 /mgy .
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15.5 Calculation of the specific emissions
The particulate emission shall be calculated in the following way.

a) For the single-filter method

epp = —InPT__ (83)

I1=n
Zpi x Wy;
i=1

b) For the multiple-filter method

i=n

EzanTiX’Wh
i=1
€pT = ! i—n (84)
Py x Wy;
i=1
where
P = By + Payxi (85)

Cf. Hquation (39).

15.6 Effective weighting factor

For the single-filter method, the effective weighting factor, W, for each mode shall be calcylated in the
folloyving way.

Msepi X 4 medf

Msep X 4 medfi
=1, ..n

The [value of the effective"weighting factors shall be within + 0,005 (absolute value) of the weighting factors
listed in ISO 8178-4.

16 |Determination of the gaseous emissions

16.1| General

16.2 to 16.6 and Figures 3 to 10 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.
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16.2 Main exhaust components CO, CO,, HC, NO,, O,

An analytical system for the determination of the gaseous emissions in the raw or diluted exhaust gas is

described, based on the use of

— HFID or FID for the measurement of hydrocarbons;

— NDIRs for the measurement of carbon monoxide and carbon dioxide;

— HCLD, CLD or equivalent for the measurement of nitrogen oxides;

— PMD, E[CS or ZRDO for the measurement of oxygen.

For the raw gxhaust gas (see Figure 3), the sample for all components may be taken with one sampling grobe
or with two dampling probes located in close proximity and internally split to the different analysers.”"Care must

be taken th
of the analytjcal system.

no condensation of exhaust components (including water and sulphuric acid) oceurs at any point

For the diluted exhaust gas (see Figure 4), the sample for the hydrocarbons shall be\taken with a samppling
probe other than that used with the sample for the other components, unless a common sample pump is used
for all analysers and the sample line system design reflects good engineering practice. Care must be taken
that no condensation of exhaust components (including water and sulphurig acid) occurs at any point gf the

analytical sygtem.

HF 1 HF2
Al | Al |
o1 L /INL——1 /N L
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===
E:j N RS LNVART
Cc

HP

G
N\~ /,_—I B

—

CO, —» a
- b
(610 —» a

a  Vent.

b Zero, span gas.
¢ Exhaust.

d Optional.

Figure 3 — Flow diagram of raw exhaust gas analysis system for CO, CO,, NO,, HC and O,
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Figure 4 — Flow diagram of diluted exhaust gas analysis system for CO, CO,, NO,, HC|and O,
Coniponents of Figures 3 and 4

General

All components in the sampling)gas path shall be maintained at the temperatures specified for the respective
systems.

EP -+ exhaust pipe.(Figure 3 only)
DT -+ dilution tunnel (Figure 4 only)

For details,.see 17.2.2.

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

The probe shall

SP3 — dilufe exhaust gas CO, CO,, NO, sampling probe (Figure 4 only)

The probe s

HSL1 — heated sampling line
The samplin

The samplin

a) For non-

56

be defin

ed 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 17.2.2, 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 suffi
any wak

be heat
the proli

be non-

be in th

be suffi
any wak

be hea
water ¢

have a

be mad

If the te

es or eddies;

e, orto 385 K+ 10 K (112 °C + 10 °C) for methanol-fuelled engines;

heated in case of FID measurement (cold).

hall
p same plane as SP2;
iently distant (radially) from other probes and the ttinnel wall so as to be free from the influen

es or eddies;

ndensation.

g line provides a gas samplefrom a single probe to the split point(s) and the HC analyser.
g line shall

b mm minimum apnd.a 13,5 mm maximum inside diameter;

b of stainless steel or PTFE.

methanel-fuelled engines

mperature of the exhaust gas at the sampling probe is equal to or below 463 K (190 °C), mai

iently distant (radially) from other probes and the tunnel wall so as to be free from the influence of

ed so as to increase the gas stream temperature to 463 K+ 10 K (190 °C £ 10G€) at the ekit of

ce of

d and insulated over its entire length to~a minimum temperature of 328 K (55 °C) to prevent

ntain

a wall t
section.

mperature of 463 K+ 10 K190 C+1t0"C)as measuredat every separatety controttedtHreated

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

Immediately before the heated filter F2 and the HFID, maintain a gas temperature of 463 K+ 10 K

(190 °C

+10°C).
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b) 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).

HSLR — heated NO, (and NH3) sampling line
The pampling 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;

— 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
samgling line temperature will depend on the sulphur content of the fuel.

SL

- sampling line for CO, (CO,, O,)

The [ine 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 CO, only)

For the measurement of the sample‘concentrations.
HF1|— heated pre-filter (optional)
The femperature shallbé.the same as HSL1 or HSL2.

HF2|— heated filter

The filter shall extract any solid particles from the gas sample before the analyser. The temperafure shall be
the game as-HSL1 or HSL2. The filter shall be changed as needed.

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

HC

Heated-flame ionization detector (HFID) for the determination of the hydrocarbons. The temperature shall be
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, CO,

NDIRs for the determination of carbon monoxide and carbon dioxide.
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CLD or HCLD 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.

0,

PMD, ZRDGQ

B — cooling bath

To cool and
273 K to 27
vapour inter|
temperature
temperature
from the san

16.3 Amm

In cases wh
Selective Cq
The high-ten
NO,. The lo
“A”is NO,. 1
the analytice
The calculat

pnia analysis

or ECS for the determination of oxygen.

condense water from the exhaust sample. The bath shall be maintained at,'ajtemperatu
7 K (0 °C to 4 °C) by ice or refrigerator. It is optional whether the analysenr.is free from
erence as determined in 8.9.2 and 8.9.3. If water is removed by condensation, the sample
or dew point shall be monitored either within the water trap or downstream. The samplg
or dew point shall not exceed 280 K (7 °C). Chemical driers are not‘allowed for removing \
hple.

ere ammonia (NHj3) is present in the exhaust gas (fer-instance from NH; sources in S(
talytic Reduction — equipment), the measurement system described in Figure 5 is recommer
hperature converter C1 oxidizes NH5 to NO and the measured value “C” is the sum of NH3
w-temperature converter C2 does not oxidize NH3 but reduces NO, to NO. The measured
'he difference between C and A corresponds tg-the NH3 value. The system can be integrateq
| system described in 16.2, Figures 3 and 4 by adding a second converter and associated pi
on procedure is identical to the other exhaust components and is given in 14.5.

re of
vater

gas
gas

vater

LR -

ded.
and
alue
into

ping.
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—» a
2
700°C
d = — —» Db Z'.
e —» 1 —c>— —g
— C
f— —
300°C
3
Key
1 HSL2
2 C1
3 C2
4 B (optional)
a8 B (NO measurement).
b ¢ (NO, + NH3; measurement).
¢ 4 (NO, measurement).
d  gample gas.
€ Zero.
f gpan gas.
9 7o analyser.

Z
O
3

- A4 - B=NO, content; C — 4 = NH3 content-

Figure 5 — Flow diagram of a converter system for NO,/NH; measurement

Coniponents of Figure 5

C1 —+ high-temperature.converter
The femperature of €4-shall be kept at 953 K to 993 K (680 °C to 720 °C).
C2 + low-temperature converter

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

B —lcooling bath (optional)

To cool and condense water from the exhaust sample. The bath shall be maintained at a temperature of
273 K to 277 K (0 °C to 4 °C) by ice or refrigeration. It is optional whether the analyser is free from water
vapour interference as determined in 8.9.2 and 8.9.3. Chemical driers are not allowed for removing water from
the sample.
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16.4 Methane analysis

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

16.4.1 Gas chromatographic (GC) method (Figure 6)

For details of this method see SAE J 1151.

When using the GC method, a small measured volume of a sample is injected into an analytical column
through which it is swept by an inert carrier gas. The column separates various components according to their

boiling point

g so that 1hpy elute from the column at different times Thny then pass fhrnngh a detectar which

gives an ele

For CH,4 an
which a pan

ctrical signal that depends on their concentration. This is not a continuous analysis technigUe,

automated GC with a FID shall be used. The exhaust gas is sampled into a sampling bag [from
t is taken and injected into the GC. The sample is separated into two parts (CHy/air/CO| and

NMHC/CO,/H,0) on the Porapak column. The molecular sieve column separates CH, from_the air an¢ CO
before passing it to the FID. A complete cycle from injection of one sample to injection 'ef 'a second cgn be
made in 30 $.
Figure 6 shgws a typical GC assembled to routinely determine CH,.
Other GC mgthods can also be used based on good engineering judgement:
G1
o | Fa ) R
1 OalE D
\/
2
pc| |v4 V2 G3 R
3 —
4
5 |MSC HC
i -
7 r ] F3
SLP <
8 AN o
N/
9 R2
10 —»t a
ov V6
L FL1
\5 V3 L
b | | N
I ! !
' V7 F5 F2 R3

V1
a  \ent.
b Sample.
€ Span gas.
d  Airinlet.
€  Fuelinlet.
60

c—b

O

@
N

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

PC — Porapak column

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

12h

at 423 K (150 °C) with carrier gas prior to initial use.

MSC — molecular sieve column

Type 13X, 250/350 um (45/60 mesh), 1220 mm length x 2,16 mm ID shall be used and conditioned for at least

12h

at 423 K (150 °C) with carrier gas prior to initial use.

OV -

— oven

To mpaintain columns and valves at a stable temperature for analyser operation, and to cgndition

at 47

SLP

Asu

P—

Tob

D —|

To r

sieve.

HC -

Ton

V1 —

Toin

V3 -

Tos

3 K (150 °C).

— sample loop

ficient length of stainless steel tubing to obtain approximately 1 cm?3 volume.
pump

ring the sample to the gas chromatograph.

drier

bmove water and other contaminants which might. b€’ present in the carrier gas; contains

- flame ionization detector (FID)

easure the concentration of methane.

- sample injection valve

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

blect span gas, sample or no flow.

V2,

4, V5, V6, V7,V8 — needle valves

To sgt the flows/in the system.

R1,

2,/R3 — pressure regulators

the columns

a molecular

To control the flow rate of the fuel (i.e. carrier gas), the sample and the air, respectively.

