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Foreword

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

This document 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 an engine’s emissions characteristics which, through use of proper weighting
factors and test cycles, can be used as an indication of that engine’s emission levels under various
applications and for different fuels. The emission results are expressed in units of grams per kilowatt-
hour and represent the rate of emissions per unit of work accomplished.

Many of the procedures described in thls document are detalled accounts of laboratory methods, since
[TTIT ' ' X rements, rather
b process of

Evalpating emissions from non-road engines is more complicated than the same task for on-road
engipes due to the diversity of non-road applications. For example, on-road, applications primarily
congist of moving a load from one point to another on a paved roadway. The constraints qf the paved
roadways, maximum acceptable pavement loads and maximum allowabte grades of fuel, [narrow the
scople of on-road vehicle and engine sizes. Non-road engines and vehiclesinclude a wider rgnge of size,
inclyding the engines that power the equipment. Many of the enginés are large enough to greclude the
appljcation of test equipment and methods that were acceptable’for’'on-road purposes. In ¢ases where
the application of dynamometers is not possible, testing at site’or under appropriate conditions can be
a vigble alternative.
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Reciprocating internal combustion engines — Exhaust
emission measurement —

Part 1:
Test-bed measurement systems of gaseous and particulate

engissions

1
This

reciprocating internal combustion (RIC) engines on a test bed, necessary for'determining o1

valu
engi

This
engi
used

Inli
field|
that

obtained under the auspices of this document.

For ¢
regu
may

Whe
prod
ISO

2

The
cons
und{

ISO |

Scope
document specifies the measurement methods for gaseous and particulate'exhaust emi

e for each exhaust gas pollutant. Various combinations of engine lodad and speed reflg
he applications (see ISO 8178-4).

document is applicable to RIC engines for mobile, transportable and stationary us
hes for motor vehicles primarily designed for road use. This'document can be applied
, for example, for earth-moving machines, generating sets and for other applications.

mited instances, the engine can be tested on the testbed in accordance with ISO 8178
conditions. This can only occur with the agreementof the parties involved. It should be
data obtained under these circumstances may not agree completely with previous or

lations, regulations for power plantg), additional test conditions and special evaluati
apply.

re it is not possible to use a test bed or where information is required on the actua
uced by an in-service en@ihe, the site test procedures and calculation methods §
B178-2 are appropriate.

Normative references
titutes requirements of this document. For dated references, only the edition cited

b725:2, Accuracy (trueness and precision) of measurement methods and results — Part 2: B
he'determination of repeatability and reproducibility of a standard measurement method

ssions from
he weighted
ct different

e, excluding
to engines

2, to test in
recognized
future data

bngines used in machinery covered by additional requirements (e.g. occupational health and safety

bn methods

|1 emissions
pecified in

following dgcuments are referred to in the text in such a way that some or all of their content

hpplies. For

ited references, the latest edition of the referenced document (including any amendmerts) applies.

asic method

fort

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

IS0 9000, Quality management systems — Fundamentals and vocabulary

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

IEC Electropedia: available at http://www.electropedia.org/

© IS0 2017 - All rights reserved
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31
accuracy

ISO Online browsing platform: available at http://www.iso.org/obp

absolute difference between the reference quantity, yref, and the arithmetic mean of the ten y;, y values

Note 1 to entry: See the example of an accuracy calculation in Annex D.

Note 2 to entry: It is recommended that the instrument accuracy be within the specifications in Table 4.

3.2

aqueous condensation

precipitati

Note 1 to en
other consti
dilution-air

sulphur in th

3.3
atmospher,
wet, absolu

Note 1 to en
between the

the flow shall be accounted for.

3.4
auxiliaries
equipment

3.5
brake pow

n of water-containing constituents from a gas phase to a liquid phase
[ry: Aqueous condensation is a function of humidity, pressure, temperature, and concentratio
uents such as sulphuric acid. These parameters vary as a function of engine intakezair hum

humidity, engine air-to-fuel ratio, and fuel composition - including the amountcef hydrogen
e fuel.

ic pressure

fe, atmospheric static pressure

[ry: If the atmospheric pressure is measured in a duct, negligible<pressure losses shall be eng
atmosphere and the measurement location, and changes in th€duct’s static pressure resulting

hind devices listed in ISO 8178-4, Annex J.

er

ns of
dity,
and

ured
from

observed ppwer measured at the crankshaft orits equivalent, the engine being equipped only witlh the

standard au

Note 1 to enffry: See ISO 8178-4, 5.2.

3.6
calibration
process of
reference s

Note 1 to enfry: Contrastwith verification (3.57)

3.7
calibration
purified gaj

xiliaries necessary for its operation on the test bed

setting a measurement system’s response so that its output agrees with a rang
gnals

gas
mixture used to calibrate gas analysers

e of

Note 1 to entry: Calibration gases shall meet the specifications of 9.2.1. Note that calibration gases and span
gases are qualitatively the same, but differ in terms of their primary function. Various performance verification
checks for gas analysers and sample handling components might refer to either calibration gases or span gases.

3.8

certification
relating to the process of obtaining a certificate of conformity

© IS0 2017 - All rights res
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3.9

conversion efficiency of non-methane cutter

(NMC) E

efficiency of the conversion of a NMC that is used for the removal of the non-methane hydrocarbons
from the sample gas by oxidizing all hydrocarbons except methane

Note 1 to entry: Ideally, the conversion for methane is 0 % (Ecy4 = 0) and for the other hydrocarbons represented
by ethane is 100 % (Ec2ns = 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 for methane and ethane. Contrast
with penetration fraction (3.31);

e point and

ent from the

der a given

at which itis

I emission-

e considered

full flow dilution method

prodess ‘ef mixing the total exhaust flow with dilution air prior to separating a fraction of| the diluted
exhdust'stream for analysis

3.16

good engineering judgement

judgement made consistent with generally accepted scientific and engineering principles and available
relevant information

3.17

HEPA filter

high-efficiency particulate air filters that are rated to achieve a minimum initial particle-removal
efficiency of 99,97 % using ASTM F 1471-93 or equivalent standard

© IS0 2017 - All rights reserved 3
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3.18

hydrocarbon

HC
THC, NMHC

as applicable

Note 1 to entry: Hydrocarbon generally means the hydrocarbon group on which the emission standards are
based for each type of fuel and engine.

3.19

internationally traceable recognized standard
international standard which includes but is not limited to the list quoted in the following table:

Table 1 — Internationally traceable recognized standard

standard:

Internatiognally recognized

Where copies of the documents may be purchased:

American Sq
Materials (A

ciety for Testing and
STM)

American Society for Testing and Materials, 100 Barr Harbour'Dr., P.0. Box Q
West Conshohocken, PA 19428 or www.astm.com

700,

Internation|

al Organization for

Standardizdtion (1SO)

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

56,

National In
and Technol

titute of Standards
ogy (NIST)

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

rom

Society of A
ing (SAE)

itomotive Engineer-

Society of Automotive Engineers, 400 Gommonwealth Drive, Warrendalé
15096 or www.sae.org

, PA

Institute of

Petroleum

Energy Institute, 61 New Cavendish\Street, London, W1G 7AR, UK, +44 (
7467 7100 or www.energyinst.ong.tk

)20

The Nationa
of Japan (N

Metrology Institute
1)

AIST Tsukuba Headquarters,1:1-1 Umezono, Tsukuba, Ibaraki 305-8568, ]
or www.nmij.jp/english/infé,

pan

Japanese Ind

I1strial Standards (JIS)

Japanese Standards Association (JSA), 4-1-12 Akasaka, Minato-ku, 107-8
Japan or www.jsa.org.jp/default english.asp

140,

3.20
isokinetic
process of ¢
probe equa

3.21
linearity
degree to w

Note 1 to enf]
over arange

sampling

3.22

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

hich measured-values agree with respective reference values

ry: Linearity.is quantified using a linear regression of pairs of measured values and reference v
of values@expected or observed during testing.

[ the

hlues

multiple-fitter method

process of usi

Note 1 to entry: The modal weighting factors are accounted for after sampling during the data evaluation phase

of the test.

3.23
noise

two times the root-mean-square of the ten standard deviations (that is, noise = 2 xrmsy) when the
reference signal is a zero-quantity signal

Note 1 to entry: See the example of a root-mean-square calculation in Annex D. It is recommended that the
instrument noise be within the specifications in Table 4.

© ISO 2017 - All rights reserved
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3.24
non-isokinetic sampling
process of controlling the flow of the exhaust sample independently of the exhaust stream velocity

3.25

non-methane hydrocarbons

NMHC

sum of all hydrocarbon species except methane

3.26
operator demand
engifie operator s IMput to contror engine output

Note|1 to entry: The “operator” may be a person (i.e.,, manual), or a governor (i.e., automatic) that jechanically
or electronically signals an input that demands engine output. Input may be from an accelerator peflal or signal,
a thrjottle-control lever or signal, a fuel lever or signal, a speed lever or signal, or a governer setpojint or signal.
Output means engine power, P, which is the product of engine speed, n, and engine torque, T.

Note|1 to entry: Oxides of nitrogen are expressed quantitatively asff the NO is in the form of NOp,|such that an

Note|1 to entry: For an ideal gas, the partial pressure divided by the total pressure is equal to the fonstituent’s

prodess of separating a part from the total exhaust flow, then mixing it with an appropriate amount of

aterial collected on a specified filter medium after diluting exhaust with clean filtered air to a
temperature andapoint as specified in 8.1.4, primarily carbon, condensed hydrocarbons, arld sulphates

penetration fraction
PF
deviation from ideal functioning of a non-methane cutter (see conversion efficiency of non-methane
cutter (NMC) E (3.9)

Note 1 to entry: An ideal non-methane cutter would have a methane penetration factor, PFch4, of 1,000 (that
is, a methane conversion efficiency Ecps of 0), and the penetration fraction for all other hydrocarbons would
be 0,000, as represented by PFcane (that is, an ethane conversion efficiency Ecape of 1). The relationship is:
PFcya =1 - Ecn4 and PFcone = 1 - Ecane.

3.32
probe
first section of the transfer tube which transfers the sample to next component in the sampling system

© IS0 2017 - All rights reserved 5
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3.33

procedures

all aspects of engine testing, including the equipment specifications, calibrations, calculations and
other protocols and specifications needed to measure emissions, unless otherwise specified

3.34

ramped modal steady state test cycle

test cycle with a sequence of steady state engine test modes with defined speed and torque criteria at
each mode and defined speed and torque ramps between these modes

3.35

regeneratipm
event durirlg which emissions levels change while the aftertreatment performance is being restpred
by design

Note 1 to enfry: Two types of regeneration can occur: continuous regeneration (see ISO 81784, 5.5.1.2.1) and
infrequent (periodic) regeneration (see ISO 8178-4, 5.5.1.2.2);

3.36
repeatabiljty
two times the standard deviation of the ten errors, i.e. repeatability = 2(¢

Note 1 to erftry: See the example of a standard-deviation calculation in Annex D. It is recommended that the
instrument ifepeatability be within the specifications shown in Table 4.

3.37
response tjme
difference in time between the change of the component tg"be measured at the reference point] and
a system r¢sponse of 90 % of the final reading (t99) with the sampling probe being defined ag the
reference ppint, whereby the change of the measured camponent is at least 60 % full scale (FS) andl the
devices for gas switching shall be specified to perform*the gas switching in less than 0,1 second

Note 1 to ently: The system response time consists of'the delay time to the system and of the rise time of the sygtem.

3.38
rise time
difference ip time of the 10 % and 90/ Tesponse of the final reading (t9o - t10)

3.39
shared humidity measurement
humidity measurement thatis-used as the humidity for an entire test facility that has more than one
dynamometer test cell

3.40
single-filterr method
process of ysing one filter for all test cycle modes

Note 1 to e try: Modal \Amighfing factors shall be accounted for dnring the pqrfirn]nfp cnmp]ing phncp f the
test cycle by adjusting sample flow rate and/or sampling time. This method dictates that particular attention be
given to sampling duration and flow rates.

3.41

span (verb)

adjust an instrument so that it gives a proper response to a calibration standard that represents
between 75 % and 100 % of the maximum value in the instrument range or expected range of use

6 © IS0 2017 - All rights reserved
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span gas
purified gas mixture used to span gas analysers

1:2017(E)

Note 1 to entry: Span gases shall meet the specifications of 9.2.1. Note that calibration gases and span gases are
qualitatively the same, but differ in terms of their primary function. Various performance verification checks for
gas analysers and sample handling components might refer to either calibration gases or span gases.

3.43

span response
mean response, including noise, to a span gas during a 30 s time interval

3.4

speg¢ific emissions
mas$ emissions expressed in g/kWh

3.4

stand-alone
something that has no dependencies that can “stand alone”

34
ste
rela
cons

Note

3.47
stoi
relaf
rem

3.48
stor
part

3.49
test
sequ
statg

Note
more

3.50
test
dura

y-state
ing to emission tests in which engine speed and load_are held at a finite set o
tant values

1 to entry: Steady-state tests are either discrete-mode tests‘or ramped-modal tests.

chiometric
ing to the particular ratio of air and fuel such;that if the fuel were fully oxidized, there
hining fuel or oxygen

age medium
iculate filter, sample bag, or any‘other storage device used for batch sampling

(or duty) cycle
ence of test points each With a defined speed and torque to be followed by the engine u
 or transient operating conditions

1 to entry: Duty oycles are specified in ISO 8178-4, Annexes A to C. A single duty cycle may con|
test intervals;

interval
tionof time over which brake-specific emissions are determined

nominally

would be no

nder steady

sist of one or

Note 1 to entry: In cases where multiple test intervals occur over a duty cycle, the regulation may specify
additional calculations that weigh and combine results to arrive at composite values for comparison against the
applicable emission limits.

3.51

tolerance
interval in which 95 % of a set of recorded values of a certain quantity shall lie, with the remaining 5 %
of the recorded values deviating from the tolerance interval, using the specified recording frequencies
and time intervals to determine if a quantity is within the applicable tolerance
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3.52

total hydrocarbon

THC

combined mass of organic compounds measured by the specified procedure for measuring total
hydrocarbon, expressed as a hydrocarbon with a hydrogen-to-carbon mass ratio of 1,85 (Diesel), 1,93
(petrol (E10)), 2,525 (LPG), 4,0 (NG/biomethane) or 2,74 (ethanol (E85))

Note 1 to entry: (see ISO 8178-4, G.3.4.3).

3.53

transformatlon time

difference
a system r¢
reference p

Note 1 to enf
(see Figure 1

3.54
transient t

test cycle wjith a sequence of normalized speed and torque values that vary relatively quickly with

Note 1 to enffry: (see ISO 8178-4, 7.6).

3.55
updating-r]

frequency gt which the analyser provides new, current, values

3.56

variable-speed engine

engine that

3.57

verificatio
evaluation
signals to w

Note 1 to enry: Contrast with calibration-(3.6).

3.58
Zero gas
gas that yie

Note 1 to en
nitrogen.

3.59

sponse of 50 % of the fmal readmg (t50) with the sampllng probe bemg defined as
bint

).

pst cycle

ecording

is not a constant-speed engine

N
pf whether or not a measurementsystem’s outputs agree with a range of applied refer]
ithin one or more predetermined thresholds for acceptance

ds a zero respOnse in an analyser

try: This may-either be purified nitrogen, purified air, a combination of purified air and pu

nse

and
the

ry: The transformation time is used for the signal alignment of different measurement instrunjents

time

gence

ified

zerorespo

mean response, including noise, to a zero gas during a 30 s time interval
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Key

1  btep input time 5 risetime

2 response time t Time

3 transformation time Y.~“Response

4  Helay time

Figure 1 — Definitions of system response: delay time (3.10), response time (3.37),

4

4.1

To f3

(3.38)-and transformation time (3.53)

Symbols and abbreviated terms

Quantities and@nits - Number and temperature
cilitate the reading of numbers with many digits the following conventions apply in this

Che decimal sign is a comma on the line ().

EXAMPLE 1 1234,5678

rise time

document:

fthe magnitude (absolute value) of the number is less than 1, the decimal sign is precedé

bd by a zero.

EXAMPLE 2 0,5678

— An exponential number is expressed, as follows:

EXAMPLE 3 1x1012

Temperature units are given in degree centigrade (°C) by default. For calculation purposes this
document provides temperature values in Kelvin, based on a conversion value of 273,15 K= 0 °C.
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4.2 General symbols

Table 2 — General symbols

Symbol |Term Unit

aop y intercept of the regression line -

ay Slope of the regression line -

Cq CFV discharge coefficient [-] -

p Density kg/m3

d [iammeter T

E (lonversion efficiency %,\'\\

Eg Hthane efficiency ‘qu
H-test statistics n./’\ ’

u [Jynamic viscosity of exhaust gas ,\/\‘U Pa*s

v Hinematic viscosity AQ) R m2/s

Hp Highest expected water vapour concentration O\U %

m Mass ’&\J kg

Mey ’Ilotal mass of diluted exhaust <, > kg

ms Harticulate sample mass collected OQ\ mg

mpM Nlass of particulate emissions over the test cycle \\\‘ g

Msed Mass of diluted exhaust gas passing the dilution tunnel n\\) kg

n Hngine speed s{(\o min-1

p Hressure h@ kPa

Pa Absolute pressure AV\U kPa

P Hower ) \O kW

PF Henetration fraction X ~ %

Ptotal Total atmospheric pressure C)\\ kPa

qex Harticle number sample mass f‘l\w’rate kg/s

Qmaw Ihtake air mass flow rate op@}%asis kg/s

qmdew Diluted exhaust gas ma;:\f}orev rate on wet basis kg/s

Amdw Dilution air mass flog@tjw on wet basis kg/s

Amew Hxhaust gas mas;.@x\v rate on wet basis kg/s

qmf Huel mass flq\@ét{e kg/s

dmp Sample flwéxhaust gas into partial flow dilution system kg/s

qvcsy Air flo@\é m3/s

qsw mﬁﬂ‘f)w rate fed back into dilution tunnel to compensate for particle number sample|kg/s
gxtraction

qv Volume flow rate m3/s

r2 Coefficient of determination -

rd Dilution ratio -

rm Methanol response factor of the FID -

Iy Ratio of the SSV throat to inlet absolute, static pressure -

ry Ratio of the SSV throat diameter, d, to the inlet pipe inner diameter (djp) -

R molar gas constant ]J/(mol K)

Re Reynolds number -

o Standard deviation

SEE Standard error of estimate of y on x -
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Symbol |Term Unit

T Temperature °C

T Engine torque Nm

t Time S

to Time between step input and 0 % of final reading S

t10 Time between step input and 10 % of final reading S

ts0 Time between step input and 50 % of final reading S

tag Timrebetween stepmputamd-S0-96of fitat Teading 3

Tehiller Absolute chiller temperature K

Tdew Absolute dew point temperature K

|4 Volume m3

w Work kWh

X Concentration ftmol/mol
r %

y Arithmetic mean

4.3 | Symbols for fuel consumption

WH

wc

ws

WN

NOTE

hydrogen content of fuel, % mass
carbon content of fuel, % mass
sulphur content of fuel, % mass
nitrogen content of fuel, % mass
oxygen content of fuel, % mass

molar hydrogen-tosearbon ratio (H/C)
molar carbon-te-carbon ratio (C/C)
molar sulphdr-to-carbon ratio (S/C)
molar nitrogen-to-carbon ratio (N/C)

fnolar oxygen-to-carbon ratio (0/C)

The conversion between mass content and molar ratio is given in equations D.3 to D.13 o

4.4 Symbols and abbreviated terms for the chemical components

ACN

Cx
C2He
C3Hg
CH30H

CHa

Acetonitrile

Carbon x equivalent hydrocarbon
Ethane

Propane

Methanol

Methane

© IS0 2017 - All rights reserved
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co Carbon monoxide

CO2 Carbon dioxide

DNPH Dinitrophenyl hydrazine

H Atomic hydrogen

H» Molecular hydrogen

H,0 Water

HC Hydrocarbon

HCHO Formaldehyde

He Helium

\P) Molecular nitrogen

N2O Nitrous oxide

NH3 Ammonia

NMHC Non-methane hydrocarbon
NO Nitric oxide

NO2 Nitrogen dioxide

NOx Oxides of nitrogen

0y Oxygen

PM Particulate matter

PTFE Fluorocarbon

S Sulphur

SOz Sulphur dioxide

THC Total Hydrecarbons

4.5 Abbreviated.terms

ASTM American Society for Testing and Materials
CFV Critical flow venturi

CI Compression-ignition

CLD Chemiluminescent detector
CVS Constant volume sampling
deNOx NOy after-treatment system
DAF Dilution air filter

DC Damping chamber
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DPT Differential pressure transducer

DT Dilution tunnel

EDL Electrode-less discharge lamp

EFC Electronic flow compensation

EGR Exhaust gas recirculation

EP Exhaust pipe

ET Evaporation tube

FC Flow controller

FD Flow divider

FH Filter holder

FID Flame ionization detector

FL Flow meter

FM Flow measurement device

FS Full scale

FTIR Fourier transform infrared (analyser)
GC Gas chromatograph

HCLD Heated chemiluminescent detector
HE Heat exchanger

HEPA High-efficiency particulate air

HFID Heated flame.jonization detector
HSL Heated sampling line

HPLL Highspressure liquid chromatograph
IR Infrared

ISO International Organization for Standardization
LPG LCiquelied Petroleum Gas

NDIR Non-dispersive infrared (analyser)
NDUV Non-dispersive ultraviolet (analyser)
NDUV-RAS Non-dispersive ultraviolet - resonant absorption spectroscopy
NMC Non-methane cutter

oT Outlet tube

PCF Particle pre-classifier

© IS0 2017 - All rights reserved
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PDP Positive displacement pump

PF Penetration fraction

PFD Partial flow dilution

PM Particulate matter

PMD Paramagnetic detector

PN Particle number

PNC Particle number counter

PND Particle number diluter

PSP Particulate Sampling probes

PTFE Polytetrafluoroethylene (commonly known as Teflon®32)
PTS Particle transfer system

PTT Particle transfer tube

QCL Quantum cascade laser (analyser)

RIC Reciprocating internal combustion (engines)

RTD Resistive temperature detector

SAE Society of Automotive Engineers

SSv Subsonic venturi

TDL Tunable diode laser (analyser)

UFM Ultrasonic flow meter

uv Ultraviolet

\Y Valve

VPR Volatile particle remover

aTeflon® isjan example of a suitable product available commercially. This informa-
tion is giver] for the.convenience of users of this document and does not constitute
an endorset[nent by ISO of this product.

5 General measurement principles

The emission of gaseous and particulate components by the engine submitted for testing shall be
measured by the methods described in Clauses 6 to 8. These Clauses describe the engine and ambient
related measurement systems (Clause 6), the analytical systems for the gaseous emissions (Clause 7)
and the particulate sampling systems (Clause 8). The system calibration procedures are described in
Clause 9.

Test cycles and emissions calculations are not part of this document. They are included in ISO 8178-4.

Other systems or analysers may be accepted if they yield equivalent results. The determination of
system equivalency shall be based on a seven-sample pair (or larger) correlation study between the
system under consideration and one of the accepted systems of this document. “Results” refers to

14 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=c0c2ce96c1543f77a32f2bcb6ae8cd37

ISO 8178-1:2017(E)

the specific cycle weighted emissions value. The correlation testing is to be performed at the same
laboratory, test cell, and 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. The equivalency of the sample pair averages
shall be determined by F-test and t-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 this document, the determination of equivalency shall be based

upon the calculation of repeatability and reproducibility, as described in ISO 5725-2.

5.1 _Princi

ple of emission measurement

To nIxeasure the brake-specific emissions the engine shall be operated over the test eyelé

ISO

B178-4, as applicable. The measurement of brake-specific emissions requires the) deter]

the mass of pollutants in the exhaust and the corresponding engine work.

5.1.

The
follo

5.1.]

Inc

exhd
emis
cont|

5.1.

Inb
mea

| Mass of constituent

total mass of each constituent shall be determined over the applieable test cycle b
wing methods:

.1 Continuous sampling

pntinuous sampling, the constituent’s concentration issmeasured continuously from r3

ust. This concentration is multiplied by the continuous (raw or diluted) exhaust flow
sion sampling location to determine the constituent’s flow rate. The constituent’s
inuously summed over the test interval. This sum'is the total mass of the emitted const]

.2 Batch sampling

htch sampling, a sample of raw or dilute exhaust is continuously extracted and stor
surement. The extracted samplesshall be proportional to the raw or dilute exhaus

Examples of batch sampling are collecting diluted gaseous emissions in abag and collecting P

Inp
are
test
cong
the g

5.1.

Any
gase

incipal the method of emigssion calculation is done as follows: the batch sampled con
multiplied by the total mass*or mass flow (raw or dilute) from which it was extracted
cycle. This product is thejtotal mass or mass flow of the emitted constituent. To calcy
entration, the PM deposited onto a filter from proportionally extracted exhaust shall bg
mount of filtered-€xhaust.

.3 Combined sampling

ous emissions with continuous sampling).

5 defined in
mination of

y using the

w or dilute
rate at the

emission is

ituent.

ed for later
t flow rate.
M on a filter.
centrations
during the
late the PM
b divided by

combination of continuous and batch sampling is permitted (e.g. PM with batch sampling and

FigureZ2 illustrates the two aspects of the test procedures for measuring emissions: the
with the sampling lines in raw and diluted exhaust gas and the operations requested to calculate the
pollutant emissions in steady-state and transient test cycles.

equipment
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Raw gaseous or PN sampling Partial flow PM or PN sampling Full flow dilution gaseous, PM or PN sampling
I I [
[ | [ 1
| e || e || SR || o ety e
RMC cycle RMC cycle and steady-state discrete-mode cycle
For whole test: For each mode: - | |
arying —_— Varying dilution ratio
a4 T Constant dilution
Continuous gas Ave‘r age gas dilution ratio I I 1
: AMalysis gas Tatio : ) -
analysis concentration | ' : | Batch samplifig |
[ I o fIl Continuous
ilter i
+ contiuous PN per PN per per gas analysis | o I
flow Average flow test mode mode Se(.:ont.ie ry
measuremerjt | | | ‘ dllut'lon
Smale Calculation of (Option)
Calculation df Calculation of PM f{i;l ter Calculation of average gaseous Gaseous
instantaneoys average rate er test emission for or PN emissions
rate of emissipn of emission P each mode concentration PM filter
| | | | |
. PICTI PM on filter
Integration df - . - Multiplication ..
instantaneoys M:rlrtlils)?llcl)rrlé zInViot;ilal Calc.ula}tlorfl of Mleligll;g:;;gs vr\rlli(;gal of average concentration (from divided b3f'
emissions weighting factors em}llsslloil (zr weighting factors contihuous or batch sampling) ar;.llo untdo
ghting whole tes ghting with average flow litere
exhauft
Key
a A proportional or constant diluter should be applied for PN measurement (see Figure 14).
NOTE The term “Partial flow PM sampling” includes the’partial flow dilution to extract only raw exhaust

with constar

Figure 2 — Test procedures for emission mass measurement

t or varying dilution ratio.

5.2 Exhaust sampling and dilution

5.2.1 General sampling requirements

5.2.11 P

A probe is {

extractas
transported

Sample pro

robe design and construction

he first fitting in a sampling system. It protrudes into a raw or diluted exhaust stream to
mple, such that its inside and outside surfaces are in contact with the exhaust. A samjple is
out of a probe into a transfer tube.

any non-reactive materlal capable of w1thstand1ng raw exhaust temperatures Sample probes shall be
located where constituents are mixed to their mean sample concentration and where interference with
other probes is minimised. All probes should remain free from influences of boundary layers, wakes,
and eddies - especially near the outlet of a raw-exhaust tailpipe where unintended dilution might
occur. Purging or back-flushing of a probe shall not influence another probe during testing. A single
probe to extract a sample of more than one constituent may be used as long as the probe meets all the
specifications for each constituent.

5.2.1.2 Transfer tubes

Transfer tubes that transport an extracted sample from a probe to an analyser, storage medium, or
dilution system shall be minimized in length by locating analysers, storage media, and dilution systems

16
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as close to the probes as practical. The number of bends in transfer tubes shall be minimized and that
the radius of any unavoidable bend shall be maximized.

5.2.1.3 Sampling methods

For continuous and batch sampling, introduced in 5.1, the following conditions apply:

a) When extracting from a constant flow rate, the sample shall also be carried out at a constant

flow rate;

b) For batch sampling, when extracting from a varying flow rate, the sample flow rate shall be varied

c) Proportional sampling shall be validated as described in SO 8178-4, 8.2.1.

Gasgous constituents may be measured raw or diluted whereas PM and PN measuremd
dilution.

5.2.2 Gas sampling

5.2.2.1 Sampling probes

Either single-port or multi-port probes are used for samplifig) gaseous emissions. The ]

be o
tem]L‘eratures shall be controlled, as follows:

Nl proportion to the varying (low rate,

iented in any direction relative to the raw or diluted.exhaust flow. For some probes,

nts require

brobes may
the sample

a) For probes that extract NOy from diluted exhaust;\the probe’s wall temperature shall bg controlled
fo prevent aqueous condensation;

b) For probes that extract hydrocarbons fromthe diluted exhaust, the probe wall tempergture should
be controlled to approximately 191 °C t@_ minimise contamination.

5.2.2.2 Transfer tubes

Transfer tubes with inside surfaces of stainless steel, PTFE, Viton®%, or any other materjial that has

better properties for emissionsampling shall be used. A non-reactive material capable of wjithstanding

exhdust temperatures shalllbe used. In-line filters may be used if the filter and its housing meet the
samg temperature requirements as the transfer tubes, as follows:

a) For NOy transfer‘tubes upstream of either an NO2-to-NO converter that meets the specjfications of
D.4 or a chiller'that meets the specifications of 9.5.9.3 a sample temperature that prevents aqueous
rondensatientshall be maintained;

b) For THEtransfer tubes a wall temperature tolerance throughout the entire line of (191 * 11) °C

chall bé maintained. If sampled from raw exhaust, an unheated, insulated transfer t

ibe may be

ronnected directly to a probe. The length and insulation of the transfer tube shall be

designed to

Cool the nignest expected raw exnaust temperdature to no iower thdan 171 ~G, as mea

ured at the

transfer tube outlet. For dilute sampling a transition zone between the probe and transfer tube of

up to 0,92 m in length is allowed to transition the wall temperature to (191 * 11) °C.

5.2.2.3 Sample-conditioning components

5.2.2.3.1 Sample dryers

The instrument that is used for removing moisture shall meet the minimum requirements in the
following paragraph. The moisture content of 0,8 volume % H30 is used in ISO 8178-4, Formula (34).

1) Viton® is an example of a suitable product available commerecially. This information is given for the convenience

of us

ers of this document and does not constitute an endorsement by ISO of this product.

© IS0 2017 - All rights reserved
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For the highest expected water vapour concentration Hy,, the water removal technique shall maintain
CLD humidity at < 5 g water/kg dry air (or about 0,8 volume % H0), which is 100 % relative humidity
at 3,9 °C and 101,3 kPa. This humidity specification is also equivalent to about 25 % relative humidity
at 25 °C and 101,3 kPa. This may 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.

Either type of sample dryer described in this subclause to decrease the effects of water on gaseous
emission measurements may be used.

a) Ifan osmotic-membrane dryer upstream of any gaseous analyser or storage medium is used, it shall
meet the temperature spe01f1cat10ns in 5. 2 2.2. The dew p01nt Tdew, and absolute pressure Ptotals
downstrean MOTIC-MembT 3 p p 1ajl be

or theirl peak values observed durlng a test or their alarm set points. Lacking a direct measurement,
the nominal pyota] is given by the dryer’s lowest absolute pressure expected during testing.

b) Athernpal chiller upstream of a THC measurement system for compression-ignitiofi engines may not
be used. If a thermal chiller upstream of an NO-to-NO converter or in a sampling system without
an NO2tto-NO converter is used, the chiller shall meet the NO; loss-performance check specifi¢d in
9.5.9.3.|The dew point, Tqew, and absolute pressure, ptotal, downstream oféathermal chiller shall be
monitofed. The amount of water shall be calculated as specified in ISO 8178-4, Annex H.3.2 by ysing
continyously recorded values of Tgew and protal Or their peak valuesrobserved during a test or their
alarm get points. Lacking a direct measurement, the nominal p#411s given by the thermal chiller’s
lowest pbsolute pressure expected during testing. If it is valid 0 assume the degree of saturgtion
in the thermal chiller, Tqew based on the known chiller efficiency and continuous monitoring of
chiller femperature, Tchiller may be calculated. If values of Tchiller are not continuously recoided,
its peak value observed during a test, or its alarm setpeint, may be used as a constant valye to
determfine a constant amount of water according to [SO°8178-4, H.3.2. If it is valid to assume|that
Tehiller Is equal to Tgew, Tchiller may be used in liew of,Tqew according to ISO 8178-4, Annex H. If it is
valid tq assume a constant temperature offset between T¢hiller and Tgew, due to a known and fixed
amoung of sample reheat between the chillet<putlet and the temperature measurement locaftion,
this asqumed temperature offset value may be factored in into emission calculations. The valjdity
of any dssumptions allowed by this subgelause shall be shown by engineering analysis or by datja.

5.2.2.3.2 [Sample pumps

Sample purps upstream of an analyser or storage medium for any gas shall be used. Sample pymps
with inside surfaces of stainless steel, PTFE, or any other material having better properties for emigsion
sampling sHall be used. For som¢ sample pumps, temperatures shall be controlled, as follows:

a) If a NO) sample pumprapstream of either an NO2-to-NO converter that meets the specificatign of
9.4 or g chiller thabmeets the specification of 9.5.9.3 is used, it shall be heated to prevent aqupous
condenpgation;

b) If a THL sdmple pump upstream of a THC analyser or storage medium is used, its inner surflaces
shall bg heated to a tolerance of 191 + 11 °C.

