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National foreword

This British Standard has been prepared by Technical Committee MCE/14 and is
the English language version of EN ISO 8178-1:1995 Reciprocating internal
combustion engines — Exhaust emission measurement — Part 2: Measurement of
gaseous and particulate exhaust emissions at site, published by the European
Committee for Standardization (CEN). It is identical with ISO 8178-1:1996.

EN ISO 8178-1 was produced as a result of International discussions in which the
UK took an active part.

ISO 8178 consists of the following parts, under the general title Reciprocating
internal combustion engines — Exhaust 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 conditions;

— Part 4: Test cycles for different engine applications;
— Part 5: Test fuels;

— Part 6: Test report,

— Part 7: Engine family determination;

— Part 8: Engine group determination;

— Part 9: Test bed measurement of exhaust gas smoke emissions from engines
used in non-road mobile machinery.

Cross-references

Publication referred to Corresponding British Standard

ISO 3046-1:1995 BS 5514 Reciprocating internal combustion engines:
performance
Part 1:1987 Specification for standard reference conditions
and declarations of power, fuel consumption and
lubricating oil consumption

ISO 3046-3:1989 Part 3:1990 Specification for test measurement
BS EN ISO 8178 Reciprocating internal combustion
engines — Exhaust emission measurement

ISO 8178-1:1996 Part 1:1996 Test bed measurement of gaseous and
particulate exhaust emissions

ISO 8178-4:1996 Part 4:1996 Test cycles for different engine applications

A British Standard does not purport to include all the necessary provisions of a
contract. Users of British Standards are responsible for their correct application.

Compliance with a British Standard does not of itself confer immunity
from legal obligations.

Summary of pages

This document comprises a front cover, an inside front cover, pages 1 and 11,
the EN ISO title page, pages 2 to 24, an inside back cover and a back cover.

This standard has been updated (see copyright date) and may have had
amendments incorporated. This will be indicated in the amendment table on

the inside front cover. Documents
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EUROPEAN STANDARD EN ISO 8178-2
NORME EUROPEENNE
EUROPAISCHE NORM August 1996

ICS 13.040.00; 27.020
Descriptors: Internal combustion engines, reciprocating engines, exhaust gases, tests, measurement, exhaust emissions, steady state

English version

Reciprocating internal combustion engines — Exhaust
emission measurement —
Part 2: Measurement of gaseous and particulate exhaust
emissions at site

(ISO 8178-2:1996)

Moteurs alternatifs a combustion interne — Hubkolben-Verbrennungsmotoren —
Mesurage des émissions de gaz Abgasmessung —

d’échappement — Teil 2: Messung der gasférmigen Emission und
Partie 2: Mesurage des émissions de gaz et de der Partikelemission am Einsatzort

particules sur site (ISO 8178-2:1996)

(IS0 8178-2:1996)

This European Standard was approved by CEN on 1996-02-10. CEN members
are bound to comply with the CEN/CENELEC Internal Regulations which
stipulate the conditions for giving this European Standard the status of a
national standard without any alteration.

Up-to-date lists and bibliographical references concerning such national
standards may be obtained on application to the Central Secretariat or to any
CEN member.

This European Standard exists in three official versions (English, French,
German). A version in any other language made by translation under the
responsibility of a CEN member into its own language and notified to the
Central Secretariat has the same status as the official versions.

CEN members are the national standards bodies of Austria, Belgium,
Denmark, Finland, France, Germany, Greece, Iceland, Ireland, Italy,
Luxembourg, Netherlands, Norway, Portugal, Spain, Sweden, Switzerland and
United Kingdom.

CEN

European Committee for Standardization
Comité Européen de Normalisation
Européiisches Komitee fur Normung

Central Secretariat: rue de Stassart 36, B-1050 Brussels

© 1996 Copyright reserved to CEN members
Ref. No. EDGOUMeEnts £
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EN ISO 8178-2:1996

Foreword

The text of the International Standard ISO 8178-2:1996 has been prepared by Technical Committee
ISO/TC 70, Internal combustion engines, in collaboration with Technical Committee CEN/TC 270, Internal
combustion engines, the secretariat of which is held by DIN.