FC — flow capillary

To control the rate of air flow to the FID.

G1, G2, G3 — pressure gauges

To monitor the flow of the fuel (i.e. carrier gas), the sample and the air, respectively.
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F1, F2, F3, F4, F5 — filters

Sintered metal filters to prevent grit from entering the pump or the instrument.

FL1 — flowmeter

To measure

the sample bypass flow rate.

16.4.2 Non-methane cutter (NMC) method (Figure 7)

The cutter oxidizes all hydrocarbons except CH, to CO, and H-,0, so that by passing the sample through the

NMC only G
equipped wi
cutter. Durin

The cutter S
effect on CH
level of the
previously c

Key

1 HSL1

a  Zero.

b Span gad.
¢ Sample.

d  Vent.

Components of Figure 7

H, is detected by the HFID. The usual HC sampling train (see 16.2, Figures 3 and 4) sha
th a flow diverter system with which the flow can be alternatively passed through or arfoun
b non-methane testing, both values shall be observed on the FID and recorded.

hall be characterized at or above 600 K (327 °C) prior to test work with respeet’to its cat
4 and CH,yHg at H,0 values representative of exhaust stream conditions. The\dewpoint an
sampled exhaust stream shall be known. The non-methane fraction shallnot be evaluate

bllected (bagged) samples. The relative response of the FID to CH, shall be recorded.
—=_d
FL1
a —p ——
b —» NMC HC —d
c & —
1 HFID

Figure 7 — Flow diagram for methane analysis (NMC method)

Il be
i the

alytic
d O,
d for

NMC — non

-methanecutter

To oxidize all hydrocarbons except methane.

HC

Heated flame ionization detector (HFID) to measure the HC and CH, concentrations. The temperature shall
be kept at 453 Kto 473 K (180 °C to 200 °C).

FL1 — flowmeter

To measure
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the sample bypass flow rate.
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16.5 Methanol analysis

Among the methanol analysis methods described in 7.5.3.12, this section describes the gas chromatographic
(GC) method (see Figure 8).

The exhaust sample is passed through two ice-cooled impingers placed in series containing deionized water.
Sampling time and flow rate shall be such that a recommended CH3;OH concentration of at least 1 mg/l be
reached in the primary impinger. The CH30H concentration in the second impinger shall not be more than
10 % of the total amount collected. These requirements do not apply to background measurements.

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. It it Is not possible to perform the analysis within 24 h, the
sample should be stored in a dark cold environment of 277 K to 283 K (4 °C to 10 °C) until analysis. CH;0OH is
sepgrated from the other components and detected with an FID. The GC is calibrated with.known amounts of
CH5;PDH standards.

T2
Y
1 FM
FL
V1
=== D
(sp HSL i
P V2
- H—7+
\J
B

Key

1 exhaust pipe or dilution tunnel

Figure 8 — Flow diagram for methanol analysis

16.§ Formaldehyde analysis
See Figure 9.

In the HPLC (High Pressure Liquid Chromatograph), a small measured volume of the sample is|injected into
an gnalytical column through which it is swept by an inert liquid under pressure. Separation,| elution and
detectiomofthecomponentsfottowthesame generatrutesaswithrthe G€ ke the GCitisota continuous
analysis technique.

The exhaust sample is passed through two ice-cooled impingers placed in series containing an ACN solution
of DNPH reagent or through a silica cartridge coated with 2,4-DNPH. An HCHO concentration in the collectors
of at least 1 mg/l is recommended.

A sample from the collector is injected into the HPLC preferably not later than 24 h after the test. If it is not
possible to perform the analysis within 24 h, the sample should be stored in a dark, cold environment of 277 K
to 283 K (4 °C to 10 °C) until analysis. HCHO is separated from the other carbonyl components by gradient
elution (Figure 9) and detected with a UV detector at 365 nm. The HPLC is calibrated with standards of
CHO-DNPH derivatives.
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T2

—

FM

FL

CA

b
T

V2

Key

1 exhaust

Componen

SP — samplling probe

For the raw
diameter sh
shall not be

to sample a
exhaust pipe

For the dilu
Figure 19) a

and the tunn

HSL — heated sampling line
The tempermture of the HSL shall be between the maximum dewpoint of the mixture and 394 K (121
Heating of the HSL may be_omitted, provided the sample collection system (IP) be close coupled to the

thereby prev
IP — impinger (optional for formaldehyde)

To collect t

refrigeration

CA — cartr

bipe or dilution tunnel

Figure 9 — Flow diagram for formaldehyde analysis

{s of Figures 8 and 9

bll not be greater than the inside diameter of the sampling line. The wall thickness of the
greater than 1 mm. There shall be a minimum ofithree holes in three different radial planes
pproximately the same flow. The probe must\extend across at least 80 % of the diameter g
. The probe shall be fitted close to the HC/€0O/NO,/CO,/0, sampling probe as defined in 7.5

ed exhaust gas, the probe shall besinh the same plane of the dilution tunnel DT (see 17
5 the HC, CO/NO,/CO, and particulate sampling probes, but sufficiently distant from other pr

el wall to be free from the influence of any wakes or eddies.

enting loss of.sample due to cooling and resulting condensation in the HSL.

ne .methanol or formaldehyde in the sample. The impingers should be cooled with ice

exhaust gas, a stainless steel, straight, closed-end, multi-hole probe is recommended. The inside

robe
sized
f the
4.

2.2,
pbes

°C).
SP,

or a

unit.

idge collector (formaldehyde only; optional)

To collect the formaldehyde in the sample.

B — cooling

To cool the

bath

impingers.

D — drier (optional)

To remove water from the sample.
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P — sampling pump

V1 — solenoid valve

To direct the sample to the collection 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.

17 Determination of the particulates

17.1 General

17.2|and 17.3 and Figures 10 to 21 cantain detailed descriptions of the recommended dilution gnd sampling
systems. Since various configurations can produce equivalent results, exact conformance with thgse figures is
not equired. Additional componénts such as instruments, valves, solenoids, pumps and switghes may be
used to provide additional infermation 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
exclysion is based upon good engineering judgment.

17.2 Dilution system

17.2]1 Partial-flow dilution system (Figures 10 to 18)

A dillitiof system is described based upon the dilution of a part of the exhaust stream. Splitting of the exhaust
stregm~and the following dilution process may be done by different dilution system types. For| subsequent
collection of the particulates, the entire dilute exhaust gas or only a portion of the dilute exhaust gas is passed
to the particulate sampling system (see 17.3, Figure 20). The first method is referred to as total-sampling type,
the second method as fractional-sampling type.

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

Isokinetic systems (Figures 10 and 11)
With these systems, the flow into the transfer tube is matched with the bulk exhaust flow in terms of gas
velocity and/or pressure, thus requiring an undisturbed and uniform exhaust flow at the sampling probe. This

is usually achieved by using a resonator and a straight approach tube upstream of the sampling point. The
split ratio is then calculated from easily measurable values such as tube diameters. It should be noted that

© I1SO 2006 — All rights reserved 65


https://standardsiso.com/api/?name=0c9a9fafd97d74f8cd431f4e2b3d9058

ISO 8178-1

:2006(E)

isokinesis is only used for matching the flow conditions and not for matching the size distribution. The latter is
not typically necessary, as the particle dimension is small such that the particles follow the fluid streamlines.

Flow controlled systems with concentration measurement (Figures 12 to 16)

With these systems, a sample is taken from the bulk exhaust stream by adjusting the dilution air flow and the
total dilute exhaust flow. The dilution ratio is determined from the concentrations of tracer gases, such as CO,
or NO,, naturally occurring in the engine exhaust. The concentrations in the dilute exhaust gas and in the
dilution air are measured, whereas the concentration in the raw exhaust gas can be either measured directly
or determined from fuel flow and the carbon balance equation, if the fuel composition is known. The systems
may be controlled by the calculated dilution ratio (Figures 12 and 13) or by the flow into the transfer tube

(Figures 14
Flow contrg
With these g

total dilute 6

straightforwa
flow rate, if 1

NOTE P
dilution syste

o167

lled systems with flow measurement (Figures 17 and 18)

ystems, a sample is taken from the bulk exhaust stream by setting the dilution,air flow ang the
xhaust flow. The dilution ratio is determined from the difference of the two flow-rates. Accprate
calibration of the flowmeters relative to one another is required, since the relative magnitude of the two| flow
rates can lgead to significant errors at higher dilution ratios (of 15 and above)~ Flow control is |very
rd and is maintained by keeping the dilute exhaust flow rate constant@nd varying the dilutign air

eeded.

brtial-flow dilution systems are recommended not only because they~dre more cost-effective than full-flow
s, 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 redlize the advantages of partial-flow dilution systems, attention,must be paid to avoiding the potential prolhlems

of loss of pai
determination

The systems

of the split ratio.

Hescribed take into account these critical areas.

ficulates in the transfer tube, ensuring that a representative’sample is taken from the engine exhaust and
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 (>08d
DAF  PB  FM1 SB
-0 £ & BYO-—
. l
DT
PTT
} T b
i
\J
c
ISP(
DPT
Ap
EP [
FC1

xhaust.

ee Figure 20.

T o
P R o W u

o

o particulate sampling system.
d ent.

€ Dilution air.

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 exhaust gas between exhaust
pipeland inlet to the probe is measured with the pressure transducer DPT. This signal is transmitted to the
flow controller FC1 that controls the suctionblower SB to maintain a differential pressure of zerq at the tip of
the probe. Under these conditions, exhaust gas velocities in EP and ISP are identical, and the flow through
ISP and TT is a constant fraction (split)_of the exhaust gas flow. The split ratio is determined from the cross-
sectipnal areas of EP and ISP. The dilution air flow rate is measured with the flow measurement|device FM1.
The dilution ratio is calculated from:the dilution air flow rate and the split ratio.

Figure 10 — Partial-flow dilution system with isokinetic probe and fractional sampling (SB control)
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a8 Exhaust.
b See Figu
c

d Vent.