5.2.2.3.3 Ammonia scrubbers

Ammonia scrubbers may be used for any or all gaseous sampling system to prevent NH3 interference,
poisoning of NO2-to-NO converter, and deposits in the sampling system or analysers. Follow the
ammonia scrubber manufacturer recommendations or use good engineering in applying ammonia
scrubbers.

5.2.2.3.4 Sample storage media

In the case of bag sampling, gas volumes shall be stored in sufficiently clean containers that minimally
off-gas or allow permeation of gases. Good engineering judgment shall be used to determine acceptable
thresholds of storage media cleanliness and permeation. To clean a container, it may be repeatedly
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purged and evacuated and may be heated. A flexible container (such as a bag) within a temperature-
controlled environment, or a temperature controlled rigid container that is initially evacuated or has
a volume that can be displaced, such as a piston and cylinder arrangement, shall be used. Containers
meeting the specifications in Table 3 shall be used.

Table 3 — Gaseous batch sampling container materials

CO, €Oy, 07, polyvinyl fluoride (PVF)b, polyvinylidene fluorideb,
CHy4,C2Hg, C3Hg, polytetrafluoroethylenec, or
NO, NO; a stainless steelc
THQ, NMHC polytetrafluoroethylend or
stainless steeld

a  Aslongas aqueous condensation in storage container is prevented.
b Dpto 40 °C.

c p to 202 °C.

d  At(191+11)°C

5.2.3 Raw sampling for gaseous emissions

The gaseous emissions sampling probes shall be fitted at least'0,5 m or three times the dianeter of the
exhdust pipe - whichever is the larger - upstream of the exit'of the exhaust gas system but|sufficiently
clos¢ to the engine so as to ensure an exhaust gas temperature of at least 70 °C at the probe

In tHe case of a multi-cylinder engine with a branched-exhaust manifold, the inlet of the prpbe shall be
located sufficiently far downstream so as to ensurethat the sample is representative of the average
exhdust emissions from all cylinders.

In mjulti-cylinder engines having distinct gtoups of manifolds, such as in a “V” engine configuration,
inst¢ad of taking a sample for the combined flow it is permissible to acquire a sample from|each group
indiyidually and combine flows and coricentrations. Methods may be chosen based on good ¢ngineering
pradtice and shall comply with either-ene of the following requirements:

a) Pimultaneous determination of both concentration and exhaust mass flow within each group. The
determination may be performed for all groups simultaneously or the test may be repeated for
pach group sequentially: The emissions shall be calculated for each group from the cojncentration
hnd exhaust mass.flow. The overall result shall be determined by mathematical combination of the
bmissions from éach group.

b) Methods that do not comply with the requirements of section a). In this case [it shall be
Hemonstrated to the satisfaction of the parties concerned that the resulting error in the engine
emissien*calculation will not exceed 2 %.

If thp composition of the exhaust gas is influenced by any exhaust aftertreatment system, the exhaust

LA TG | I A | 1 & Calocio 3
Sampre-smarroe taReCiraowirstreanor s aevice:

For engines with water injection into exhaust system for the purpose of cooling, or noise reduction,
the inlet of the probe shall be located so as to avoid ingestion of water, for example a hatted probe may
be used.

For spark-ignition engines, sampling may be done in the high-pressure side of the muffler, but as far
from the exhaust port as possible. A mixing chamber may be optionally inserted between the muffler
outlet and the sample probe. The internal volume of the mixing chamber shall be not less than 10 times
the cylinder displacement of the engine under test and should have roughly equal dimensions in height,
width and depth. The mixing chamber size should be kept as small as practicable and should be coupled
as close as possible to the engine. The exhaust line leaving the mixing chamber should extend at least
610 mm beyond the sample probe location and be of sufficient size to minimize back pressure. The
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temperature of the inner surface of the mixing chamber shall be maintained above the dew point of the

exhaust gas

es and a minimum temperature of 65 °C is recommended.

5.2.4 Dilute sampling for gaseous emissions

When a full-flow dilution system is used for the determination of the particulates, the gaseous emissions
may also be determined in the diluted exhaust gas. The sampling probes shall be close to the particulate
sampling probe (PSP) in the dilution tunnel (DT) (see 8.3.3).

For compression-ignition engines, HC and NOx shall be measured by direct sampling from the dilution
tunnel. Alternatively, if the relative temperatures (5.2.2) are met, sampling in a bag and subsequent

measureme
measureme
sampling bg

For spark-ig

nt of the concentration may be used. CO and COz may optionally be determined by\d
nt or by sampling into a bag and subsequent measurement of the concentratjoh. In

g.

nition engines and gas-fuelled engines, all components may optionally be measured dir

in the dilut
the sampli

5.2.5 Dilfition system

Dilution maly be accomplished by a full flow or partial flow dilution systém. When dilution is applie

exhaust ma
the temper
is specified
dilution sy
sampling sy
the air hum
tubing dow

on tunnel, or by sampling into a bag and subsequent measurement of the \concentrati
g bag.

be diluted with ambient air, purified air, or nitrogen. Fot’\gaseous emissions measure
hture of the diluent shall be at least 15 °C. For PM sampling the temperature of the di
in 5.2.5.3 for CVS and 5.2.5.1 for PFD with varyingidilution ratio. The flow capacity o
tem shall be large enough to completely eliminateewater condensation in the dilution
stems. De-humidifying the dilution air before entering the dilution system is permittg
idity is high. The dilution tunnel walls may be heated or insulated as well as the bulk sty
hstream of the tunnel to prevent aqueous cendensation.

b)
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luent is mixed with exhaust, it may*be preconditioned by increasing or decreasin
or humidity. Constituents may be-témoved from the diluent to reduce their backgr

removingbackground PM, the diluent shall be filtered with high-efficiency particulat
PA) filters)that have an initial minimum collection efficiency specification of 99,97 % y
M F 1471-93 or equivalent standard.

Correcting for background PM without HEPA filtration, the background PM shall
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Background correction of net PM with HEPA filtration is permitted without restriction.

background sample of dilution air and measuring gaseous or particulate pollutants therein:

iy

[t shall not be required to use proportional sampling;

2) Unheated sampling systems may be used;

The following changes to the requirements of 5.2, Clause 7 and Clause 8 are permitted for taking a

3) Continuous sampling may be used irrespective of the use of batch sampling for diluted

em
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4) Batch sampling may be used irrespective of the use of continuous sampling for diluted
emissions.

5.2.5.1 Partial-flow dilution system

The temperature of the diluents (ambient air, purified air, or nitrogen as quoted in 5.2.5) shall be
maintained between 20 °C to 52 °C in close proximity to the entrance into the dilution tunnel.

The partial flow dilution system has to be designed to extract a proportional raw exhaust sample
from the engine exhaust stream, thus responding to excursions in the exhaust stream flow rate, and
introduce dilution air to this sample to achieve a temperature at the test filter as prescribed by 8.1.4.
For this it is essential that the dilution ratio be determined such that the accuracy requjirements of
9.8.6.1 are fulfilled.

To o
cond
dilut
mea
cond

nsure that a flow is measured that corresponds to a measured concentration, eith
ensation shall be prevented between the sample probe location and the flow meter
ion tunnel or aqueous condensation shall be allowed to occur and humidity at the flow
sured. The PFD system may be heated or insulated to prevent aquedéuts condensatiol
ensation shall be prevented throughout the dilution tunnel.

er aqueous
inlet in the
meter inlet
1. Aqueous

The
exhd

minimum dilution ratio shall be within the range of 5:1 to 7:1 based on the maxin
ust mass flow rate during the test cycle or test interval.

hum engine

The residence time in the system shall be between 0,5 s and<{5 s; as measured from the point of diluent
intr¢duction to the filter holder(s).

The
stre
sam

ine exhaust
the diluted

partial-flow system shall be designed to extract @raw exhaust sample from the eng
hm, introduce dilution air into this sample and stibsequently measure the particulates in
ble. From that it is essential that the dilutionratio be determined very accurately.

Splifting of the exhaust stream and the follewing dilution process may be done by different dilution

system types. For subsequent collection of-the particulates, the entire dilute exhaust g3
portiion of the dilute exhaust gas is passed to the particulate sampling system (see Figureg
The ffirst method is referred to as total*sampling type, the second method as fractional-sar
The |calculation of the dilution ratio depends upon the type of system used. Examples of
dilution system layouts are shoiwn in Annex E.

5.2.5.2 Applicability

PFD|may be used tolextract a proportional raw exhaust sample for any batch or continu
gaselous emission.sampling over any transient duty cycle, any discrete steady-state duty
ramped-modalstéady state duty cycle.

The [system-may be used also for a previously diluted exhaust where, via a constant diluti
alreadyproportional flow is diluted (see Figure 8). This is the way of performing second
fron} £€VS tunnel to achieve the necessary overall dilution ratio for PM sampling.

s or only a
| E.1 to E.8).

hpling type.
bartial-flow

bus PM and
ycle or any

on-ratio, an
hry dilution

The particulate sampling probe shall be fitted close to and upstream of the gaseous probe a
5.2.2.1 and in accordance with Annex E.

5.2.5.3 Full-flow dilution system

s defined in

Full-flow dilution; constant-volume sampling (CVS). The full flow of raw exhaust is diluted in a dilution
tunnel. Constant flow may be maintained by maintaining the temperature and pressure at the flow
meter within the limits. For non-constant flow the flow shall be measured directly to allow for
proportional sampling. The system shall be designed as follows (see example in Figure 9):

a) A tunnel with inside surfaces of stainless steel shall be used. The entire dilution tunnel shall be
electrically grounded; thin walled and insulated if needed to reduce temperature difference
between walls and exhaust gas.
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b)

f)

g)

The exhaust system backpressure shall not be artificially lowered by the dilution air inlet system.
The static pressure at the location where raw exhaust is introduced into the tunnel shall be
maintained within * 1,2 kPa of atmospheric pressure;

To support mixing the raw exhaust shall be introduced into the tunnel by directing it downstream
along the centreline of the tunnel. A fraction of dilution air maybe introduced radially from the
tunnel’s inner surface to minimize exhaust interaction with the tunnel walls;

Diluent. For PM sampling the temperature of the diluents (ambient air, purified air, or nitrogen as
quoted in 5.2.5) shall be maintained between 20 °C to 52 °C in close proximity to the entrance into
the dilution tunnel.

The Reynolds number, Re, shall be at least 4 000 for the diluted exhaust stream, where Re iS'bpsed
on the [inside diameter of the dilution tunnel. Re is defined in 9.8.4.2 and in ISO 81784, H.8.4.
Verificgtion of adequate mixing shall be performed while traversing a sampling probe across the
tunnel’s diameter, vertically and horizontally. If the analyser response indicates any devigtion
exceeding + 2 % of the mean measured concentration, the CVS shall be operated, at a higher flow
rate or p mixing plate or orifice shall be installed to improve mixing;

Flow measurement preconditioning. The diluted exhaust may be conditioned before measuring its
flow rafe, as long as this conditioning takes place downstream of heated HC or PM sample prabes,
as follopws:

1) Flow straighteners, pulsation dampeners, or both of these maybe used;
2) A filter may be used;

3) Ahpatexchanger may be used to control the temperdature upstream of any flow meter but gteps
shdll be taken to prevent aqueous condensation;

Aqueoys condensation. To ensure that a flow-is measured that corresponds to a measpired
concenfration, either aqueous condensation shall be prevented between the sample probe locdtion
and thq flow meter inlet in the dilution tunuel or aqueous condensation shall be allowed to dccur
and humidity at the flow meter inlet méasured. The dilution tunnel walls or bulk stream tubing
downsfream of the tunnel may be heated or insulated to prevent aqueous condensation. Aqugous
condenfation shall be prevented throughout the dilution tunnel. Certain exhaust componentg can
be redyced or eliminated by the presence of moisture;

For PM samppling, the already proportional flow coming from CVS goes through secondary dilution|(one

or more) tofachieve the requested overall dilution ratio as shown in Figure 11.

h)

j)

The mipimum overall dilution ratio shall be within the range of 5:1 to 7:1 and at least 2:1 for the
primary dilution stage based on the maximum engine exhaust flow rate during the test cyc|e or
test intprval;

The ovgrallresidence time in the system shall be between 0,5 s and 5 s, as measured from the point
of dilugntiintroduction to the filter holder(s);

The residence time in the secondary dilution system, if present, shall be at least 0,5 s, as measured
from the point of secondary diluent introduction to the filter holder(s).

5.2.6 Dilute sampling for particulate emissions

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 filter is used for each of the individual modes of the test
cycle. This method allows more lenient sample procedures but uses more filters.
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The single-filter method uses one filter for all modes of the test cycle. Attention shall be paid to sampling
times and flows during the sampling phase of the test; however, only one filter will be required for the

test cycle.

5.3

Performance specifications for measurement instruments

5.3.1 Overview

The calibration of all measuring instruments shall be traceable to national (international) standards.

The
crite
8.2.
Furt
mee

5.3.]

Tabll
and

chen
anal
gase

test cycfnm as- a3 whole shall meet all the app]ir‘ah]n ra]i]’\rafinnc' vnrifir‘afinnc’ and te

ria specified in Clause 9, including the requirements of the linearity check of 9.1.4 afnid
Instruments shall meet the specifications in Table 4 for all ranges to be used

hermore, any documentation received from instrument manufacturers showing|that i
[ the specifications in Table 4 shall be kept.

. Component requirements

P 4 shows the specifications of transducers of torque, speed, and pressure, sensors of t
dew point, and other instruments. The overall system for measuring the given phys

ysers may be used, that have compensation algorithms that are functions of othe

shal

t-validation
[SO 8178-4,
for testing.
nstruments

bmperature
ical and/or

hical quantity shall meet the linearity verification in 9.1.4. For-gaseous emissions medsurements,

" measured

ous components, and of the fuel properties for the specifi¢’engine test. Any compensatiopn algorithm
only provide offset compensation without affecting any gain (that is, no bias).

Table 4 — Recommended performance specifications for measurement instruments

MeagurementInstrument | Measured|C o m p | e t e{Recording up-|Accuracyb Repeatabilityb [|Noiseb
quantity|System Rise]datefrequency
symbol time (t10<40)
and Fallltime
(t90:1p)?

Engine speed transducer|n Ls 1 Hz means |2,0% ofpt.or |1,0% ofpt.or ||0,05 % of

0,5 % of max. [0,25 % of max. max
Engine torque transducer | T 1s 1 Hzmeans |2,0% ofpt.or [1,0% ofpt.or [[0,05 % of

1,0 % of max. |0,5 % of max max
Ele¢trical work (ae-]\NV 1s 1 Hzmeans |2,0% ofpt.or [1,0% ofpt.or [[{0,05 % of
tivejpower meter) 0,5 % of max. [0,25 % of max max
Gengral pressuretrans- | p 5s 1 Hz 20%ofpt.or [1,0%ofpt.or [|0,1 % of
ducgr (not a<part of an- o o max
othdr insteXqent) 1,0 % of max. 0,50 % of max.
Atmjospheric pressure|p, 50s 5 times per|50 Pa 25 Pa 5 Pa
meter used for PM-sta- hour
bilization and balance
environments
General purpose atmos- | py 50s 5 times per|250 Pa 100 Pa 50 Pa
pheric pressure meter hour

a  The performance specifications identified in the table apply separately for rise time and fall time.

b Accuracy, repeatability, and noise are all determined with the same collected data as described in 5.3, and based on
absolute values. “pt.” refers to the overall flow-weighted mean value expected at the standard; “max.” refers to the peak
value expected at the standard over any test interval, not the maximum of the instrument’s range; “meas” refers to the
actual flow-weighted mean measured over any test interval.

¢ The procedure for accuracy, repeatability and noise measurement described in Clause 3 may be modified for flow
meters to allow noise to be measured at the lowest calibrated value instead of zero flow rate.
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Table 4 (continued)
Measurement Instrument | Measured|C o m p | e t e|Recording up-|Accuracyb Repeatability? |Noiseb
quantity|System Rise|datefrequency
symbol time (t10-90)
and Fall time
(t90-10)2

Temperature sensor for| T 50s 0,1 Hz 0,25K 0,1K 0,1K
PM-stabilization and bal-
ance environments
Other temperature sen-| T 10s 0,5 Hz 0,4 % of pt. Kor |{0,2 % of pt. Kor |0,1 % of
Sor (nota paftof another 0,2 % of max.K [0,1 % of max. K maz
instrument)
Dew point|sensor for|Tgew 50s 0,1 Hz 0,25 K 0,1K 0,02 K|
PM-stabilization and
balance envjronments
Other dew goint sensor | Tgew 50s 0,1 Hz 1K 0,5K 0,1K
Fuel flow meterc 5s 1 Hz 2,0 % of pt.or |1,09 ofpt.or |0,5 % of
(Fuel totalizer) (N/A) (N/A) 1,5 % of max. 0;75 % of max. max.
Total dilut¢d exhaust 1s 1 Hz means |2,0 % of pt. or ~,0 % of pt.or [1,0 % of
meter (CVS)F (With heat o o max.
exchanger bgfore meter) (559) (1 Hz) 1,5 % of ma%X. |0,75 % of max.
Dilution air,finlet air, ex- 1s 1 Hzmeans of | 2,5 %of pt.or [1,25 % of pt.or |[1,0 % of
haust, and dample flow 5 Hz samples 1,59 of max. 0,75 % of max. max.
meters¢
Continuous gas analyser |x 5s 1 Hz 2,0 % of pt.or |1,0% of pt.or |1,0 % of

2,0 % of meas. |1,0 % of meas max.
Batch gas anjalyser X - - 2,0%ofpt.or [1,0%ofpt.or |1,0 % of

2,0 % of meas. |1,0 % of meas max.
Gravimetric|PM balance | m¢ - = See par.8.1.5.2 (0,5 g -
a  The perfprmance specifications identified in thetable apply separately for rise time and fall time.
b Accuracy, repeatability, and noise are all{determined with the same collected data as described in 5.3, and basdd on
absolute values. “pt.” refers to the overall-flow-weighted mean value expected at the standard; “max.” refers to the peak
value expectgd at the standard over any‘test interval, not the maximum of the instrument’s range; “meas” refers t¢ the
actual flow-weighted mean measured(over any test interval.
¢ The prodedure for accuracy,rep€atability and noise measurement described in Clause 3 may be modified for [flow
meters to allgw noise to be measured at the lowest calibrated value instead of zero flow rate.
5.3.3 Dafta recording and control
The test system\shall be able to update data, record data and control systems related to operator
demand, the dynamometer, sampling equipment, and measurement instruments. Data acquisitionfand
control systestsshall-be-used-that-canrecord-atthe-specifiedminimumfrequencies-as-shown-inJtable

5 (this table does not apply to discrete mode testing).
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Table 5 — Data Recording and Control Minimum Frequencies

ISO 8178-1:2017(E)

Applicable Test Pro-

Measured Values

Minimum Command

Minimum Recording

tocol Paragraph in and Control Frequen- | Frequencyb. ¢

ISO 8178-4 cya

7.4 Speed and torque during an engine step-map 1 Hz 1 mean value per
step

7.4 Speed and torque during an engine sweep-map |5 Hz 1 Hz means

8.6.3 Transient duty cycle reference and feedback|5 Hz 1 Hz means

speeds and torques
8.6.7 Steady-stateamdramped-modatduty cycterefer-Tt Hz tHz
ence and feedback speeds and torques

8.4 Continuous concentrations of raw analysers N/A 1\Hz

8.7

8.4 Continuous concentrations of dilute analysers |N/A 1 Hz

8.7

8.4 Batch concentrations of raw or dilute analysers |[N/A 1 meah value per
test interval

8.7

7.4 Diluted exhaust flow rate from a CVS with a heat{N/A 1Hz

821 exchanger upstream of the flow measurement

7.4 Diluted exhaust flow rate from a CVS witheut a|5 Hz 1 Hz mpans

821 heat exchanger upstream of the flow measurement

7.4 Intake-aird, fueld, and raw exhaustflow rate N/A 1 Hz mpans

8.2.1

7.4 Dilution air flow if actively controlled (for example, |5 Hz 1 Hz mpans

821 a partial flow PM sampling’system)e

7.4 Sample flow from.a.€¥S with a heat exchanger |1 Hz 1 Hz

8.2.1

7.4 Sample flow.frem a CVS without a heat exchanger |5 Hz 1 Hz mpan

8.2.1

a  CFVsthatare not usingactive control are exempt from meeting this requirement due to their operating pfinciple.

b Il Hz means are datateported from the instrument at a higher frequency, but recorded as a series of 1 s nfean values at

arate of 1 Hz.

¢ For CFVs in a.CVS, the minimum recording frequency is 1 Hz. For CFVs used to control sampling from a|CFV CVS, the

minimum recording frequency is not applicable.

d fused.forinstantaneous raw exhaust flow determination

e  T'hiSis not applicable to CVS dilution air.

6 Engine and ambient related measurement equipment

6.1 Dynamometer specification

An engine dynamometer shall be used that has adequate characteristics to perform the applicable test
cycle described in ISO 8178-4 including the ability to meet the appropriate cycle validation criteria, if

applicable.

The following are examples of dynamometers that may be used:

a) Eddy-current or water-brake dynamometer;

b) Alternating-current or direct-current motoring dynamometer;

© IS0 2017 - All rights reserved
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One or more dynamometers.

6.2 Speed and torque sensors

Measurement instruments for work inputs and outputs during engine operation shall meet the
specifications in this subclause. Sensors, transducers, and meters should meet the specifications in
Table 4. Overall systems for measuring work inputs and outputs shall meet the linearity verifications

in9.1.4.

6.2.1 Shaft work

Work and g
Overall sys
and 9.1.4.

ower shall be calculated from outputs of speed and torque transducers according’to

Torque indyced by the inertia of accelerating and decelerating components connected to the flyw

such as the
engineering

6.2.2 Sped

A magnetic
combinatio
with an eqy

6.2.3 Toy

A variety ¢
engineering
connected t

When using
dynamome
the momen
perform su

Torque sha
engine and
on a lever
dynamome
in 9.9.1.

6.2.4 Eng

The work o

drive shaft and dynamometer rotor, shall be compensated for as needed, based on
judgment.

ed sensors

h with a frequency counter that rejects common-mode n0is€ should be used. Other sen
ivalent resolution may be used.

que sensors

f methods to determine engine torque may be used. As needed, and based on
judgment, torque induced by the inertia* of accelerating and decelerating compon
o the flywheel, such as the drive shaftand dynamometer rotor, shall be compensated fc

a load cell, the torque signal shall'be transferred to the engine axis and the inertia o
er shall be considered. The actudl engine torque is the torque read on the load cell
[ of inertia of the brake multiplied by the angular acceleration. The control system h
'h a calculation in real time.

| be measured either-hy mounting a strain gage or similar instrument in-line betwee
dynamometer or by, -teasuring torque by mounting a strain gage or similar instru
arm connected¢to~the dynamometer housing. Torque may be calculated from intg
er signals, such as armature current, as long as this measurement is calibrated as descy]

fine accessories

6.2.

tems for measuring speed and torque shall meet the calibration and verifications in 9.9

heel,
rood

or optical shaft-position detector with a resolution of at least 60 counts per revolution, in

SOrs

rood
ents
I.

f the
plus
1S to

h
hent

rnal
ibed

nt to

[ éngine accessories required to fuel, lubricate, or heat the engine, circulate liquid coola

the engine, or to operate atter-treatment devices shall be accounted for and they shall be installed in

accordance

with ISO 8178-4, 5.2.

6.3 Pressure transducers, temperature sensors, and dew point sensors

Overall systems for measuring pressure, temperature, and dew point shall meet the calibration in 9.10.

Pressure transducers shall be located in a temperature-controlled environment, or they shall
compensate for temperature changes over their expected operating range. Transducer materials shall
be compatible with the fluid being measured.

Temperature measurement may be done by systems such as the following:

thermistors;
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— thermocouples;
— resistive temperature detectors (RTDs).
Pressure meters may include:

a) either capacitance-type, quartz crystal, or laser-interferometer transducers for atmospheric
pressure or other precision pressure measurements;

b) either strain gage or capacitance-type pressure transducers for other applications;

c) other pressure-measurement instruments, such as manometers.

Dew| point meters may include:

a) rhilled-surface hygrometers which include chilled mirror detectors and chilled/surface acoustic
ivave (SAW) for PM-stabilization environments;

b) thin-film capacitance sensors, for other applications;

c) pther dew point sensors, such as a wet-bulb/dry-bulb psychrometer.

6.4 | Flow related measurements

For any type of flow meter, the flow shall be conditioned as needéd to prevent wakes, eddies| circulating
flowss, or flow pulsations from affecting the accuracy or repeatability of the meter. For some meters, this
may|be accomplished by using a sufficient length of straight tubing (such as a length equdl to at least
10 pipe diameters) or by using specially designed tubing bends, straightening fins, orifige plates (or
pneumatic pulsation dampeners for the fuel flow meter) to establish a steady and predictable velocity
profjle upstream of the meter.

6.4.1 Fuel flow

Overall system for measuring fuel flow~shall meet the calibration in 9.11.1. In any fuel flow m¢asurement,
fuel fhat bypasses the engine or returns from the engine to the fuel storage tank shall be acfounted for.

A fuel flow meter that measures mass directly, such as one that relies on gravimetrid or inertial
meapurement principles should be used. This may involve using a meter with one or morje scales for
weighing fuel or using a Goyiolis meter.

The [fuel flow shall be-conditioned as needed to prevent any gas bubbles in the fuel from afffecting the
fuel meter.

6.4.2 Intake)air flow

Overallsystem for measuring intake-air flow shall meet the calibration and linearity verification in
9.11]2%and 9.1.4.

The intake flow meter may include a laminar flow element, an ultrasonic flow meter, a subsonic venturi,
a thermal-mass meter, an averaging Pitot tube, or a hot-wire anemometer.

Flow conditioning shall be carried out as described in the beginning of 6.4.

6.4.3 Raw exhaust flow

The overall system for measuring raw exhaust flow shall meet the linearity requirements in 9.1.4. Any
raw-exhaust meter shall be designed to appropriately compensate for changes in the raw exhaust’s
thermodynamic, fluid, and compositional states and calibrated according to 9.11.3.
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6.4.3.1 Flow meter response time

For the purpose of controlling of a partial flow dilution system to extract a proportional raw exhaust
sample, a flow meter response time faster than indicated in Table 5 is required. For partial flow dilution
systems with online control, the flow meter response time shall meet the specifications in ISO 8178-4,

8.2.1.2.

Any direct exhaust meter shall be designed to appropriately compensate for changes in the raw exhaust’s
thermodynamic, fluid, and compositional states. The raw-exhaust flow measurement may involve using
an ultrasonic flow meter, a subsonic venturi, an averaging Pitot tube, a hot-wire anemometer, a vortex
flowmeter, or other measurement principle. This would generally not involve a laminar flow element or

a thermal-nfiass meter.

Precautiony

to the instr
engine perf

6.4.3.2 E]
This subcla

of the exha

The raw e
provisions :

a) No sampling of PM should be carried out downstream,of'the cooling.

b) If cooli
NMHC §

— cor
— 2-s
— 4-s
c) The coq

6.4.3.3 A
The measuj

a) The act]

haust may be cooled upstream of a raw-exhaust flow: meter, as long as all the folloy

ire observed:

pplication

1) MuIltiply raw exhaust flow rate with continuously sampled concentrations.

2) Multiply total raw exhaust with batch sampled concentrations.

shall be taken to avoid measurement errors which will impact on emission value er
Such precaytions include the careful installation of the device in the engine exhaust systemlaccor
ument manufacturers’ recommendations and to good engineering practice./In partic
brmance and emissions shall not be affected by the installation of the deyice:

xhaust cooling

1se applies to cooling of the exhaust gas after it leaves the enginet.It does not refer to co
st gas that may occur in normal engine operation due to the/design of the engine, includling,
but not limited to, water-cooled exhaust manifolds or turbochargers,

hpression-ignition engines
froke spark-ignition engines
troke spark-ignition engines:below 19 kW

ling shall not cause aqueous condensation.

ed raw exhatist flow may be used as follows:

ual value of calculated raw exhaust shall be used in the following cases:

rors.
ding
ular,

pling

ving

g causes exhaust temperatures above 202.2C to decrease to below 180 °C, no sampling of
hould be carried out downstream of the-cooling for:

b) In the following cases, a raw exhaust flow meter signal that does not give the actual value of
raw exhaust may be used, as long as it is linearly proportional to the exhaust flow rate’s actual
calculated value:

1) For feedback control of a proportional sampling system, such as a partial-flow dilution system.

2) For multiplying with continuously sampled gas concentrations, if the same signal is used in a
chemical-balance calculation to determine work from brake-specific fuel consumption and fuel
consumed.
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An intake-air flow meter signal may be used instead of the exhaust flow signal in the following cases, as

long as it is linearly proportional to the exhaust flow rate’s actual calculated value:

a) For feedback control of a proportional sampling system, such as a partial-flow dilution system.

b) For multiplying with continuously sampled gas concentrations, if the same signal is used in a
chemical-balance calculation to determine work from brake-specific fuel consumption and fuel
consumed.

6.4.4 Indirect exhaust flow

6.4.4.1 Air and fuel measurement method

This|involves measurement of the air flow and the fuel flow. Air flowmeters and fuél flowneters with

an afcuracy defined in addition to 5.3 shall be used. The instantaneous exhaust gas flow
sum|of time-aligned instantaneous air mass flow and fuel mass flow.

6.4.4.2 Fuel flow and carbon balance method

This| involves exhaust mass calculation from fuel consumption, fuel“composition and ¢
condentrations using the carbon balance method. The calculation(of the exhaust gas flow

acculracy, unless air- and fuel mass flow of active regeneration system are considered.

6.4.4.3 Tracer measurement method
This|involves measurement of the concentration of a tracer gas in the exhaust.

A known amount of an inert gas (e.g. pure helium) shall be injected into the exhaust g3
tracer. The gas is mixed and diluted by the exhaust gas, but shall not react in the exhau
condentration of the gas shall then be measured in the exhaust gas sample.

In orfder to ensure compléte mixing of the tracer gas, the exhaust gas sampling probe shall b

least 1 m or 30 times the€’diameter of the exhaust pipe - whichever is larger - downstream
gas Injection point, - The sampling probe may be located closer to the injection point if com

shall be the

xhaust gas
shall be in

ithout taking

ide adequate

s flow as a
5t pipe. The

elocated at
f the tracer
lete mixing
n the tracer

omes lower

background

concentration measured lmmedlately 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 (cmix) a
exhaust flow, the background concentration may be neglected.

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

t maximum

This involves exhaust mass calculation from the air flow and the air-to-fuel ratio. The calculation of the

exhaust gas flow shall be as follows:

The air flowmeter shall meet the accuracy specifications of Table 4. The CO; analyser used shall meet
the specifications of 7.3.2, and the total system shall meet the accuracy specifications for the exhaust

gas flow.
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Optionally, air-to-fuel ratio measurement equipment, such as a zirconia-type sensor, which meets the
specifications of 7.3.12 may be used for the measurement of the excess air ratio.

6.4.5 Dilution air and diluted exhaust flow meters

6.4.5.1 Application

Instantaneous diluted exhaust flow rates or total diluted exhaust flow over a test interval shall be
determined by using a diluted exhaust flow meter. Raw exhaust flow rates or total raw exhaust flow
over a test interval may be calculated from the difference between a diluted exhaust flow meter and a
dilution air

o
ITCTCT

6.4.5.2 Copmponent requirements

erall
The

[t is recomy]
system for
following m

a)

hended that the diluted exhaust flow meter meets the specifications in Table 4. The ov]
measuring diluted exhaust flow shall meet the calibration and verifications in 9.8.
eters may be used:

For cor
(CFV) a
a subsq
upstres
keeping

stant-volume sampling (CVS) of the total flow of diluted exhaust; a critical-flow venturi
r multiple critical-flow venturis arranged in parallel, a positivezdisplacement pump (HDP),
nic venturi (SSV), or an ultrasonic flow meter (UFM) may be used. Combined with an
m heat exchanger, either a CFV or a PDP will also functiomas a passive flow controllgr by
F the diluted exhaust temperature constant in a CVS system;
b) flow
rotal
may

For the
control
flow of
be cont

Partial Flow Dilution (PFD) system the combinatiorof any flow meter with any active
system to maintain proportional sampling of exh@ust constituents may be used. The
diluted exhaust, or one or more sample flows, 0r*a combination of these flow controls
rolled to maintain proportional sampling.

For any oth
a critical-fl
meter, a the

For any typ
eddies, circ
For some nj
length equg
straighteni

6.4.5.3 E
This subcla

er dilution system, a laminar flow element, an ultrasonic flow meter, a subsonic ve
rmal-mass meter, an averaging Pitof tube, or a hot-wire anemometer may be used.

e of diluted exhaust flow meter, the flow shall be conditioned as needed to prevent wj
eters, this may be accomplished by using a sufficient length of straight tubing (such

1 to at least 10 pipe diameters) or by using specially designed tubing bends, orifice plat
hg fins to establish a predictable velocity profile upstream of the meter.

xhaust cooling

1se applies,to cooling of the exhaust gas after it leaves the engine. It does not refer to co

tu
bw venturi or multiple critical-flow.venturis arranged in parallel, a positive-displacexl‘lent

ri,

1kes,

ulating flows, or flow pulsations from affecting the accuracy or repeatability of the mleter.

as a
ES Or

ling

of the exhayst gas<that may occur in normal engine operation due to the design of the engine, inclugling,

but not limi

Diluted exhlas

edto/water-cooled exhaust manifolds or turbochargers.

are observed:

a)
b)

PM shall not be sampled downstream of the cooling;

be sampled downstream of the cooling;

<)

the cooler meets the performance verification in 9.5.9.3;

d)

idions

If cooling causes exhaust temperatures above 202 °C to decrease to below 180 °C, NMHC shall not

If cooling causes aqueous condensation, NOx shall not be sampled downstream of the cooling unless

If cooling causes aqueous condensation before the flow reaches a flow meter, dew point, Tgew and

pressure protal Shall be measured at the flow meter inlet. These values shall be used in emission
calculations according ISO 8178-4, Annex H.
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6.4.6 Sample flow meter for batch sampling

A sample flow meter shall be used to determine sample flow rates or total flow sampled into a batch
sampling system over a test interval. The difference between two flow meters may be used to calculate
sample flow into a dilution tunnel e.g. for partial flow dilution PM measurement and secondary dilution
flow PM measurement or total raw exhaust flow over a test interval, e.g. by subtracting dilution air flow
from total CVS flow.