This European Standard shall be given the status of a national standard, either by publication of an
identical text or by endorsement, at the latest by February 1997, and conflicting national standards shall
be withdrawn at the latest by February 1997.

According to the CEN/CENELEC Internal Regulations, the national standards organizations of the
following countries are bound to implement this European Standard: Austria, Belgium, Denmark, Finland,
France, Germany, Greece, Iceland, Ireland, Italy, Luxembourg, Netherlands, Norway, Portugal, Spain,
Sweden, Switzerland and the United Kingdom.
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1 Scope

This part of ISO 8178, together with ISO 8178-1, specifies the measurement and evaluation methods for
gaseous and particulate exhaust emission from reciprocating internal combustion engines (RIC engines)
under steady-state conditions at site, necessary for determining one weighted value for each exhaust gas

pollutant. Various combinations of engine load and speed reflect different engine applications
(see ISO 8178-4).

This part of ISO 8178 is preferably applied when RIC engines used in marine installations, generating sets,
diesel electric rail traction or similar applications must be measured at site or when it is not possible to
take the measurements under test-bed conditions or to use the test-bed measurement results.

It is inappropriate to apply this part of ISO 8178 to off-road vehicle engines powering vehicles such as, but
not limited to, agricultural tractors and harvesters, earthmoving machines, large off-highway trucks
(typically used in mining), lawn care and utility units and fork-lift trucks. Engines powering this
equipment are to be certified on the test bed. If re-checking or re-certification of these engines is required
after rebuild, they should preferably be tested outside the vehicle on a suitable load application and
measurement device such as a dynamometer or load bank.

This method can be used for determining conformity or certification of new, used or rebuilt engines at site.
Confirmation of test-bed results with respect to ISO 8178-4 can also be performed within this document.
However, allowances must be made for differences in engine operating parameters from laboratory
conditions. The engine must be operated at the same speed and torque measuring points as used for
test-bed measurement.

For engines used in machinery covered by additional requirements (e.g. occupational health and safety
regulations, regulations for powerplants) additional test conditions and special evaluation methods may
apply.

NOTE 1 This part of ISO 8178 is intended to specify special requirements for the measurement of gaseous and particulate emissions
at site. Emissions can be measured and should be primarily measured on a test bed for any engine. Measurement on the test bed is

much more accurate, repeatable and easy. Test-bed measurements using defined test cycles represent those of average and typical
use of engines. The test cycles specified in ISO 8178-4 cannot always be reproduced at site due to constraints of load.

Site measurement is necessary only when the following requirements and conditions exist.

a) When test-bed measurement for type approval is not appropriate because site conditions cannot be
duplicated.

This test is a substitution of test-bed measurement, therefore the test should be conducted using the
test cycle in ISO 8178-4.

EXAMPLES

1) when the actual fuel used at site cannot be used because of availability or environmental restriction
at test-bed location;

2) when the ambient conditions of the test bed are not representative of the site conditions because of
difference in altitude, humidity or air temperature.

In this case, this part of ISO 8178 is only applicable to those engines which can reproduce at site,
measuring points specified in ISO 8178-4, such as marine engines at sea trials, initial installation of
engines for driving generators and diesel electric locomotives.

b) When measurement at site is necessary to evaluate actual and local pollution.

This should be made under actual or simulated operating conditions. Engine operation under a test
cycle defined in ISO 8178-4 is not always possible, but the test procedure should be as close as possible
to that procedure. Therefore, values measured in this case may not be directly comparable with
test-bed results because measured values are very much dependent on test cycles.

¢) When site measurement is agreed between the parties involved.

Values obtained represent only a specific engine under specific site conditions and do not necessarily
represent average or typical values. Measured values cannot be compared with test-bed results in most
cases because measured values are very much dependent on test cycles.

d) When measurement at site is necessary to check the conformity of used or rebuilt engines to a
standard.
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If site measurement cannot reproduce exactly the same operating conditions as the test-bed conditions,
the emission values will not be identical to the values obtained on the test bed. Site measurement for
this purpose must therefore be limited to those applications which can be operated under the same test
cycles as those used for certification on a test bed.