€ Dilution a

Raw exhaus
sampling pr
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flow controll
the probe.

measured W
Under these
a constant f
of EP and I
with FM1 at

Figure 11

To particuylate sampling system.

This is done by taking a small fraction of the dilution air whose flow rate has already

e 20.

-

t gas is transferred from the exhaust pipe EP:to the dilution tunnel DT through the isok

netic

bbe ISP and the transfer tube TT. The differéntial pressure of the exhaust gas between exhaust

bt to the probe is measured with the pressure transducer DPT. This signal is transmitted t
br FC1 that controls the pressure blower SB to maintain a differential pressure of zero at the

b the
tip of
been

ith the flow measurement device\EM1, and feeding it to TT by means of a pneumatic ofifice.

conditions, exhaust gas velocities in EP and ISP are identical, and the flow through ISP and
action (split) of the exhaust-gas flow. The split ratio is determined from the cross-sectional a
P. The dilution air is sucked-through DT by the suction blower SB, and the flow rate is meas
the inlet to DT. The dilution'ratio is calculated from the dilution air flow rate and the split ratio.

— Partial-flow_ dilution system with isokinetic probe and fractional sampling (PB contr;

TT is
reas
ured

pl)
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a  (ptional to PB or SB.

b Hxhaust.

¢ Yee Figure 20.

d To particulate sampling system.

e ent.

f Dilution air.

Raw|exhaust gas is transferred fream\the exhaust pipe EP to the dilution tunnel DT through the sampling probe
SP gnd the transfer tube TT. The)concentrations of a tracer gas (CO, or NO,) are measured in|the raw and
dilut¢d exhaust gases as well\as in the dilution air using the exhaust gas analyser(s) EGA. Thes¢ signals are
trangmitted to the flow controller FC2 that controls either the pressure blower PB or the suction hlower SB to
mairtain the desired exhaust split and dilution ratio in DT. The dilution ratio is calculated from tHe tracer gas
congentrations in the-raw exhaust gas, the diluted exhaust gas and the dilution air.

Figure 12 — Partial-flow dilution system with CO, or NO, concentration measurem
and fractional sampling

lent
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il o | [

FC2| |EGA EGA

DAF 1 —N

!
i
|
od
higd

DT

5o

EP

a8  Optional {o P.
b Exhaust.
€ See Figute 20.

d  Dilution a

-

Raw exhausft gas is transferred from the exhaust pipe EP to the dilution tunnel DT through the sampling grobe
SP and the [transfer tube TT. The CO, conceéntrations are measured in the diluted exhaust gas and in the
dilution air uging the exhaust gas analyser(s) EGA. The CO, and fuel flow ¢, signals are transmitted either to
the flow congroller FC2 or to the flow controller FC3 of the particulate sampling system (see Figure 20).|FC2
controls the [pressure blower PB, FC3-the sampling pump P (see Figure 20), thereby adjusting the flowg into
and out of the system so as to maintain the desired exhaust split and dilution ratio in DT. The dilution ratio is
calculated frpom the CO, concentrations and ¢,,, using the carbon balance assumption.

Figure 13 — Partial-flow dilution system with CO, concentration measurement, carbon balance¢
and total sampling
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e

Raw
SP 4
throy
temp
cons
(CO;
exh3g

EGA EGA
RIYY
DAF  PB — SB
-0 w2 O
A
DT
PTT
1 T b
C

EGA

xhaust.

ee Figure 20.

o particulate sampling system.
ent.

ilution air.

nd the transfer tube TT due to the negative pressure created by the venturi VN in DT. The
gh TT depends on the momentum exchange at the venturi zone and is therefore affected by
erature of the gas at the exit of TT. Consequently, the exhaust split for a given tunnel flo
tant, and the dilution ratio atdow load is slightly lower than at high load. The tracer gas cq
or NO,) are msasured inthe raw exhaust gas, the diluted exhaust gas and the dilution
ust gas analyser(s) EGA,\and the dilution ratio is calculated from the measured values.

and fractional sampling

exhaust gas is transferred from the exhaust pipe EP to the dilution tunnel DT through the sampling probe

jas flow rate
the absolute
v rate is not
ncentrations
bir using the

Figure 14 — Partial-flow dilution system with single venturi, concentration measurement
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o

c
d

e

EGA EGA
B [>108d N
DAF PB [___—I [ ] HE
e—» % A ~ — ‘g PSP
PCV2 1 * ?
DT
PTT
b =
A
PCV1 I
] TT # *
c d
EP
FD1
FD2

Exhaust.
See Figure 20.

To particuylate sampling system.
Vent.

Dilution ajr.

EGA

Raw exhausft gas is transferred from the exhaust pipe EP to the dilution tunnel DT through the sampling grobe
and the transfer tube TT and a flow divider‘that contains a set of orifices or venturis. The first one (FO1) is
located in EP, the second one (FD2)-in.TT. Additionally, two pressure control valves (PCV1 and PCV2)) are
necessary t¢ maintain a constant exhaust split by controlling the backpressure in EP and the pressure in DT.
PCV1 is lochted downstream of-SP/in EP, PCV2 between the pressure blower PB and DT. The tracer gas
concentratiops (CO, or NO,) are.measured in the raw exhaust gas, the diluted exhaust gas and the dilutign air
with the exhaust gas analyser(s) EGA. They are necessary for checking the exhaust split, and may be usgd to
adjust PCV|[l and PCV2 fof precise split control. The dilution ratio is calculated from the tracer| gas
concentratiops.

72

Figure|15 ~\Partial-flow dilution with twin venturi or twin orifice, concentration measurement

and fractional sampling
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EGA
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v
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1

TT

EGA

FD3

FC1

DPT

a—

EP

xhaust.

resh air injection.

ee Figure 20.

o particulate sampling system.
ent.

ilution air.

DC

o -@—

DAF

—

exhaust gas is transferred’from the exhaust pipe EP to the dilution tunnel DT through the
y the flow divider FD3'that consists of a number of tubes of equal dimensions (same diameter, length and
radius) installed in.EP. The exhaust gas through one of these tubes is led to DT, and the
gh the rest of~the tubes is passed through the damping chamber DC. Thus, the exhaust split is
mined by the)tetal number of tubes. A constant split control requires a differential pressure of zero
een DC and-the outlet of TT, which is measured with the differential pressure transddcer DPT. A
ential pressure of zero is achieved by injecting fresh air into DT at the outlet of TT. Thg tracer gas
entrations (CO, or NOy) are measured in the raw exhaust gas, the diluted exhaust gas and the dilution
ith the'exhaust gas analyser(s) EGA. They are necessary for checking the exhaust split and

ntrol the injection air flow rate for precise split control. The dilution ratio is calculated from the tracer gas

ransfer tube

exhaust gas

ay be used

concentrations.

and fractional sampling
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a8  Exhaust.
b Optional
¢ See Figu

d  Dilution a

Raw exhausft gas is transferred from the exhaust pipe<EP to the dilution tunnel DT through the sampling

SP and the

sampling pu
flow controll
The sample
rate is meag
device FM3
flow rates.

FC2
b
DAF FM1 T
=D s
|
DT
* TT
g mew
SP(
EP
* C
a
o P (PSS).
e 20.

-

ransfer tube TT. The total flow through\the tunnel is adjusted with the flow controller FC3 an
mp P of the particulate sampling system (see Figure 20). The dilution air flow is controlled b
pr FC2, which may use ¢,,.,, Or ¢,,5¢ and ¢, as command signals, for the desired exhaust
flow into DT is the difference between the total flow and the dilution air flow. The dilution ain
ured with the flow measurement device FM1 and the total flow rate with the flow measure

Figure 17 — Partial-flow dilution system with flow control and total sampling

robe
i the
y the
split.
flow
ment

of the particulate sampling system (see Figure 20). The dilution ratio is calculated from thes¢ two
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|
FC2
b
B (>100d
DAF FM1
PSP
ses—INEIFE
PB 1 SB
DT B2
PTT M
* TT c
q mew d e

L]

a8  Hxhaust.

b o PB or SB.

¢ Yee Figure 20.

d To particulate sampling system.
€ ent.

f Dilution air.

Raw|exhaust gas is transferred from_the exhaust pipe EP to the dilution tunnel DT through the sampling probe
SP gnd the transfer tube TT. The'exhaust split and the flow into DT is controlled by the flow cantroller FC2
that pdjusts the flow (or speed)-of the pressure blower PB and the suction blower SB, accordingly. This is
possible since the sample taken with the particulate sampling system is returned into DT. g,,c\, OF #7,,,aw @Nd ¢ ¢
may|be used as command,signals for FC2. The dilution air flow rate is measured with the flow measurement
devi¢ge FM1 and the totalMlow rate with the flow measurement device FM2. The dilution ratio is calculated from
these¢ two flow rates!

Figure 18 — Partial-flow dilution system with flow control and fractional sampling

Coniponents of Figures 10 to 18

EP — exhaust pipe

The exhaust pipe may be insulated. To reduce the thermal inertia of the exhaust pipe, a thickness-to-diameter
ratio of 0,015 or less is recommended. The use of flexible sections shall be limited to a length-to-diameter
ratio of 12 or less. Bends shall be minimized to reduce inertial deposition. If the system includes a test bed
silencer, the silencer may also be insulated.

For an isokinetic system, the exhaust pipe shall be free of elbows, bends and sudden diameter changes for at
least six pipe diameters upstream and three pipe diameters downstream of the tip of the probe. The gas
velocity at the sampling zone shall be higher than 10 m/s except at idle mode. Pressure oscillations of the
exhaust gas shall not exceed + 500 Pa on the average. Any steps to reduce pressure oscillations beyond
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using a chassis-type exhaust system (including silencer and post-treatment devices) shall not alter engine
performance or cause the deposition of particulates.

For systems without isokinetic probe, it is recommended to have a straight pipe of six pipe diameters

upstream an

SP — samp

d three pipe diameters downstream of the tip of the probe.

ling probe (Figures 12 to 18)

The minimum inside diameter shall be 4 mm. The minimum diameter ratio between exhaust pipe and probe
shall be four. The probe shall be an open tube facing upstream on the exhaust pipe centreline, or a multiple-

hole probe a

s described under SP1 in 16.2, Figure 3.