Specifications for differential flow measurement to extract a proportional raw exhaust sample is given
in 9.8.6.1 and the calibration of differential flow measurement is given in 9.8.6.2.

A-sample flow

met¢r may involve a laminar flow element, an ultrasonic flow meter, a subsonic venturi, a,d
venturi (CFV) or multiple critical-flow venturis arranged in parallel, a positive-displacem
thermal-mass meter, an averaging Pitot tube, or a hot-wire anemometer. Note that-the ovs
for measuring sample flow shall meet the linearity verification in 9.1.4. For the special case
are yised for both the diluted exhaust and sample-flow measurements and their upstrear

ritical-flow
bnt meter, a
rall system
where CFVs
h pressures

and [temperatures remain similar during testing, the flow rate of the sample-flow CFV need not be
quantified. In this special case, the sample-flow CFV inherently flow-weights the batch sanjple relative
to the diluted exhaust CFV.

Ovefall system for the sample flow meter shall meet the calibration‘in 9.11.3.

For any type of sample flow meter, the flow shall be conditioned as needed to prevent walkes, eddies,
circylating flows, or flow pulsations from affecting the accuracy or repeatability of the metdr. For some
met¢rs, this may be accomplished by using a sufficient 1éngth of straight tubing (such as a Iength equal
to at]least 10 pipe diameters) or by using specially designed tubing bends, orifice plates or straightening
fins fo establish a predictable velocity profile upstream of the meter.

7 Determination of the gaseous components

7.1 | General specifications

The
cond

analysers shall have a measuring range appropriate for the accuracy required to measure the
entrations of the exhaustgas‘components.

7.2 | Gas drying

EXh(
on tl
watg

himal effect
bf removing

ust gases may-be&measured wet or dry. A gas-drying device, if used, shall have a mij
1e compositionef the measured gases. Chemical dryers are not an acceptable method
r from thetsample.

Sample dryers shall meet the specifications in 5.2.2.3.1.

7.3

Analysers

7.3.1 General

7.3.2 to 7.3.12 define the measurement principles to be used. A detailed description of the measurement
systems is given in 7.4. The gases to be measured shall be analysed with the following instruments. For
non-linear analysers, the use of linearizing circuits is permitted.

7.3.2 Carbon monoxide (CO) and carbon dioxide (CO2) analysis

A Non-dispersive infrared (NDIR) analyser shall be used to measure CO and CO; concentrations in raw
or diluted exhaust for either batch or continuous sampling.

The NDIR-based system shall meet the calibration and verifications in 9.5.8.
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7.3.3 Oxygen (02) analysis

A paramagnetic detection (PMD) analyser shall be used to measure O3 concentration in raw or diluted

exhaust for

batch or continuous sampling.

7.3.4 Hydrocarbon (HC) analysis

7.3.4.1 General

A heated flame ionization detector (HFID) analyser shall be used to measure hydrocarbon

concentratipns - oxha oither batch or continuous sc arbon
concentratipns shall be determmed on a carbon number ba51s of one, C1. Methane and non- met hane
hydrocarbon values shall be determined as described in 7.3.5.1. Heated FID analysers shall maintain all
surfaces that are exposed to emissions at a temperature of 191 + 11 °C.

For methanol-fuelled engines, the temperature requirements of 7.3.11.3 apply. Optionally, for [gas-
fuelled engines and for the dilute testing of spark-ignition engines, the hydrocarbon'analyser may be of
the non-hegted flame ionization detector (FID) type.

7.3.4.2 FID fuel and burner air

FID fuel angl burner air shall meet the specifications of 9.2. The FID fugl and burner air shall noff mix
before entefring the FID analyser to ensure that the FID analyser operates with a diffusion flamel and
not a premiked flame.

7.3.5 Nonp-methane hydrocarbon (NMHC) analysis

7.3.5.1 Ggneral

FID analysdrs measure total hydrocarbons (THC):Fo determine non-methane hydrocarbons (NMHC),
methane, CHy, shall be quantified either with a-non-methane cutter and a FID analyser as describg¢d in
7.3.5.3, or wjith a gas chromatograph as described in 7.3.5.2. For a FID analyser used to determine N} HC,
its respons¢ factor to CHa, RFcHa4, shall be determined as described in 9.5. NMHC-related calculations
are describg¢d in ISO 8178-4, Clause 9 and*Annex H.

For engines|operated only on Diesellfuel, it is allowed to assume that 2 % of measured total hydrocarbons
is methane,|instead of measuring methane.

7.3.5.2 Gps chromatographic (GC) method

A gas chronmjatograph.away be used to measure CH4 concentrations of diluted exhaust for batch sampling.
While also |a non-methane cutter may be used to measure CHy, as described in 7.3.5.3 a refergnce
procedure based:en a gas chromatograph shall be used for comparison with any proposed alternate
measuremgnt-procedure in Annex B.

7.3.5.3 Non-methane cutter (NMC) method

A non-methane cutter may be used to measure CHg with a FID analyser. A non-methane cutter oxidizes
all non-methane hydrocarbons to CO; and H0. A non-methane cutter may be used for raw or diluted
exhaust for batch or continuous sampling.

Non-methane-cutter performance shall be determined as described in 9.5.7 and the results shall be
used to calculate NMHC emission in ISO 8178-4, Clause 9 and Annex H.

The non-methane cutter shall be configured with a bypass line for the verification described in 9.5.7.

A non-methane cutter may be optimised to maximize the penetration of CHs4 and the oxidation of all
other hydrocarbons. A sample may be humidified and a sample may be diluted with purified air or
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oxygen (02) upstream of non-methane cutter to optimize its performance. Any sample humidification
and dilution shall be accounted for in emission calculations.

7.3.6 Oxides of nitrogen (NOx) analysis

The following measurement instruments are specified for NOy measurement and either instrument may
be used provided it meets the criteria specified in 7.3.6.1 to 7.3.6.4, respectively. The chemiluminescent
detector shall be used as the reference procedure for comparison with any proposed alternate
measurement procedure in Annex B.

7.3.61+—CEB

The [CLD-based system shall meet the quench verification in 9.5.9.1. A heated or unheated CLD may be
used, and a CLD that operates at atmospheric pressure or under a vacuum may be used.

An internal or external NO2-to-NO converter that meets the verification in 9.4 shall be placgd upstream
of the CLD, while the converter shall be configured with a bypass to facilitate'this verificatipn.

A hepted CLD may be used to improve CLD response time.

7.3.6.1.1 Humidity effects

All LD temperatures shall be maintained to prevent aqueous 'condensation. To remove humidity from
a sample upstream of a CLD, one of the following configurations shall be used:

a) A CLD connected downstream of any dryer or chiller that is downstream of an NO2-to-NO converter
fhat meets the verification in 9.4;

b) KA CLD connected downstream of any dryer or; thermal chiller that meets the verificatiop in 9.5.9.3.

7.3]’).2 NDUV

A ndgn-dispersive ultraviolet (NDUV )-analyser is used to measure NOyx concentration in ray or diluted
exhdust for batch or continuous sampling.

If the NDUV analyser measun€s,only NO, an internal or external NO-to-NO converter that meets the
verification in 9.4 shall be placed upstream of the NDUV analyser. The converter shall be| configured
with a bypass to facilitaté this verification.

7.3.6.2.1 Humidity-effects

All DUV temperatures shall be maintained to prevent aqueous condensation. To remoye humidity
fron} a sample upstream of a NDUV, one of the following configurations shall be used:

a) A NDUV connected downstream of any dryer or chiller that is downstream of an| NO2-to-NO
rohverter that meets the verification in 9.4;

b) A NDUV connected downstream of any dryer or thermal chiller that meets the verification in

7.3.6.3 NDUV-RAS

Alternatively, an NDUV-RAS (non-dispersive ultraviolet - resonant absorption spectroscopy) analyser
may be used to measure oxides of nitrogen without the use of a NO2-to-NO converter. The NDUV-
RAS analyser determines NO concentrations by means of gas filter and interference filter correlation
measurements of light, emitted by a gas-filled electrode-less discharge lamp (EDL) in a very narrow
spectral range NO; concentration is determined with the same set-up by means of interference filter
correlation measurements. If the NDUV-RAS analyser measures only NO, a NO2-to-NO converter with
bypass capability shall be placed upstream of the analyser.
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In order to prevent humidity effects, either the temperature of all gas feeding parts the NDUV-RAS
analyser shall be maintained above the exhaust’s dew point, or a dryer or gas cooler shall be connected
upstream of the analyser. If the NDUV-RAS analyser is connected to a NO2-to-NO converter, the gas cooler
shall be connected between the converter and the analyser in order to avoid NO3 losses in the cooler.

7.3.6.4 Laser infrared analyser

Alaserinfrared analyser may be used for NOyx measurementin accordance with the instrument supplier’s
instructions. The NOy concentration may be determined by summing NO and NO; concentrations, since
conventional engines and aftertreatment systems do not emit significant amounts of other NOy species.
The temperature of the sample line shall be maintained to prevent water condensation

Examples df infrared laser analysers are pulsed-mode high resolution narrow band mid-infrared
analysers syich as analysers using QCL (quantum cascade laser).

7.3.7 Sulphur dioxide (SO2) analysis

7.3.7.1 Calculation

The SO enjission shall be calculated from the sulphur content of the fueltused, since experiencd has
shown thatfusing the direct measurement method for SO2 does not give more precise results:

qms02=qmf*WGAM*20 (1

where

qmso2 is 02 mass flow rate, kg/s;
qmf is fiel mass flow rate, kg/s;
wgaMm is § content of fuel, % mass.

NOTE The application of the calculation method for SO assumes a 100 % sulphur conversion and is lirhited
to engines wlithout aftertreatment systems.

7.3.7.2 Measurement

If an aftertfeatment system is-dsed, SO, shall be measured in accordance with the instructions of the
instrument|suppliers with.prior agreement of the parties involved. Condensation shall be avoided.

Sulphur diofkide analysel's shall be of the FTIR, NDIR or NDUV types.

7.3.8 Amimonia(NH3) analysis

A FTIR (Fqurier transform infrared) analyser, NDUV or laser infrared analyser may be used in
accordance with the instrument supplier’s instructions.

7.3.9 Dinitrogen oxide (N20) analysis

An FTIR analyser, an NDIR (non-dispersive infrared) analyser, laser infrared analyser or NDUV analyser
may be used in accordance with the instrument supplier’s instructions.

7.3.10 Formaldehyde (HCHO) analysis

Formaldehyde shall be determined by passing an exhaust sample, preferably from the diluted exhaust
gas, through an impinger containing an acetonitrile (ACN) solution of DNPH reagent or through a silica
cartridge coated with 2.4-DNPH. The sample collected shall be analysed by a high-pressure liquid
chromatograph (HPLC) using UV detection at 365 nm.
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Optionally, an FTIR or NDIR analyser may be used in accordance with the instrument supplier’s
instructions.

7.3.11 Methanol (CH30H) analysis

7.3.11.1 General

An FTIR 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.

7.3.11.2 Gas chromatographic (GC) method

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

7.3.11.3 HFID method

The HFID calibrated on propane shall be operated at 112 °C + 10 °C. The“methanol response|factor shall
be determined at several concentrations in the range of concentrations.in the sample, according to 9.5.10.

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

7.3.12 Air-to-fuel measurement

The pir-to-fuel measurement equipment used to determine the exhaust gas flow as specifi¢d in 6.4.4.4
shal| be a wide range air-to-fuel ratio sensor or]Jambda sensor of zirconia type.

The |sensor shall be mounted directly on thé)exhaust pipe where the exhaust gas temperagure is high
enoygh to eliminate water condensation;

The pccuracy 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.<.

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

7.4 | Measurement system

7.4.] Gemerat

7.4.2 to 7.4.6 and Figure 3 to Figure 6 contain detailed descriptions of the typical sampling and analysing
systems. Since various configurations can produce equivalent results, exact conformance with these
figures is not required. However, conformance with the basic requirements such as sampling line
heating is mandatory. Additional components such as instruments, valves, solenoids, pumps, filters 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.

7.4.2 Analytical system

An analytical system for the determination of the gaseous emissions in the raw or diluted exhaust gas
is described, based on the use of the analyzers in 7.3.
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For the raw exhaust gas (see Figure F.1 as an example), the sample for all components may be taken
with one sampling probe or with two sampling probes located in close proximity and internally split
to the different analysers. Care shall be taken that no condensation of exhaust components (including
water and sulphuric acid) occurs at any point of the analytical system.

For the diluted exhaust gas (see Figure F.2 as an example), the sample for the hydrocarbons shall be
taken with a sampling 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 shall be taken that no condensation of exhaust components (including water
and sulphuric acid) occurs at any point of the analytical system.

All compongr

respective s

ystems.

7.4.3 Ammonia analysis

Four measuy
be used pro
permitted fl

7.4.3.1 Iy

7.4.3.1.1

7.4.3.1.1.1
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7.4.3.1.1.2
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using extra
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rement principles are specified for ammonia (NH3) measurement and ejther principle
vided it meets the criteria specified in 7.4.3.1 to 7.4.3.2, respectively. Gasdryers shall n
br NH3 measurement.

-Situ measurement devices
Laser Infrared Analyser

Measurement principle

hfrared Analyser employs the single line spectroscopy principle. The NH3 absorption li
e near infrared spectral range and scanneddy a single-mode laser.

Installation

ctive sampling in accordance with'the instrument manufacturers instructions. If install

E and shall be heated to altemperature between 110 °C and 202 °C in order to minimize

'om exhaust tempefature and pressure, installation environment and vibrations orn
nt shall be minitized, or compensation techniques be used.

e, sheath air.ised in conjunction with in-situ measurement for protection of the instrun
fect the Concentration of any exhaust component measured downstream of the devic
other &xhaust components shall be made upstream of the device.

ampling artefacts. In addition, the sampling line shall be as short as practically possiblg.

the

may
bt be

ne is

r shall be installed either directlyin the exhaust pipe (in-situ) or within an analyser cabinet

bd in

cabinet, the sample path (sampling line, pre-filter(s) and valves) shall be made of staimless

NH3

the

nent,
e, or

7.4.3.1.1.3

Cross interference

The spectral resolution of the laser shall be within 0,5 cm1 in order to minimize cross interference
from other gases present in the exhaust gas.

7.4.3.2 Extractive measurement devices

7.4.3.2.1

7.4.3.2.1.1

Fourier Transform Infrared (FTIR) analyser

Measurement principle

The FTIR employs the broad waveband infrared spectroscopy principle. It allows simultaneous
measurement of exhaust components whose standardized spectra are available in the instrument.
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The absorption spectrum (intensity/wavelength) is calculated from the measured interferogram
(intensity/time) by means of the Fourier transform method.

7.4.3.2.1.2 Installation and sampling

The FTIR shall be installed in accordance with the instrument manufacturer’s instructions. The NH3
wavelength shall be selected for evaluation. The sample path (sampling line, pre-filter(s) and valves)
shall be made of stainless steel or PTFE and shall be heated a temperature between 110 °C and 202 °C
in order to minimize NH3 losses and sampling artefacts. In addition, the sampling line shall be as short
as practically possible.

7.4.3.2.1.3 Cross interference

The [spectral resolution of the NH3 wavelength shall be within 0,5 cm-1 in order.to minjmize cross
interference from other gases present in the exhaust gas.

7.4.3.2.2 NDUV

7.4.3.2.2.1 Measurement principle

The jmethod is called Non Dispersive Ultra Violet Resonance Albsorption Spectroscopy (NPUV), since
the method is based on purely physical principle, no auxiliary gases or equipment is necessary.

The main element of the photometer is an electrode-less dischrarge lamp. It produces a sharply structured
radiation in the ultraviolet range, enabling the measurement of several components such as [NH3.

The photometric system has a dual beam in time design set up to produce a measuring and|a reference
bearh by filter correlation technique.

In order to achieve a high stability of the measuring signal the dual beam in time design is combined
withl a dual beam in space design. The detector signals processing fosters an almost negligjble amount
of zdro point drift rate.

In tHe calibration mode of the analyser a sealed-off quartz cell is tilted into the beam path fo obtain an
exadt calibration value, since any-reflection and absorption losses of the cell windows are cgncelled out.
Since the gas filling of the cell\is very stable, this calibration method leads to long term stapility of the
photometer.

7.4.3.2.2.2 Installation

The pnalyser shall be installed within an analyser cabinet using extractive sampling in accofdance with
the instrument manufacturer’s instructions.

The pnalyser location shall be capable of supporting the weight specified by the manufacturer.

If ingtalled in an analyser cahinet, the sample path (sampling line, pre-filter(s) and valves) shall be made
of stainless steel or PTFE and shall be heated a temperature between 110 °C and 202 °C.

In addition, the sampling line shall be as short as possible.

Influence from exhaust temperature and pressure, installation environment and vibrations on the
measurement shall be minimized.

The gas analyser shall be protected from cold, heat, temperature variations, and strong air currents,
accumulation of dust, corrosive atmosphere and vibrations.

Adequate air circulation shall be provided to avoid heat build-up.

The complete surface shall be used to dissipate the heat losses.
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7.4.3.2.2.3 Cross sensitivity

An appropriate spectral range needs to be chosen in order to minimize cross interferences of
accompanying gases. Typical components causing cross sensitivities on the NH3 measurement are SOy,
NO2 and NO.

Additionally, further methods can be applied to reduce the cross sensitivities.
a) Usage of interference filters

b) Cross sensitivity compensation by measuring cross sensitivity components and using the
measurement signal for compensation

7.4.3.2.3 |Laser Infrared Analyser

7.4.3.2.3.1| Measurement principle

An infrared laser such as a tunable diode laser (TDL) or a quantum cascade l@ser (QCL) can emit
coherent light in the near-infrared region or in mid-infrared region respectively where nitrpgen
compounds| including NH3 have strong absorption. This laser optics can-give a pulsed-mode fhigh
resolution parrow band near-infrared or mid-infrared spectrum. Therefore, laser infrared analysers
can reduce [nterference caused by the spectral overlap of co-existing gasesin engine exhaust.

7.4.3.2.3.2 | Installation and sampling

The laser infrared analyser shall be installed in accordange ‘with the instrument manufactujer’s
instruction. The sample path (sampling line, pre-filter(s) aiid ' valves) shall be made of stainless stegel or
PTFE and shall be heated to a temperature between 110.%€ and 202 °C in order to minimize NH3 Idsses
and sampling artefacts. In addition, the sampling line shall be as short as practically possible.

7.4.3.2.3.3 | Interference verification for NH3 laser infrared analysers (Cross interference)
a) Scope dnd frequency:

If NH3 is measured using laser infrared analyser, the amount of interference shall be verified after
initial gnalyser installation and.after major maintenance.

b) Measurement principles for(intéerference verification:

Interfefence gases can pesitively interfere with certain laser infrared analyser by causing aresppnse
similar|to NH3. If the‘analyser uses compensation algorithms that utilize measurements of dther
gases tp meet thisginterference verification, simultaneously conduct these other measurements to
test thg compensation algorithms during the analyser interference verification.

Good dngineering judgment shall be used to determine interference gases for laser infrpred
analysqrid¥ote that interference species, with the exception of H0, are dependent on the [NH3
infraredabsorption band chosen by the Instrument manuiacturer. For each analyser determine the
NH3 infrared absorption band. For each NH3 infrared absorption band, good engineering judgment
shall be used to determine interference gases to use in the verification.

7.4.3.3 Emissions test procedure

7.4.3.3.1 Checking the analysers

Prior to the emissions test, the analyser range shall be selected. Emission analysers with automatic or
manual range switching shall be permitted. During the test cycle, the range of the analysers shall not be
switched.
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Zero and span response shall be determined, if the provisions of 7.4.3.3.4.2 do not apply for the
instrument. For the span response, a NH3 gas that meets the specifications of 7.4.3.4.2.7 shall be used.
The use of reference cells that contain NH3 span gas is permitted.

7.4.3.3.2 Collection of emission relevant data

At the start of the test sequence, the NH3 data collection shall be started, simultaneously. The NH3
concentration shall be measured continuously and stored with atleast 1 Hz on a computer system.

7.4.3.3.3 Operations after test

At the completion of the test, sampling shall continue until system response times“hgve elapsed.
Detdrmination of analyser’s drift in accordance with 7.4.3.3.4.1 shall only be required if-the Information
in 74.3.3.4.2 is not available.

7.4.3.3.4 Analyser drift

7.4.3.3.4.1 Drift verification

As spon as practical but no later than 30 minutes after the test cy¢le is complete or duripg the soak
peripd, the zero and span responses of the analyser shall be determined. The difference Hetween the
pre-test and post-test results shall be less than 2 % of full scalég,

7.4.3.3.4.2 Drift verification exemption
Detdrmination of analyser drift is not required in théfollowing situations:

a) [f the zero and span drift specified by the instrument manufacturer in 7.4.3.4.2.3 ang 7.4.3.4.2.4
neets the requirements of 7.4.3.3.4.1;

b) [[he time interval for zero and span-drift specified by the instrument manufactur¢r in points
7.4.3.4.2.3 and 7.4.3.4.2.4 exceeds-the' duration of the test.

7.4.3.4 Analyser specification\and verification

7.4.3.4.1 Linearity requirements

The pnalyser shall coniply with the linearity requirements specified in Table 7. The linearity|verification
in adcordance with™9.%.4 shall be performed at least at the minimum frequency set out in Table 6. With
the prior approval-of the Type Approval Authority, less than 10 reference points are perrhitted, if an
equifvalent aceuracy can be demonstrated.

For the linearity verification, a NH3 gas that meets the specifications of 7.4.3.4.2.7 shall be uged. The use
of reference cells that contain NH3 span gas shall be permitted.

Instruments, whose signals are used for compensation algorithms, shall meet the linearity requirements
specified in Table 7. Linearity verification shall be done as required by internal audit procedures, by the
instrument manufacturer or in accordance with ISO 9000 requirements.

7.4.3.4.2 Analyser specifications

The analyser shall have a measuring range and response time appropriate for the accuracy required to
measure the concentration of NH3 under transient and steady state conditions.

7.4.3.4.2.1 Minimum detection limit

The analyser shall have a minimum detection limit of < 2 pmol/mol under all conditions of testing.

© IS0 2017 - All rights reserved 39


https://standardsiso.com/api/?name=c0c2ce96c1543f77a32f2bcb6ae8cd37

ISO 8178-1:2017(E)

7.4.3.4.2.2

Accuracy

The accuracy, defined as the deviation of the analyser reading from the reference value, shall not exceed
* 3 % of the reading or + 2 umol/mol, whichever is larger.

7.4.3.4.2.3

Zero drift

The drift of the zero response and the related time interval shall be specified by the instrument
manufacturer.

7.4.3.4.2.4

Span drift

The drift o
manufactuy

7.4.3.4.2.5

The system

7.4.3.4.2.6

The rise tinpe of the analyser shall be < 5 s.

7.4.3.4.2.7
A gas mixty
NH3 and pu

The true o
concentrati

The expirat]

7.4.3.4.2.8

The interfe]

er.

System response time

response time shall be < 20 s.

Rise time

NH3 calibration gas
re with the following chemical composition shall-b&available.
rified nitrogen.

oncentration of the calibration gas shall be within +3 % of the nominal value.
bn of NH3 shall be given on a volume basis (volume per cent or pmol/mol).

ion date of the calibration gasesstated by the manufacturer shall be recorded.

Interference verificatiofiiprocedure
ence verification shall be’performed as follows:

[3 analyser shall\be started, operated, zeroed, and spanned as it would be befor
n test;

dified interference test gas shall be created by bubbling a multi component span

temperpture-shall be controlled to generate an Hz0 level at least as high as the maximum expe
during mission testing. Interference span gas concentrations shall be used at least as high a
maximpum-expected during testing;

distilléd H0 in a sealed vessel. If the sample is not passed through a dryer, the v

f the span response and the related time interval shall be specified by the instrumment

The

D

an

gas
bssel
cted
5 the

The humidified interference test gas shall be introduced into the sample system.

The water mole fraction, xy20, of the humidified interference test gas shall be measured; as close

as possible to the inlet of the analyser. For example, dew point, Tqew, and absolute pressure, piotal,
shall be measured to calculate xg20;

valves from the point where xy20 is measured to the analyser;

Time shall be allowed for the analyser response to stabilize;

arithmetic mean of this data shall be calculated;

a) The NK
emissid

b) A hum
throug

c)

d)

e)

f)

g)

40

Good engineering judgment shall be used to prevent condensation in the transfer lines, fittings, or

While the analyser measures the sample’s concentration, its output shall be recorded for 30 s. The
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h) The analyser meets the interference verification if the result of g) of this section meets the tolerance

i)

j)

7.4.4
The

7.4.5

in this subclause.

Interference procedures for individual interference gases may also run separa

tely. If the

interference gas levels used are higher than the maximum levels expected during testing, each
observed interference value may be scaled down by multiplying the observed interference by the
ratio of the maximum expected concentration value to the actual value used during this procedure.
Separate interference concentrations of H;0 (down to 0.025 mol/mol H20 content) that are lower
than the maximum levels expected during testing may be run, but the observed H;0 interference

shall be scaled up by multiplying the observed interference by the ratio of the maximu

m expected

H20 concentration value to the actual value used during this procedure. The sum of the scaled

nterference values shall meet the tolerance for combined interference as specified inj)

Analyser shall have combined interference within * 2 % of the flow-weighted mean co
pf NH3 expected at the emission limit.

. Methane analysis

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

.1 Gas chromatographic (GC) method (Figure 3)

For dletails of this method see SAE ] 1151.

Whd

n using the GC method, a small measured volume of a:sample is injected into an analyt

thropgh which it is swept by an inert carrier gas. The column separates various component

to th
dete)
anal

For
whig
NMHK
COH
one

eir boiling points so that they elute from the column at different times. Then they pas
ctor which gives an electrical signal that depends on their concentration. This is not 4
ysis technique.

[H4 an automated GC with a FID shall bewised. The exhaust gas is sampled into a sampli
h a part is taken and injected into the-GC. The sample is separated into two parts (CHs
[C/CO2/H20) on the Porapak columii. The molecular sieve column separates CH4 from|
efore passing it to the FID. A complete cycle from injection of one sample to injection
fan be made in 30 s.

Figulre 3 shows an example 6f GC assembled to routinely determine CHy.

Othe

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

ncentration

ical column
s according
s through a
continuous

hg bag from
air/CO and
the air and
of a second
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G1

[ S —— T 5

PC | |V4 L V2

:!5| : MSC
|

SLP

a  Vent.

b Sample.

¢ Span gag.
d  Airinlet

e Fuel inlgt.
Figure 3 — Flow diagram for methane analysis (GC method)

Components of Figure 3

PC — Porapak columi

Porapak N,[{180/300" um (50/80 mesh), 610 mm length x 2,16 mm inner diameter shall be used| and
conditioned fof\at least 12 h at 150 °C with carrier gas prior to initial use. The column length, column
inner diame¢terand the temperature may change according to the column material. r

MSC — molecular sieve column

Type 13X, 250/350 pm (45/60 mesh), 1220 mm length x 2,16 mm inner diameter shall be used and
conditioned for at least 12 h at 150 °C with carrier gas prior to initial use. The column length, column
inner diameter and the temperature may change according to the column material.

OV — oven

To maintain columns and valves at a stable temperature for analyser operation, and to condition the
columns at 150 °C. The temperature may change according to the column material, length and inner
diameter.

SLP — sample loop
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A sufficient length of stainless steel tubing to obtain approximately 1 cm3 volume.
P — pump

To bring the sample to the gas chromatograph.

D — dryer

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

HC — flame ionization detector (FID)

To njeasure the concentration of methane.

V1 4 sample injection valve

To inject the sample. It shall be low dead volume, gas-tight, and heatable to 1501°C
V3 —+ selector valve

To s¢lect span gas, sample or no flow.

V2,V4,V5,V6,V7, V8 — needle valves

To s¢t the flows in the system.

R1, R2, R3 — pressure regulators

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

To cpntrol the rate of air flow to the FID.

G1, ¢:2, G3 — pressure gauges

To monitor the flow of the fuel (i.e. carrier gas), the sample and the air, respectively.
F1, ¥2,F3, F4, F5 — filters

Sint¢red metal filters to-prevent grit from entering the pump or the instrument.
FL1[— flowmeter

To njeasure the;sample bypass flow rate.

7.4.4.2 Non-methane cutter (NMC) method

The cutter oxidizes all hydrocarbons except CH4 to COp and H70, so that by passing the samjple through
the NMC only CH4 is detected by the HFID. The usual HC sampling train (see 7.4.2) shall be equipped
with a flow diverter system with which the flow can be alternatively passed through or around the
cutter. During non-methane testing, both values shall be observed on the FID and recorded.

The cutter shall be optimized by adjusting its temperature to achieve the conversion efficiencies.
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— d
FL1

a —»> —

b — NMC HC—— d

c &> ——

1 HFID
Key
1 HSL
a Zero.
b Span gas.
¢ Sample.
d Vent.
Figure 4 — Flow diagram for methane analysis (NMCanethod)

Components of Figure 4

NMC — non-methane cutter
To oxidize gll hydrocarbons except methane.
HC

Heated flanpe ionization detector (HFID) to measure the HC and CH4 concentrations. The tempera
shall be kegt at (191 + 11) °C.

ture

FL1 — flowmeter

To measure|the sample bypass flow rate:

7.4.4.3 FTIR (Fourier Transform-Infrared) method

With the ag
sections wk
guidelines g

It is recom
and operat
engineering

reement of the parties involved, FTIR may be used to determine NMHC. Just as in d
ere the use ofthe FTIR has been mentioned, care shall be taken to follow manufactu
nd the Table Zrequirements for linearity verifications.

mended that SAE/Standard ]J2992 for FTIR providing detailed procedures for the s
on of-the FTIR for automotive emissions applications be used as a guide to follow
practice. The use of the FTIR is generally beneficial when running natural gas engines

ther
rer’s

etup
rood
and

dual fueled lengines especially when the ratio of CH4 to THC js greater than 50%. In this case, the uke of
the FID THC and NMC difference method can lead to larger potential NMHC measurement errors with
the errors increasing with higher CH4 to THC ratios.

The FTIR should be used to measure individual components of NMHC that are present in the exhaust
which would then be added to provide the quantity NMHC emissions. Typically, the following NMHC
components are observed: Ethane, Propane, Butane, Pentane and Ce¢ and higher hydrocarbon
components.

7.4.5 Methanol analysis

Among the methanol analysis methods described in 7.3.11, this subclause describes the gas
chromatographic (GC) method (see Figure 5).
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The exhaust sample is passed through two ice-cooled impingers placed in series containing de-ionized
water. Sampling time and flow rate should be such that a CH30H concentration of at least 1 mg/1 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. If it is not possible to perform the
analysis within 24 h, the sample should be stored in a dark cold environment of 4 °C to 10 °C until
analysis. CH30H is separated from the other components and detected with an FID. The GC is calibrated
with known amounts of CH30H standards.

T2

Fh

e ><F==
( ]
SP | HSL

D
IP @ T1

Key
1 ¢xhaust pipe or dilution tunnel

Figure 5 — Flow.diagram for methanol analysis

7.4.¢ Formaldehyde analysis

In the HPLC (High Pressure Liquid Chromatograph), a small measured volume of the samplg is injected
into|an analytical column through which it is swept by an inert liquid under pressure.|Separation,
elution and detection of the components follow the same general rules as with the GC. Like[the GC, it is
not 4 continuous analysiStechnique.

The [exhaust sample’/is passed through two ice-cooled impingers placed in series containfing an ACN
solution of DNRHreagent or through a silica cartridge coated with 2.4-DNPH. The HCHO concentration
in the collectors'should be at least 1 mg/I.

er the test.
If it [issnot possible to perform the analysis within 24 h, the sample should be stored in § dark, cold

y p y
by gradient elution (F 1gure 6) and detected w1th a UV detector at 365 nm. The HPLC is calibrated with
standards of CHO-DNPH derivatives.

© IS0 2017 - All rights reserved 45


https://standardsiso.com/api/?name=c0c2ce96c1543f77a32f2bcb6ae8cd37

ISO 8178-1:2017(E)

T2
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E ——3 CA D
(s

Key
1 exhaust pipe or dilution tunnel

Figure 6 — Flow diagram for formaldehyde analysis

Components of Figure 5 and Figure 6
SP — sampling probe

For the raw exhaust gas, a stainless steel, straight, closed-end, multi-hole probe should be used.
inside diameter shall not be greater than the inside diameter of‘the sampling line. The wall thick
of the prob¢ shall not be greater than 1 mm. There shall be;aminimum of three holes in three diffe
radial plangs sized to sample approximately the same flow, The probe shall extend across at least §
of the diamgter of the exhaust pipe. The probe shall be fitted close to the HC/CO/NO4/C0O2/0; samj
probe as defined in 5.2.3.

For the dilufed exhaust gas, the probe shall be inthe same plane of the dilution tunnel DT (see Figu
as the HC, QO/NOy/CO7 and particulate sampling probes, but sufficiently distant from other probes
the tunnel Wall to be free from the influence-ef any wakes or eddies.

HSL — heated sampling line

The tempegature of the HSL shall be between the maximum dew point of the mixture and 12
Heating of fhe HSL may be omitted, provided the sample collection system (IP) be close coupled t
SP, thereby preventing loss gf-sample due to cooling and resulting condensation in the HSL.

IP — impirger (optionalfor formaldehyde)

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

The
ness
rent
0%
bling

re 9)
and

L °C.
the

or a

CA — cartijidge collector (formaldehvyde only; optional)

To collect the formaldehyde in the sample.
B — cooling bath

To cool the impingers.