2 Normative references

The following standards contain provisions which, through reference in this text, constitute provisions of
this part of ISO 8178. At the time of publication, the editions indicated were valid. All standards are subject
to revision, and parties to agreements based on this part of ISO 8178 are encouraged to investigate the
possibility of applying the most recent editions of the standards indicated below. Members of IEC and ISO
maintain registers of currently valid International Standards.

ISO 3046-1:1995, Reciprocating internal combustion engines — Performance — Part 1: Standard reference
conditions, declarations of power, fuel and lubricating oil consumptions, and test methods.
IS0 3046-3:1989, Reciprocating internal combustion engines — Performance — Part 3: Test measurements.

ISO 8178-1:1996, Reciprocating internal combustion engines — Exhaust emission measurement —
Part 1: Test-bed measurement of gaseous and particulate exhaust emissions.

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

ISO 8178-5:—7b), Reciprocating internal combustion engines — Exhaust emission measurement —
Part 5: Test fuels.

3 Definitions

For the purposes of this part of ISO 8178, the following definitions apply.

3.1
particulates

any material collected on a specified filter medium after diluting diesel exhaust with clean filtered air to a
temperature of less than or equal to 325 K (52 °C) as measured at a point immediately upstream of the
primary filter; this is primarily carbon, condensed hydrocarbons and sulphates and associated 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). Particulate measurement as described in
this part of ISO 8178 are conclusively proven to be effective for fuel sulfur levels up to 0,8 %.

3.2
partial-flow dilution method

the process of separating a part of the raw exhaust from total exhaust flow, then mixing in an appropriate
amount of dilution air to this sample prior to the sample filter (see ISO 8178-1:1996, 16.1.1, Figure 10 to
Figure 18)

3.3

full-flow dilution method

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

NOTE 3 Itis common in many full-flow dilution systems to dilute this fraction of pre-diluted exhaust a second time to obtain
appropriate filter sample temperatures at the particulate filter. (See ISO 8178-1:1996, 16.1.2, Figure 19.)

3.4
isokinetic sampling

the process of controlling the flow of the exhaust sample by maintaining the mean sample velocity at the
probe equal to the exhaust stream mean velocity

3.5
non isokinetic sampling

the process of controlling the flow of the exhaust sample independent of the exhaust stream velocity

D To be published.
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3.6
multiple filter method

the use of one pair of filters for each of the individual test cycle modes, modal weighting factors of the test
cycle modes being accounted for after sampling during the data evaluation phase of the test

3.7
single filter method

the use of one pair of filters for all test cycle modes, modal weighting factors being accounted for during the
particulate sampling phase of the test cycle

NOTE 4 This method dictates that close attention be given to sampling duration and flow rates.

3.8

specific emission

the mass flow rate of pollutants, preferably expressed on the basis of observed brake power

NOTE 5 Emissions are expressed in grams per kilowatt hour whenever it is possible. In those cases where it is impossible to
accurately determine power, a unique expression related to fuel energy input or normalized exhaust flow volume may be used. This
is only to be considered depending on specific agreement between the parties involved. When engines cannot be operated under test
cycles defined in ISO 8178-4 emissions may be expressed on the basis of dry standard volume of exhaust flow rate.

When emissions are based on brake power (g/kWh)

a) if the site conditions differ from the ambient conditions on which this kind of power is based, the emissions are related to the
actual power measured or calculated at site. The ambient conditions for the test shall be recorded;

b) if it is not convenient to test the engine with auxiliaries removed (see ISO 8178-1:1996, 5.3); e.g. if the engine and transmission
form a single integral unit, the engine can be tested with auxiliaries. In this case the power settings should be determined in
accordance with ISO 8178-1:1996, 5.3 and 11.5.

When emissions are based on dry standard volume of exhaust flow rate, expressed in g/m?, measured results should be corrected into
figures at a required Oy concentration.

3.9
brake power

the 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 (see 5.3 and Table B.1 of
ISO 8178-1:1996)

3.10
auxiliaries

the equipment and devices of which a list is given in Table B.1 of ISO 8178-1:1996

3.11
site conditions

conditions under which the engine under test is installed in and coupled with the actual equipment which
is driven by the engine and those under which the equipment is allowed to function normally
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