ISP — isokiLetic sampling probe (Figures 10 and 11)

The isokinet
conditions in
minimum ing

A control sy
between EP
mass flow th
pressure tra
with the flow

FD1, FD2 —

A set of ver

provide a proportional sample of the raw exhaust gas. A control system consisting of two pressure cq

valves PCV1
FD3 — flow
A set of tub

raw exhaust
exhaust gas

radius) so that the exhaust split depends:-on the total number of tubes. A control system is necessar

proportional
into DC and
the flow TT
pressure tra
FC1.

¢ sampling probe shall be installed facing upstream on the exhaust pipe centreline whefe thg
section EP are met, and designed to provide a proportional sample of the raw gxhaust gas
ide diameter shall be 12 mm.

stem is necessary for isokinetic exhaust splitting by maintaining a differential pressure of
and ISP. Under these conditions, exhaust gas velocities in EP andCISP are identical an
rough ISP is a constant fraction of the exhaust gas flow. ISP shall he‘connected to a differ
hsducer DPT. The control to provide a differential pressure of zero-between EP and ISP is

controller FC1.

flow dividers (Figure 15)

turis or orifices is installed in the exhaust pipe EP_ and in the transfer tube TT, respective
and PCV2 is necessary for proportional splitting-by controlling the pressures in EP and DT.

divider (Figure 16)

bs (multiple-tube unit) is installed in.the ‘exhaust pipe EP to provide a proportional sample d
gas. One of the tubes feeds exhaust gas to the dilution tunnel DT, whereas the other tubes

to a damping chamber DC. The tubes shall have equal dimensions (same diameter, length,

splitting by maintaining a-differential pressure of zero between the exit of the multiple-tubg
the exit of TT. Under these’conditions, exhaust gas velocities in EP and FD3 are proportiona

hsducer DPT. The-control to provide a differential pressure of zero is done with the flow cont

EGA — exh

flow
The

zero

the
ntial
done

y, to
ntrol

f the
exit
bend
y for
unit
and

s a constant fraction-of‘the exhaust gas flow. The two points shall be connected to a differgntial

roller

ust gas analysers (Figures 12 to 16)
CO, or NO| analysers may be used (with carbon balance method, CO, only). The analysers shdll be
calibrated lie ,the-analysers for the measurement of the gaseous emissions. One or several analysers mery be
used to determine the concentration differences

The accuracy of the measuring systems shall be such that the accuracy of g, s, is within + 4 %.

TT — transfer tube (Figures 10 to 18)

The transfer

76

tube shall be

as short as possible, but not more than 5 m in length;
equal to or greater than the probe diameter, but not more than 25 mm in diameter;

exiting on the centreline of the tunnel and pointing downstream.
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If the tube is 1 m or less in length, it shall be insulated with material with a maximum thermal conductivity of
0,05 W/(m-K) with a radial insulation thickness corresponding to the diameter of the probe. If the tube is longer

than

1 m, it shall be insulated and heated to a minimum wall temperature of 523 K (250 °C).

Alternatively the transfer tube wall temperatures required may be determined through standard heat-transfer
calculations as shown in Annex C.

DPT

— differential pressure transducer (Figures 10, 11 and 16)

The differential pressure transducer shall have a range of + 500 Pa or less.

FC1

Fori
zero

a)

b)

In th
The

— flow controffer (Figures 10, 1T and 16)

sokinetic systems (Figures 10 and 11), a flow controller is necessary to maintain a differential
between EP and ISP. The adjustment can be done by

controlling the speed or flow of the suction blower SB and keeping the speéd or flow of
blower PB constant during each mode (Figure 10), or

hdjusting the suction blower SB to a constant mass flow of the diluted~exhaust gas and cq
ransfer tube TT (Figure 11).

e case of a pressure controlled system, the remaining errof_ in“the control loop shall not ex
bressure oscillations in the dilution tunnel shall not exceed\+.250 Pa on the average.

For @ multi-tube system (Figure 16), a flow controller is ne¢essary for proportional exhaust splittin

a dif
done

PCV|
Two
by ¢
in ER
DC -

A da
in th

VN

A ve
trans
and

ferential pressure of zero between the exit of the multi-tube unit and the exit of TT. The g
by controlling the injection air flow rate into DT-atthe exit of TT.

1, PCV2 — pressure control valves (Figure 15)

pressure control valves are necessary-for the twin-venturi/twin-orifice system for proportional
bntrolling the backpressure of EP and the pressure in DT. The valves shall be located downs
P and between PB and DT.

— damping chamber (Figure 16)

mping chamber shallbe’installed at the exit of the multiple-tube unit to minimize the pressurs
b exhaust pipe ER:

— venturi (Figure 14)
nturi is<ihstalled in the dilution tunnel DT to create a negative pressure in the region of th

fer tube TT. The gas flow rate through TT is determined by the momentum exchange at the
srbasically proportional to the flow rate of the pressure bIower PB Ieadlng to a constant q

Since

between EP and DT the actuaI dllutlon ratlo is shghtly Iower at Iow load than at hlgh Ioad

FC2

— flow controller (Figures 12, 13, 17 and 18; optional)

flow of the pressure blower PB, and therefore the exhaust sample flow in a region at th¢

| pressure of

he pressure

ntrolling the
end of the

ceed + 3 Pa.
) to maintain

djustment is

flow splitting
tream of SP

b oscillations

e exit of the
venturi zone
lilution ratio.
e difference

A flow controller may be used to control the flow of the pressure blower PB and/or the suction blower SB. It
may be connected to the exhaust, intake air or fuel flow signals and/or to the CO, or NO, differential signals.

Whe

n using a pressurized air supply (Figure 17), FC2 directly controls the air flow.

© I1SO 2006 — All rights reserved
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FM1 — flow measurement device (Figures 10, 11, 17 and 18)

Gas meter or other flow instrumentation to measure the dilution air flow. FM1 is optional if the pressure blower
PB is calibrated to measure the flow.

FM2 — flow measurement device (Figure 18)

Gas meter or other flow instrumentation to measure the diluted exhaust gas flow. FM2 is optional if the suction
blower SB is calibrated to measure the flow.

PB — pressure blower (Figures 10 to 15 and 18)

To control t

required whe¢n using a butterfly valve. PB may be used to measure the dilution air flow, if calibrated,

SB — sucti
For fractions
DAF — dilu
It is recom
hydrocarbon
At the engin
to determing
diluted exha
DT — diluti
The dilution

shall be
conditio|

shall be

shall be

may be
heating
exhaust

may be

should be at least 25 mm in‘diameter for the total-sampling type;

ne dilution air flow rate. PB may be connected to the flow controllers FC1 or FC2. PB.

bn blower (Figures 10 to 12, 15, 16 and 18)

| sampling systems only. SB may be used to measure the diluted exhaust gas, flow, if calibrat
tion air filter (Figures 10 to 18)

mended that the dilution air be filtered and charcoal-scrubbed to eliminate backgr
s. The dilution air shall have a temperature greater than 288 K6 °C), and may be dehumid
e manufacturer’s request the dilution air may be sampled aécording to good engineering prd
the background particulate levels, which can then be subtracted from the values measured i
List (see 12.4).

bn tunnel (Figures 10 to 18)

funnel

of a sufficient length to cause completelmixing of the exhaust and dilution air under turbulent
hs;

constructed of stainless steel;

at least 75 mm in diameter,for the fractional-sampling type;

heated to no.greater than 325 K (52 °C) wall temperature by direct heating or by dilution aif
provided theair temperature does not exceed 325 K (52 °C) prior to the introduction o
in the dilution tunnel;

insulated.

5 not

U

-

bund
ified.
ctice
n the

flow

pre-
f the

The engine exhaust shall be thoroughly mixed with the dilution air. For fractional-sampling systems, the mixing
quality shall be checked after introduction into service by means of a CO, profile of the tunnel with the engine
running (at least four equally spaced measuring points). If necessary, a mixing orifice may be used.

NOTE

If the ambient temperature in the vicinity of the dilution tunnel (DT) is below 293 K (20 °C), precautions should

be taken to avoid particle losses on to the cool walls of the dilution tunnel. Therefore, heating and/or insulating the tunnel
within the limits given above is recommended.

At high engine loads, the tunnel may be cooled by a non-aggressive means such as a circulation fan, as long as the
temperature of the cooling medium is not below 293 K (20 °C).
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HE — heat exchanger (Figures 15 and 16)

The heat exchanger shall be of sufficient capacity to maintain the temperature at the inlet to the suction blower
SB within + 11 K of the average operating temperature observed during the test.

17.2.

2 Full-flow dilution system

See Figure 19.

A dilution system is described based upon the dilution of the total exhaust using the CVS (constant volume
sampling) concept. The total volume of the mixture of exhaust and dilution air shall be measured. Either a

PDP

For

sam
sam
the f
the ¢
sincq

The

the g
list. T
16.6

or a CFV system may be used.

ubsequent collection of the particulates, a sample of the dilute exhaust gas is passed-to th
pling system (see 17.3, Figures 20 and 21). If this is done directly, it is referred to as, single d
le is diluted once more in the secondary dilution tunnel, it is referred to as doublé dilution. Th
Iter face temperature requirement cannot be met with single dilution. Although partly a dilu
ouble-dilution system is described as a modification of a particulate sampling system in 17.
it shares most of the parts with a typical particulate sampling system.

jaseous emissions may also be determined in the dilution tunnel of-a. full-flow dilution systen
ampling probes for the gaseous components are shown in Figuré 19 but do not appear in th
he respective requirements are given in 16.2 for the main exhaust components, 16.5 for m
for formaldehyde.

e particulate
ilution. If the
is is useful if
tion system,
B, Figure 21,

n. Therefore,
b description
ethanol, and
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N
FC34¢PDP CFvV BSSV
/
S ?

FC3
@  Analyser pystem, see Figure 4.
b Background.
¢ Exhaust.
d  See Figufe 20.

€ To particylate sampling system, see Figure 20, or ta DDS, see Figure 21.
f IfEFCis |ised.