D — dryer (optional)

To remove water from the sample.

P — sampling pump

V1 — solenoid valve
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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 njonitor the temperature of the sample.

FL -+ flow meter (optional)

To measure the sample flow rate through the collection system.
FM 1~ flow measurement device

Gas meter or other flow instrumentation to measure the flow through the collection systen during the
sampling period.

8 Particulate determination
8.1 | Particulate mass

8.1.1 Particulate Sampling probes (PSP)

PM probes with a single opening at the end shall’be used. PM probes shall be oriented to fhce directly
upstream.

The PM probe may be shielded with a.hatthat conforms with the requirements in Figure 7.[In this case
the pre-classifier described in 8.1.3 shall not be used.

Figure 7 — Scheme of a sampling probe with a hat-shaped pre-classifier

8.1.2 Transfer tubes

Insulated or heated transfer tubes or a heated enclosure should be used to minimize temperature
differences between transfer tubes and exhaust constituents. Transfer tubes that are inert with respect
to PM and are electrically conductive on the inside surfaces shall be used. PM transfer tubes should be
as short as possible and made of stainless steel; any material other than stainless steel will be required
to meet the same sampling performance as stainless steel, such as electrical conductivity. The inside
surface of PM transfer tubes shall be electrically grounded.
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8.1.3 Pre-classifier

The use of a PM pre-classifier to remove large-diameter particles is permitted that is installed in the
dilution system directly before the filter holder. Only one pre-classifier is permitted. If a hat shaped
probe is used (see Figure 7), the use of a pre-classifier is prohibited. The PM pre-classifier may be either
an inertial impactor or a cyclonic separator. It shall be constructed of stainless steel. The pre-classifier
shall be rated to remove at least 50 % of PM at an aerodynamic diameter of 10 um and no more than
1 % of PM at an aerodynamic diameter of 1 pm over the range of flow rates for which it is used. The
pre-classifier outlet may be configured with a means of bypassing any PM sample filter so that the pre-
classifier flow can be stabilized before starting a test. PM sample filter shall be located within 75 cm
downstream of the pre-classifier’s exit.

8.1.4 Parfticulate sampling filters

The diluted|exhaust shall be sampled by a filter that meets the requirements of 8.1.4.1 to 8.1.4.4 dyring
the test sequence.

8.1.4.1 Fjlter specification

All filter types shall have collection efficiency of at least 99,7 %. The sample filter manufactufrer’s
measurements reflected in their product ratings may be used to show this requirement. The filter
material shall be either:

a) Fluorodarbon (PTFE) coated glass fibre; or
b) Fluorodarbon (PTFE) membrane.

If the expedted net PM mass on the filter exceeds 400 pg .on'a 46,50 mm filter, a filter with a minignum
initial colle¢tion efficiency of 98 % may be used.

8.1.4.2 Filter size

The nominal filter size shall be 46,50 mm 0,6 mm diameter (at least 37 mm stain diameter). Lgrger
diameter fiters are acceptable with prior agreement between the parties involved. Proportionplity
between filfer and stain area is recommended.

8.1.4.3 Djlution and temperature control of PM samples

PM sample$ shall be diluted“at’least once upstream of transfer tubes in case of a CVS system|and
downstream in case of PFD-system (see 8.1.2 relating to transfer tubes). Sample temperature fis to
be controll¢d to a (47 +5)°C tolerance, as measured anywhere within 200 mm upstream or 200/ mm
downstreamn of the PM¢Storage media. The PM sample is intended to be heated or cooled primarily by
dilution cor}ditions:as’specified in 5.2.5.

8.1.4.4 Fijlter face velocity

A filter face velocity shall be between 0,90 and 1,00 m/s with less than 5 % of the recorded flow values
exceeding this range. If the total PM mass exceeds 400 pg on a 46,50 mm filter, the filter face velocity
may be reduced. The face velocity shall be measured as the volumetric flow rate of the sample at the
pressure upstream of the filter and temperature of the filter face, divided by the filter’s exposed area.
The exhaust stack or CVS tunnel pressure shall be used for the upstream pressure if the pressure drop
through the PM sampler up to the filter is less than 2 kPa.

8.1.5 Weighing chamber and analytical balance specifications

The temperature of the chamber (or room) in which the particulate filters are conditioned and weighed
shall be maintained to within (22 + 1) °C during all filter conditioning and weighing. The humidity shall
be maintained to a dew point of (9,5 = 1) °C and a relative humidity of 45 % + 8 %. If the stabilization
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and weighing environments are separate, the stabilization environment shall be maintained at a
tolerance of (22 # 3) °C.

The chamber (or room) environment shall be free of any ambient contaminants (such as dust) that
would settle on the particulate filters during their stabilization. Disturbances to weighing room
specifications as outlined in 8.1.5 will be allowed if the duration of the disturbances does not exceed
30 min. The weighing room should meet the required specifications prior to personal entrance into the
weighing room.

All mass readings during a weighing session shall be verified according to 9.6.3.4.

8.1.]

Whsd
cond

a)

b)

8.1.]
A ba

The
0,51

If th
calil

PM
stan
any
shal
unus

The
The

a)

5.1 Verification of ambient conditions

n using measurement instruments that meet the specifications in 5.3 the followi
itions shall be verified:

f the stabilization and weighing environments have remained withincthe tolerances
B.1.5 for at least 60 min before weighing filters;

Atmospheric pressure shall be continuously recorded within the weighing envir
hcceptable alternative is to use a barometer that measures‘atmospheric pressure
iveighing environment, as long as it can be ensured that the.atmospheric pressure at
s always at the balance within + 100 Pa of the shared atfnospheric pressure. That mea

value shall be used to calculate the PM buoyancy correction in 9.6.3.5.

b.2  Analytical balance

flance shall be used to weigh net PM collected on sample filter media.

hicrogram recommended in Table4:

e balance uses internal calibration weights for routine spanning and linearity verifi
ration weights shall meetthe following specifications:

balance calibration -weights that are certified as international and/or national
dards-traceable within 0,1 % uncertainty shall be used. Calibration weights may be

be made sur€ that the lowest calibration weight has no greater than ten times the

balance'shall be configured for optimum settling time and stability at its location.

balance shall be installed as follows:

Dew point and ambient temperature shall be recorded. These values shall*be used tqg

the most recent atmospheric pressure shall be provided when each PM sample is w¢

minimum requirement on the balange resolution shall be equal or lower than the rep{

calibration lab thatmaintains international and/or national recognized standards-trg

ed PM-sample-medium. The calibration report shall also state the density of the weight

ng ambient

determine
specified in

nment. An
outside the
the balance
s to record
ighed. This

batability of

cations, the

recognized
certified by
ceability. It
mass of an
S.

nstalled on a vibration-isolation platform to isolate it from external noise and vibration;

b) Shielded from convective airflow with a static-dissipating draft shield that is electrically grounded.

8.1.5.3 Elimination of static electricity effects

Static electric charge shall be minimized in the balance environment, as follows:

a)
b)

The balance is electrically grounded;

Stainless steel tweezers shall be used if PM samples shall be handled manually;

c) Tweezers shall be grounded with a grounding strap, or a grounding strap shall be provided for the

operator such that the grounding strap shares a common ground with the balance;
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d) A static-electricity neutralizer shall be provided that is electrically grounded in common with the
balance to remove static charge from PM samples.

8.1.5.4 Additional 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, and shall be electrically grounded to prevent electrostatic effects.

8.2 Partielenumber

8.2.1 Sampling

Particle nuber emissions shall be measured by continuous sampling from either the raw exhausf gas,
as described in 5.2.3 for gaseous emissions, but using a pre-classifier according tg"8.1.3, and wjth a
diluter, a pdrtial flow or a full flow dilution system as described in 8.3.2 and 8.3.3.

8.2.1.1 Dijluent filtration

Diluent useld for both the primary and, where applicable, secondary<{dilution of the exhaust irf the
dilution sysftem shall be passed through filters meeting the High-Efficiency Particulate Air (HEPA) filter
requirements defined in 8.3.2 and 8.3.3. The diluent may optionally ‘be charcoal scrubbed before heing
passed to the HEPA filter to reduce and stabilize the hydrocarbon concentrations in the diluent.|It is
recommended that an additional coarse particle filter is situated before the HEPA filter and after the
charcoal scrubber, if used.

8.2.2 Corppensating for particle number sample flow - full flow dilution systems

To compengate for the mass flow extracted from the dilution system for particle number sampling the
extracted nhass flow (filtered) shall be returnéd to the dilution system. Alternatively, the total fnass

flow in the| dilution system may be mathématically corrected for the particle number sample

extracted.

sampling apd particulate mass sampling is less than 0,5 % of the total dilute exhaust gas flow iy
dilution tun

8.2.3 Cor

For partial

sampling sk

either by fe
measuring

sampling ty

shall also b

here the total mass flow extracted from the dilution system for the sum of particle nur

nel (@mdew) this correctionyor flow return, may be neglected.

hpensating for patrticle number sample flow - partial flow dilution systems

[low dilution sy;stems the mass flow extracted from the dilution system for particle nur
all be accounted for in controlling the proportionality of sampling. This shall be achi
eding the particle number sample flow back into the dilution system upstream of the
devicesor by mathematical correction as outlined in this subclause. In the case of
rpespdrtial flow dilution systems, the mass flow extracted for particle number samj
e corrected in the particulate mass calculation as outlined in 8.2.4.

flow
nber
| the

nber
bved
flow
total
pling

The instantaneous exhaust gas flow rate into the dilution system (gmp), used for controlling the
proportionality of sampling, shall be corrected according to one of the following methods:

a) In the case where the extracted particle number sample flow is discarded, Formula (25) in 9.8.6.1
shall be replaced by the following:
dmp=gmdew—gmdwtex (2)
where
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dmp is sample flow of exhaust gas into partial flow dilution system, kg/s;
Qmdew is diluted exhaust mass flow rate through the PM filter, kg/s;

qmdw is dilution air mass flow rate, kg/s;

Jex is particle number sample mass flow rate, kg/s.

The gex signal sent to the partial flow system controller shall be accurate to within 0,1 % of gmgew at all
times and should be sent with frequency of at least 1 Hz.

41 1 41 4 FEpIEA | VELDN | ] ] £] L £:..11 VRLDG B | I
b) 1T LT LAST WIICTTT LT TALIAULTU Pl LICIT TTUITITDTL SAIITPIT TIUVW IS TUully Ul pPdlItidlly um\,aI'dEd, but
hn equivalent flow is fed back to the dilution system upstream of the flow measurement device,
Formula (25) in 9.8.6.1 shall be replaced by the following:

mp=qmdew—qmdwt{ex—(sw (3)

where

dmp is sample flow of exhaust gas into partial flow dilution system, kg/s;
qmddw is diluted exhaust mass flow rate through the PM filter, Kg/s;

qmayy  is dilution air mass flow rate, kg/s;

Jex is particle number sample mass flow rate, kg/s;

qsw is mass flow rate fed back into dilution tunnel to compensate for particle number sample ex-
traction, kg/s.

The difference between gex and gsw sent to the partial flow system controller shall be accurate to within
0,1 % of gmdew at all times. The signal (orsighals) should be sent with frequency of at least 1 Hz.

8.2.4 Correction of PM measurement

When a particle number samplerlow is extracted from a total sampling partial flow dilutfion system,
the mass of particulates (mpy) calculated in ISO 8178-4, 9.2.4.1 shall be corrected as followf to account
for the flow extracted. This ‘correction is required even where filtered extracted flow is f¢d back into
the partial flow dilutien’Systems.

PM,corr=MpM*sed/(Msed—Mex) 4)

whete

mpM|cory 1S mass of particulates corrected for extraction of particle number sample flow, g/test;

mpm is mass of particulates determined according to ISO 8178-4, 9.2.4.1, g/test;
Msed is total mass of diluted exhaust gas passing through the dilution tunnel, kg;
Mex is total mass of diluted exhaust gas extracted from the dilution tunnel for particle number

sampling, kg.

Other mathematical treatments of the sample flow apportionment strategy within the control system
of the partial flow sampling systems are acceptable as long as they provide equivalent results specific
to brake specific particulate matter (PM) and particle number (PN).
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8.2.5 Proportionality of partial flow dilution sampling

For particle number measurement, exhaust mass flow rate, determined according to any of the methods
described in ISO 8178-4, Clause 9 is used for controlling the partial flow dilution system to take a sample
proportional to the exhaust mass flow rate. The quality of proportionality shall be checked by applying
aregression analysis between sample and exhaust flow in accordance with ISO 8178-4, 8.2.1.2.

8.3 Particulate dilution sampling system equipment

8.3.1 General

Figure 8, Fi|
dilution an

conformang
solenoids, [
functions o
on certain s

bure 9, Annex E and Figure E.1 to Figure E.8 contain detailed descriptions of the custer
1 sampling systems. Since various configurations can produce equivalent results; ¢

hary
xact

e with these figures is not required. Additional components such as instruments, vallves,

umps and switches may be used to provide additional information and-ceordinatg

the

the component systems. Other components, which are not needed to majntain the accufracy

ystems, may be excluded if their exclusion is based upon good engineering judgment.

8.3.2 Parjtial flow dilution system
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ystem is described based upon the dilution of a part of the exhaust stream. Splitting o
bam and the following dilution process may be done by different dilution system types|

f the
. For

collection of the particulates, the entire diluted exhaust'gas or only a portion of the diluted

is passed to the particulate sampling system (Figure\10). The first method is referre
ipling type, the second method as fractional-sampling type. The calculation of the dily
(s upon the type of system used. The following thiree types of systems should be used:

tic systems
ntrol systems with concentration measurement
ntrol systems with flow measuremeént.

rolled system with flow measurément is described in Figure 8. Examples of other sys{
bd in Annex E.

stem, a sample is taken from the bulk exhaust stream by setting the dilution air flow

the total d

il
Accurate caﬁjibration of the flow.meters relative to one another is required, since the relative magnitude

of the two
control is v
and varying

ted exhaust flow. The dilution ratio is determined from the difference of the two flow r

flow rates can-ead to significant errors at higher dilution ratios (of 15 and above).
ery straightforward and is maintained by keeping the diluted exhaust flow rate cong
the dilutiom-air flow rate, if needed.

d to
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FC2
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DAF FM1 T ]
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| A

DT

qmew

HERES
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a Exhaust.

b Dptional to P (PSS).

c Particulate sampling system, see Figure 10.
d  Dilution air.

Figure 8 ~Partial-flow dilution system

Raw]exhaust gas is transferred from-the exhaust pipe EP to the dilution tunnel DT through the sampling
prole SP and the transfer tube-IT> The total flow through the tunnel is adjusted with the floy controller
FC3Jand the sampling pump P-of the particulate sampling system (Figure 10). The dilution air flow is
contirolled by the flow controller FC2, which may use gmew Or gmaw and gms as command sighals, for the
desifed exhaust split. The sample flow into DT is the difference between the total flow and fthe dilution
air flow. The dilution-air flow rate is measured with the flow measurement device FM1 ahd the total
flow] rate with the'flow measurement device FM3 of the particulate sampling system (see|Figure 10).
The dilution ratigiis calculated from these two flow rates.

Comlponents.of Figure 8

EP —+exhaust pipe

The exhaust pipe may be insulated. To reduce the thermal inertia of the exhaust pipe, the thickness-
to-diameter ratio should be 0,015 or less. 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.

SP — sampling probe

Sizing the inside diameter of PM probes to approximate isokinetic sampling at the expected mean flow
rate is recommended. The probe shall be an open tube facing upstream and preferably on the exhaust
pipe centreline and may have a hat-shaped pre-classifier according to 8.1.1 and 8.1.3.

TT — transfer tube

The transfer tube shall meet the criteria as specified in 5.2.1.2 and 8.1.2.
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FC2 — flow controller

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 CO2 or NOy

differential

When using

signals.

a pressurized air supply, FC2 directly controls the air flow.

FM1 — flow measurement device

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,

DAF — dilu

The dilutio
(HEPA) filtg

DT — dilut

The dilution tunnel

shall bg
flow co

shall bd

may be
heating
in the d

— may be

The engine
the mixing
tunnel with
orifice may

8.3.3 Ful

For subseq
particulate

tion air filter

\ air (ambient air, purified air, or nitrogen) shall be filtered with a high-efficiency PN

=

ion tunnel

hditions;
constructed of stainless steel;

heated to no greater than 52 °C wall temperature by direct heating or by dilution air
, provided the air temperature does not exceed 52 °C prior to the introduction of the exh
ilution tunnel;

insulated.

exhaust shall be thoroughly mixed-with the dilution air. For fractional-sampling syst
quality shall be checked after intreduction into service by means of a CO; profile o
the engine running (at least four’equally spaced measuring points). If necessary, a mi
be used.

|-flow dilution system

ient collection of 'the particulates, a sample of the dilute exhaust gas is passed tg
sampling system(see Figure 10 and Figure 11). If this is done directly, it is referred {

single dilut
as double d

dilution. Although partly a dilution system, the double-dilution system is described as a modificati

on. If the samiple is diluted once more in the secondary dilution tunnel, it is referrg
lution. This-is useful if the filter face temperature requirement cannot be met with s

1 air

of asufficientlength to cause complete mixing of the exhaust and'dilution air under turbylent

pre-
aust

ems,
" the
Xing

the
o as
d to
ngle
bn of

a particulate sampling system in Figure 11, since it shares most of the parts with a typical particiilate

sampling system.
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Figure 9 — Eull-flow dilution system

total amount of raw exhaust gas)is mixed in the dilution tunnel (DT) with the dilution air. The

ed exhaust gas flow rate is measured either with a positive displacement pump (PDP) or with a

hay be used
ermination
io.

et or after-
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sections shall be limited to a length-to-diameter ratio of 12 or less.

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 °C 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 50 °C.

CFV

— critical flow venturi
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CFV measures total diluted exhaust flow by maintaining the flow at choked conditions (critical flow).
Static exhaust backpressure measured with the CFV system operating shall remain within + 1,5 kPa
of the static pressure measured without connection to the CFV at identical engine speed and load. The
gas mixture temperature immediately ahead of the CFV shall be within + 11 °C of the average operating
temperature observed during the test, when no flow compensation is used.

SSV — subsonic venturi

SSV measures total diluted exhaust flow by using the gas flow of a subsonic venturi as a function of
inlet pressure and temperature and pressure drop between venturi inlet and throat. Static exhaust
backpressure measured with the SSv system operatlng shall remain W1th1n + 1,5 kPa of the static
pressure mga [ pDTC 3

temperaturg 1mmed1ately ahead of the SSV shall be w1th1n + 11 °C ofthe average operatmg temperature
observed diiring the test, when no flow compensation is used.

HE — heatexchanger (optional, if EFC is used)

The heat ekchanger shall be of sufficient capacity to maintain the temperature within the limits
required above.

EFC — eledtronic flow compensation (optional, if HE is used)

If the tempprature at the inlet to either the PDP or CFV is not kept within the limits stated aboye, a
flow compensation system is required for continuous measurement-0f the flow rate and control of the
proportional sampling in the particulate system. For that purpose; the continuously measured [flow
rate signalg are used accordingly to correct the sample flow rate'through the particulate filters of the
particulate sampling system (see Figure 10 and Figure 11).

DT — dilutfion tunnel
The dilution tunnel

— shall b¢ small enough in diameter to cause.turbulent flow (Reynolds Number greater than 4000)
and of gufficient length to cause completésmixing of the exhaust and dilution air - a mixing oififice
may belused;

— shall bg at least 75 mm in diameter;
— may belinsulated.

The engine|exhaust shall be difected downstream at the point where it is introduced into the dilytion
tunnel, and|thoroughly mjxed!

When using single dilution, a sample from the dilution tunnel is transferred to the particulate sampling
system (Figure 10)&The flow capacity of the PDP or CFV shall be sufficient to maintain the diluted
exhaust at § temperature between 42 °C and 52 °C immediately before the particulate filter.

When using double dilution, a sample from the dilution tunnel is transferred to the secondary dilytion
tunnel where it is further diluted, and then passed through the sampling filters (Figure 11). The flow
capacity of 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 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 42 °C and 52 °C immediately before the particulate filter.

DAF — dilution air filter

The dilution air (ambient air, purified air, or nitrogen) shall be filtered with a high-efficiency PM air
(HEPA) filter.

PSP — particulate sampling probe
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The probe is the leading section of PTT and

shall be 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 8.3.2, 8.3.3 and
Annex E), approximately 10 tunnel diameters downstream of the point where the exhaust enters
the dilution tunnel;

should have an inside diameter to approximate isokinetic sampling at the expected mean flow rate;

may be heated to no greater than 52 °C wall temperature by direct heating or by dilution air pre-

heating, provided the air temperature does not exceed 52 °C prior to the introduction of the exhaust

8.3.4
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kionally some dilution features, like a dilution airs@pply and a secondary dilution tunn
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may be insulated.

l Particulate sampling system

particulate sampling system is required for collecting the particulates-on the particul
rase of total sampling partial-flow dilution, which consists of passing the entire dilu
ble through the filters, the dilution (see Figure E.4) and sampling systéms usually form
In the case of fractional sampling partial-flow dilution or full-flow dilution, which

ate filter. In

ed exhaust
an integral
consists of

ing through the filters only a portion of the diluted exhaust, the dilution (Figures 8, 9,
3 and E.5 to E.8) and sampling systems usually form different units. In this document,
ion system (Figure 11) of a full-flow dilution system i§ considered to be a specific 1
typical particulate sampling system as shown in Figiire 10. The double-dilution syst
mportant parts of the particulate sampling systent; like filter holders and sampling]

der to avoid any impact on the control loops;the sample pump should be running thr
blete test procedure. For the single-filter_method, a bypass system shall be used for
ble through the sampling filters at the desired times. Interference of the switching pi
ontrol loops shall be minimized.

Key

a

From dilution tunnel DT (see Figures 9 and E.1 to E.8).

Figure 10 — Particulate sampling system
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A sample of the diluted exhaust gas is taken from the dilution tunnel DT of a partial-flow or full-flow
dilution system through the particulate sampling probe PSP and the particulate transfer tube PTT by
means of the sampling pump P. The sample is passed through the filter holder(s) FH that contain the
particulate sampling filters. The sample flow rate is controlled by the flow controller FC3. If electronic
flow compensation EFC (see Figure 9) is used, the diluted exhaust gas flow is used as command signal

for FC3.

Vent.
Dilution

Figure

A sample o
system thr

secondary dlilution tunnel SDT, where it is diluted once;more. The sample is then passed throug}

filter holde
constant w
compensati
for FC3.

Componen
PSP — par

The particy
transfer tuk

The probe

shall bg
(see 8.3
enters

From dilution tunnel DT (see Figure 9).
Optional.

air
11 — Secondary dilution and particulate sampling system (full-flow system only]

[ the diluted exhaust gas is transferred from the @ilution tunnel DT of a full-flow dily
bugh the particulate sampling probe PSP and‘the particulate transfer tube PTT tg

"(s) FH that contain the particulate sampling filters. The dilution air flow rate is usy
hereas the sample flow rate is controlled by the flow controller FC3. If electronic

s of Figure 10 and Figure 11

[iculate sampling probe

e PTT.

installed facing upstream at a point where the dilution air and exhaust gas are well m
.2 and8:3.3), approximately 10 tunnel diameters downstream of the point where the exh
hediltition tunnel;
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pn EFC (see Figure 9) is used, the total diluted exhaust gas flow is used as command signal

late sampling probé, not shown in the figures, is the leading section of the particilate
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ate;

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

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

may be
PTT — par

The transfe

insulated.
ticulate transfer tube

r tube shall meet the criteria as specified in 5.2.1.2 and 8.1.2.

SDT — secondary dilution tunnel (Figure 11 only)
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The secondary dilution tunnel should have a minimum diameter of 75 mm, and should be of sufficient
length 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 52 °C wall temperature by direct heating or by dilution air
pre-heating, provided the air temperature does not exceed 52 °C prior to the introduction of the
exhaust into the dilution tunnel;

— may be insulated.

FH + filter holder
The filter holder

— Fbhallhave a 12,5° (from centre) divergent cone angle to a stainless-steel transijtion from the transfer-
ine inside diameter to the exposed diameter of the filter face to minimize turbulent deposition and
Lo deposit PM evenly on a filter

— may be heated to no greater than 52 °C wall temperature by direct heating or by [dilution air
pre-heating, provided the air temperature does not exceed 52 2C prior to the introdufction of the
exhaust into the dilution tunnel;

— may be insulated;
P —[sampling pump

The particulate sampling pump shall be located sufficiently distant from the tunnel so that the inlet gas
temperature is maintained constant (* 3 °C), if flow:correction by FC3 is not used.

DP + dilution air pump (Figure 11 only)

The dilution air pump shall be located so'that the secondary dilution air is supplied at a temjperature of
25°C+5°C.

FC3 [— flow controller
A flgw controller shall be used’to compensate the particulate sample flow rate for temperature and

bacKpressure variations in the sample path, if no other means are available. The flow dontroller is
required if electronic flowcompensation EFC (see Figure 9) is used.

FM3 — flow measurement device

The [gas meter \or flow instrumentation for the particulate sample flow shall be located |sufficiently
distant from.the sampling pump P so that the inlet gas temperature remains constant (x 3 °C), if flow
corrgctipirby FC3 is not used.

FM4{ —flow measurement device (Figure 11 only)

The gas meter or flow instrumentation for the dilution air flow shall be located so that the inlet gas
temperature is maintained constant (= 3 °C).

BV — ball valve (optional)

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

NOTE If the ambient temperature in the vicinity of PSP, PTT, SDT and FH is below 20 °C, precautions should

be taken to avoid particle losses on to the cool wall of these parts. Therefore, heating and/or insulating these
parts within the limits given in the respective descriptions is recommended.
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At high engine loads, the above parts may be cooled by a non-aggressive means such as a circulating

fan, as long

as the temperature of the cooling medium is not below 15 °C.

8.4 Particle number measurement equipment

8.4.1 Particle number measurement system

8.4.1.1 System overview

The particle sampling system shall consist of a probe or sampling point extracting a sample from a

homogenoul
remover (V
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inlet of the
that shown
of partial fl
particle nuy
of the pre-c
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All parts of]
are in cont
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The particl
avoidance d
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sly mixed flow in a dilution system as described in 8.3.2 and 8.3.3, a volatile pai
PR) upstream of a particle number counter (PNC) and suitable transfer tubing.

ticle

hended that a particle size pre-classifier (e.g. cyclone, impactor, etc.) be located prior t¢ the

VPR. However, a sample probe acting as an appropriate size-classificationdevice, sud
in Figure 7, is an acceptable alternative to the use of a particle size pre-classifier. In the
pw dilution systems it is acceptable to use the same pre-classifier for particulate masg
hber sampling, extracting the particle number sample from the dilution system downsti
assifier. Alternatively, separate pre-classifiers may be used, extracting the particle nuy
0 the dilution system upstream of the particulate mass pre-classifier.

eneral requirements

sampling point shall be located within a dilution systém or may optionally be located i1
Pam.

h as
case
and
eam
nber

1 the

g probe tip or particle sampling point and pasticle transfer tube (PTT) together com
transfer system (PTS). The PTS conducts-the sample from the dilution tunnel or fro
khaust stream to the entrance of the particle number measurement device.

b1l include devices for sample dilution-and for volatile particle removal.

the dilution system and the sampling system from the exhaust pipe up to the PNC, w
act with raw and diluted exhaust gas, shall be designed to minimize deposition o
1 parts shall be made of electrically conductive materials that do not react with exhaus
5, and shall be electrically,grounded to prevent electrostatic effects.

e sampling systent-shall incorporate good aerosol sampling practice that includeg
f sharp bends and abrupt changes in cross-paragraph, the use of smooth internal surf

phimisation of<the length of the sampling line. Gradual changes in the cross-section
permissiblg.

84.13 S

The particl
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Sample shall not pass through a pump before passing through the PNC.

rise
the

hich
- the
L gas

the
aces
are

A sample pre-classifier is recommended.

8.4.1.3.1

The sample preconditioning unit shall:

Be capable of diluting the sample in one or more stages to achieve a particle number concentration

below the upper threshold of the single particle count mode of the PNC and a gas temperature below
35 °C at the inlet to the PNC;

<400 °C, and dilutes by a factor of at least 10;

60

Include an initial heated dilution stage which outputs a sample at a temperature of = 150 °C and
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ISO 8178-

Control heated stages to constant nominal operating temperatures, within the range

1:2017(E)

specified in

this subclause, to a tolerance of + 10 °C. Provide an indication of whether or not heated stages are at

their correct operating temperatures;

Achieve a particle concentration reduction factor (fr(d;)), as defined in 9.7.2 below, for

particles of

30 nm and 50 nm electrical mobility diameters, that is no more than 30 % and 20 % respectively
higher, and no more than 5 % lower than that for particles of 100 nm electrical mobility diameter

for the VPR as a whole;

Also achieve > 99,0 % vaporisation of 30 nm tetracontane (CH3(CHz2)3gCH3) particl
inlet concentration of = 10 000 cm-3, by means of heating and reduction of partial pres

es, with an
sures of the

etracomntane.

Dperate under full flow operating conditions;

Have a counting accuracy of + 10 % across the range 1 cm3 to the upper threshold g
particle count mode of the PNC against a traceable standard. At cohcentrations belo
measurements averaged over extended sampling periods may bBe)required to demg
hccuracy of the PNC with a high degree of statistical confidence;

Have a readability of at least 0,1 particle cm-3 at concentratiohs below 100 cm-3;

Have a linear response to particle concentrations over the full measurement range in si
rount mode;

Have a data reporting frequency equal to or greater than 0,5 Hz;
Have a tgg response time over the measuredi¢oncentration range of less than 5 s;

ncorporate a coincidence correction function up to a maximum 10 % correction, and m
pf an internal calibration factor as determined in 9.7.1, but shall not make use of any othg
Lo correct for or define the countihgefficiency;

Have counting efficiencies_at particle sizes of 23 nm (* 1 nm) and 41 nm (* 1 nnf
mobility diameter of 50 %~(£ 12 %) and > 90 % respectively. These counting efficien
hchieved by internal (for example; control of instrument design) or external (for examp
Classification) means;

e PNC makes use®fa working liquid, it shall be replaced at the frequency specified by the

sure and/or temperature at inlet to the PNC shall be measured and reported for the
bcting’particle concentration measurements to standard conditions.

f the single
w 100 cm-3
nstrate the

gle particle

iy make use
r algorithm

) electrical
Cies may be
le; size pre-

instrument

re they are'not held at a known constant level at the point at which PNC flow rate is conptrolled, the

burposes of

um-ofthe residence time of the DTQ’ VPR and OT p]nc the fr)C response time aofthe PN(

shall be no

greater than 20 s.

The transformation time of the entire particle number sampling system (PTS, VPR, OT and PNC) shall
be determined by aerosol switching directly at the inlet of the PTS. The aerosol switching shall be done
in less than 0,1 s. The aerosol used for the test shall cause a concentration change of at least 60 % full
scale (FS).

The concentration trace shall be recorded. For time alignment of the particle number concentration
and exhaust flow signals, the transformation time is defined as the time from the change (to) until the
response is 50 % of the final reading (¢s0).
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8.4.1.4 Typical system description

The following subclause contains the typical practice for measurement of particle number. However,
any system meeting the performance specifications in 8.4.1.2 and 8.4.1.3 is acceptable.

Figures 12 to 14 are schematic drawings of the typical particle sampling system configures for partial
flow dilution, full flow dilution and raw sampling systems respectively.

| 3
¢ 2 [P]
4 5a
Key
1 excess air 4 _ from engine exhaust
2 filtered gir 5.~ make-up air
3 cyclone a  Alternatively, the control software might account for the

flow removed by the PN system

Figyre 12 — Schematic of typical particle sampling system - Partial flow sampling
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Key

1 ¢xcess air 5->LEPA

2 filtered air 6 HEPA

3 ¢yclone 7  flow direction

4  3ct. carbon 8 from engine exhaust

Figure 13 — Schematicof typical particle sampling system - Full flow sampling
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excess a
filtered
cyclone
from en

BN W N

optional

8.4.1.4.1

The particlg
exhaust or

particle ren
VPR shall iy
evaporatior

hir

bine exhaust

Figure 14 — Schematic of typical particle'sampling system — Raw sampling

Sampling system description

sampling system shall consist of a sampling probe tip or particle sampling point in the
lilution system, a particletransfer tube (PTT), a particle pre-classifier (PCF) and a vol
hover (VPR) upstream ¢f the particle number concentration measurement (PNC) unit,
clude devices for sample dilution (particle number diluters: PND 1 and PND 2) and par
(Evaporation tubé,ET).

The sampling probe or safmpling point for the test gas flow shall be so arranged within the raw exh

or dilution
mixture. Th
greater tha

fract that a_répresentative sample gas flow is taken from a homogeneous diluent/exh
e sum ofthee residence time of the system plus the t9g response time of the PNC shall b
n 20 s.

8.4.1.4.2

raw
atile

The
ticle

aust
aust
e no

Particle transfer system

8.4.1.4.2.1

Raw sampling

The dimension of the particle sampling probe should be sized not to interfere with the operation of the
partial flow dilution system.

The PTS shall be as short as possible and a temperature of 191°C + 11 °C shall be maintained.

The particulate number counting system may include a primary dilution stage, such as, but not limited
to, a rotating disc diluter, in order to maintain the temperature within the limits specified by the
manufacturer of the device.
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8.4.1.4.2.2 Diluted particle sampling

In the case of full flow dilution systems and partial flow dilution systems of the fractional sampling
type (as described in 8.3.2 and 8.3.3) the sampling probe shall be installed near the tunnel centre line,
10 to 20 tunnel diameters downstream of the gas inlet, facing upstream into the tunnel gas flow with
its axis at the tip parallel to that of the dilution tunnel. The sampling probe shall be positioned within
the dilution tract so that the sample is taken from a homogeneous diluent/exhaust mixture.