9  Optional.

h or.

i Vent.

j  Dilution ajr.

The total amount of raw exhaust gas is mixed in the dilution tunnel DT with the dilution air. The diluted exfhaust
gas flow rat¢ is measured either with a positive displacement pump PDP or with a critical-flow venturi CRV. A
heat exchanger HE or-glectronic flow compensation EFC may be used for proportional particulate samfpling
and for flow determination. Since particulate mass determination is based on the total diluted exhaust gag flow,
it is not necgssaryite calculate the dilution ratio.

Figure 19— Full-flow dilution system
Components of Figure 19
EP — exhaust pipe

The exhaust pipe length from the exit of the engine exhaust manifold, turbocharger outlet or after-treatment
device to the dilution tunnel shall be not more than 10 m. If the system exceeds 4 m in length, then all tubing
in excess of 4 m shall be insulated, except for an in-line smokemeter, if used. The radial thickness of the
insulation shall be at least 25 mm. The thermal conductivity of the insulating material shall have a value no
greater than 0,1 W/(m-K) measured at 673 K. To reduce the thermal inertia of the exhaust pipe, a thickness-
to-diameter ratio of 0,015 or less is recommended. The use of flexible sections shall be limited to a length-to-
diameter ratio of 12 or less.
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PDP — positive displacement pump

The PDP meters total diluted exhaust flow from the number of pump revolutions and the pump displacement.
The exhaust system backpressure shall not be artificially lowered by the PDP or dilution air inlet system. Static
exhaust backpressure measured with the PDP system operating shall remain within + 1,5 kPa of the static
pressure measured without connection to the PDP at identical engine speed and load. The gas mixture
temperature immediately ahead of the PDP shall be within + 6 K of the average operating temperature
observed during the test, when no flow compensation is used. Flow compensation can only be used if the

temperature at the inlet to the PDP does not exceed 323 K (50 °C).

CFV

— critical flow venturi

CFV
exhg
pres
tem
obse

SSV

SSV
pres
mea
withd
ahes
no fl

HE

The

EFC

If th¢ temperature at the inlet to eithér the PDP or CFV is not kept within the limits stated a

com
sam
acco
(see

DT

The

measures total diluted exhaust flow by maintaining the flow at choked conditions (critical
ust backpressure measured with the CFV system operating shall remain within + 1,5 kPa
sure measured without connection to the CFV at identical engine speed and lgad The
erature immediately ahead of the CFV shall be within + 11 K of the averagg, eperating
rved during the test, when no flow compensation is used.

— subsonic venturi

measures total diluted exhaust flow by using the gas flow of a subsonic venturi as a fun
sure and temperature and pressure drop between venturi inlet and)throat. Static exhaust b
sured with the SSV system operating shall remain within 4,5 kPa of the static pressun
ut connection to the SSV at identical engine speed and load. The gas mixture temperature
d of the SSV shall be within + 11 K of the average operating temperature observed during th
bw compensation is used.

— heat exchanger (optional, if EFC is used)

heat exchanger shall be of sufficient capacity te"maintain the temperature within the limits req
— electronic flow compensation (optional, if HE is used)

pensation system is required for ‘continuous measurement of the flow rate and control of the
pling in the particulate system:\For that purpose, the continuously measured flow rate sign
rdingly to correct the sample’ flow rate through the particulate filters of the particulate sam
Figures 20 and 21).

~ dilution tunnel

Hilution tunnel

shall besmall enough in diameter to cause turbulent flow (Reynolds Number greater than 4
sufficient length to cause complete mixing of the exhaust and dilution air — a mixing orifice mg

flow). Static
of the static
gas mixture
temperature

ction of inlet
ackpressure
e measured
immediately
e test, when

uired above.

bove, a flow
proportional
bls are used
bling system

1000) and of
y be used;

shall be at least 75 mm in r*linmnfnr;

may be insulated.

The engine exhaust shall be directed downstream at the point where it is introduced into the dilution tunnel,
and thoroughly mixed.

When using single dilution, a sample from the dilution tunnel is transferred to the particulate sampling system
(see 17.3, Figure 20). The flow capacity of the PDP or CFV shall be sufficient to maintain the diluted exhaust
at a temperature between 315 K (42 °C) and 325 K (52 °C) immediately before the particulate filter.

When using double dilution, a sample from the dilution tunnel is transferred to the secondary dilution tunnel
where it is further diluted, and then passed through the sampling filters (17.3, Figure 21). The flow capacity of
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the PDP or CFV shall be sufficient to maintain the diluted exhaust stream in the DT at a temperature of less
than or equal to 464 K (191 °C) at the sampling zone. The secondary dilution system shall provide sufficient
secondary dilution air to maintain the doubly diluted exhaust stream at a temperature between 315 K (42 °C)
and 325 K (52 °C) immediately before the particulate filter.

DAF — dilution air filter

It is recommended that the dilution air be filtered and charcoal-scrubbed to eliminate background
hydrocarbons. The dilution air shall have a temperature of greater than 288 K (15 °C), and may be
dehumidified. At the engine manufacturer’s request, the dilution air may be sampled according to good
engineering practice to determine the background particulate levels, which can then be subtracted from the
values meagured-itheditutedextraust(seet24):

PSP — partjculate sampling probe
The probe if the leading section of PTT and

— shall bel installed facing upstream at a point where the dilution air and exhaust gases are well mixed, i.e.
on the dilution tunnel DT centreline of the dilution systems (see 17.2), approximately 10 tunnel diamgters
downstream of the point where the exhaust enters the dilution tunnel;

— shall be]of 12 mm minimum inside diameter;

— may be|heated to no greater than 325 K (52 °C) wall temperature by’ direct heating or by dilution air pre-
heating] provided the air temperature does not exceed 325 K (52 °C) prior to the introduction of the
exhausf in the dilution tunnel;

— may belinsulated.

17.3 Parti¢ulate sampling system
See Figures|20 and 21.

The particulate sampling system is required for-Collecting the particulates on the particulate filter. In the |case
of total sampling partial-flow dilution, whichiconsists of passing the entire diluted exhaust sample through the
filters, the difution (see 17.2.1, Figures 13"and 17) and sampling systems usually form an integral unit. In the
case of fracjonal sampling partial-flow dilution or full-flow dilution, which consists of passing through the fllters
only a portign of the diluted exhaust, the dilution (see 17.2.1, Figures 10 to 12, 14 to 16 and 18 and 171.2.2,
Figure 19) gnd sampling systems)usually form different units. In this part of ISO 8178, the double-dilution
system (Figure 21) of a fullfflow dilution system is considered to be a specific modification of a typical
particulate sampling system.as shown in Figure 20. The double-dilution system includes all important pafts of
the particulate sampling.system, like filter holders and sampling pump, and additionally some dilution featpres,
like a dilutio air supplyyand a secondary dilution tunnel.

In order to pvoid \any impact on the control loops, it is recommended that the sample pump be rumning
throughout {hé-complete test procedure. For the single-filter method, a bypass system shall be usefd for
passing the i i i i . ftchi dure
on the control loops shall be minimized.
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a8 R

A s4d

system through the particulate sampling probe PSP and the -particulate transfer tube PTT by n

sam
filter
Figu

A

T o
O

P FC3

FM3

rom dilution tunnel DT (see Figures 10—16, 18 and 19).

mple of the diluted exhaust gas is taken from the dilution tunnel DT of a partial-flow or full

pling pump P. The sample is passed through the filter helder(s) FH that contain the particul
5. The sample flow rate is controlled by the flow controller FC3. If electronic flow compensati
e 19) is used, the diluted exhaust gas flow is used as command signal for FC3.

Figure 20 — Particulate sampling system

rom dilutiontunnel DT (see Figure 19).
ptional.

o

ent.

flow dilution
heans of the
hte sampling
bn EFC (see

o

Dilution air.

A sample of the diluted exhaust gas is transferred from the dilution tunnel DT of a full-flow dilution system
through the particulate sampling probe PSP and the particulate transfer tube PTT to the secondary dilution
tunnel SDT, where it is diluted once more. The sample is then passed through the filter holder(s) FH that
contain the particulate sampling filters. The dilution air flow rate is usually constant whereas the sample flow
rate is controlled by the flow controller FC3. If electronic flow compensation EFC (see Figure 19) is used, the

total

diluted exhaust gas flow is used as command signal for FC3.

Figure 21 — Secondary dilution and particulate sampling system (full-flow system only)

© I1SO 2006 — All rights reserved
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Components of Figures 20 and 21

PSP — particulate sampling probe

The particulate sampling probe, not shown in the figures, is the leading section of the particulate transfer tube

PTT.

The probe

shall be installed facing upstream at a point where the dilution air and exhaust gas are well mixed (see

17.2), approximately 10 tunnel diameters downstream of the point where the exhaust enters the dilution

tunnel,

— shall belof 12 mm minimum inside diameter;

— may be| heated to no greater than 325 K (52 °C) wall temperature by direct heating ©r by dilutig
pre-heating, provided the air temperature does not exceed 325 K (52 °C) prior to the infroduction g
exhaust into the dilution tunnel;

— may befinsulated.

PTT — part{culate transfer tube

The particulate transfer tube shall not exceed 1020 mm in length, and shall be minimized in length when

possible.

The dimensipns are valid for

— the partjal-flow dilution fractional-sampling type and the’full-flow single dilution system, from the prol
to the filter holder;

— the partfal-flow dilution total-sampling type, from:the end of the dilution tunnel to the filter holder;

The transfer

may be
pre-hea

exhaust

may be

SDT — secondary.dilution tunnel (Figure 21 only)

The secondary-dilution tunnel should have a minimum diameter of 75 mm, and should be of sufficient Ig

the full-flow double-dilution system, from.the probe tip to the secondary dilution tunnel.

tube

heated to no greatef_than 325 K (52 °C) wall temperature by direct heating or by dilutig
fing, provided the air“temperature does not exceed 325 K (52 °C) prior to the introduction @
into the dilution-tubnel;

insulated.

n air
f the

ever

e tip

n air
f the

ngth

so as to provide a residence time of at least 0,25 s for the doubly diluted sample. The primary filter holder FH
shall be located within 300 mm of the exit of the SDT.