In the case of partial flow dilution systems of the total sampling type (as described in 8.3.2) the
particle sampling point or sampling probe shall be located in the particulate transfer tube, upstream
of the particulate filter holder, flow measurement device and any sample/bypass bifurcation point. The
sampling point or sampling probe shall be positioned so that the sample IS taken from a higmogeneous
dilu¢nt/exhaust mixture. The dimensions of the particle sampling probe should be sizedmot|to interfere
with the operation of the partial flow dilution system.

Sample gas drawn through the PTS shall meet the following conditions:
— [n the case of full flow dilution systems, it shall have a flow Reynolds number (Re) of < 1700;

— [n the case of partial flow dilution systems, it shall have a flow Reynolds number (Re) ¢f < 1 700 in
the PTT i.e. downstream of the sampling probe or point;

— [tshall have a residence time in the PTS of < 3 s.

Anyjother sampling configuration for the PTS for which equivalent particle penetration at 3P nm can be
dempnstrated will be considered acceptable.

The putlet tube (OT) conducting the diluted sample from the VPR to the inlet of the PNC shall have the
following properties:

— [t shall have an internal diameter of = 4 mm;
— Pample Gas flow through the OT shall have a residence time of < 0,8 s.

Any |other sampling configuration forthe OT for which equivalent particle penetration at 3Q nm can be
dempnstrated will be considered acceptable.

8.4.1.4.3 Particle pre-classifier

A palrticle pre-classifieristecommended and if used, it shall be located upstream of the VER. The pre-
clasgifier 50 % cut point'particle diameter shall be between 2,5 pm and 10 pm at the volumetric flow
rate|selected for sampling particle number emissions. The pre-classifier shall allow at lepst 99 % of
the nass concentration of 1 pm particles entering the pre-classifier to pass through the exif of the pre-
clasgifier at thetvolumetric flow rate selected for sampling particle number emissions. In|the case of
partial flow-dilution systems, it is acceptable to use the same pre-classifier for particulate mass and
particlenutmber sampling, extracting the particle number sample from the dilution system downstream
of the(pre-classifier. Alternatively, separate pre-classifiers may be used, extracting the partjcle number
sam =

8.4.1.4.4 Volatile particle remover (VPR)

The VPR shall comprise one particle number diluter (PND 1), an evaporation tube and a second diluter
(PND 2) in series. This dilution function is to reduce the number concentration of the sample entering
the particle concentration measurement unit to less than the upper threshold of the single particle count
mode of the PNC and to suppress nucleation within the sample. The VPR shall provide an indication of
whether or not PND 1 and the evaporation tube are at their correct operating temperatures.

The VPR shall achieve > 99,0 % vaporisation of 30 nm tetracontane (CH3(CH2)38CH3) particles, with
an inlet concentration of = 10 000 cm-3, by means of heating and reduction of partial pressures of the
tetracontane. It shall also achieve a particle concentration reduction factor (f;) for particles of 30 nm and
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50 nm electrical mobility diameters, that is no more than 30 % and 20 % respectively higher, and no more
than 5 % lower than that for particles of 100 nm electrical mobility diameter for the VPR as a whole.

8.4.1.4.5 First particle number dilution device (PND 1)

The first particle number dilution device shall be specifically designed to dilute particle number
concentration and operate at a (wall) temperature of 150 °C to 400 °C. The wall temperature set point
should be held at a constant nominal operating temperature, within this range, to a tolerance of + 10 °C
and not exceed the wall temperature of the ET (8.4.1.4.6). The diluter should be supplied with HEPA
filtered dilution air and be capable of a dilution factor of 10 to 200 times.

8.4.1.4.6 [Evaporation Tube (ET)

at of
iting

The entire length of the ET shall be controlled to a wall temperature greater than or equal to th|
the first pafticle number dilution device and the wall temperature held at a fixed nominal operz
temperature between 300 °C and 400 °C, to a tolerance of + 10 °C.

8.4.1.4.7 [Second particle number dilution device (PND 2)

1 be
thin
and
pper

PND 2 shall be specifically designed to dilute particle number concentration. The diluter sha
supplied with HEPA filtered dilution air and be capable of maintaining,a ‘single dilution factor w
a range of 10 to 30 times. The dilution factor of PND 2 shall be selected in the range between 10
15 such thdt particle number concentration downstream of the second diluter is less than the u

threshold
PNCis < 35

8.4.1.4.8
The PNC sh

9 (alibry
9.1 Calib

9.1.1 Inti

This subcla
for specific

Calibration

If a calibra
of the syst
recommend

the single particle count mode of the PNC and the gas temperature prior to entry tq
°C.

Particle number counter (PNC)

hll meet the requirements of 8.4.1.3.2.

ation and verification
ration and performance.checks

roduction

ise describes reguired calibrations and verifications of measurement systems. See Clay
itions that apply)to individual instruments.

5 or verifications shall be generally performed over the complete measurement chain.

ion er.verification for a portion of a measurement system is not specified, that pof
em”shall be calibrated and its performance verified at a frequency consistent with
afions from the measurement system manufacturer and consistent with good engine

the

o

tion
any

ring

judgment.

Internationally recognized-traceable standards shall be used to meet the tolerances specified for
calibrations and verifications.

9.1.2 Summary of calibration and verification

Table 6 summarizes the calibrations and verifications described in Clause 9 and indicates when these
have to be performed.

66

© IS0 2017 - All rights res

erved


https://standardsiso.com/api/?name=c0c2ce96c1543f77a32f2bcb6ae8cd37

ISO 8178-

Table 6 — Summary of Required Calibration and Verifications

1:2017(E)

Type of calibration or verification

Minimum frequency?

9.1.3: accuracy, repeatability and noise

Accuracy: Not required, but advised for initial installation.
Repeatability: Not required, but advised for initial installation.

Noise: Not required, but advised for initial installation.

9.1.4: linearity verification

Speed: Upon initial installation, within 370 days before testing and

after major maintenance.

Torque: Upon initial installation, within 370 days before testing

oo e THo e o et

Intake-air, dilution air, diluted exhaust flows and b4
flow rates: Upon initial installation, within 370-days b
and after major maintenance, unless flow is‘verified
check or by carbon or oxygen balance.

Raw exhaust flow: Upon initial installation, within 181
testing and after major maintenance, unless flow is
propane check or by carbon or oxygen balance.

Gas dividers: Upon initial installation, within 370
testing, and after major mdintenance.

Gas analysers (unless/otherwise noted): Upon initial
within 35 days before testing and after major maintg

FTIR analyser: Upon initial installation, within 370
testing and after major maintenance.

PM balance:Upon initial installation, within 370 days b|
and aftér*major maintenance.

Stand-alone pressure, temperature, and dew point:
installation, within 370 days before testing and after
ténance.

tch sampler
pfore testing
by propane

days before
verified by

days before
installation,
nance.

days before

efore testing

Upon initial
major main-

9.1.5
and
anal
othe

: Continuous gas analyser system response
updating-recording verification - for'gas
ysers not continuously compensated for
I gas species

Upon initial installation or after system modification that would

affect response.

9.1.6
and
anall

: Continuous gas analyser system response
updating-recording verification - for gas
ysers continuously comipensated for other

Upon initial installation or after system modification that would

affect response.

gas gpecies

9.9.1: torque Upon initial installation and after major maintenancg.
9.10f pressure;temperature, dew point Upon initial installation and after major maintenancg.
9.11}1: fuel flow Upon initial installation and after major maintenancg.
9.11}2: intake flow Upon initial installation and after major maintenanc¢.
9.1113:«exhanst flow Hprm initial installation and after major maintenance.

9.8: diluted exhaust flow (CVS and PFD)

Upon initial installation and after major maintenance.

9.8.5: CVS/PFD and batch sampler verificationb

Upon initial installation, within 35 days before testing, and after
major maintenance. (Propane check)

9.8.5.8: Sample Dryer verification

For thermal chillers: upon installation and after major maintenance.
For osmotic membranes; upon installation, within 35 days of testing
and after major maintenance

a

b

Perform calibrations and verifications more frequently, according to measurement system manufacturer instructions
and good engineering judgment.

The CVS verification is not required for systems that agree within + 2% based on a chemical balance of carbon or
oxygen of the intake air, fuel, and diluted exhaust.
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Table 6 (continued)

Type of calibration or verification

Minimum frequency?

9.3: vacuum

leak

Before each laboratory testing: upon installation of the sampling
system, within 8 hours before the start of the first test interval

of each duty cycle sequence, after maintenance such as pre-f
changes (according to 5.1)

ilter

9.5.8.1: CO2 NDIR H»O0 interference

Upon initial installation and after major maintenance.

9.5.8.2: CO NDIR CO3 and H3O0 interference

Upon initial installation and after major maintenance.

9.5: FID calibration

Calibrate all FID analysers: upon initial installation, and after major

THCFID opt

mization and THC FID verification

ulaiutcuauuc. O}Jt;lll;bc, Cllld dctcl lll;llc CH4 I CDPUIIDC fUl thc
FID analysers. Verify CH4 response for the THC FID analys
upon initial installation, within 185 days before testing;and
major maintenance.

THC
ers:
fter

9.5.6: raw e}

khaust FID O3 interference

For all FID analysers: upon initial installation,-and after m
maintenance.

For THC FID analysers: upon initial installation, after major n
tenance, and after

FID optimization according to 9.5

ajor

ain-

9.5.7: non-n

ethane cutter penetration

Upon initial installation, within, 185-days before testing, and s
major maintenance.

fter

9.5.9.1: CLD

CO2 and H0 quench

Upon initial installation andafter major maintenance.

9.5.9.2: NDU

V HC and H,0 interference

Upon initial installation and after major maintenance.

9.5.9.6: N20

analyser interference

Upon initial installation and after major maintenance.

9.5.9.3: cool

ng bath NO; penetration (chiller)

Upon initial installation and after major maintenance.

9.4: NOz-to-

NO converter conversion

Upon initial-indtallation, within 35 days before testing, and ¢
major maintenance.

fter

9.6.3: PM ballance and weighing

Independent verification: upon initial installation, within 370
beforétesting, and after major maintenance.

Zero, span, and reference sample verifications: within 12 hou
weighing, and after major maintenance.

Hays

s of

a  Perform

and good eng]

b The CVS
oxygen of the

ineering judgment.

intake air, fuel, and diluted exhaust.

calibrations and verifications more frequently, according to measurement system manufacturer instruc

verification is not requited for systems that agree within + 2% based on a chemical balance of carbd

ions

n or

NOTE (

this Table bult defined in 9.Z.

9.1.3 Ver

The perfor]

niance values for individual

alibration and erification frequency of the particle number counting system is not referenc

ifications for accuracy, repeatability, and noise

ed in

the

instruments specified in Table 4 are the basis for

determinat

on oI the accuracy, repeatabllity, and noise or an mstrument.

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

9.1.4 Linearity check

9.1.4.1 Scope and frequency

A linearity verification shall be performed on each measurement system listed in Table 7 at
least as frequently as indicated in the table, consistent with measurement system manufacturer
recommendations and good engineering judgment. The intent of a linearity verification is to determine
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that a measurement system responds proportionally over the measurement range of interest. A linearity
verification shall consist of introducing a series of at least 10 reference values to a measurement system,
unless otherwise specified. The measurement system quantifies each reference value. The measured
values shall be collectively compared to the reference values by using a least squares linear regression
and the linearity criteria specified in Table 7 of this paragraph.

9.1.4.2 Performance requirements

If a measurement system does not meet the applicable linearity criteria in Table 7, the deficiency shall
be corrected by re-calibrating, servicing, or replacing components as needed. The linearity verification

shal]l be repeated after correcting the deficiency to ensure that the measurement system meets the

linegrity criteria.

9.1.4.3 Procedure

The following linearity verification protocol shall be used:

a) A measurement system shall be operated at its specified temperatures, pressures, and flows;

b) [[he instrument shall be zeroed as it would before an emission testby introducing a zer¢ signal. For
bas analysers, a zero gas shall be used that meets the specifications of 9.2 and it shall be introduced
Hirectly at the analyser port;

c) [(he instrument shall be spanned as it would before an emission test by introducing a fpan signal.
For gas analysers, a span gas shall be used that meets the specifications of 9.2 and it shall be
ntroduced directly at the analyser port;

d) WAfter spanning the instrument, zero shall be checked with the same signal which has be¢n used in b)
bf this subclause. Based on the zero reading,good engineering judgment shall be used tp determine
whether or not to re-zero and or re-span the'instrument before proceeding to the next dtep;

e) For all measured quantities manufacturer recommendations and good engineering judgment shall
be used to select the reference valués, yref;, that cover the full range of values that are expected
Huring emission testing, thus avoiding the need of extrapolation beyond these values. A zero
reference signal shall be selected as one of the reference values of the linearity verification. For
stand-alone pressure and-temperature linearity verifications, at least three reference yalues shall
be selected. For all othef linearity verifications, at least ten reference values shall be selected;

f) Instrument manufdeturer recommendations and good engineering judgment shall be uged to select
the order in which,the series of reference values will be introduced;

g) Reference/quantities shall be generated and introduced as described in 9.1.4.4. For gas

analsers, gas-concentrations known to be within the specifications of 9.2 shall be used anid they shall

be introdueed'directly at the analyser port;

h) [lime for the instrument to stabilize while it measures the reference value shall be allowed;

i) Atarecording frequency of at least the minimum recording frequency, the reference value shall be
measured for 30 s and the arithmetic mean of the recorded values, y; be recorded;

j)  Stepsin f) through h) of this subclause shall be repeated until all reference quantities are measured;

k) The arithmetic means )_/I-, and reference values, yrefj, shall be used to calculate least-squares linear
regression parameters and statistical values to compare to the minimum performance criteria

specified in Table 7. The calculations described in Annex D shall be used.

9.1.4.4 Reference signals

This subclause describes methods for generating reference values for the linearity-verification
protocol in 9.1.4.3. Reference values shall be used that simulate actual values, or an actual value shall
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be introduced and measured with a reference-measurement system. In the latter case, the reference
value is the value reported by the reference-measurement system. Reference values and reference-
measurement systems shall be internationally traceable.

For temperature measurement systems with sensors like thermocouples, RTDs, and thermistors, the
linearity verification may be performed by removing the sensor from the system and using a simulator
in its place. A simulator that is independently calibrated and cold junction compensated, as necessary
shall be used. The internationally traceable simulator uncertainty scaled to temperature shall be less than
0,5 % of maximum operating temperature Tpax. If this option is used, it is necessary to use sensors that
the supplier states are accurate to better than 0,5 % of Tihax compared to their standard calibration curve.

9.1.4.5

Table 7 indilcates measurement systems that require linearity verifications. For this table the folloy
provisions i

a) A lineg
recomi]

b) “min”r
Note that th
C) llmaX” g

exampl
are spe

1y
2)

d) The sp
means

e) Thesel

diluted
based @
f) aj critg
oppose
g) Stand-g

verify gngine conditions; temperatures used to set or verify critical conditions in the test sys
and temperatures used in emissions calculations:

1y

2)

70

Nleasurement systems that require linearity verification

For

Foi
pes

e for gas dividers, xmax is the undivided, undiluted, span' gas concentration. The folloy

pply:

rity verification shall be performed more frequently if the instrument manufact
nends it or based on good engineering judgment;

efers to the minimum reference value used during the linearity vefification;
is value may be zero or a negative value depending on the signal;

renerally refers to the maximum reference value used during the linearity verification|

cial cases where “max” refers to a different value:
PM balance linearity verification, mmyax refers to'the typical mass of a PM filter;

torque linearity verification, Tmax refers.to6 the manufacturer’s specified engine to
k value of the highest torque engine to betested;

bcified ranges are inclusive. For example, a specified range of 0,98-1,02 for the slop
D98 < aq <1,02;

inearity verifications are not.required for systems that pass the flow-rate verificatio
exhaust as described in 98.5. for the propane check or for systems that agree within #
n a chemical balance of(carbon or oxygen of the intake air, fuel, and exhaust;

ria for these quantities shall be met only if the absolute value of the quantity is require]
d to a signal thatds'only linearly proportional to the actual value;

lone tempetratures include engine temperatures and ambient conditions used to s¢

wing

urer

For

ving

rque

e ai

n for
2%

d, as

et or
tem;

pse temperature linearity checks are requlred A1r 1ntake aftertreatment bed(s)

PM sampllng CVS double d11ut10n and partlal flow systems) PM sample and chlller sample

(for gaseous sampling systems that use chillers to dry samples);

(for
for

These temperature linearity checks are only required if specified by the engine manufacturer:
Fuel inlet; test cell charge air cooler air outlet (for engines tested with a test cell heat exchanger
simulating a vehicle/machine charge air cooler); test cell charge air cooler coolant inlet (for
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engines tested with a test cell heat exchanger simulating a vehicle/machine charge air cooler);
and oil in the sump/pan; coolant before the thermostat (for liquid cooled engines);

h) Stand-alone pressures include engine pressures and ambient conditions used to set or verify engine
conditions; pressures used to set or verify critical conditions in the test system; and pressures used
in emissions calculations:

1) Required pressure linearity checks are: air intake restriction; exhaust back pressure;
barometer; CVS inlet gage pressure (if measurement using CVS); chiller sample (for gaseous
sampling systems that use chillers to dry samples);

2)  Drncciirn Bunoaarity chaclec that avn pnontend Al 3f cnifind ey b n A g s oy £. cturer: test
-lj IICcoourcv I1iiicar lb_y CITCCINO LITdAdLU drv I b\.iull A\>Aw 3 \Jlll] Ix ot’\l‘/l“\f“ LI)’ CIIeC \allElll\/ IIITAIITuUr .
cell charge air cooler and interconnecting pipe pressure drop (for turbo-charged engines
tested with a test cell heat exchanger simulating a vehicle/machine charge air€oolefr) fuel inlet;
and fuel outlet.
Table 7 — Measurement systems that require linearity verifications
Measurement|Quantity Minimum|Linearity Criteria
System verification Ixminx(a1-1)+ao| a SEE 2
frequency
Englne speed |n Within 370|<0,05 % n#ax 0,98-(<2 | %(=0,990
days before 1,02 |nmay
testing
Englne torque | T Within 370|<1 % Tmax 0,98-|<2 | %|=0,990
days before 1,02 | Tmad
testing
Fuel flow rate | gms Withins370{<1 % gm, max 0,98-[<2 [ %(=0,990
days.before 1,02 |gm, max
testing
Inthke-air|qy Within 370{<1 % qv, max 0,98-|<2%qy|=0,990
flow ratea days before 1,02 |, max
testing
Dilytion air|qy Within 370{<1 % qv, max 0,98-|<2%qy|=0,990
flow ratea days before 1,02 |, max
testing
Dildted ex-|qy Within 370{<1 % qv, max 0,98-|<2%qy|=0,990
haulst flow days before 1,02 |, max
ratep testing
Raw exhaust|qy Within 185(<1 % qv, max 0,98-(<2%qy|=0,990
flow ratea days before 1,02 | max
testing
Batdh sampler|qy Within 370|<1 % qv, max 0,98-{<2%qy|=0,990
flow ratesd days before 1,02 | ma
testing XI
Gas dividers |x/Xspan Within 370(<0,5 % Xmax 0,98-1<2 %|[=0,990
days before 1,02 |Xmax
testing
Gas analysers|x Within 35(<0,5 % Xmax 0,99-|<1 9%|[=0,998
days before 1,01  |Xmax
testing
PM balance |m Within 370|<1 % mmax 0,99-|1<1 %|=0,998
days before 1,01  |mmax
testing
a  For flow meters that determine standard volumetric flow rate, you may substitute it for molar flow rate as the quantity
and substitute maximum standard flow rate for maximum molar flow rate
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Table 7 (continued)

Measurement|Quantity Minimum|Linearity Criteria
System verification IXminx(a1-1)+ao| a SEE 2

frequency
Stand-alone|p Within 370|<1 % pmax 0,99-|1<1 %|(=0,998
pressures days before 1,01  |pmax

testing
Dew point|Tgew Upon initial|< 0,5 % Tgewmax 0,99-|<0,5%(=0,998
for intake air, installation, 1,01 [Tgew-
PM-stabiliza- within 370 max
tion days betore

testing and

and balange :
after major

environments. .

maintenance.
Other deWw|Tdew Upon initial|< 1 % Tdewmax 0,99-t=71 %|(=0,998
point meag- installation, 1,01°\Tdew-
urements within max

370 days be-

fore testing

and after

major main-

tenance.
Analog-to-dig-| T Within 370(<1 % Tmax 0,99-|<1 %|=0,998
ital conversiqn days before 1,01 | Tmax
of stand-alonje testing
temperature
signals

a  For flow meters that determine standard volumetric flow ratej/ou may substitute it for molar flow rate as the quaptity
and substitufe maximum standard flow rate for maximum molar‘flow rate

9.1.5 Continuous gas analyser system-response and updating-recording verification

This subclapise describes a general verification procedure for continuous gas analyser system resppnse
and updatefrecording. See 9.1.6 for verification procedures for compensation type analysers.

9.1.5.1 S¢ope and frequency

This verifigation shall be pexformed after installing or replacing a gas analyser that is used for
continuous [sampling. Alsg this verification shall be performed if the system is reconfigured in ajway
that would [change systemrresponse. This verification is needed for continuous gas analysers usegd for
transient o ramped-miodal testing but is not needed for batch gas analyser systems or for continfious
gas analysef systenis‘sed only for discrete-mode testing.

9.1.5.2 Measurement principles

This test verifies that the updating and recording frequencies match the overall system response
to a rapid change in the value of concentrations at the sample probe. Gas analyser systems shall be
optimized such that their overall response to a rapid change in concentration is updated and recorded
at an appropriate frequency to prevent loss of information. This test also verifies that continuous gas
analyser systems meet a minimum response time.

The system settings for the response time evaluation shall be exactly the same as during measurement
of the test run (i.e. pressure, flow rates, filter settings on the analysers and all other response time
influences). The response time determination shall be done with gas switching directly at the inlet of the
sample probe. The devices for gas switching shall have a specification to perform the switching in less
than 0,1 s. The gases used for the test shall cause a concentration change of at least 60 % full scale (FS).

The concentration trace of each single gas component shall be recorded.
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9.1.5.3 System requirements

a)

The system response time shall be < 12,5 s with a rise time of < 5 s or with a rise and
< 5 s each for all measured components (CO, NOy, CO2 and HC) and all ranges used. W
NMC for the measurement of NMHC, the system response time may exceed 12,5 s.

1:2017(E)

fall time of
hen using a

All data (concentration, fuel and air flows) have to be shifted by their measured response times before
performing the emission calculations given in ISO 8178-4, Clause 9 and Annex H.

b) To demonstrate acceptable updating and recording with respect to the system’s overall response,

9.1.]

The

b)

© IS0 2017 - All rights reserved

the system shall meet one of the following criteria:

1) The product of the mean rise time and the frequency at which the system records
concentration shall be at least 5. In any case the mean rise time shall be no mere'th

D) The frequency at which the system records the concentration shall be at\least 2 |
Table 5).

b.4  Procedure

following procedure shall be used to verify the response of each.continuous gas analys¢

Che analyser system manufacturer’s start-up and operatinginstructions for the instry
chall be followed. The measurement system shall be adjusted as needed to optimize p4

festing. If the analyser shares its sampling system.with other analysers, and if gas
bther analysers will affect the system response time, then the other analysers shall bg
hnd operated while running this verification test. This verification test may be run
hnalysers sharing the same sampling systemitat the same time. If analogue or real-
filters are used during emission testing, these filters shall be operated in the same ma
this verification;

For equipment used to validate system response time, minimal gas transfer tube lengf]
hll connections should be used,(a zero gas source shall be connected to one inlet of g
B-way valve (2 inlets, 1 outlet) in order to control the flow of zero and blended span

sample system’s probe inletOr a tee near the outlet of the probe. Normally the gas

higher than the probe sample flow rate and the excess is overflowed out of the inlet o
f the gas flow rate is-lower than the probe flow rate, the gas concentrations shall be
hccount for the dilution from ambient air drawn into the probe. Binary or multi-gas spa
be used. A gas blending or mixing device may be used to blend span gases. A gas blendin
device should beéapplied when blending span gases diluted in N3 with span gases dilutg

an updated
an 10 s;

1z (see also

br system:

ment setup
brformance.

[his verification shall be run with the analyser operating:in the same manner as used for emission

flow to the
started up
on multiple
fime digital
hner during

hs between

fast-acting
rases to the
flow rate is
f the probe.
adjusted to
h gases may
g or mixing
d in air;

Using a gas’divider, an NO-CO-CO2-C3Hg-CH4 (balance N3) span gas shall be equg
with a_span gas of NO, balance purified air. Standard binary span gases may also be
hpplicable, in place of blended NO-CO-CO;-C3Hg-CHg4, balance N3 span gas; in this ca

lly blended
sed, where
e separate

response tests shall be run for each analyser The gas divider outlet shall be connected fo the other
. h ; 2lve Th h an . ; he gas analyser
systems probe or to an overflow f1tt1ng between the probe and transfer tube to all the analysers
being verified. A setup that avoids pressure pulsations due to stopping the flow through the gas
blending device shall be used. Any of these gas constituents if they are not relevant to the analysers
for this verification shall be omitted. Alternatively, the use of gas bottles with single gases and a

separate measurement of response times is allowed;

Data collection shall be done as follows:
1) The valve shall be switched to start the flow of zero gas;

2) Stabilization shall be allowed for, accounting for transport delays and the slowest analyser’s
full response;
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3) Data recording shall be started at the frequency used during emission testing. Each recorded
value shall be a unique updated concentration measured by the analyser; interpolation or
filtering may not be used to alter recorded values;

4) The valve shall be switched to allow the blended span gases to flow to the analysers. This time

shall be recorded as tp;

5) Transport delays and the slowest analyser’s full response shall be allowed for;

6) The flow shall be switched to allow zero gas to flow to the analyser. This time shall be recorded

as t100;

7) Trdnsport delays and the slowest analyser’s full response shall be allowed for;

8) The steps in c) 4) through 7) of this subclause shall be repeated to record seven fudl cy
ending with zero gas flowing to the analysers;

9) Regording shall be stopped.

9.1.5.5 Performance evaluation

m 9.1.5.4 c) shall be used to calculate the mean rise time, t19-gg-for each of the analyse

a) If it is chosen to demonstrate compliance with 9.1.5.3 b) 1) th€ following procedure has t
applied; The rise times (in s) shall be multiplied by their respective recording frequencies in H
(1/s). The value for each result shall be at least 5. If the valug.isless than 5, the recording frequ
shall bg¢ increased or the flows adjusted or the design of the sampling system shall be changg
increase the rise time as needed. Also digital filters may®e configured to increase rise time;

b) Ifitis dhosen to demonstrate compliance with 9.1.5:3'b) 2), the demonstration of compliance
the requirements of 9.1.5.3 b) 2) is sufficient.

9.1.6 Regponse time verification for compensation type analysers

9.1.6.1 S¢ope and frequency

This verifigation shall be performed.to determine a continuous gas analyser’s response, where
analyser’s response is compensated-by another’s to quantify a gaseous emission. For this check w
vapour shall be considered to-be’a gaseous constituent. This verification is required for contin
gas analyselrs used for transient or ramped-modal testing. This verification is not needed for batc}
analysers of for continuous'gas analysers that are used only for discrete-mode testing. This verificz
does not agply to correetion for water removed from the sample done in post-processing and it
not apply tp NMHC.determination from THC and CH4 quoted in ISO 8178-4, Clause 9 and Anng
concerning|the emission calculations. This verification shall be performed after initial installd
(i.e. test cell commissioning). After major maintenance, 9.1.5 may be used to verify uniform resp
provided thatany replaced components have gone through a humidified uniform response verifics

cles,

'S.

o be
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ency
dto

with
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bnse
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at some poit:

9.1.6.2 Measurement principles

This procedure verifies the time-alignment and uniform response of continuously combined
measurements. For this procedure, it is necessary to ensure that all compensation algorithms
humidity corrections are turned on.

9.1.6.3 System requirements

gas
and

The general response time and rise time requirement given in 9.1.5.3 a) is also valid for compensation
type analysers. Additionally, if the recording frequency is different than the update frequency of the
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continuously combined/compensated signal, the lower of these two frequencies shall be used for the
verification required by 9.1.5.3 b) 1).

9.1.6.4 Procedure

All procedures given in 9.1.5.4 a) to c) have to be used. Additionally, also the response and rise time
of water vapour has to be measured, if a compensation algorithm based on measured water vapour is
used. In this case at least one of the used calibration gases (but not NO2) has to be humidified as follows:

If the system does not use a sample dryer to remove water from the sample gas, the span gas shall be
humidified by flowing the gas mixture through a sealed vessel that humidifies the gas to the highest

sample dew point that is estimated during emission sampling by bubbling it through dist
If thp system uses a sample dryer during testing that has passed the sample dryer verific
the humidified gas mixture may be introduced downstream of the sample dryer by bubblin
distilled water in a sealed vessel at (25 * 10) °C, or a temperature greater than the dew

caseps, downstream of the vessel, the humidified gas shall be maintained at a temperature of
above its local dew point in the line. Note that it is possible to omit any of these'gas constity
are ot relevant to the analysers for this verification. If any of the gas constituents are not sy
watg¢r compensation, the response check for these analysers may be perfermed without hun

9.2 | Calibration gases

9.2.1 Analytical gases

Analytical gases shall meet the accuracy and purity specifications of this section.

9.2.2 Gas specifications
The following gas specifications shall be considered:

a) Purified gases shall be used to zero fieasurement instruments and to blend with calibr]
Gases with contamination no highérthan the highest of the following values in the gag
ht the outlet of a zero-gas generater shall be used:

1) 2% contamination, measured relative to the flow-weighted mean concentration
the standard. For exaiple, if a CO concentration of 100,0 pmol/mol is expected, th
be allowed to usea zero gas with CO contamination less than or equal to 2,000 pm

P) Contaminationas specified in Table 8, applicable for raw or dilute measurements;

illed water.
htion check,
o it through
point. In all
atleast 5 2C
lents if they
sceptible to
nidification.

ation gases.
cylinder or

expected at
en it would
1/mol;

Taljle 8 — Contamination limits, applicable for raw or dilute measurements [umol/npol = ppm]

Constituent

Purified aira

Purified Npa

TH( (Cf'equivalent)

< 0,05 pmol/mol

< 0,05 pmol/mol

CcO <1 pmol/mal <1 pymol/mal
COy <10 umol/mol <10 umol/mol
0y 0,205 to 0,215 mol/mol < 2 pumol/mol
NOy < 0,02 umol/mol < 0,02 umol/mol

a  [tisnotrequired that these levels of purity are international and/or national recognized standards-traceable.

3) Contamination as specified in Table 9, applicable for raw measurements.

© IS0 2017 - All rights reserved
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Table 9 — Contamination limits applicable for raw measurements [umol/mol = ppm]

Constituent

Purified aira

Purified Npa

THC (C1 equivalent)

<1 umol/mol

<1 pmol/mol

co

<1 pmol/mol

< 1 pmol/mol

COy <400 pmol/mol <400 pmol/mol
07 0,18 to 0,21 mol/mol -
NOy < 0,1 umol/mol < 0,1 umol/mol

a

Itis notrequired that these levels of purity are international and/or national recognized standards-traceable.

owing gases shall be used with a FID analyser:

fuel shall be used with an Hy concentration of (0,39 to 0,41) mol/mol, balance Hé)or Ny
cture shall not contain more than 0,05 umol/mol THC;

burner air shall be used that meets the specifications of purified air in a) of this subclq

zero gas. Flame-ionization detectors shall be zeroed with purified gas that meetg
cifications in a) of this subclause, except that the purified gas.0% concentration ma
r value. Note: FID zero balance gases may be any combination of purified air and pur
rogen. FID analyser zero gases should be used that contain approximately the flow-weig|
hn concentration of Oy expected during testing;

propane span gas. The THC FID shall be spanned and-calibrated with span concentrat
propane, C3Hg. It shall be calibrated on a carbon number basis of one (C1). For exar
C3Hg span gas of concentration 200 pmol/mol.is@sed, then a FID is recommended t
nned to respond with a value of 600 pmol/molNote: FID span balance gases may b
hbination of purified air and purified nitregen. FID analyser span gases should cor
roximately the flow-weighted mean concentration of O expected during testing;

methane span gas. If a CH4 FID isfalwwvays spanned and calibrated with a non-met
ter, then the FID shall be spanned-and calibrated with span concentrations of methane,
hall be calibrated on a carbon number basis of one (C1). For example, if a CHs4 span g
centration 200 pmol/mol istused, a FID is recommended to be spanned to respond
alue of 200 umol/mol. Nete: FID span balance gases may be any combination of pur

ghted mean concentration of Oz expected during testing;

national recognized standards true value or of other gas standards that are approved:
, balance-purified air and/or N3 (as applicable);

(¢, balance purified air and/or N3 (as applicable);

The

use;

the
y be
ified
hted

ions
hple,
o be
any
tain

hane
CHg4.
hs of
with
ified

and purified nitrogen(FID analyser span gases should contain approximately the fllow-

owing gas mixtures shall be used, with gases traceable within + 1,0 % of the internatjonal

I3 balance purified air and/or N» (as applicable);

b) The fol
1) FIL
mi)
2) FIO
3) FIL
sp4
any
nit
me
4) FIO
of
if a
Spa
cor
apy
5) FID
cut
It 5
cor
av
air
we
c) The fol
and/or
1) CH
2) Cph
3) Csh
4) CO, balance purified Np;
5) (O, balance purified Np;
6) NO, balance purified Np;
7) NOgp, balance purified air;
8) 0, balance purified Np;
9) C3Hg, CO, CO2, NO, balance purified Np;
76
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10) C3Hg, CHy4, CO, CO2, NO, balance purified Np;

d)

Gases for species other than those listed in c) of this subclause may be used (such as methanol

in air, which may be used to determine response factors), as long as they are traceable to within
+ 3,0 % of the international and/or national recognized standards true value, and the expiration
date has not yet expired.

Own calibration gases may be generated using a precision blending device, such as a gas divider, to

dilute gases with purified N3 or purified air. If the gas dividers meet the specifications in 9.2.3, and
the gases being blended meet the requirements of a) and c) of this subclause, the resulting blends
are considered to meet the requirements of 9.2.2

9.2.

A gap divider may be used to blend calibration gases.

If a [gas divider is used, it shall blend gases to the specifications of 9.2 arid ‘to the con
expdcted during testing. Critical-flow gas dividers, capillary-tube gas dividers, or thermal-
gas dlividers may be used. Viscosity corrections shall be applied as necessary (if not done byj

intel
lined
whig
adju
at th
insti

9.3

9.3.]

Upo
with
vacy
appl

9.3.2

A le:
dete)
sam

9.3.
Asa

3
X

Use of gas dividers

nal software) to appropriately ensure correct gas division. The gaszdivider system sh
rity verification in 9.1.4.5. Optionally, the blending device mdy be checked with an
h by nature is linear, e.g. using NO gas with a CLD. The span value of the instrum
sted with the span gas directly connected to the instrument. The gas divider shall
e settings used and the nominal value shall be compared to the measured concentr
ument.

Vacuum-side leak verification

| Scope and frequency

in 8 hours prior to each duty-cycle sequence, it shall be verified that there are ng
um-side leaks using one of thelleak tests described in this subclause. This verificati
y to any full-flow portion of a.CVS dilution system.

. Measurement principles

1k may be detected-either by measuring a small amount of flow when there shall be z
cting the dilutiofrof a known concentration of span gas when it flows through the vacu
bling system @r.by measuring the pressure increase of an evacuated system.

Low-flow leak test

mpling system shall be tested for low-flow leaks as follows:

centrations
mass-meter
gas divider
h1l meet the
instrument
ent shall be
be checked
htion of the

1 initial sampling system installation, “after major maintenance such as pre-filter clhanges, and

significant
bn does not

ero flow, by
hm side of a

a)

I'he probe end of the system shall be sealed by taking one ot the rollowing steps:

1) The end of the sample probe shall be capped or plugged;

2) The transfer tube shall be disconnected at the probe and the transfer tube capped or plugged;

3) Aleak-tight valve in-line between a probe and transfer tube shall be closed;

b) All vacuum pumps shall be operated. After stabilizing, it shall be verified that the flow through
the vacuum-side of the sampling system is less than 0,5 % of the system’s normal in-use flow rate.
Typical analyser and bypass flows may be estimated as an approximation of the system’s normal

in-use flow rate.
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9.3.4 Dilution-of-span-gas leak test

Any gas analyser may be used for this test. If a FID is used for this test, any HC contamination in the
sampling system shall be corrected according to ISO 8178-4, Clause 9 and Annex H on HC and NMHC
determination. Misleading results shall be avoided by using only analysers that have a repeatability
of 0,5 % or better at the span gas concentration used for this test. The vacuum side leak check shall be
performed as follows:

a)
b)

<)

d)

9.3.5 Vaduum-decay leak test

A gas analyser shall be prepared as it would be for emission testing;

Span gas shall be supplied to the analyser port and it shall be verified that the span gas concentration

3 pa | sxla s 4 ol i pa| alaalise
1S meagtareawitnHrits expecteameastutrementaccuracyaratrepearaniity;

Overfldw span gas shall be routed to one of the following locations in the sampling system:
1) The¢ end of the sample probe;

2) The transfer tube shall be disconnected at the probe connection, and the span gas overfloyn at
thel open end of the transfer tube;

3) Athree-way valve installed in-line between a probe and its transfer tube;

[t shall pe verified that the measured overflow span gas concentratien‘is within * 0,5 % of the §pan
gas concentration. A measured value lower than expected indicates‘a leak, but a value higher fhan
expect¢d may indicate a problem with the span gas or the analyget‘itself. A measured value higher
than exipected does not indicate a leak.

To perform|this test a vacuum shall be applied to the vacuum-side volume of the sampling system| and
the leak ratp of the system shall be observed as a decay'in the applied vacuum. To perform this tesf the
vacuum-side volume of the sampling system shall be known to within + 10 % of its true volume. Foi| this

test measujlement instruments that meet the specifications of Clauses 6 and 9.1 shall also be used.

A vacuum-decay leak test shall be performed.as follows:

a)

b)

d)

78

The prgbe end of the system shall-be‘sealed as close to the probe opening as possible by taking one
of the fpllowing steps:

1) The end of the sampleprobe shall be capped or plugged;
2) The¢ transfer tubesatthe probe shall be disconnected and the transfer tube capped or plugged;

3) Algak-tight valve in-line between a probe and transfer tube shall be closed;

All vactium ptimps shall be operated. A vacuum shall be drawn that is representative of nofmal
operating-€ohditions. In the case of sample bags, the normal sample bag pump-down proceflure
should peepeated twice to minimize any trapped volumes;

The sample pumps shall be turned off and the system sealed. The absolute pressure of the trapped
gas and optionally the system absolute temperature shall be measured and recorded. Sufficient
time shall be allowed for any transients to settle and long enough for a leak at 0,5 % to have caused
a pressure change of at least 10 times the resolution of the pressure transducer. The pressure and
optionally temperature shall be recorded once again;

The leak flow rate based on an assumed value of zero for pumped-down bag volumes and based on
known values for the sample system volume, the initial and final pressures, optional temperatures,
and elapsed time shall be calculated. It shall be verified that the vacuum-decay leak flow rate is less
than 0,5 % of the system’s normal in-use flow rate as follows:
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b2 _P1
Wwac|\ T, T

qVieak = R (t,—t;)

where

QVvieak is vacuum-decay leak rate [mol/s];

Vyac  is geometric volume of the vacuum-side of the sampling system [m3];

(5)

R is molar gas constant [J/(mol K)]J;

D2 is vacuum-side absolute pressure at time ¢t [Pa];

T, is vacuum-side absolute temperature at time ¢t [K];

p1 is vacuum-side absolute pressure at time t1 [Pa];

T1 is vacuum-side absolute temperature at time t1 [K];

to is time at completion of vacuum-decay leak verification test]s];
t1 is time at start of vacuum-decay leak verification test)[s}.

9.4 | NO2-to-NO converter conversion verification

9.4.1 Scope and frequency

If anf analyser is used that measures only NO to determine NOy, an NO2-to-NO converter shall be used

upstiream of the analyser. This verification shall be performed after installing the converter,
maiptenance and within 35 days before'an emission test. This verification shall be repe
freqpiency to verify that the catalytic-activity of the NO2-to-NO converter has not deteriorat

9.4. Measurement principles

An NO2-to-NO converter allows an analyser that measures only NO to determine total NO by
the NO3 in exhaust to NO:

9.4. System requirements

An NO3z-to-NO-converter shall allow for measuring at least 95 % of the total NO; at thq
expgcted concéntration of NO;.

after major
ated at this
d.

rconverting

P maximum

9.4, Procedure

The following procedure shall be used to verify the performance of a NO-to-NO converter:

a) For the instrument setup the analyser and NO2-to-NO converter manufacturers’ start-up and
operating instructions shall be followed. The analyser and converter shall be adjusted as needed to

optimize performance;

b) An ozonator’s inlet shall be connected to a purified air or oxygen source and its outlet shall be
connected to one port of a 3-way tee fitting. An NO span gas shall be connected to another port and

the NO2-to-NO converter inlet shall be connected to the last port;
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c) The following steps shall be taken when performing this check:

1) The ozonator air shall be set off and the ozonator power shall be turned off and the NO2-to-NO
converter shall be set to the bypass mode (i.e., NO mode). Stabilization shall be allowed for,

acc

ounting only for transport delays and instrument response;

2) The NO and zero-gas flows shall be adjusted so the NO concentration at the analyser is near
the peak total NOyx concentration expected during testing. The NO2 content of the gas mixture
shall be less than 5 % of the NO concentration. The concentration of NO shall be recorded by
calculating the mean of 30 s of sampled data from the analyser and this value shall be recorded
as XNOref ngher concentration may be used accordlng to the instrument manufacturers

3) Th

4) Th

uni
sarj

5) Th
of |
thi

6) Th

NOk

red
be

7) Oy
mi
dat

expected NO concentratlon is lower than the minimum range for the Verlflcatlon spec
the instrument manufacturer;

e ozonator O supply shall be turned on and the O flow rate adjusted so that the NO indid
the analyser is about 10 % less than xnoref. The concentration of NO shall be recorde
Culating the mean of 30 s of sampled data from the analyser and this,value recordg

+02mix;

e ozonator shall be switched on and the ozone generation rate“adjusted so that thg
hsured by the analyser is approximately 20 % of xNorer, while)maintaining at least 1
eacted NO. The concentration of NO shall be recorded by-¢alculating the mean of 30
hpled data from the analyser and this value shall be recotded as xNOmeas;

e NOy analyser shall be switched to NOy mode and total NOy measured. The concentr
Oy shall be recorded by calculating the mean of 3@s of sampled data from the analyser
t value shall be recorded as xNOxmeas;

e ozonator shall be switched off but gas flowthrough the system shall be maintained.

orded by calculating the mean of 30 s,ofsampled data from the analyser and this value
Fecorded as XNOx+02mix;

supply shall be turned off. The NOy analyser will indicate the NOy in the original NO-i

xture. The concentration of NOy shall be recorded by calculating the mean of 30 s of sam

a from the analyser and-this value shall be recorded as xnoxref. This value shall be no 1

than 5 % above the xNoref Value;

d) Perforn
concen

Enoxl

e) Ifthe rg

hance evaluation. The efficiency of the NOy converter shall be calculated by substitutin
rations obtainedinto the following Formula:

XNO +OZmix ~XNOmeas

0 ]=(1+ XNOx;meas ~ XNOx +02mix J*lOO

sultis less than 95 %, the NO2-to-NO converter shall be repaired or replaced.

N, if
ified

ated
d by
d as

NO
0%
s of

ition
and

The

analyser will indicate the NOy in the NO ™+ Oz mixture. The concentration of NOy shalll be

shall

n-No
pled
nore

b the

(6)

9.5 Flame ionization detector (FID) optimization and verification

9.5.1 Sco

pe and frequency

For all FID analysers, the FID shall be calibrated upon initial installation. The calibration shall be
repeated as needed using good engineering judgment. The following steps shall be performed for a FID
that measures HC:

a) A FID’s response to various hydrocarbons shall be optimized after initial analyser installation
and after major maintenance. FID response to propylene and toluene shall be between 0,9 and 1,1
relative to propane;

80
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b) A FID’s methane (CHg4) response factor shall be determined after initial analyser installation and
after major maintenance as described in 9.5.4;

c) Methane (CH4) response shall be verified within 185 days before testing.

9.5.2 Calibration

Good engineering judgment shall be used to develop a calibration procedure, such as one based on the
FID-analyser manufacturer’s instructions and recommended frequency for calibrating the FID. For a
FID that measures HC, it shall be calibrated using C3Hg calibration gases that meet the specifications
of 9.2. For a FID that measures CHg4, it shall be calibrated using CH4 calibration gases that meet the

spedifications of 9.2. Regardless of the calibration gas composition, it shall be calibrated

nu
9.5.]
This
a)

er basis of one (C1).

8 HC FID response optimization

procedure is only for FID analysers that measure HC.

nstrument manufacturer requirements and good engineering judgnient shall be use
nstrument start-up and basic operating adjustment using FID fueland purified air. §
chall be within their required operating temperature ranges~FID response shall bg
fo meet the requirement of the hydrocarbon response factérs and the oxygen interfe
hccording to 9.5 and 9.5.6 at the most common analyser-range expected during emisg
Higher analyser range may be used according to the instrument manufacturer’s recon
hnd good engineering judgment in order to optimize FID accurately, if the common ang

bn a carbon

d for initial
leated FIDs
b optimized
rence check
ion testing.
nmendation
lyser range

s lower than the minimum range for the optimization specified by the instrument manufacturer;

b) Heated FIDs shall be within their required operating temperature ranges. FID response shall be
bptimized at the most common analyser range expected during emission testing. With the fuel
hnd airflow rates set at the manufacturer’srecommendations, a span gas shall be introduced to the
hnalyser;

c) [he following step from 1) to 4) erthe procedure instructed by the instrument manufacturer shall
be taken for optimization. The procedures outlined in SAE paper No. 770141 may b¢ optionally
lised for optimization;

1) Theresponse ata given fuel flow shall be determined from the difference between the span gas
response and thezero gas response;

D) The fuel flow’shall be incrementally adjusted above and below the manufacturer’s specification.
The span.and zero response at these fuel flows shall be recorded;

B) The difference between the span and zero response shall be plotted and the fuel flpw adjusted
to<the rich side of the curve. This is the initial flow rate setting which may nged further
optimization depending on the results of the hydrocarbon response factors and|the oxygen
interference check according to 9.5 and 9.5.6;

4) If the oxygen interference or the hydrocarbon response factors do not meet the following
specifications, the airflow shall be incrementally adjusted above and below the manufacturer’s
specifications, repeating 9.5 and 9.5.6 for each flow;

d) The optimum flow rates and/or pressures for FID fuel and burner air shall be determined, and they

shall be sampled and recorded for future reference.

9.5.4 HCFID CH4 response factor determination

This procedure is only for FID analysers that measure THC. Since FID analysers generally have a
different response to CH4 versus C3Hg, each THC FID analyser’s CHs response factor, RFcH4[THC-FID]
shall be determined, after FID optimization. The most recent RFcy4[THC-FID] measured according to
this subclause shall be used in the calculations for HC determination described in ISO 8178-4, Annex H
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(molar based approach) or ISO 8178-4, Clause 9 (mass based approach) to compensate for CH4 response.
RFcu4THC-FID] shall be determined as follows, noting that RFcy4[THC-FID] is not determined for FIDs that
are calibrated and spanned using CH4 with a non-methane cutter:

a) A C3Hg span gas concentration shall be selected to span the analyser before emission testing. Only
span gases that meets the specifications of 9.2 shall be selected and the C3Hg concentration of the
gas shall be recorded;

b) A CH4 span gas that meets the specifications of 9.2 shall be selected and the CH4 concentration
of the gas shall be recorded;

C The FI analucarchallbha Aot d S ~nnss Adinaotatho oo fo st ) T o abd o o
ullul)’ OJC1 OIIdII UC UIJ\'I alttLu daluTyuUr \Allls LU LIIv TIIIdITvuIdoettuIr vl o Iiiovr utiiviil o,

d) It shall|be confirmed that the FID analyser has been calibrated using C3Hg. Calibration.shall be
performed on a carbon number basis of one (C1);

e) The FII) shall be zeroed with a zero gas used for emission testing;
f) The FII shall be spanned with the selected C3Hg span gas;

g) The selpcted CH4 span gas shall be introduced at the sample port of the FiD)analyser, the CH4 $pan
gas thaf has been selected under b) of this subclause;

h) The analyser response shall be stabilized. Stabilization time may include time to purge the analyser
and to gccount for its response;

i)  While the analyser measures the CH4 concentration, 30 s of'sampled data shall be recorded and the
arithmé¢tic mean of these values shall be calculated;

j)  The mean measured concentration shall be divided by:the recorded span concentration of the| CHy
calibration gas. The result is the FID analyser’s response factor for CHs, RFCH4[THC-FID]-

9.5.5 HCFID methane (CH4) response verification

This procedure is only for FID analysers that measure HC. If the value of RFcy4[THC-FID] from 9.5.4 is
within * 5,0 % of its most recent previously.determined value, the HC FID passes the methane resppnse
verification|

a) Itshall pe first verified that the'pressures and / or flow rates of FID fuel, burner air, and sampl¢ are
each within +0,5 % their mestrecent previously recorded values, as described in 9.5.3. If these [flow
rates have to be adjusted,;anew RFcy4[THC-FID] Shall be determined as described in 9.5.4. It shiould
be verified that the value'of RFcya[THC-FID] determined is within the tolerance specified in 9.5.5.

b) If RFcHa[THC-FID}I$ hot within the tolerance specified in 9.5.5, the FID response shall b¢ re-
optimized as described in 9.5.3;

c) A new RECp4[THC-FID] shall be determined as described in 9.5.4. This new value of RFcH4[TH(-FID]
shall b¢ used in the calculations for HC determination, as described in Annex H (molar bhsed
approach) or Clause 9 (mass based approach) of ISO 8178-4.

9.5.6 Non-stoichiometric raw exhaust FID O3 interference verification

9.5.6.1 Scope and frequency

If FID analysers are used for raw exhaust measurements, the amount of FID O3 interference shall be
verified upon initial installation and after major maintenance.
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9.5.6.2 Measurement principles

Changes in Oy concentration in raw exhaust can affect FID response by changing FID flame temperature.
FID fuel, burner air, and sample flow shall be optimized to meet this verification. FID performance shall be
verified with the compensation algorithms for FID O3 interference that is active during an emission test.

9.5.6.3 System requirements

Any FID analyser used during testing shall meet the FID Oy interference verification according to the
procedure in this subclause.

9.5.4’).4 Procedure

FID

creafe reference gas concentrations that are required to perform this verification:

a)

b)

d)

f)

g)

h)

j)

k)

D, interference shall be determined as follows, noting that one or more gas dividers'ma

Three span reference gases shall be selected that meet the specifications in 9.2. and ¢
concentration used to span the analysers before emissions testing. Only span gases th
Epecifications in 9.2. CH4 span reference gases may be used for FIDs.calibrated on CH4
ethane cutter. The three balance gas concentrations shall be selécted such that the con
bf 02 and Ny represent the minimum and maximum and intermediate O concentratio
Huring testing. The requirement for using the average 07 corcentration can be removed
ralibrated with span gas balanced with the average expeeted oxygen concentration;

t shall be confirmed that the FID analyser meets all the specifications of 9.5;

The FID analyser shall be started and operated asitwould be before an emission test. R
the FID burner’s air source during testing, purified air shall be used as the FID burner
for this verification;

Che analyser shall be set at zero;
Che analyser shall be spanned using a span gas that is used during emissions testing;

Che zero response shall be checked by using the zero gas used during emission testing
proceeded to the next step.if:ithe mean zero response of 30 s of sampled data is within +
span reference value used.in e) of this subclause, otherwise the procedure shall be res|
pf this subclause;

Che analyser respense shall be checked using the span gas that has the minimum conc
D2 expected during testing. The mean response of 30 s of stabilized sample data shall

S X02minHC)

The zero\response of the FID analyser shall be checked using the zero gas used duri
festing.The next step shall be performed if the mean zero response of 30 s of stabilized
swithin * 0,5 % of the span reference value used in e) of this subclause, otherwise th

y be used to

bntain C3Hg
at meet the
with a non-
centrations
hs expected
ifthe FID is

boardless of
S air source

b, [t shall be
0,5 % of the
tarted at d)

entration of
be recorded

1g emission
sample data
e procedure

shall be restarted at paragraph d) of this subclause;

The analyser response shall be checked using the span gas that has the average concentration of Oz
expected during testing. The mean response of 30 s of stabilized sample data shall be recorded as

X02avgHC;

The zero response of the FID analyser shall be checked using the zero gas used during emission
testing. The next step shall be performed if the mean zero response of 30 s of stabilized sample data
is within * 0,5 % of the span reference value used in €) of this subclause, otherwise the procedure

shall be restarted at d) of this subclause;

The analyser response shall be checked using the span gas that has the maximum concentration of
07 expected during testing. The mean response of 30 s of stabilized sample data shall be recorded

aS X02maxHGCs
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1) The zero response of the FID analyser shall be checked using the zero gas used during emission
testing. The next step shall be performed if the mean zero response of 30 s of stabilized sample data
is within = 0,5 % of the span reference value used in e) of this subclause, otherwise the procedure
at d) of this subclause shall be restarted;

m) The % difference between xp2maxHc and its reference gas concentration shall be calculated. The
% difference between xozavgHc and its reference gas concentration shall be calculated. The %
difference between xp2minHc and its reference gas concentration shall be calculated. The maximum
% difference of the three shall be determined. This is the Oy interference;

n) Ifthe Oy interference is within * 3 %, the FID passes the O interference verification; otherwise one
or mor¢ of the following need to be performed to address the deficiency:

1) The verification shall be repeated to determine if a mistake was made during the pragcedure;

2) The zero and span gases for emission testing shall be selected that contain higheror lowgr Oz
corjcentrations and the verification shall be repeated;

3) Th¢ FID burner air, fuel, and sample flow rates shall be adjusted. Note thabtif these flow rates
arq adjusted on a THC FID to meet the O interference verification, the ‘RFcp4 shall be resqt for
thenext RFcya4 verification. The O3 interference verification shall be repeated after adjustiment
and RFcp4 shall be determined;

4) The FID shall be repaired or replaced and the O3 interference'verification shall be repeatedl.
9.5.7 Efficiency of the Non-Methane Cutter (NMC)

9.5.7.1 S¢ope and frequency

If a FID analyser and a non-methane cutter (NMC) is used to measure methane (CHs), the non-methane
cutter’s conversion efficiencies of methane, Ecys, and ethane, Ecapg shall be determined. As detail¢d in
this subclause, these conversion efficiencies may be determined as a combination of NMC conversion
efficiencies|and FID analyser response facters; depending on the particular NMC and FID analyser
configuratipn.

This verificption shall be performed after installing the non-methane cutter. This verification shall be
repeated within 185 days of testingtawverify that the catalytic activity of the cutter has not deteriorated.

9.5.7.2 Measurement prin¢iples

A non-methane cutter is-aheated catalyst that removes non-methane hydrocarbons from the exhaust
stream befpre the FID.analyser measures the remaining hydrocarbon concentration. An ideal phon-
methane cuftter wouddyhave a methane conversion efficiency Ecns [-] of O (that is, a methane penetrgtion
fraction, PFcha, ofS1,000), and the conversion efficiency for all other hydrocarbons would be 1,000, as
represented bylan ethane conversion efficiency Ecane [-] of 1 (that is, an ethane penetration fra¢tion
PFcane [-] 9f“0). The emission calculations in ISO 8178-4, Clause 9 or Annex H use this subclapse’s
measured values of conversion efficiencies Ecys and Ec2pe to account for less than ideal NMC
performance.

9.5.7.3 System requirements

NMC conversion efficiencies are not limited to a certain range. However, a non-methane cutter should
be optimized by adjusting its temperature to achieve a Ecy4 < 0,15 and a Ec2ne > 0,98 (PFch4 > 0,85 and
PFca16 < 0,02) as determined by 9.5.7.4, as applicable. If adjusting NMC temperature does not result in
achieving these specifications, the catalyst material should be replaced. The most recently determined
conversion values from this subclause shall be used to calculate HC emissions according to ISO 8178-4,
Clause 9 or Annex H as applicable.
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9.,5.7.4 Procedure

1:2017(E)

Any one of the procedures specified in 9.5.7.4.1, 9.5.7.4.2 and 9.5.7.4.3 should be applied. An alternative
method recommended by the instrument manufacturer may be used.

9.5.7.4.1 Procedure for a FID calibrated with the NMC

If a FID is always calibrated to measure CH4 with the NMC, then the FID shall be spanned with the
NMC using a CH4 span gas, the product of that FID’s CH4 response factor and CH4 penetration fraction,
RFPFcu4iNMmc-FID], shall be set equal to 1,0 (i.e. efficiency Ecng [-] is set to 0) for all emission calculations,

and

the combined ethane (CoHg) response factor and penetration fraction, RFPFcoH6IN

c-rip] (and

effic

a)

f)
g)

h)

9.5.]

Ifal
fract

iency EczHe [-]) shall be determined as follows:

Both a CHs gas mixture and a CzHe analytical gas mixture shall be selected n
kpecifications of 9.2. Both a CH4 concentration for spanning the FID during emiSsion
h C2Hg concentration that is typical of the peak NMHC concentration expected at the h|
standard or equal to THC analyser’s span value shall be selected;

nstructions, including any temperature optimization;
t shall be confirmed that the FID analyser meets all the specifieations of 9.5;
The FID analyser shall be operated according to the mandfacturer’s instructions;

CH4 span gas shall be used to span the FID with thecutter. The FID shall be spanned o
For example, if the span gas has a CHy reference value of 100 umol/mo], the correct FID
fhat span gas is 100 umol/mol because there is ene carbon atom per CH4 molecule;

The C2Hg analytical gas mixture shall be inttoduced upstream of the non-methane cutt]

Che analyser response shall be stabiliZed. Stabilization time may include time to pup
methane cutter and to account for the:analyser’s response;

While the analyser measures a stable concentration, 30 s of sampled data shall be recor
hrithmetic mean of these data points shall be calculated;

The mean shall be divided’by the reference value of C2Hg, converted to a C1 basis. T
the C2Hg combined response factor and penetration fraction, RFPFc2H6[NMC-FID], €C
(1 - Econe [-])- This-combined response factor and penetration fraction and the prg
CH4 response factor and CH4 penetration fraction, RFPFcy4[NMc-FID], Which is set equ
emission calculations shall be used according to ISO 8178-4, Clause 9 or Annex H as apy

/.4.2 Procedure for a FID calibrated with propane bypassing the NMC

[D/is ised with an NMC that is calibrated with propane, C3Hg, by bypassing the NMC, p
iofs PFcone[NMc-FID] and PFcaainMc-Fip] shall be determined as follows:

heeting the
testing and
[ydrocarbon

The non-methane cutter shall be started, operated, and optimized a¢cording to the manufacturer’s

h a C1 basis.
response to

er;

ge the non-

ded and the

he result is
uivalent to
duct of the
al to 1,0, in
licable.

enetrations

a) A CHs gas mixture and a C2Hg analytical gas mixture shall be selected meeting the specifications
of 9.2 with the CH4 concentration typical of its peak concentration expected at the hydrocarbon
standard and the CyHg concentration typical of the peak total hydrocarbon (THC) concentration
expected at the hydrocarbon standard or the THC analyser span value;

b) Thenon-methane cutter shall be started and operated according to the manufacturer’s instructions,
including any temperature optimization;

)

It shall be confirmed that the FID analyser meets all the specifications of 9.5;

d) The FID analyser shall be operated according to the manufacturer’s instructions;
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f)

g)

h)

j)

k)

9.5.7.4.3 [Procedure for a FID calibrated with methane, bypassing the NMC

The FID shall be zeroed and spanned as it would be during emission testing. The FID shall be
spanned by bypassing the cutter and by using C3Hg span gas to span the FID. The FID shall be
spanned on a C1 basis;

The C2Hg analytical gas mixture shall be introduced upstream of the non-methane cutter at the
same point the zero gas was introduced;

Time shall be allowed for the analyser response to stabilize. Stabilization time may include time to
purge the non-methane cutter and to account for the analyser’s response;

While the analyser measures a stable concentration, 30 s of sampled data shall be recorded and the
arithm cHemean Gft]ﬂr\r‘n Aot naint boallbao caleylornd

o ad:
TTICSCOota pUTIIcS Stralt otTarcuractct,

The floy path shall be rerouted to bypass the non-methane cutter, the C2Hg analytical gas.mixiture
shall bq introduced to the bypass, and the steps in g) through h) of this subclause shall be repeated;

The mdgan CyHg concentration measured through the non-methane cutter shall he'divided by the
flow-weighted mean concentration measured after bypassing the non-methane ¢utter. The respiltis
the C2Hg penetration fraction, PFc2ne[NMc-FID], that is equivalent to (1 - Ec2ye [<)- This penetrgtion
fraction shall be used according to A.7. or A.8., as applicable;

The stgps in f) through j) of this subclause shall be repeated, but with the CHs analytical gas
mixturg instead of C2Hg. The result will be the CH4 penetration fraction, PFcy4[nmc-FiD] (equivaglent
to (1 - Hcua [-1))- This penetration fraction shall be used according.to 1SO 8178-4, Clause 9 or Ahnex
H as applicable.

If a FID is uped with an NMC that is calibrated with methane, CHy, by bypassing the NMC, determire its
combined efhane (C2Hg) response factor and penetratiof fraction, RFPFc2ne[NMc-FID], as well as itg CHg

penetration fraction, PFcya[NMc-FID], as follows:

a)

f)

g)

h)

86

CH4 anfl C2Hg analytical gas mixtures shall*be selected that meet the specifications of 9.2, with
the CH4 concentration typical of its peak concentration expected at the hydrocarbon standard and
the CaHg concentration typical of the peak total hydrocarbon (THC) concentration expected af the
hydrocarbon standard or the THC analyser span value;

The nomp-methane cutter shall be started and operated according to the manufacturer’s instructjons,
including any temperature dptimization;

It shall pe confirmed thatithe FID analyser meets all the specifications of 9.5;

The FID) analyser shall be started and operated according to the manufacturer’s instructions;

The FID) shall bezeroed and spanned as it would during emission testing. The FID shall be spanned
with CH4 spafrgas by bypassing the cutter. Note that the FID shall be spanned on a C1 basis| For

example/if the span gas has a methane reference value of 100 umol/mol, the correct FID resppnse
to that Wmﬂmmmmw

The C2Hg analytical gas mixture shall be introduced upstream of the non-methane cutter at the
same point the zero gas was introduced;

Time shall be allowed for the analyser response to stabilize. Stabilization time may include time to
purge the non-methane cutter and to account for the analyser’s response;

30 s of sampled data shall be recorded while the analyser measures a stable concentration. The
arithmetic mean of these data points shall be calculated;

The flow path to bypass the non-methane cutter shall be rerouted, the C2Hg analytical gas mixture
shall be introduced to the bypass, and the steps in g) and h) of this subclause shall be repeated;
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j) The mean CyHg concentration measured through the non-methane cutter shall be divided by the
flow-weighted mean concentration measured after bypassing the non-methane cutter. The result
is the C2Hg combined response factor and penetration fraction, RFPFc2Hs[NMc-FID]- This combined
response factor and penetration fraction shall be used according to ISO 8178-4, Annex H or Clause
9, as applicable;

k) The stepsin f) through j) of this subclause shall be repeated, but with the CH4 analytical gas mixture
instead of C2Hg. The result will be the CH4 penetration fraction, PFcya[nmc-Fip]- This penetration
fraction shall be used according to ISO 8178-4, Annex H or Clause 9, as applicable.

9.5. CO and CO72 Measurements

9.5.8.1 H3O0 interference verification for CO2 NDIR analysers

9.5.8.1.1 Scope and frequency

If C(Qz is measured using an NDIR analyser, the amount of H0 interference shall be verified|after initial
analyser installation and after major maintenance.

9.5.8.1.2 Measurement principles

H;0|can interfere with an NDIR analyser’s response to CO2, If the NDIR analyser uses compensation
algorithms that utilize measurements of other gases ‘to meet this interference vyerification,
simyltaneously these other measurements shall be conducted to test the compensation|algorithms
duriphg the analyser interference verification.

9.5.8.1.3 System requirements

A CQz NDIR analyser shall have an H,0 interference that is within 0,4 mmol/mol of the explected mean
CO7 foncentration, though a lower interferénce that is within 0,2 mmol/mol is recommendéd.

9.5.8.1.4 Procedure
The [nterference verification shall be performed as follows:

a) [Fhe COy NDIR analysershall be started, operated, zeroed, and spanned as it would be before an
bmission test;

b) A humidified test)gas shall be created by bubbling zero gas that meets the specificaftions in 9.2
through distilled water in a sealed vessel. If the sample is not passed through a dryer,| control the
vessel temperature to generate an Hp0 level at least as high as the maximum expefted during
Lesting.\[lf.the sample is passed through a dryer during testing, control the vessel temperature to
benerate an Hp0 level at least as high as the level determined in 5.2.2.3.1;

c¢) [The humidified test gas temperature shall be maintained at least 5 °C above its| dew point
downstream of the vessel;

d) The humidified test gas shall be introduced into the sampling system. The humidified test gas may
be introduced downstream of any sample dryer, if one is used during testing;

e) The water mole fraction, xgz0, of the humidified test gas shall be measured, as close as possible
to the inlet of the analyser. For example, dew point, Tgew, and absolute pressure piota], shall be
measured to calculate xyg20;

f) Good engineering judgment shall be used to prevent condensation in the transfer tubes, fittings, or
valves from the point where xy0 is measured to the analyser;

g) Time shall be allowed for the analyser response to stabilize. Stabilization time shall include time to
purge the transfer tube and to account for analyser response;

© IS0 2017 - All rights reserved 87


https://standardsiso.com/api/?name=c0c2ce96c1543f77a32f2bcb6ae8cd37

ISO 8178-1:2017(E)

h)

While the analyser measures the sample’s concentration, 30 s of sampled data shall be recorded. The
arithmetic mean of this data shall be calculated. The analyser meets the interference verification if
this value is within 0,4 mmol/mol

9.5.8.2 H20 and CO; interference verification for CO NDIR analysers

9.5.8.2.1 Scope and frequency

If CO is measured using an NDIR analyser, the amount of HpO and CO; interference shall be verified
after initial analyser installation and after major maintenance.

9.5.8.2.2 IMeasurement principles

H20 and CQ; can positively interfere with an NDIR analyser by causing a response similar to JO. If
the NDIR apalyser uses compensation algorithms that utilize measurements of other gases to meet
this interfefence verification, simultaneously these other measurements shall be conducted to tesf the

compensatipn algorithms during the analyser interference verification.

9.5.8.2.3 [System requirements

A CO NDIR analyser shall have combined H;0 and CO; interference thatds within + 2 % of the expéected

flow-weighted mean concentration of CO corresponding to the applicable limit.