The secondary dilution tunnel

may be heated to no greater than 325 K (52 °C) wall temperature by direct heating or by dilution air

pre-heating, provided the air temperature does not exceed 325 K (52 °C) prior to the introduction of the
exhaust into the dilution tunnel;

may be

84

insulated.
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FH — filter holder(s)

The

requirements of 7.6.2.3 shall be met. The filter holder(s)

may be heated to no greater than 325 K (52 °C) wall temperature by direct heating or by dilution air

pre-heating, provided the air temperature does not exceed 325 K (52 °C) prior to the introd
exhaust into the dilution tunnel;

may be insulated;

uction of the

For primary and back-up filters, if used, a single filter housing or separate filter housings may be used.

P—

The
temq

DP -

The
298

FC3

A flq
bacK

elecfronic flow compensation EFC (see Figure 19) is used:

FM3
The
the s
not |

FM4

The

is maintained constant (+ 3(K).

BV -

The
PTT

NOT

sampling pump

particulate sampling pump shall be located sufficiently distant from the tunnel )so."that t
erature is maintained constant (+ 3 K), if flow correction by FC3 is not used.

- dilution air pump (Figure 21 only)

K+5K(25°C+5°C).
— flow controller

w controller shall be used to compensate the particulate sample flow rate for temp
pressure variations in the sample path, if no other means are available. The flow controller

— flow measurement device

gas meter or flow instrumentation for thexparticulate sample flow shall be located sufficiently|
ampling pump P so that the inlet gas-temperature remains constant (+ 3 K), if flow correctig
sed.

— flow measurement device\(Figure 21 only)

jas meter or flow instrumientation for the dilution air flow shall be located so that the inlet gas

— ball valve (optional)

ball valve shall have an inside diameter not less than the inside diameter of the particulate
and a switching time of less than 0,5 s.

he inlet gas

dilution air pump shall be located so that the secondary dilution airlis supplied at a temperature of

erature and
s required if

distant from
n by FC3 is

temperature

ransfer tube

E If the ambient temperature in the vicinity of PSP, PTT, SDT and FH is below 293 K (20 °C

shou

, precautions

d'be taken to avoid particle losses on to the cool wall of these parts. Therefore, heating and/or insulating these parts

withir

the imits given In the respective descriptions Is recommended.

At high engine loads, the above parts may be cooled by a non-agressive means such as a circulating fan, as

long

as the temperature of the cooling medium is not below 288 K (15 °C).
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Annex A
(normative)

Calculation of the exhaust gas mass flow and/or
of the combustion air mass flow

NOTE Equations in Annex A are not converted to S| symbols.

A.1 General

The equatiops given in Annex A are for stoichiometric calculations and for the calculation of-the*exhaus} gas
mass flow from the exhaust composition and the fuel composition.

All dimensiops relating to volumes are defined for standard conditions: 0 °C, 101,32 kPa.

In Annex A the same symbols are used as in the main part.

U

The concentration units used are % volume for the components CO,, O,, H50 and N, and ppm for all others.

Symbols andl abbreviations (in addition to those given in Clause 4) usediin Annex A are given in Table A.1.

Table A.1 — Symbols and abbreviations

Symbols Term Uni
q, Volume flow m3/tr
Grew Volume flow of wet exhaust m3/i|\
Gvaw Volume flow of wet intake air m3/i|\
Gved Volume flow of dry exhaust m3/i|\
Gvad Volume flow of dry intake air m3/t||
dmgas Emission of mass flow tate of individual gas g’h
Wox Oxygen content of dry intake air % mafss
Winert Inert gas conténtvof dry intake air % maps

A.2 Stoichiometric calculations for the burning of fuel; fuel specific factors

A.2.1 Basic data for stoichiometric calculations

As far as possible, the basic data atomic mass, molar mass and molar volume are used in the formulae of this
Annex. Concrete numbers for these data were mostly used only in final formulae. This has the advantage, that
the derivation of the formulae can be understood more easily. Also, the fact that these data can be slightly
different, depending on the data handbook used, can be best accommodated by general and not concrete
formulations. The concrete numbers that were used for basic data are given in Table A.2.
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Table A.2 — Atomic masses, molar masses and molar volumes

AssU
proc
assy

NOT

Description Symbol Value Unit
Atomic mass of hydrogen A 1,007 94 g/atom
Atomic mass of carbon Arc 12,011 g/atom
Atomic mass of sulphur Ars 32,065 g/atom
Atomic mass of nitrogen AN 14,006 7 g/atom
Atomic mass of oxygen Aro 15,999 4 g/atom
Molar mass of water Mg 18.015 34 a/mol
Molar mass of carbon dioxide Mcoo 44,01 g/mel
Molar mass of carbon monoxide Mco 28,011 g/mol
Molar mass of oxygen Moo 31,998 8 g/mol
Molar mass of nitrogen Mo 28,011 g/mol
Molar mass of nitric oxide Mo 30,008 g/mol
Molar mass of nitrogen dioxide Mwo2 46,01 g/mol
Molar mass of sulphur dioxide Ms02 64,066 g/mol
Molar volume of water Vamoo 22,401 I/mol
Molar volume of carbon dioxide Vmco2 22,262 I/mol
Molar volume of carbon monoxide Vmco 22,408 I/mol
Molar volume of oxygen Vmo2 22,392 I/mol
Molar volume of nitrogen VN2 22,390 I/mol
Molar volume of nitric oxide VmNO 22,391 I/mol
Molar volume of nitrogen dioxide VmNO2 21,809 I/mol
Molar volume of sulphur dioxide Vns02 21,891 I/mol

ming no compressibility effects, all of the gases involved in the engine intake/combus
bss can be considered to pe ideal and the volumetric calculations given hereafter are ba
mption. Hence according to Avogadro’s Hypothesis, they each occupy 22,414 I/mol (see Tab

F 1 The molar volume of gases is a function of interactions of the molecules at collisions. The coll

gas nolecules are only physical impacts, while real gas molecules interact additionally by Van-der-Waals

mom
gase
almo
gas 1

ent of the collision. This effect reduces the molar volume of real gases. In mixtures also collisions betwg
5 and more~real gases occur; these collisions have a more ideal character. In the case of exhaust
5t perfecthideal gas nitrogen has by far the highest concentration and therefore only very few collisiong
holecules occur.

tion/exhaust
sed on that
e A.3).

sions of ideal
forces at the
en more ideal
emissions the
between real
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Table A.3 — Molar volumes used in this part of ISO 8178

Description Symbol Value Unit
Molar volume of water VinH20 22,414 I/mol
Molar volume of carbon dioxide Vmco2 22,414 I/mol
Molar volume of carbon monoxide Vmco 22,414 I/mol
Molar volume of oxygen Vo2 22,414 I/mol
Molar volume of nitrogen VN2 22,414 I/mol
[VioTar volume of nitric oxide VmNO 2Z31% T7mol
Molar volume of nitrogen dioxide VmNO2 22,414 I/mol
Molar volume of sulphur dioxide Vns02 22,414 I/mol

For the stoichiometry of combustion, the following composition of the dry intake air is assumed:
a) concenfration of inert gases
Winert = [6,8 % mass, 79,0 % volume

NOTE 2

ricluded in the inert gases is CO, with 0,061 % mass, 0,04 % volume:
b) concentration of oxygen

Wox = 23,2 % mass, 21,0 % volume.

A.2.2 General formulae

A.2.2.1 Fgrmulae related to the components

Calculation ¢f mass concentration Cmgas [mg/m3] from volumetric concentration Cygas [ppm] of component

Cmgas | = Cvgas * Pgas A1)
where
Pgas is the gas-density of the component [kg/m3].

The gas density Pgas [kg/m3] can be calculated from the basic data molecular mass Migas [g/mol] and molar
volume Vgds diimoll:

Ml‘ as
Pgas = (A.2)
mgas

A.2.2.2 Formulae related to the fuel

The chemical formula of the fuel can be written as C;H,S N;O,.The fuel composition data o, j, 7, 6, ¢ are
defined as the molar ratios of H, C, S, N and O related to C (chemical formula of the fuel CH,S N;O,, related
to one carbon atom per molecule). The relation to one carbon atom per molecule is used because the real
carbon atom number per average fuel molecule is not known with real fuels. This relationship does not work
with non-carbon fuels. The fuel composition data wa| g, WgeT, Wgam» WpeL and wgpg are defined as the
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% mass of H, C, S, N and O. The following formulae give the conversion between the two sets of data (when

p=1):
WALF
o = AH_ 119164 x VALE (A.3)
WBET WBET
ArC
WBET
A
f— rC_ 4 (A.4)
WBET
ArC
WGAM
A
y = IS _ (37464 x LCAM (A.5)
WBET WBET
ArC
WDEL
A
s = 2N _ 085752 x MDEL (A.6)
WBET WBET
ArC
WEPS
A
e = 19 _ 075072 x JEPS. (A7)
WBET WBET
ArC
ax Ay x 100
WaLF = ——H— (A.8)
M ¢
S x Arc x 100
wggT = o (A.9)
M. ¢
7 x.A;g)*x 100
WoaM = e —— (A.10)
Mrf
o x AN x100
S T A.11
WDEL P (A.11)
ex Ao x 100
= o077 A.12
WEPS P (A.12)
where
My is the molecular weight of an average fuel molecule C4H,S N;O
Ml‘f :aXArH+ﬁXArC+7XArS+5XAFN+€XAFO (A13)
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A.2.2.3 Formulae related to saturation vapour pressure

Calculation of the saturation vapour pressure p, [hPa] as a function of the temperature ¢ [°C] according to the

Federal Reg

Pa exp

ister:

(—12,150799 x In(t) ~ 849922 x 172 — 74231865 x 1 + 96,1635147 + 0,024917646 x

~1,3160119x 107> 12 ~ 11460454 x 1078 x 1% + 2,1701289 x 10" x 14 — 3,610258 x 107"° x 1°

+3,8504519 x10718 — 14317 x 10721 x ")

(A.14)
The followingSimpter-formuta-teads toequivatent Tesutts:
Pa = (4,856884 +0,2660089 x ¢ + 0,01688919 x 12 — 7,477123 x 107> x > + 8,10525 x 10 ¢ x ¢4
—3115221x 1078 x 15)x 12132
760 (P.15)
A.2.2.4 Fgrmula related to soot concentration

Calculation ¢f the soot concentration c¢,, [ng/m3 in wet exhaust] from the Boschsmoke number SN by m

of the MIRA{

Correlation:

0,00976983 x SN + 0,0234416 x SN2 — 0,00728358 x SN 3

eans

Cow | A x 1000

+0,00164618 x SN+ — 0,0000895464 x SN° (A.16)
A.2.3 Reagtion equations and formulae for the stoichiometric burning of fuel
A.2.3.1 General
A.2.3 descripes the stoichiometry of the combustion of fuels containing H, C, S, N and O. The relations of
masses of the reaction partners are calculated, as are the standard volumes for gaseous compounds| For
each combuysted element, the resulting additional volume (exhaust volume — air volume) is given.| The
summation ¢f these additional volumes restilts in the total additional volume f;,,.
On this basig, formulae for further gxhaust relevant data are derived (conversion factor wet/dry, stoichionetric

air demand and fuel specific factorf;).

A.2.3.2 Cd

)mbustion of-hydrogen
H (fuel)|+ 1/4 O4\(air) — 1/2H,0 (exhaust gas)
1kgH H+ Mr02/(4><ArH) [kg 02] —> Mero /(2>< AI’H) [kg Hzo] mdsses
Vmoz/(4x 4y) Im® 021 > Voo /(2% Ary) [m® HoO] volumes

Additional volume by combustion:

(2% V2o — Vimo2)/(4 % 4gy) = (2 x 22,414 — 22,414) /(4 x 1,00794)

90

= 55594 [m3/ kg H]
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A.2.3.3 Combustion of carbon

C (fuel)+ O, (air) > CO, (exhaust gas)

kg C+M0z/ 4 [kg 021 > Micoz/4rc [kg CO2]

Vimoz/ 4ic [M® 051 = Vincoa/4c [m® COy]

Additional volume by combustion:

A.2.]

Addi

A.2.]

Addi

A.2.]

Sinc
cons
be s

ISO 8178-1:2006(E)

masses

volumes

(Vmcoz — Vmoz )/ Arc = (22,414 -22,414)/12,011=0 [m3/ kg C]
8.4 Combustion of sulphur
S (fuel)+0, (air) — SO, (exhaust gas)

1kg S+M;02/4s [kg O] = Mso2/4s [kg SO3]

ional volume by combustion:

(Vmso2 — VmOZ)/ArS =(22,414 - 22,414)/32,065 =0 [m3/ kg S]
3.5 Reaction of nitrogen

N (fuel) - N, (exhaust gas)

1kgN — 1kgN,

N VmNz/Mer [m3 NzJ

ional volume by combustien.

Vg /M N2 = 22,444/28,01=0,80021 m3/ kgN

3.6 Consideration of the fuel oxygen

pt free'as gaseous molecular oxygen in the exhaust:

masses

volumes

masses

volumes

b the combustion of the other fuel elements with the above given formulae was calfulated with
umptien.of air oxygen, the fuel oxygen is not needed for combustion and can therefore be considered to

O (fuel) > O, (exhaust gas)

1kgO — 1kg O,

3
- Vmoz2/Mo02 [m Oz}

© 1SO 2006 — All rights reserved
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Additional volume by combustion:

Vmo2/Mrop = 22,414/31,9988

0,70046 m®/ kg

A.2.3.7 Total additional volume f;, [m3/kg fuel]

The fuel-specific constants f;,, [m3 volume change from combustion air to wet exhaust per kg fuel] and the
corresponding value f;y for the dry exhaust are further used to calculate the dry-to-wet correction factor and
the exhaust densities (see A.2.4 and A.2.5). f;,, can be calculated by adding up the additional volumes of the
combustion of the fuel elements given in A.2.3.2 to A.2.3.6:

Saw =0

055594 x wp, £ +0,0080021 x wpg, +0,0070046 x weps

For the calcylation of the exhaust volume flow V', it can be used as follows:

9vew

Jrw IS also usg

—

= dyaw T dnf X fiw

ed for calculation of wet exhaust density p,,, and dry/wet factor k.

A.2.3.8 C3lculation of the factor f;, from f;,,

The factor f;

9ved 7

fiq Values ar

can be used for the calculation of the dry exhaust volume flow ‘as follows:

(

dyvad T ffd X G mf

b always negative, which means that the volume«of dry exhaust is always less than the volur

\.17)

\.18)

\.19)

ne of

the intake aif.
Based on (A.19), the following derivations can be made:
fig = 49bed — 9vad (A.20)
q mf
The volume| of moisture due to combustion which must be removed from the total volume change diie to
combustion [g,.¢ x f5,) is given by the)following:
WALF X|4mf X VmH20
100[x 2 x Ay
w X xV
GoadEd mf X Srw — ALF % 4 mf mH20 _ 9 vad
100 x 2 x A,y
fra = p
ik A.21)
1 ffw—M = Jfiw —waLr x0,11118 (A.22)
200 x 4,
ffd = - 0,055593 X WALF t+ 0,008002 X WpgL + 0,0070046 X WEpPS (A23)

92
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A.23.9 Stoichiometric air demand 4/F

With the reactions of the fuel elements given in A.2.3.2 to A.2.3.6, the stoichiometric air demand (i.e. mass of
air needed for combustion of 1 kg fuel) can be given as follows:

AlFy = [WBET L _WALF . WGAM _ _VEPS ]XMroz (A.24)

Arc 4 x Ay Ars 2x 4o Wox

With the term 1/wg,, the needed oxygen mass is converted to the needed air mass, and so the inert
components of the air are taken into account.

In cgncrete numbers:

AlFy =| 2BET | YALF | WGAM __YWEPS |, 4387 (A.25)
12,011 4,03176 32,06 31,9988

A.24 Calculation of the dry-to-wet correction factor £,

A.2.4.1 Stoichiometric combustion

The dry-to-wet correction factor £, is used for converting dry measured concentrations to the wet reference
condition. k,, is further the quotient between dry and wet exhaustyolume flow:

Cgasw _  9dved _ 1 _ 4vH20 (A.26)

Cgasd dyew dyew

kwr

The |ndex “gas” indicates the individual gaseous component (e.g. CO). g,5o here has to be interpreted as the
water content of the exhaust, which condenses,in the cooling bath of the gas analysis system @and which is
thus|removed from the exhaust before measurement. g,,,, is calculated by adding the water from the intake
air to the water formed by combustion and,subtracting the rest water, which is still present aftef the cooling
bath

9mad X Ha*VimH20 3
dyH20intake ai [m*/ h] (A.27)
v Intake air 1000 % Mero
WALF X 4mf X VmH20 3
4 vH20,formed by combustion = 100 sz » A,Tﬁ [m>/h] (A.28)
9mad P 3
9vH20,restafter cooler = 1;’83 X_p; [m~/h] (A.29)
where
Dy is the water partial pressure after the cooling bath;

p/pp is the mole fraction of water vapour (= volume fraction of water vapour after the cooler);
the density of dry air is 1,293 kg/m3.

dvew = dvaw + dumf X Sw (A.30)
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9mad * Ha X Vint2o | WALF X dmf * VmH20 _ 9mad * Pr
1000 x M0 100x 2% Ay 1293 % pg

9mad > Ha x VmHZO + 9 mad + Gonf ¥ ffW
1000 X Mero 1,293

1-

(A31)

Dividing the numerator and denominator by 1000/g,,,4 and substituting for known values of molar volumes,
molecular masses and atomic masses, the following equation can be derived.

12442 x H, + 111187 x wa g x 1ot _ 773 4 < Pr
— 9mad Pp
kye = 1- —
773,4 +12442 x Hy + " x f5, x 1000
9 mad
NOTE1  Inj ISO 8178-1:1996, the dry-to-wet factor k,, was calculated by means of the intermediate fuel sp

constant f, a

cording to Equation A.33.

(A.32)

ecific

111,119
fan = X WALF and  ky, = [1 — fip x Lot ] gy + 5 (7.33)
773,4 + Imt £ %1000 Imad Pb
4 mad
NOTE 2  The f;, concept was abandoned because fg, is not only fuel-specific but also lambda-dependent, and be¢ause
Equation A.31 or A.32 gives better precision.
A.2.4.2 Ingomplete combustion
The water content of the exhaust and the dry-to-wet factor &, can'be calculated from the exhaust composition
in the following way.
The water concentrations (in % units) can be directly derived from the CO, and CO concentrations, taking into
account the H/C ratio « (assuming g = 1) and the fact'that one molecule of water is formed from two atoms of
hydrogen. Additionally, for the hydrogen content of ;the exhaust a subtraction has to be made, because [from
that corresppnding hydrogen part of the fuel no water has been formed. Furthermore, the water in the intake
air and the water still present after the gas cooler have to be considered:
£cod
CH20,cobustion,d = 0,9 x & x (CCOZd )y 10° ] ~ CH2d (A.34)
kyr = 9ved dved (A\.35)
9vew 9ved )T 9vH20,combustion,d T 9vH20,a ~ 9vH20,after cooler
where the concentrations of H,O, H, and CO, are expressed as a percentage and the concentration of CO is
expressed ir ppm.
1
kwr = {A.36)
14 4yH20,combustion,d + 9yH20,ad _ 9vH20,after cooler
9yved 9ved 9yved
1
kwe = (A.37)
1 €H20,combustion,d | “H20,ad _ €H20,after cooler
100 100 100
1
kwro = . 5 (A.38)
1+ ax 0,005 x| coopg + - 224 | = 0,01% cpypg + kyp — -
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where

kyo is the moisture in the intake air and is given by

1,608 x H,
kw2
1000 + (1,608 x H )

where H, is the humidity of the intake air in g water per kg of dry air.