9.5.8.2.4 |[Procedure

The interference verification shall be performed as follows:

a)

b)

f)
g)

h)

88

The CO| NDIR analyser shall be started, operated, eroed, and spanned as it would be before an
emissidn test;

A humifified CO3 test gas shall be created by-bubbling a CO2 span gas through distilled water] in a
sealed yessel. If the sample is not passed-through a dryer, the vessel temperature shall be contrplled
to generate an Hp0 level at least as high-as the maximum expected during testing. If the sample is
passed|through a dryer during testing, the vessel temperature shall be controlled to generatle an
H20 level at least as high as the level determined in 9.8.5.8. A CO; span gas concentration shall be
used at|least as high as the maximum expected during testing;

The humidified CO; test gas)shall be introduced into the sampling system. The humidified CO7 test
gas may be introduced dewnstream of any sample dryer, if one is used during testing;

The water mole fraetion, xyz0, of the humidified test gas shall be measured, as close as pospible
to the Inlet of thefanalyser. For example, dew point, Tgew, and absolute pressure piotal, shall be
measuiled to caletlate xy20;

Good engineering judgment shall be used to prevent condensation in the transfer tubes, fittings, or
valves i i ;

Time shall be allowed for the analyser response to stabilize;

While the analyser measures the sample’s concentration, its output shall be recorded for 30 s. The
arithmetic mean of this data shall be calculated;

The analyser meets the interference verification if the result of g) meets the tolerance in 9.5.8.2.3;

Interference procedures for COz and H20 may be also run separately. If the CO2 and H7O levels
used are higher than the maximum levels expected during testing, each observed interference
value shall be scaled down by multiplying the observed interference by the ratio of the maximum
expected concentration value to the actual value used during this procedure. Separate interference
procedures concentrations of H,0 (down to 0,025 mol/mol H20 content) that are lower than the
maximum levels expected during testing may be run, but the observed H,0 interference shall be
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scaled up by multiplying the observed interference by the ratio of the maximum expected H;0
concentration value to the actual value used during this procedure. The sum of the two scaled

interference values shall meet the tolerance in 9.5.8.2.3.

9.5.9 NOx Measurement

9.5.9.1 CLD COz and H20 quench verification

9.5.9.1.1 Scope and frequency

If a

inst:

9.5.9.1.2 Measurement principles

H,0
the

in 9.|

the
com
eval

9.5.9.1.3 System requirements

For
+2 0

quet]
repdiring or replacing the analyser. Before running emission tests, it shall be verified that th
actiq

9.5.9.1.4 (CO2 quench verification procedure

CLD analyser 1s used to measure NUy, the amount of H;0 and CO2 quench shall be, Ve
lling the CLD analyser and after major maintenance.

and CO7 can negatively interfere with a CLD’s NOy response by collisionalquenching, wk
Themiluminescent reaction that a CLD utilizes to detect NOy. This proeedure and the
H.9.1.6.3 determine quench and scale the quench results to the maximiim mole fraction
maximum CO; concentration expected during emission testing.If-the CLD analyser

1ated with these instruments active and with the compensation algorithms applied.

faw or dilute measurement a CLD analyser shall mot exceed a combined H20 and CO
h. Combined quench is the sum of the COz quench determined as described in 9.5.9.1.4 4
ch as determined in 9.5.9.1.5. If these requiretnents are not met, corrective action shall

rified after

1ich inhibits
ralculations
of HpO0 and
ses quench

pensation algorithms that utilize HpO and/or COz measurement instruments, quench shall be

p quench of
ind the HoO
be taken by

P corrective
n have successfully restored the analyser to proper functioning.

The [following method or the method prescribed by the instrument manufacturer may|be used to

detefmine COz quench by using-a'gas divider that blends binary span gases with zero gas ag the diluent

and meets the specificationsi19.2.3, or good engineering judgment shall be used to develop a different
protpcol:

a) PTFE or stainless.stéel tubing shall be used to make necessary connections;

b) [The gas divider'shall be configured such that nearly equal amounts of the span and d{luent gases
hre blended'with each other;

c) [fthet€LD analyser has an operating mode in which it detects NO-only, as opposed to tgtal NOy, the
CLDanalyser shall be operated in the NO-only operating mode;

d) A COz span gas that meets the specifications of 9.2 and a concentration that is approximately twice
the maximum CO7 concentration expected during emission testing shall be used;

e) A NO span gas that meets the specifications of 9.2 and a concentration that is approximately
twice the maximum NO concentration expected during emission testing shall be used. Higher
concentration may be used according to the instrument manufacturer’s recommendation and good
engineering judgement in order to obtain accurate verification, if the expected NO concentration is
lower than the minimum range for the verification specified by the instrument manufacturer;

f) The CLD analyser shall be zeroed and spanned. The CLD analyser shall be spanned with the NO

© IS0 2017 - All rights reserved

span gas from e) of this subclause through the gas divider. The NO span gas shall be connected to
the span port of the gas divider; a zero gas shall be connected to the diluent port of the gas divider;
the same nominal blend ratio shall be used as selected in b) of this subclause; and the gas divider’s
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g)

h)

j)

k)

D)

9.5.9.1.5 [H20 quench verification procedure

output concentration of NO shall be used to span the CLD analyser. Gas property corrections shall
be applied as necessary to ensure accurate gas division;

The CO7 span gas shall be connected to the span port of the gas divider;
The NO span gas shall be connected to the diluents port of the gas divider;

While flowing NO and CO3 through the gas divider, the output of the gas divider shall be stabilized.
The COz concentration from the gas divider output shall be determined, applying gas property
correction as necessary to ensure accurate gas division. This concentration, Xco2act, shall be
recorded and it shall be used in the quench verification calculations in 9.5.9.1.6.3. As an alternative
to using—a-ga vider-anethersimple-gas-blendinedevice-maybe-used—tn-this-easeananajyser
shall bg used to determine CO; concentration. If a NDIR is used together with a simple gas blending
device, [it shall meet the requirements of this subclause and it shall be spanned with the €02 $pan
gas from d). The linearity of the NDIR analyser has to be checked before over the whole range uip to
twice of the expected maximum CO; concentration expected during testing;

The NQ concentration shall be measured downstream of the gas divider with*the CLD analjser.
Time shall be allowed for the analyser response to stabilize. Stabilization time may include fime
to purge the transfer tube and to account for analyser response. While-the analyser measjures
the samiple’s concentration, the analyser’s output shall be recorded for.30"s. The arithmetic mean
concenfration shall be calculated from these data, XNOmeas- XNOmeas Shall be recorded and it shqll be
used in|the quench verification calculations in 9.5.9.1.6.3;

The actjual NO concentration shall be calculated at the gas divider’s outlet, xNpoact, based on the §pan
gas concentrations and xco2act according to Formula (8). The’calculated value shall be used in the
quench|verification calculations in Formula (7);

The vajues recorded according to 9.5.9.1.4 and 9.5:9.1.5 shall be used to calculate quench as
describled in 9.5.9.1.6.3.

Except wh¢re it can be demonstrated by engineering analysis that the combined CO; and |H20
interferenc¢ for the NOx CLD analyser always affects the brake-specific NOx emission results within
no more thpn + 1 % of the applicablexNOy standard for the NOy sampling system and the emigsion
calculation procedures the following method or the method prescribed by the instrument manufacturer
may be us¢d to determine HpO-~quench, or good engineering judgment shall be used to develpp a

different prptocol:

a)
b)

<)

d)

90

PTFE of stainless steel'tubing shall be used to make necessary connections;

If the CLD analyserhas an operating mode in which it detects NO-only, as opposed to total NOy, the
CLD anplyser shall be operated in the NO-only operating mode;

A NO spangas shall be used that meets the specifications of 9.2 and a concentration that is pear
the makimum concentration expected during emission testing. Higher concentration may be jised
according to the instrument manufacturer’s recommendation and good engineering judgement in
order to obtain accurate verification, if the expected NO concentration is lower than the minimum
range for the verification specified by the instrument manufacturer;

The CLD analyser shall be zeroed and spanned. The CLD analyser shall be spanned with the NO
span gas from c) of this subclause, the span gas concentration shall be recorded as xNodry, and it
shall be used in the quench verification calculations in 9.5.9.1.6.3;

The NO span gas shall be humidified by bubbling it through distilled water in a sealed vessel. If
the humidified NO span gas sample does not pass through a sample dryer for this verification test,
the vessel temperature shall be controlled to generate an HyO level approximately equal to the
maximum mole fraction of HpO expected during emission testing. If the humidified NO span gas
sample does not pass through a sample dryer, the quench verification calculations in 9.5.9.1.6.3
scale the measured H20 quench to the highest mole fraction of HO expected during emission
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testing. If the humidified NO span gas sample passes through a dryer for this verification test,
the vessel temperature shall be controlled to generate an H0 level at least as high as the level
determined in 5.2.2.3.1. For this case, the quench verification calculations in 9.5.9.1.6.3 do not scale
the measured Hp0 quench;

The humidified NO test gas shall be introduced into the sample system. It may be introduced
upstream or downstream of a sample dryer that is used during emission testing. Depending on
the point of introduction, the respective calculation method of €) shall be selected. Note that the
sample dryer shall meet the sample dryer verification check in 9.8.5.8;

The mole fractlon of H70 in the hum1d1f1ed NO span gas shall be measured In case a sample dryer
5 r 2 measured downstream
pf the sample dryer XH20meas- Measure Xg20meas as close as p0551b1e to the CLDnahalyser inlet.

h)

j)

9.5.9.1.6 CLD quench verification calculations

CLD

9.5.9.1.6.1 Amount of water expected during testing

The
This

estifnating the maximmim expected mole fraction of water, the maximum expected water

com

humlidified NO‘span gas is introduced into the sample system upstream of a sample dryet

veri
shal

9.5.9.16.2 AmountofCO;expectedduringtesting == |

KH20meas May be calculated from measurements of dew point, Tgew, and absolute-press

valves from the point where xH20meas is measured to the analyser. The system should
50 the wall temperatures in the transfer tubes, fittings, and valves fromcthe point wherg
measured to the analyser are at least 5 °C above the local sample gas'dew point;

Che humidified NO span gas concentration shall be measured with the CLD analyser
be allowed for the analyser response to stabilize. Stabilizatién time may include tin
Lhe transfer tube and to account for analyser response. While the analyser measures {
concentration, the analyser’s output shall be recorded for 30 s. The arithmetic me]
Calculated of these data, xNowet- XNowet Shall be recorded and used in the quench
Calculations in 9.5.9.1.6.3.

A NOyx CLD analyser that does not meet this veérification may be used, as long as a c
hpplied and the measurement deficiency doestnot adversely affect the ability to demo
the engine complies with all applicable emission limits.

quench-check calculations shall'‘bé performed as described in this subclause.

maximum expected(mole fraction of water during emission testing, xy20exp shall bg
estimate shall be ‘/made where the humidified NO span gas was introduced in 9.5.9.1

bustion air, fuel/combustion products, and dilution air (if applicable) shall be consid

ication test, it is not needed to estimate the maximum expected mole fraction of water
be set'equal to XH20meas-

Good engineering judgment shall be used to prevent condensation in the transfer tubeg,

'€, Ptotal;

fittings, or
be designed
XH20meas 1S

Time shall
he to purge
he sample’s
an shall be
verification

brrection is
nstrate that

estimated.
.5 f). When
content in
ered. If the
during the
and XH20exp

The maximum expected CO2 concentration during emission testing, Xcozexp shall be estimated. This
estimate shall be made at the sample system location where the blended NO and CO; span gases are
introduced according to 9.5.9.1.4 j). When estimating the maximum expected CO; concentration, the
maximum expected CO7 content in fuel combustion products and dilution air shall be considered.
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Combined H20 and CO2 quench calculations

Combined H0 and CO; quench shall be calculated as follows:

quench=
where
quench i

XNodry 1
XNOwet 1
XH20exp 1

XH20meas 1

XNOmeas |
t
XNOact i
9
XCO2exp |
Xcoz2act 1
9
XNOact T
where
XNOspan 1
XCO2span 1
9.5.9.2 N
9,5.9.2.1

XNO

wet

1-X4.0m X X X
eas H,0ex NO CO 5 ex
— 2 1 27€%P + meas _1 [x 2 /°Xp x100%

XNOd,.y XHZOmeas XNOact XC02 ,act

(7)

amount of CLD quench;

measured concentration of NO upstream of a bubbler, according to 9.5.9.1.5 d);
measured concentration of NO downstream of a bubbler, according to 9:5.9.1.5 i);
maximum expected mole fraction of water during emission testing@ccording to 9.5.9.1
measured mole fraction of water during the quench verificatioriaccording to 9.5.9.1.4.
measured concentration of NO when NO span gas is blended with CO2 span gas, accor
0 9.5.9.1.4j);

.5.9.1.4 k) and calculated according to Formula (83;

maximum expected concentration of CO dyring emission testing, according to 9.5.9.1

5.9.1.4 ).
X
CcO
1— 2,act XXNO
X span
C02,span

the NO span gas-concentration input to the gas divider, according to 9.5.9.1.4 e);

the CO7 span-gas concentration input to the gas divider, according to 9.5.9.1.4 d).

DUV analyser HC and H70 interference verification

.6.1;

);
ding

actual concentration of NO when NO span gas is blended with CO; span gas, according to

16.2;

actual concentration of CO when NQO_span gas is blended with CO7 span gas, according to

(8)

Seope and frequency

If NOy is measured using an NDUV analyser, the amount of H»O and hydrocarbon interference shall be
verified after initial analyser installation and after major maintenance.

9.5.9.2.2

Measurement principles

Hydrocarbons and H30 can positively interfere with a NDUV analyser by causing a response similar to
NOy. If the NDUV analyser uses compensation algorithms that utilize measurements of other gases to
meet this interference verification, simultaneously such measurements shall be conducted to test the
algorithms during the analyser interference verification.

92

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=c0c2ce96c1543f77a32f2bcb6ae8cd37

ISO 8178-1:2017(E)

9.5.9.2.3 System requirements

A NOx NDUV analyser shall have combined H20 and HC interference within * 2 % of the flow-weighted
mean concentration of NOx that would correspond to the applicable limit value.

9.5.9.2.4 Procedure
The interference verification shall be performed as follows:

a) The NOxNDUV analyser shall be started, operated, zeroed, and spanned according to the instrument
manufacturer’s instructions;

b) Extractengine exhaustto perform this verification. A CLD shall be used that meets the specifications
pf Clause 6 to quantify NOy in the exhaust. The CLD response shall be used as thé seference value.
Also HC shall be measured in the exhaust with a FID analyser that meets the/specifications of
Clause 6. The FID response shall be used as the reference hydrocarbon value;

c) Upstream of any sample dryer, if one is used during testing, the engine exhaust shall bg introduced
nto the NDUV analyser;

d) [[ime shall be allowed for the analyser response to stabilize. Stabilization time may include time to
purge the transfer tube and to account for analyser response;

e) While all analysers measure the sample’s concentration;;30 s of sampled data shall he recorded,
hnd the arithmetic means for the three analysers calculated;

f) [The CLD mean shall be subtracted from the NDUV mean;

g) [This difference shall be multiplied by the ratie of the expected mean HC concentratign to the HC
roncentration measured during the verification. The analyser meets the interference verification
pf this subclause if this result is within + 2-9% of the NOx concentration expected at the §tandard:

— _ « )?HC,exp <20 - 9
XNOX,CLD,meas _XNOX,NDUV,meas ) N~ = /OX(XNOX,exp) ( )
HC,meas
where
XNO,{LD,meas is the floew=weighted mean concentration of NOy measured by CLD [pmol/mol];

XNO,NDUV.meas is the.flow-weighted mean concentration of NOy measured by NDUV [umal/mol];

XHC,theas is'the flow-weighted mean concentration of HC measured [pmol/mol];
XHC,dxo0 is the flow-weighted mean concentration of HC expected at the standard [[umol/mol];
XNO,¢xp is the flow-weighted mean concentration of NOx expected at the standard [umol/mol].

9.5.9.2.5 Cooling bath (chiller) requirements

It shall be demonstrated that for the highest expected water vapour concentration Hp,, the water
removal technique maintains CLD humidity at < 5 g water/kg dry air (or about 0,8 volume % H70),
which is 100 % relative humidity at 3,9 °C and 101,3 kPa. This humidity specification is also equivalent
to about 25 % relative humidity at 25 °C and 101,3 kPa. This may 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.
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9.5.9.3 Cooling bath (chiller) NO; penetration

9.5.9.3.1 Scope and frequency

If a cooling bath (chiller) is used to dry a sample upstream of a NOy measurement instrument, but no
NO2-to-NO converter is used upstream of the cooling bath, this verification shall be performed for
cooling bath NO; penetration. This verification shall be performed after initial installation and after
major maintenance.

9.5.9.3.2 Measurement principles

quid water remaining in an improperly designed cooling bath can remove NOy fron
cooling bath is used without an NO2-to-NO converter upstream, it could therefore rer
e sample prior NOx measurement.

System requirements

shall allow for measuring at least 95 % of the total NO; at ®he maximum exps
pn of NO».

Procedure
hg procedure shall be used to verify chiller performance:

nent setup. The analyser and chiller manufacturers’ start-up and operating instruct
followed. The analyser and chiller shall be adjusted as needed to optimize performanc

ent setup and data collection.

e total NOy gas analyser(s) shall be zeroed and spanned as it would be before emig
fing;

in prder to obtain accurateverification, if the expected NO; concentration is lower thar
minimum range for the verification specified by the instrument manufacturer;

p calibration gas (balance gas of"dry air) that has an NO; concentration that is neaj
imum expected during testing shall be selected. Higher concentration may be

ath (chiller) removes water, which can otherwise interfere with a NOy measurerJlent.

the
hove

cted

ions

sion

the
ised

rding to the instrument manufacturer’s recommendation and good engineering judgement

s calibration gasshall be overflowed at the gas sampling system’s probe or overflow fit
e shall be allowed for stabilization of the total NOy response, accounting only for trang
hys and instrument response;

p mean-of 30 s of recorded total NOy data shall be calculated and this value recordse

Xrpefs

the

ting.
port

d as

TheTlowing of the NU; calibration gas shall be stopped,

Next the sampling system shall be saturated by overflowing a dew point generator’s output, set
at a dew point of 50 °C, to the gas sampling system’s probe or overflow fitting. The dew point
generator’s output shall be sampled through the sampling system and chiller for at least 10 min
until the chiller is expected to be removing a constant rate of water;

[t shall be immediately switched back to overflowing the NO; calibration gas used to establish
xNoxref- 1t shall be allowed for stabilization of the total NOy response, accounting only for
transport delays and instrument response. The mean of 30 s of recorded total NOy data shall be
calculated and this value recorded as XxNOxmeas;

A cooling 1
However, li
sample. If a
NO> from th
9.5.9.3.3
The chiller
concentrati
9.5.9.3.4
The followi
a) Instrun
shall bd
b) Equipn
1) Th
tes
2) NO
ma
ac
3) Th
Tin
del
4) Th
XN(
5)
6)
7)
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8) XNoxmeas shall be corrected to xNoxdry based upon the residual water vapour that passed

through the chiller at the chiller’s outlet temperature and pressure;

c) Performance evaluation. If xNoxdry 1S less than 95 % of xNoxref, the chiller shall be repaired or

9.5.9.4

replaced.

Interference verification for SOz NDIR or FTIR analysers

9.5.9.4.1 Scope and frequency

IfS

analser installation and after major maintenance

9.5.

Inte

4.2 Measurement principles

ference gases can positively interfere with certain analysers by causing arésponse sin

If the analyser uses compensation algorithms that utilize measurements @of ‘'other gases t

after initial

hilar to SO».
o meet this

interference verification, simultaneously conduct these other measurements to test the compensation

algorithms during the analyser interference verification.

When running the interference verification for these analysers, use(nterference gases as foEows:

a) [The interference gases for NDIR analysers are CO, CO2, NO) C3Hg and H20 Note that interference
species, with the exception of H0, are dependent on the SO infrared absorption band chosen by
the instrument manufacturer. For each analyser determine the SO; infrared absorptidn band. For
pach SO infrared absorption band, good engineering judgment shall be used to determine which
nterference gases to use in the verification.

b) [ood engineering judgment shall be used toldetermine interference gases for FTIR anajysers. Note

Lhat interference species, with the exception of H20, are dependent on the SO infrared
band chosen by the instrument manufacturer. For each analyser determine the S
hbsorption band. For each SO infrared absorption band, good engineering judgment s
fo determine interference gasestouse in the verification.

9.5.9.4.3 System requirements

SOy

cond

+

analysers shall have-combined interference that is within + 2 % of the flow-weig
entration of SO expeeted during testing or expected at standard, if applicable.

9.5.9.4.4 Procedure

The
a)

b)

interference verification shall be performed as follows:

The SO, analyser shall be started, operated, zeroed, and spanned as it would bg
Pmission test;

absorption
D> infrared
hall be used

rhted mean

before an

A humidified interference test gas shall be created by bubbling a multi component span gas
through distilled Hp0 in a sealed vessel. If the sample is not passed through a dryer the vessel

temperature shall be controlled to generate an H0 level at least as high as the maximu

m expected

during emission testing. If the sample is passed through a dryer during emission testing, the vessel

temperature shall be controlled to generate an H,0 level at least as high as the level

determined

in 5.2.2.3.1. Interference span gas concentrations shall be used at least as high as the maximum

expected during testing;

The humidified interference test gas shall be introduced into the sample system. The

humidified

interference test gas may be introduced downstream of any sample dryer, if one is used during

testing;
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d)

The water mole fraction, xg20, of the humidified interference test gas shall be measured, as close

as possible to the inlet of the analyser. For example, dew point, Tqew, and absolute pressure, piotal,
shall be measured to calculate xg20;

valves from the point where xy20 is measured to the analyser;

f)
g)

Time shall be allowed for the analyser response to stabilize;

arithmetic mean of this data shall be calculated;

Good engineering judgment shall be used to prevent condensation in the transfer tubes, fittings, or

While the analyser measures the sample’s concentration, its output shall be recorded for 30 s. The

h) The anj
Interfel
interfer
observsg
ratio of]
Separat
than th
shall be
H70 co
interfer

9.59.5 C
measurem

For FTIR ar
to the instr

9.5.9.5.1
(NDUVR m

There are c
be measurd
readings, if

9.5.9.5.2

NO and N
activated. R
spacing bet
compensati
than +2 %
the corresp

ilyser meets the interference verification if the result of g) meets the tolerance in 9.59.4

ence procedures for individual interference gases may also run separately. If]
ence gas levels used are higher than the maximum levels expected during’testing,
ed interference value may be scaled down by multiplying the observed intéetference by
the maximum expected concentration value to the actual value used during this proced
e interference concentrations of H2O (down to 0,025 mol/mol H;0 content) that are 1
e maximum levels expected during testing may be run, but the observed H;0 interfer
scaled up by multiplying the observed interference by the ratig ofthe maximum expe
hcentration value to the actual value used during this procedure. The sum of the sq
ence values shall meet the tolerance for combined interferefice as specified in 9.5.9.4.3

ross-interference check compensation for NH3 channels using IR and UV
ent techniques

d NDUV measurement systems, the cross-interference check shall be conducted accor
iment manufacturer’s instructions.

Procedure for establishing the cross-interference correction for NH3 analysers
bthod)

ross-interferences to nitrogen oxide (NO) and nitrogen dioxide (NOz). Both components
d with the measurement equipment and a compensation shall be applied to the ana
the cross-interference exgeeds 2 % full scale.

Check of the cross-interferences

D, calibration -gases are fed into the analyser with cross-interference compensd
or each component, at least five different calibration gas concentrations with equidis
ween zero @nd the maximum expected interference gas concentration shall be used fo
pn checks, The maximum deviation of the NH3 reading from the zero reading shall be
full seale of the commonly used range. If the deviation is higher, a new correction curvj
onding interference component shall be established and applied to the analyser read

The use of

3.

the
each
 the
lure.
wer
ence
cted
aled

ding

shall
yser

ition
tant
- the
less
e for
ngs.

single-blend gases is possible, as well as the use of gas mixtures containing two or 1

nore

interference gases.

9.5.9.5.3

9.5.9.5.3.1

Procedure for the generation of cross-interference correction curves

NO cross-interference

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

The nominal NO values and the measured NH3 concentrations have to be recorded. Using a least-squares
fit for a suitable fit function (e.g. polynomial fit function) f(NO), a correction curve to compensate for the
NO cross-interference is calculated. The number of fit points has to be higher by at least two than the
number of fit parameters (e.g. polynomial of fourth order needs at least seven fit points). The correction
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Values NHg_Compensated = NH3_n0t compensated _f(NO) Should be Wlthln + 1 % fu]l Scale Of the analyser
zero reading.

9.5.9.5.3.2 NO3 cross-interference
The procedure for NO3 is equivalent to that for NO span gases. The result is the correction curve f(NO3).

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‘[,ouowmg compensation calculation snould be done by the measurement system:

H3_compensated = NH3_not compensated -f(NO) - f(NO2)

Aftef the compensation curves have been established, the cross-interference‘compensat
chedked by the procedures given in 9.5.9.5.1.

9.5.9.6

Interference verification for N20 analysers

9.5.9.6.1 Scope and frequency

If N3
veri

ied after initial analyser installation and after major maintenance

9.5.9.6.2 Measurement principles

Inte
If th
intel
algo

a)

b)

ference verification, simultaneously cenduct these other measurements to test the co
Fithms during the analyser interferehce verification.

Whdn running the interference verification for these analysers, use interference gases as fO£OWS:

The interference gases for-NDIR analysers are CO, CO2, H20, CHa, and SO;. Note that i
species, with the exception’of H20, are dependent on the N30 infrared absorption ban

pach N0 infrared @bsorption band, good engineering judgment shall be used to deter
nterference gases)to use in the verification.

N, 0 infrared absorption band chosen by the instrument manufacturer. For each analyse
the<NgO infrared absorption band. For each N0 infrared absorption band, good
udgment shall be used to determine interference gases to use in the verification.

(10)

on shall be

O is measured using NDIR, FTIR or laser infrared analysér, the amount of interferemnce shall be

rference gases can positively interfere with certain analysers by causing a response sinjilar to N2O.
E analyser uses compensation algorithms-that utilize measurements of other gases to meet this

mpensation

terference
H chosen by

the instrument manufacturer. For each analyser determine the N0 infrared absorptign band. For

mine which

Good engineéring judgment shall be used to determine interference gases for FTIR, and laser
nfraredanalysers. Note that interference species, with the exception of H20, are deperjdent on the

r determine
bngineering

9.5.9.6.3 System requirements

Analysers shall have combined interference that is within 1,0 pmol/mol.

9.5.9.6.4 Procedure

The interference verification shall be performed as follows:

a) The N0 analyser shall be started, operated, zeroed, and spanned as it would be before an
emission test;
b) A humidified interference test gas shall be created by bubbling a multi component span gas

through distilled H0 in a sealed vessel. If the sample is not passed through a dryer the vessel
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temperature shall be controlled to generate an H0 level at least as high as the maximum expected
during emission testing. If the sample is passed through a dryer during emission testing, the vessel
temperature shall be controlled to generate an H0 level at least as high as the level determined
in 5.2.2.3.1. Interference span gas concentrations shall be used at least as high as the maximum
expected during testing;

c¢) The humidified interference test gas shall be introduced into the sample system. The humidified
interference test gas may be introduced downstream of any sample dryer, if one is used during
testing;

d) The water mole fractlon tzo, of the hum1d1f1ed 1nterference test gas shall be measured as close
as possjibte [ g A g
shall be measured to calculate XH20;

Ototal,

e) Good engineering judgment shall be used to prevent condensation in the transfer tubes, fittings, or
valves from the point where xy20 is measured to the analyser;

f) Time shall be allowed for the analyser response to stabilize;

g) While the analyser measures the sample’s concentration, its output shall be.recorded for 30 s| The
arithmetic mean of this data shall be calculated;

h) The anglyser meets the interference verification if the result of g) nieets the tolerance in 9.5.9.6.3.

i) Interfefence procedures for individual interference gases ‘may also run separately. If| the
interfeffence gas levels used are higher than the maximum-levels expected during testing, pach
observéd interference value may be scaled down by multiplying the observed interference by the
ratio of{the maximum expected concentration value to thieactual value used during this procedure.
Separate interference concentrations of H20 (down to 0,025 mol/mol H,0 content) that are lpwer
than thie maximum levels expected during testing @hay be run, but the observed H;0 interfergnce
shall bg scaled up by multiplying the observed interference by the ratio of the maximum expected
H20 cophcentration value to the actual value*used during this procedure. The sum of the sdaled
interfefence values shall meet the tolerance for combined interference as specified in 9.5.9.6.3

9.5.9.7 Interference verification for NOy laser infrared analysers

9.5.9.7.1 [Scope and frequency

If the NOy [is determined by Gdmming NO and NO; concentrations measured using laser infrared
analyser, the amount of intefference shall be verified after initial analyser installation and after major
maintenande.

9.5.9.7.2 easurément principles

Interferencg gases can positively interfere with certain laser infrared analyser by causing a resppnse
similar to NJO-and NO3. If the analyser uses compensation algorithms that utilize measurements of qther
gases to meet this interference verification, simultaneously conduct these other measurements to test
the compensation algorithms during the analyser interference verification.

Good engineering judgment shall be used to determine interference gases for laser infrared analyser.
Note that interference species, with the exception of H20, are dependent on the NO and NO3 infrared
absorption band chosen by the instrument manufacturer. For each analyser determine the NO and NO;
infrared absorption band. For each NO and NO3 infrared absorption band, good engineering judgment
shall be used to determine interference gases to use in the verification.

9.5.9.7.3 System requirements

A NO and NO; analyser shall have combined interference within * 2 % of the flow-weighted mean
concentration of NOy that would correspond to the applicable limit value.
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9.5.9.7.4 Procedure

The interference verification shall be performed as follows:

a)

emission test;

b)

1:2017(E)

The NO and NO; analyser shall be started, operated, zeroed, and spanned as it would be before an

A humidified interference test gas shall be created by bubbling a multi component span gas

through distilled Hp0 in a sealed vessel. If the sample is not passed through a dryer the vessel
temperature shall be controlled to generate an HO level at least as high as the maximum expected
during emission testing. If the sample is passed through a dryer during emission testing, the vessel

etermined

d)

f)
g)

h)

9.5.
Whd

4 Loll 1. 4 Nod & 'S |8 SWaY| 1 o1 'S Lol VS AN | 1
CllllJCl dlUulrT SlidIll UT LUIILTUIICTU LU SCIICI dil dIl T1 /U ITVETL dl ITdAdoSUL doS lllsll do LIIT ITVUI
n 5.2.2.3.1. Interference span gas concentrations shall be used at least as high as’th
expected during testing;

The humidified interference test gas shall be introduced into the sample system. The|

festing;

Che water mole fraction, xy20, of the humidified interference test-gas shall be measur
hs possible to the inlet of the analyser. For example, dew point, Tdew, and absolute pre;
hall be measured to calculate xp20;

Good engineering judgment shall be used to prevent condénsation in the transfer tubeg
valves from the point where xp20 is measured to the analyser;

Time shall be allowed for the analyser response to stabilize;

While the analyser measures the sample’s congentration, its output shall be recorded f]
hrithmetic mean of this data shall be calculated;

The analyser meets the interference verification if the result of g) meets the tolerance i

nterference procedures for individual interference gases may also run separa
nterference gas levels used aré higher than the maximum levels expected during t¢
bbserved interference value qnay be scaled down by multiplying the observed interfer
ratio of the maximum expected concentration value to the actual value used during thig
Separate interference coneentrations of H0 (down to 0,025 mol/mol Hp0 content) th{
Fhan the maximum levelS expected during testing may be run, but the observed HO0 i
chall be scaled up byymultiplying the observed interference by the ratio of the maximu
H,0 concentration“value to the actual value used during this procedure. The sum o
nterference values shall meet the tolerance for combined interference as specified in 9

|0 Methanol response factor

P maximum

humidified

nterference test gas may be introduced downstream of any sample dryer-if one is @ised during

ed, as close
Sure, ptotal:

, fittings, or

pr 30 s. The

n 9.5.9.7.3.

tely. If the
psting, each
ence by the
procedure.
it are lower

lt;terference

expected
[ the scaled
5.9.7.3.

n the FID analyser is to be used for the analysis of hydrocarbons containing methanol, t

Te methanol

resplonsSe factor (ry) of the analyser shall be established.

A known volume of methanol (a, in millilitres) is injected, using a microlitre syringe, into the heated
mixing zone [122 °C] of a septum injector, vapourized and swept into a tedlar bag with a known volume
of zero-grade air (b, in cubic metres). The air volume(s) shall be such that the methanol concentration in
the bag is representative of the range of concentrations found in the exhaust sample.

The bag sample is analysed using the FID, and the response factor is calculated as follows:

X
FID
Iy =— (11
Csam
where
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XFID

CSAM

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

=594 x a/b.

In case the calculation is not performed a response factor ryy, of 0,63 shall be used.

9.6 Calib

ration of the particulate mass measuring system

9.6.1 General

Each comptlment shall be calibrated as often as necessary to fulfil the accuracy requirements of]

document.
indicated in

9.6.2 Che

The range
according t

if applicablg.

9.6.3 PM

9.6.3.1 Sq
This subcla
a)
b) Zero an

c) Verificg
session

9.6.3.2 I

The balancg
balance per

9.633 1Z

Balance pe
and any we
manual or g

Indepefdent verification of PM balance performanc¢éwithin 370 days prior to weighing any filf

The calibration method to be used is described in this subclause for the compon
Clause 8.

cking the partial flow conditions

pbf the exhaust gas velocity and the pressure oscillations shall be(checked and adju
b the requirements of 8.3.2, exhaust pipe explanations are also shown in Figures E.1 tg

balance verifications and weighing process verification

rope and frequency

1se describes three verifications.

d span of the balance within 12 h priot.te weighing any filter;

tion that the mass determinatjonof reference filters before and after a filter weig
be less than a specified tolerance:

dependent verification

manufacturer (or arepresentative approved by the balance manufacturer) shall verif?
formance within 370 days of testing in accordance with internal audit procedures.

broing and spanning

formanee.shall be verified by zeroing and spanning it with at least one calibration we
ightsithat are used shall meet the specifications in 8.1.5.2 to perform this verificatio

is the methanol concentration in the sample bag in pmol/molC, as calculated from a and b:csam

this
ents

sted

E.8,

er;

hing

 the

ight,
n. A

utomated procedure shall be used:

a)

A manual procedure requires that the balance shall be used in which the balance shall be zeroed

and spanned with atleast one calibration weight. If normally mean values are obtained by repeating
the weighing process to improve the accuracy and precision of PM measurements, the same process
shall be used to verify balance performance;

b)

An automated procedure is carried out with internal calibration weights that are used automatically

to verify balance performance. These internal calibration weights shall meet the specifications in
8.1.5.2 to perform this verification.