(A.39)

The concentration of hydrogen is derived from the water gas equilibrium according to the following equation
based on SAE J 1088:

C C
O,5><0!><COdX[COd+CCOZdj

104\ 104
CH2d = CCOd (A40)
—== +3xcco2
104 co2d
or
%vol. %vol. %vol.
CHZ[%VOL] _ 0,5xa x cco [A)VO ]>< (Cco[/f)VO ] + CCO2[A)VO ]) (A41)
cco [%VOl] +3x cco2 [%VOl]
This[method of k,, calculation is to be preferred for rich fuegl—air mixtures (high CO values) pnd also for
emigsion measurements without direct air flow measurements, because the k,, calculation by Euation A.32
assumes stoichiometric combustion and it needs the data for y,, .4
A.2.6 Calculation of the dry and wet exhaust densities using f;, and f4
The pxhaust density is calculated by dividing the. exhaust mass flow by the exhaust volume flow:
Pow = 9 mew _ 9maw + dmf [kg/m3] (A.42)
dvew Dvaw *+ Sw X Qpit
H_ %y
9mad + sLa - tmad + qmf
_ 1000 A.43
Pew = (A-43)
Imad , 9mad>Ha *VmH20
+ + ffW X g pf
1,293 4000 x M 100
1000 + H, +1000 x -Imf
Loy = 9 mad (A.44)
773,4 +1,2434 x H, +1000 x f7, x Lof
9 mad
Calctitationof-thedert |aity of-thedh Y exhatst:
w M
9mad T Gmf % 1_£XL20
qmed 100 2 X ArH 3
Ped = [kg/m®] (A.45)
9yed 9vad T ffd X mf
w M
n x| 1= YALF  P7rH20
mad = ( 100 2x Ay Gmad + G % (1- WaLF x 0,08936)
Ped = - = 0 (A.46)
ma + ma +
1,203 /1 X dnf 1,203 /10 dnt
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A.3 Calculation of the exhaust mass flow from the exhaust composition (carbon and
oxygen balance, for fuels with C, H, S, N and O)

A.3.1 Introduction

In this annex the carbon and oxygen balance method is used for the calculation of the exhaust mass flow, in
order to enable emission calculations without measurement of air flow or exhaust flow. The calculation
formulae of this edition of ISO 8178-1, Annex A are related to the concentrations in the dry exhaust, whereas
in ISO 8178-1:1996 a relation to the wet exhaust was used. The conversion was made because with the dry
method a better precision of the calculated exhaust mass flow was reached, especially for highly incomplete

combustion situations (small gasoline engines)
The calculatfon of the exhaust mass flow can also be used for comparison with measured mass flows;.in ¢rder
to provide chheck methods regarding the plausibility of test results.
Low deviatigns between measured and calculated air flow indicate correct CO, or O, yalues (no legk in
sampling syptem), correct air flow measurement (no leak in connection tubes between lengine and air| flow
equipment) and correct fuel measurement.
Differences pbetween measured and calculated air flows hint at the following errors:
a) Measurgd air flow lower than by carbon balance method:

— leak in exhaust sampling system (highest probability) or

— leak in air measurement equipment (moderate probability)or

— toolhigh fuel flow values (low probability, except for-idle);
b) Measurgd air flow higher than by carbon balance method:

— calipration error of exhaust analyser or

— calipration error of air measurement’'equipment or

— toollow fuel flow values.
NOTE Al three cases of b) aredess’probable than the three cases of a).
When using[the carbon or axygén balance method for calculation of emissions, a leak in the exhaust samjpling
system has ho severe effect'on the results. This is because the too low exhaust concentrations are offsgt by
correspondimgly too high¢calculated exhaust mass flows, so these effects cancel each other.
For the deriyations»within A.3.2 and A.3.3 it is assumed that the fuel consumption, the fuel compositior] and
the concentgation of the exhaust components are known. It is applicable for fuels containing H, C, S, O and N
in known praportions.

A.3.2 Calculation of the exhaust mass flow on the basis of the carbon balance

A.3.21 General

In this section two forms of the carbon balance method are given: an iterative calculation (multi-step)
procedure and a one-step calculation procedure. The one-step procedure was added to this edition of
ISO 8178-1 because it is easier to use than the multi-step procedure.
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A.3.2.2 Carbon balance: iterative calculation procedure

1:2006(E)

The calculation of g,,.q , as described in the following section, needs the values of p,4 and k,,, which are
themselves dependent on ¢,,.4 and thus on the result of the ¢,,4 calculation. Therefore, an iterative (or
multi-step) calculation procedure shall be applied in the following way. With preliminary values of p.4 and &,
(e.g. 1,34 kg/m® and 1), the ¢,,o4 Values are calculated; from these the ¢,,,4 values are calculated, and from

these p.q and k,,

. With these almost exact values of p,q and k,,, values of all data in the next iteration step

using the same formulae are exact enough, so that a third iteration step will not be necessary in most cases.

A.3.2.2.1 Equations for the calculation of the exhaust mass flow

The
bala

Inse

And

Com

following equations can be used for the calculation of the exhaust mass flow on the basis _df
hce method:

4
qmf X WBET X Ped x 10

4 med

(ccozd —ccoza) *10*  cooq 1 CHow . €6 1
Ag % v : +V X +V W+AW x—k
mCO2 mCO 1 DPr mHC rC wr

Pp
1_ WAL . M0 )
Dmad = Y9med — 9mf ¥ _WXW = Gmed — 9uf ><( — WALF X 0,08936)
rH

Ha
qmeW = qmad x| 1+ 1000 + qu

Guff X WBET X Ped % 832,57

9 med

c 1 c c 1
- 446,14+ 04 4| Hew_ _“Cw —
((Ccoz cco2,0)% 22,414)X P [22,414 12,011) " kyy

Pov

for complete compustion:

Peg x 1,8663

ccoad ~ Ccoz,a)

dmed = ~Lnf X(

bining” Equations A.50, A.48 and A.49 in one equation and using some simplificationg

unbt

easier-to-use equation for the wet exhaust mass flow results:

H
G mew = Gt X "BET % Ped FwaLr x0,089 36 1 x| 14 28
Cnow 1000
¢cod + A
- 0,540+ w0540
(Coozd Cooz,a)X 10 000 X

© 1SO 2006 — All rights reserved

the carbon

(A47)

(A.48)

(A.49)

ting concrete numbers into Equation A.47 results in the following equation for incomplete combustion:

(A.50)

(A51)

[neglecting

rned soot and assuming a fixed cooler temperature of 4°C_ie 1/(1 = p /rnu) = 1.008] the following

(A.52)
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For combustion of typical diesel fuel with wggr=86,2 % mass and pyq = 1,329 (excess air factor of 2), the
following further simplified equation can be given:

H
9mew = 9mf X L +warp x0,08936-1|x| 1+—2-|[+1
CHCw 1000
ccod *
wr
(ccozd —cCOZ’a)><0,00471+W><0,00471
t#\.53)
A.3.2.2.2 PDerivation of equations
The carbon [nput [g/h] into the engine from the fuel is
qmf x wheT X 10 (7.54)
The carbon fnput [g/h] into the engine from the intake air is ¢,,c02 5 (S€€ Equation A.57).
The carbon putput from the engine in g/h is
4rc 4Arc Arc
dmcoz {77 =+ Gpco X+ dHC Mr T dmc
rCO2 rC rHC (A.55)
With the follpwing equations the individual gas components arg calculated in g/h.
M,co2 %10 ccoo
dmco2 | = reo x cood X 4 med
Vmco2 X Ped 1-Pr
4 (f\.56)
In Equation|A.56, the CO, mass emission, is calculated from the volume portion by multiplication with the
quotient of the gas densities (CO,/dry~exhaust). The CO, gas density is given as molecular weight per
molecular vglume. These principal eqaations are used in a comparable way for the other components:
Mcoz x10.-¢co2,a
4 mC0O2,3 X med
Vmco2 X Ped 1_Pr
Pb (N.57)
Mco ¢cod
X X
4mco Kmco X Peq x 1000 1_Pr med
Ph {A.58)
M H CH
4mHC e 1000 x kCW X dmed
VoHC % Ped % wr (A.59)
1 CCW
q C = X X q d
m Peg X 1000~ Ky, T (A.60)
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The balance condition (carbon input = carbon output) results in

4
9med X Arc (CCOZd - CCOZ,a)X 10 ccod CHCw Cow

9 mf XWBET x10 = X + +

+
%1000 14 xk A %
Ped Vicoz ¥ [1 _Prj Vo X {1 _pr] mHC * Fwr rC
Pb Pb

kWF

A.61 can be converted to A.62, allowing the calculation of ¢,,.4 on the basis of the carbon balance:

A.3.]
Becd

com
resu

A.3.:

The

4+l
9mf < WBET * Ped * 'V

9 med 104
(CCOZd - cCOZ,a) X + ccod
A Vmcoz Vmco ,  CHCcw . Cow
;
1_Pr kwr * Ve kwr % Arc
Pb

p.3 Carbon balance: 1-step calculation procedure
use of the not so easy to use multi-step calculation procedure{in this paragraph two iterati

bined in one final formula for the exhaust mass flow, thus enabling a 1-step calculation prg
ts of the 1-step procedure are within + 0,2 % of the multi-step.procedure for all fuel compositi

p.3.1  Application of formulae

following 1-step formula can be used for the calculation of the wet exhaust mass flow:

weeT X wegrx 14

[MXWBET 4 waLp x0,08936 1] 1

1000

fe “12903
9 meV qmf X + WaLF X 0,08936 -1 |x|1+
Jex fe
wherfe
¢cod CHCw
= - x 0,5441+ +

fe 5 :tcoz ~ccoza) 18,522 ' 17355

The following even simpler formula can also be used:

WBET XWBET ><1,4 Ha
_ 1+ +1
9 mew 9 mf X((1,0828XWBET +.ffd><.fc)><.fc X( 1000

NOTE Equation A.65 is given as a simpler version of Equation A.63 without significant loss of precision.
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(A.61)

(A.62)

bn steps are
cedure. The
bns tested.

J+

(A.63)

(A.64)

(A.65)
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