9.6.3.4 Reference sample weighing

All mass readings during a weighing session shall be verified by weighing reference PM sample media
(e.g. filters) before and after a weighing session. A weighing session may be as short as desired, but
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no longer than 80 hours, and may include both pre- and post-test mass readings. Successive mass
determinations of each reference PM sample media shall return the same value within + 10 pg or
* 10 % of the expected total PM mass, whichever is higher. Should successive PM sample filter weighing
events fail this criterion, all individual test filter mass readings mass readings occurring between the
successive reference filter mass determinations shall be invalidated. These filters may be re-weighed
in another weighing session. Should a post-test filter be invalidated then the test interval is void. This

verification shall be performed as follows:

a)

b)

f)

g)

h)

j)

Atleast two samples of unused PM sample media shall be kept in the PM-stabilization environment.

These shall be used as references. Unused filters of the same material and size shall be
use as references;

selected for

References shall be stabilized in the PM stabilization environment. References shall be
stabilized if they have been in the PM-stabilization environment for a minimum)of J
the PM-stabilization environment has been within the specifications of 8.1.5.Y for
preceding 60 min;

Che balance shall be exercised several times with a reference sample without recording

The balance shall be zeroed and spanned. A test mass shall be placed-on the balance (e.g
weight) and then removed ensuring that the balance returns tocan-acceptable zero rea
[he normal stabilization time;

Fach of the reference media (e.g. filters) shall be weighed“and their masses recorded.

pf reference media (e.g. filters) masses, the same pragess shall be used to measure me
sample media (e.g. filters) masses;

The balance environment dew point, ambient temperature, and atmospheric pressy
recorded;

The recorded ambient conditions shall-be used to correct results for buoyancy as d
D.6.3.5. The buoyancy-corrected massof each of the references shall be recorded;

Fach of the reference media’s (e.g/filter’s) buoyancy-corrected reference mass shall b
from its previously measuredand recorded buoyancy-corrected mass;

f any of the reference filters’ observed mass changes by more than that allowed
subclause, all PM mass determinations made since the last successful reference medig
mass validation shalhbe invalidated. Reference PM filters maybe discarded if only one
mass has changed by more than the allowable amount and a special cause for that f]
rhange can be positively identified which would not have affected other in-process filte
validation cah be considered a success. In this case, the contaminated reference media
ncluded‘when determining compliance with j) of this subclause, but the affected refq
chall be.discarded and replaced;

considered
0 min, and
ht least the

the values;
calibration

ding within

If normally

nean values are obtained by repeating the weighing precess to improve the accuracy and precision

hn values of

re shall be

escribed in

subtracted

under this

(e.g. filter)
f the filters
ilter’s mass
rs. Thus the
shall not be
rence filter

PM results

flamy of the reference masses change by more than that allowed under this 9.6.3.4, al

invalidated. If reference PM sample media is discarded according to i) of this subclause,

hat were determined between the two times that the reference masses were determined shall be

atleast one

reference mass difference that meets the criteria in this 9.6.3.4 shall be available. Otherwise, all PM

results that were determined between the two times that the reference media (e.g. filt
were determined shall be invalidated.

9.6.3.5 PM sample filter buoyancy correction

9.6.3.5.1 General

ers) masses

PM sample filter shall be corrected for their buoyancy in air. The buoyancy correction depends on the
sample media density, the density of air, and the density of the calibration weight used to calibrate the
balance. The buoyancy correction does not account for the buoyancy of the PM itself, because the mass
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of PM typically accounts for only (0,01 to 0,10) % of the total weight. A correction to this small fraction
of mass would be at the most 0,010 %. The buoyancy-corrected values are the tare masses of the PM
samples. These buoyancy-corrected values of the pre-test filter weighing are subsequently subtracted
from the buoyancy-corrected values of the post-test weighing of the corresponding filter to determine
the mass of PM emitted during the test.

9.6.3.5.2 PM sample filter density

Different PM sample filter have different densities. The known density of the sample media shall be
used, or one of the densities for some common sampling media shall be used, as follows:

a) For PTKFE-coated borosilicate glass, a sample media density of 2300 kg/m3 shall be used;

b) For PTHFE membrane (film) media with an integral support ring of polymethylpentene thataccounts
for 95 % of the media mass, a sample media density of 920 kg/m3 shall be used;

c¢) For PTFE membrane (film) media with an integral support ring of PTFE, a samplé'media density of
2144 kg/m3 shall be used.

9.6.3.5.3 ir density

Because a BM balance environment shall be tightly controlled to an ambient temperature of (22 + [l) °C
and a dew point of (9,5 = 1) °C, air density is primarily function of atmospheric pressure. Therefgre a
buoyancy cprrection is specified that is only a function of atmospheric pressure.

9.6.3.5.4 [Calibration weight density

The stated ¢lensity of the material of the metal calibration.weight shall be used.

9.6.3.5.5 [Correction calculation

The PM sanjple filter shall be corrected for buoyancy using the following formulae:

1— Pair
pweight
Meor = Muncor (12)
1— Pair
Pmedia
where
Mcor i$ PM samplefilter mass corrected for buoyancy;
Muncor  i$ PM sample filter mass uncorrected for buoyancy;
Pair i$ dénsity of air in balance environment;

Pweight  is density of calibration weight used to span balance;

Pmedia 1S density of PM sample filter.

Pa *Mmix (13)

Pair = R*T,

where
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Da is absolute pressure in balance environment;

Mmnix is molar mass of air in balance environment;

R is molar gas constant;

T; is absolute ambient temperature of balance environment.

9.7 Calibration of the particle number measuring system

o, 3-3 - P - 3 1
9.7. LdlloI4atoIl O1 UI€ partcic nuiocer couIel

Basdd on the agreement between the parties involved, the existence of a calibration €ertificate for the
PNC|shall be ensured, demonstrating compliance with a traceable standard within-al12-mpnth period
prior to the emissions test.

The [PNC shall also be recalibrated and a new calibration certificate isstied following any major
maiItenance.
Calibration shall be traceable to a standard calibration method:

a) By comparison of the response of the PNC under calibration with that of a calibrdted aerosol
blectrometer when simultaneously sampling electrostatically classified calibration particles; or

b) By comparison of the response of the PNC under calibration with that of a second PNC which has
been directly calibrated by the above method.

In the electrometer case, calibration shall be undertaken using at least six standard concentrations
spaded as uniformly as possible across the PNC’s measurement range. These points will include anominal
zero| concentration point produced by attaching HEPA filters of at least class H13 of EN 1822:2008, or
equifvalent performance, to the inlet of eachiinstrument. With no calibration factor applied to the PNC
undé¢r calibration, measured concentrations shall be within + 10 % of the standard conceptration for
each concentration used, with the excéption of the zero point, otherwise the PNC under calijration shall
be r¢jected. The gradient from a linear'regression of the two data sets shall be calculated arld recorded.
A calibration factor equal to thereciprocal of the gradient shall be applied to the PNC under|calibration.
Lineprity of response is calculated as the square of the Pearson product moment correlation coefficient
(R2)[of the two data sets and_shall be equal to or greater than 0,97. In calculating both the gradient and
RZ the linear regression shall be forced through the origin (zero concentration on both instfuments).

In the reference PNG-oase, calibration shall be undertaken using at least six standard concentrations
acrofs the PNC’s/measurement range. At least 3 points shall be at concentrations below 1000 cm-3 ,
the remaining cencentrations shall be linearly spaced between 1000 cm-3 and the maximum of the
PNC|s range.in single particle count mode. These points will include a nominal zero concentfation point
produced.by attaching HEPA filters of at least class H13 of EN 1822:2008, or equivalent perfprmance, to
the inletof each instrument. With no calibration factor applied to the PNC under calibration, measured
con(]felntrations shall be within + 10 % of the standard concentration for each concentratign, with the
exception of the zero point, otherwise the PNC under calibration shall be rejected. The gradient from
a linear regression of the two data sets shall be calculated and recorded. A calibration factor equal to
the reciprocal of the gradient shall be applied to the PNC under calibration. Linearity of response is
calculated as the square of the Pearson product moment correlation coefficient (R2) of the two data sets
and shall be equal to or greater than 0,97. In calculating both the gradient and R2 the linear regression
shall be forced through the origin (zero concentration on both instruments).

Calibration shall also include a check, against the requirements in 8.4.1.3.2, on the PNC’s detection
efficiency with particles of 23 nm electrical mobility diameter. A check of the counting efficiency with
41 nm particles is not required.
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9.7.2 Calibration/Validation of the volatile particle remover

Calibration of the VPR’s particle concentration reduction factors across its full range of dilution
settings, at the instrument’s fixed nominal operating temperatures, shall be required when the unit
is new and following any major maintenance. The periodic validation requirement for the VPR’s
particle concentration reduction factor is limited to a check at a single setting, typical of that used
for measurement on diesel particulate filter equipped vehicles. Based on the agreement between the
parties involved, the existence of a calibration or validation certificate for the volatile particle remover
shall be ensured within a 6-month period prior to the emissions test. If the volatile particle remover

incorporates temperature monitoring alarms a 12-month validation interval shall be permissible.

The VPR sh
50 nm and
particles of
respectively
For the pur
of the mear
the VPR.

The test aej
diameter ar
shall be me

The particlg
fr(d;)3

where

Nin(di)

Nout(d))

di

Nin(d;) and |

The mean p

Al be characterised for particle concentration reduction factor with solid particles of 3
100 nm electrical mobility diameter. Particle concentration reduction factors (Jf(d
30 nm and 50 nm electrical mobility diameters shall be no more than 30 % and 20.%

poses of validation, the mean particle concentration reduction factor shall he within *
particle concentration reduction factor (f;) determined during the primary calibrati

osol for these measurements shall be solid particles of 30, 50 and 100 nm electrical mok
d a minimum concentration of 5 000 particles cm-3 at the VPR iflet. Particle concentrat
hsured upstream and downstream of the components.

concentration reduction factor at each particle size (f:(d@;) ) shall be calculated as follo
| Nin(d;)
Nout (di )

is upstream particle number concenttation for particles of diameter d;;

is downstream particle number-¢concentration for particles of diameter d;;

is particle electrical mobility diameter (30, 50 or 100 nm).

Vout(d;) shall be corrected;to the same conditions.

article concentratipnreduction (f;) at a given dilution setting shall be calculated as foll

[30nm)+ f. (50nm)+ f.(100nm)

fr

The VPR sh

Based on th

3
puld be-calibrated and validated as a complete unit.

e-agreement between the parties involved, the existence of a validation certificate fo

VPR shall b

nm,
for

hilgher
, and no more than 5 % lower than that for particles of 100 nm electrical mobility diamE

ter.
10 %
n of

ility
ions

WS:

(14)

PDWS:

(15)

" the

e ensured dpmnnc‘rrn‘ring effective volatile pnrtir‘]p remaval efficiency within a 6-m

nth

period prior to the emissions test. If the volatile particle remover incorporates temperature monitoring
alarms a 12-month validation interval shall be permissible. The VPR shall demonstrate greater than
99,0 % removal of tetracontane (CH3(CH2)3gCH3) particles of at least 30 nm electrical mobility diameter
with an inlet concentration of > 10 000 particles/cm3 when operated at its minimum dilution setting
and manufacturers recommended operating temperature.

9.7.3 Particle number system check procedures

Prior to each test, the particle counter shall report a measured concentration of less than 0,5 particles
cm-3 when a HEPA filter of at least class H13 of EN 1822:2008, or equivalent performance, is attached to
the inlet of the entire particle sampling system (VPR and PNC).
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On a monthly basis, the flow into the particle counter shall report a measured value within 5 % of the
particle counter nominal flow rate when checked with a calibrated flow meter.

Each day, following the application of a HEPA filter of at least class H13 of EN 1822:2008, or equivalent
performance, to the inlet of the particle counter, the particle counter shall report a concentration
of < 0,2 cm-3. Upon removal of this filter, the particle counter shall show an increase in measured
concentration to atleast 100 particles cm-3 when challenged with ambient air and a return to < 0,2 cm-3
on replacement of the HEPA filter.

Prior to the start of each test it shall be confirmed that the measurement system indicates that the
evaporation tube, where featured in the system, has reached its correct operating temperature.

Prio

dilut

9.8

9.8.
a)

b)

d)

f)

1

I to the start of each test it shall be confirmed that the measurement system indica
er PND 1 has reached its correct operating temperature.

Calibration of the CVS full flow dilution system

General

This subclause describes how to calibrate flow meters for,diluted exhaust consf
sampling (CVS) systems;

tes that the

ant-volume

This calibration shall be performed while the flow meter is.installed in its permanent p
ralibration shall be performed after any part of the flowl configuration upstream or d
pf the flow meter has been changed that may affect the flow-meter calibration. This

failure to meet the diluted exhaust flow verification (i.e., propane check) in 9.8.5;

A CVS flow meter shall be calibrated using;a reference flow meter such as a subsq
Flow meter, a long-radius flow nozzle, a smooth approach orifice, a laminar flow elem
rritical flow venturis, or an ultrasonic flew meter. A reference flow meter shall be used {
quantities that are internationally-traceable within + 1 % uncertainty. This reference f]
Fesponse to flow shall be used as-the reference value for CVS flow-meter calibration;

An upstream screen or othér restriction that could affect the flow ahead of the ref
eter may not be used, urless the flow meter has been calibrated with such a restrictiq

Che calibration sequence described under this 9.8 refers to the molar based approg
rorresponding seqtejice used in the mass based approach, see 9.8.2.

By the choice ©f)the manufacturer, CFV or SSV may alternatively be removed from its

sition. This
ownstream
calibration

chall be performed upon initial CVS installation and whenever corrective action does not resolve a

nic venturi
ent, a set of
hat reports
low meter’s

brence flow
n;

ch. For the

permanent

bosition for calibration as long as the following requirements are met when installed in|the CVS:

1) Uponiinstallation of the CFV or SSV into the CVS, good engineering judgment shall be applied to
verify that you have not introduced any leaks between the CVS inlet and the venturji.

P1— After ex-situ venturi calibration, all venturi flow combinations shall be verified for CFVs or at
minimum of 10 flow points for an SSV using the propane check as described in 9.8.5. The result
of the propane check for each venturi flow point may not exceed the tolerance in 9.8.5.6.

3) In order to verify the ex-situ calibration for a CVS with more than a single CFV, the following

check to verify that there are no flow meter entrance effects that can prevent you from passing

this verification, shall be performed as follows:

i) A constant flow device like a CFO kit shall be used to deliver a constant flow of propane to
the dilution tunnel.
ii) The hydrocarbon concentrations shall be measured at a minimum of 10 separate flow

rates for an SSV flow meter, or at all possible flow combinations for a CFV flow meter, while

keeping the flow of propane constant.
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iii) The concentration of hydrocarbon background in the dilution air shall be measured
at the beginning and end of this test. The average background concentration from each
measurement at each flow point shall be subtracted before performing the regression

iv)

analysis in [SO 8178-4, 8.6.3.6.

A power regression has to be performed using all the paired values of flow rate
corrected concentration to obtain a relationship in the form of y = axb, using

and
the

concentration as the independent variable and the flow rate as the dependent variable. For
each data point, the calculation of the difference between the measured flow rate and the

value represented by the curve fit is required. The difference at each point shall be

less

than *+ 1 % of the appropriate regression value. The value of b shall be between -1,005 and

9.8.2 C(al

9.8.2.1 G

A positive-
equation th
pressure. U
A PDP flow

a) The syg

b) LeaksH
the low

c) While

of the nhean absolute inlet temperature, Tjy;

d) ThePD
e) Thevai

f) The PDP is operated for at least-3umin to stabilize the system. Then by continuously opers:

the PDI
recordg

1) The

dif
2) Th
3) Th

-0,995. If the results do not meet these limits, corrective actions consistent with,9.{
shall be taken.

bration of the Positive Displacement Pump (PDP)

pneral

displacement pump (PDP) shall be calibrated to determine a flow-versus- PDP s
at accounts for flow leakage across sealing surfaces in the PDP as a function of PDP
hique equation coefficients shall be determined for each speed at which the PDP is oper
meter shall be calibrated as follows:

tem shall be connected as shown in Figure 15;

etween the calibration flow meter and the PDP shall be less than 0,3 % of the total flg
est calibrated flow point; for example, at the highest restriction and lowest PDP-speed p

he PDP operates, a constant temperature ati&he PDP inlet shall be maintained within 4

P speed is set to the first speed pointat which it is intended to calibrate;

iable restrictor is set to its wide-open position;

P, the mean values of atleast 30 s of sampled data of each of the following quantitieg
d:

> mean flow rate oftie reference flow meter qy,.¢ This may include several measuremer
erent quantities) such as reference meter pressures and temperatures, for calculating q

e mean temperature at the PDP inlet, Tjp;

P medn-Static absolute pressure at the PDP inlet, pjp;

4) Th

B.5.1

beed
inlet
hted.

w at
pint;

2%

iting
are

ts of

ref 5

b mean static absolute pressure at the PDP outlet, pout:

5) The mean PDP speed, nppp;

g) The restrictor valve shall be incrementally closed to decrease the absolute pressure at the inlet to
the PDP, pip;

All the parameters related to the pump shall be simultaneously measured, along with the parameters
related to a calibration 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 value of a specific combination of pump parameters. The linear equation which
relates the pump flow and the correlation function shall be determined. If a CVS has a multiple-speed
drive, the calibration shall be performed for each range used.
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Figure 15 — Schematic diagrams for diluted exhaust flow CVS calibration

9.8.2.2 Data analysis

The air flow rate (qycsy) at each restriction setting (minimum six settings) shall be calculated in
standard m3/min from the flowmeter data using the manufacturer’s prescribed method. The air flow
rate shall then be converted to pump flow (Vp) in m3/rev at absolute pump inlet temperature and
pressure as follows:

Vo= qdycsy % T % 101,325
n 273,15 Pa

(16)

where
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qvcsv

T

Pa

n

is the air flow rate at standard conditions (101,325 kPa, 273,15 K) [m3/s];
is the temperature at pump inlet [K];
is the absolute pressure at pump inlet [kPa];

is the pump speed [rev/s].

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

Xo=2
n

where

—-

App

—

Pa

A linear lea

Vo=Dg-

with Do [m3

For a CVS 5

App
Pa

the pressure differential from pump inlet to pump outlet [kPa];
the absolute outlet pressure at pump outlet [kPa].
bt-squares fit shall be performed to generate the calibration €ormula as follows:

mx(Xo)

/rev] and m [m3/s], intercept and slope respectively, describing the regression line.

ystem with multiple speeds, the calibration.¢urves generated for the different pump

ranges shall be approximately parallel, and the intercept values (Do) shall increase as the pump

range decrg

The calcula
will vary fr
as reflected
major main

9.8.3 Cal

9.8.3.1 G

ases.

Fed values from the Formula shall be within + 0,5 % of the measured value of /. Values
bm one pump to another. Particglate influx over time will cause the pump slip to decr
by lower values for m. Therefore, calibration shall be performed at pump start-up,

fenance, and if the total system verification indicates a change of the slip rate.

bration of the Critieal Flow Venturi (CFV)

pneral

A critical-flow venturiy(€FV) shall be calibrated to verify its discharge coefficient, Cg, at the lo

expected st
calibrated 3

a) The syg

atic differential pressure between the CFV inlet and outlet. A CFV flow meter sha
s folloWws:

tém shall be connected as shown in Figure 15;

(17)

(18)

flow
flow

of m
base,
hfter

west
]l be

b)
c)

The blo

wer shall be started downstream of the CFV;

of the mean absolute inlet temperature, Tip;

d)

the highest restriction;

While the CFV operates, a constant temperature at the CFV inlet shall be maintained within + 2 %

Leaks between the calibration flow meter and the CFV shall be less than 0,3 % of the total flow at

The variable restrictor shall be set to its wide-open position. In lieu of a variable restrictor the

pressure downstream of the CFV may be varied by varying blower speed or by introducing a
controlled leak. Note that some blowers have limitations on non-loaded conditions;
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The CFV shall be operated for at least 3 min to stabilize the system. The CFV shall continue
operating and the mean values of at least 30 s of sampled data of each of the following quantities

shall be recorded:

1) The mean flow rate of the reference flow meter, g, - This may include several measurements of

different quantities, such as reference meter pressures and temperatures, for calculating qyyef ;

2)
permissible assumptions during emission measurements;

3) The mean temperature at the venturi inlet, Tip;

Optionally, the mean dew point of the calibration air, Tgew. See ISO 8178-4, Annex H for

1) The mean static absolute pressure at the venturi inlet, pip;
b) The mean static differential pressure between the CFV inlet and the CFV outlet, 4p

[he restrictor valve shall be incrementally closed to decrease the absolute‘pressure af

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

whe

ky

9.8.]
The

stan
coef

whe

qvcs

T

Pa

— kV XDy

?s ﬁ

e

is the calibration coefficient;
is the absolute pressure at the venturi itdet [kPa];

is the temperature at the venturi itilet [K].

3.2 Data analysis

air flow rate (qycsy) at eachirestriction setting (minimum eight settings) shall be ¢
dard m3/min from the flowmeter data using the manufacturer’s prescribed method. Thg
ficient shall be calculated/from the calibration data for each setting as follows:

_ qycsv xNT
Ky =—————=
Pa

e

7 Aistthe air flow rate at standard conditions (101,325 kPa, 273,15 K) [m3/s];

CFV5

the inlet to

bw (Qs) is a

(19)

hlculated in
calibration

(20)

isthetemperature at the venturtintet {KT;

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

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

outs

ide the permissible range.

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

9.8.4.1 General

A subsonic venturi (SSV) shall be calibrated to determine its calibration coefficient, Cy, for the expected
range of inlet pressures. An SSV flow meter shall be calibrated as follows:

a) The system shall be connected as shown in Figure 15;

b) The blo

c) Leaksh
the hig

d) Whilet
the meg

e) Theva
flow ra
it shou
flow ra

f) The SSY\
and thd

1) Thq
dif

2) Op
as$|

3) Th

5) Stafic differential pressure between the static pressure at the venturi inlet and the s

4) Th

pre

g) The reg
flow ra
Calibration
inlet pressy

qyssy =

wer shall be started downstream of the SSV

e e

est restriction;

e SSV operates, a constant temperature at the SSV inlet shall be maintained within + 2
n absolute inlet temperature, Tjp;

iable restrictor or variable-speed blower shall be set to a flow rate greatér.than the gre
e expected during testing. Flow rates may not be extrapolated beyond ¢alibrated value
d be made certain that a Reynolds number, Re, at the SSV throat at'the greatest calibr
e is greater than the maximum Re expected during testing;

( shall be operated for at least 3 min to stabilize the system. Fhe SSV shall continue oper4
mean of at least 30 s of sampled data of each of the followiing quantities shall be record

e mean flow rate of the reference flow meter, gy, - Thismay include several measuremer
erent quantities, such as reference meter pressures@nd temperatures, for calculating qy,

ionally, the mean dew point of the calibrationair, Tgew. ISO 8178-4, Annex H for permis
umptions;

P mean temperature at the venturi inlet\Tjy;

P mean static absolute pressure atthe venturi inlet, pin;

ssure at the venturi throat; Apssy;

trictor valve shall be-inerementally closed or the blower speed decreased to decreas
e;

of the SSV is based upon the flow equation for a subsonic venturi. Gas flow is a functi
re and température, pressure drop between the SSV inlet and throat, as shown below:

A
_8dV2Cdpp

1 14286 _1,7143 1
Lo _rL
5 T(x )

X 41,4286
1-ryry

qw at

% of

htest
S, SO
ated

iting
ed:

ts of
ef 7

sible

tatic

b the

n of

(21)

where

Ao isa

collection of constants and unit conversions

1

3 2
~0,0056940 in SI units of | ™ || X 1
min || kPa || mm?

dy is the diameter of the SSV throat [m];
Cq is the discharge coefficient of the SSV;
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Pp is the absolute pressure at venturi inlet [kPa];

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

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

9.8.4.2 Data analysis

The air flow rate (gyssy) 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 (Cq) shall be calculated from the calibration data for each setting as follows:

. q
o= VSSV (22)
Ao 2, 1(r1,4286 _r1,7143) 1
v Ep X X 41,4286
60 T 1-ryry
where
Ao is a collection of constants and unit conversions
1
m? || k2 1
=0,0056940 in SI units of | — ;
min || kPa || mm2

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

T is the temperature at the venturilinlet [K];

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

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

To determine the range-of subsonic flow, Cq shall be plotted as a function of Reynolds nuniber (Re), at
the §SV throat. The'Re“at the SSV throat is calculated with the following formula:

Re = A, %60 % 1SSV o)
dypt
where
A1 is a collection of constants and unit conversions
= 27,43831 in SI units of [E}[m}[@} ,
m3 L s m

qvssy  is the air flow rate at standard conditions (101,325 kPa, 273,15 K) [m3/min];
dy is the diameter of the SSV throat [m];

u is the absolute or dynamic viscosity of the gas, calculated with the following formula:
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bT3/2 le/Z

=1 ™ s
1+—
T

[kg/m-s] (24)
where
b kg

is an empirical constant =1,458x106 T
msK /

S is an empirical constant = 110,04 K.

Because qy§sy is an input to the Re formula, the calculations shall be started with an initial guess for
qvssy or Cq ¢f the calibration venturi, and repeated until qyssy converges. The convergence method ghall
be accurate|to 0,1 % of a point or better.

For a minifnum of sixteen points in the region of subsonic flow, the calculated values of Cq from
the resulting calibration curve fit equation shall be within + 0,5% of the measured Cq for pach
calibration|point.

9.8.5 CVY§ and batch sampler verification (propane check)

9.8.5.1 Introduction

a) A propane check serves as a CVS verification to determine.ifithere is a discrepancy in measfired
values jof diluted exhaust flow. A propane check also serves as a batch-sampler verificatign to
determijine if there is a discrepancy in a batch sampling'system that extracts a sample from a|CVS,
as desdribed in 9.8.5.7. Using good engineering judgment and safe practices, this check maly be
performed using a gas other than propane, such as«¢0; or CO. A failed propane check might ind]cate
one or more problems that may require correctiye action, as follows:

1) Incprrect analyser calibration. The FID-analyser shall be re-calibrated, repaired, or replac¢d;

2) Ledk checks shall be performed on EVS tunnel, connections, fasteners, and HC sampling sy$tem
acgording to 9.3;

3) The verification for poor mixing shall be performed in accordance with 5.2.5.3;

4) Th¢ hydrocarbon comtamination verification in the sample system shall be performed as
dedcribed in 8.3.1 of ISO 8178-4;

5) Change in CVS ¢alibration. An in-situ calibration of the CVS flow meter shall be performgd as
dedcribed in9\8;

6) Other problems with the CVS or sampling verification hardware or software. The CVS system,
CV§ werification hardware, and software shall be inspected for discrepancies;

b) A propane check uses either a reference mass or a reference flow rate of C3Hg as a tracer gas in a
CVS. If areference flow rate is used, any non-ideal gas behaviour of C3Hg in the reference flow meter
shall be accounted for. See ISO 8178-4, Annex H (molar based approach) or ISO 8178-4, Clause 9
(mass based approach), which describe how to calibrate and use certain flow meters. No ideal gas
assumption may be used in 9.8.5 and ISO 8178-4, Annex H or Clause 9. The propane check compares
the calculated mass of injected C3Hg using HC measurements and CVS flow rate measurements
with the reference value.

9.8.5.2 Method of introducing a known amount of propane into the CVS system

The total accuracy of the CVS sampling system and analytical system shall be determined by introducing
a known mass of a pollutant gas into the system while it is being operated in the normal manner. The
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pollutant is analysed, and the mass calculated according to ISO 8178-4, Annex H or Clause 9. Either of
the following two techniques shall be used.

a) Metering by means of a gravimetric technique shall be done as follows: A mass of a small cylinder
filled with carbon monoxide or propane shall be determined with a precision of + 0,01 g. For about
5 min to 10 min, the CVS system shall be operated as in a normal exhaust emission test, while
carbon monoxide or propane is injected into the system. The quantity of pure gas discharged shall
be determined by means of differential weighing. A gas sample shall be analysed with the usual
equipment (sampling bag or integrating method), and the mass of the gas calculated;

b) Metering with a critical flow orifice shall be done as follows: A known quantity of pure gas (carbon

9.8.]
The

d)

f)

g)

9.8.]

Vacy
subd
If th
Zero

ONoXIde or propane) shail be fed Into the CVSSystem through a caiibrated critical,o
nlet pressure is high enough, the flow rate, which is adjusted by means of the critical
s independent of the orifice outlet pressure (critical flow). The CVS system shall\bée op
h normal exhaust emission test for about 5 min to 10 min. A gas sample shall b¢ analy{
lisual equipment (sampling bag or integrating method), and the mass of thegas calculat

5.3 Preparation of the propane check

propane check shall be prepared as follows:

chall be obtained. The reference cylinder’s mass of C3Hg shall be determined within +
hmount of C3Hg that is expected to be used;

Appropriate flow rates shall be selected for the CVS and C3Hg;

A C3Hg injection port shall be selected in the CVS: The port location shall be selected td
hs practical to the location where engine exhaust is introduced into the CVS. The C3
chall be connected to the injection system;

The CVS shall be operated and stabilized;
Any heat exchangers in the samplihg system shall be pre-heated or pre-cooled;

Heated and cooled components such as sample lines, filters, chillers, and pumps shall b
ctabilize at operating temperature;

f applicable, a vacutim-side leak verification of the HC sampling system shall be pe
escribed in 9.3.

b.4  Preparation of the HC sampling system for the propane check

um sideleak check verification of the HC sampling system may be performed according
lause:If this procedure is used, the HC contamination procedure in ISO 8178-4, 8.3.1 iy
e vacuum side leak check is not performed according to g), then the HC sampling syst
ed.spanned, and verified for contamination, as follows:

ifice. If the
Flow orifice,
erated as in
ed with the
ed.

f a reference mass of C3Hg is used instead of a reference flow'rate, a cylinder charged with C3Hg

D,5 % of the

be as close
[Hs cylinder

b allowed to

rformed as

to g) of this
lay be used.
em shall be

a) The lowest HC analyser range that can measure the C3Hg concentration expected for the CVS and
C3Hg flow rates shall be selected;

b) The HC analyser shall be zeroed using zero gas introduced at the analyser port;

c¢) The HC analyser shall be spanned using C3Hg span gas introduced at the analyser port;

d) Zero gas shall be overflowed at the HC probe or into a fitting between the HC probe and the
transfer tube;

e) The stable HC concentration of the HC sampling system shall be measured as overflow zero gas
flows. For batch HC measurement, the batch container (such as a bag) shall be filled and the HC
overflow concentration measured;
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f) If the overflow HC concentration exceeds 2 pmol/mol, the procedure may not be advanced until
contamination is eliminated. The source of the contamination shall be determined and corrective
action taken, such as cleaning the system or replacing contaminated portions;

g) When the overflow HC concentration does not exceed 2 pmol/mol, this value shall be recorded as
XHcinit and it shall be used to correct for HC contamination as described in ISO 8178-4, Annex H
(molar based approach) or ISO 8178-4, Clause 9 (mass based approach).

9.8.5.5 Propane check performance

a) The propane check shall be performed as follows:

1) For

2) HC

ins

3) Ifg

the

4) An

5) Sa

6) C3h

int

7) Csj

acd

8) Th

tim

9) Sar

b) Incase

propan

1) For

2) HC

ins

3) Ifg

the

4) An
5)
6)
7)
8)
9)

114

batch HC sampling, clean storage media, such as evacuated bags shall be connected;

measurement instruments shall be operated according to the instrument manufactu
tructions;

orrection for dilution air background concentrations of HC is foreseen, background H
dilution air shall be measured and recorded;

i integrating devices shall be zeroed;
npling shall begin and any flow integrators shall be started;

[g shall be released at the rate selected. If a reference flow rate of C3Hg is used
pogration of this flow rate shall be started;

18 shall be continued to be released until at least-¢édough C3Hg has been released to en|
urate quantification of the reference C3Hg and the measured C3Hg;

e C3Hg cylinder shall be shut off and sampling shall continue until it has been accounte
e delays due to sample transport and amalyser response;

hpling shall be stopped and any intégrators shall be stopped;

the metering with a critical flow orifice is used, the following procedure may be used fo
e check as the alternative method of 9.8.5.5 a);

batch HC sampling, clean'storage media, such as evacuated bags shall be connected;

measurement instriments shall be operated according to the instrument manufactu
fructions;

orrection foridilution air background concentrations of HC is foreseen, background H
dilutionéair shall be measured and recorded;

i integrating devices shall be zeroed;

The-eontents-ofthe-CaHgreference-eyindershallbereleased-attherate-selected——

rer’s

Cin

the

sure

i for

I the

rer’s

Cin

Sampling shall begin, and any flow integrators started after confirming that HC concentration
is to be stable;

The cylinder’s contents shall be continued to be released until at least enough C3Hg has been
released to ensure accurate quantification of the reference C3Hg and the measured C3Hsg;

Any integrators shall be stopped;

The C3Hg reference cylinder shall be shut off.
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9.8.5.6 Evaluation of the propane check

Post-test procedure shall be performed as follows:

a)

If batch sampling has been used, batch samples shall be analysed as soon as practical;

b) After analysing HC, contamination and background shall be corrected for;

1:2017(E)

c) Total C3Hg mass based on the CVS and HC data shall be calculated as described in ISO 8178-4, Annex

d)

9.8.!

Whd
prog

b)

d)

9.8.

If a
ched
valu

5.8 Sample dryerverification

H or Clause 9, using the molar mass of C3Hg, Mc3ns, instead the effective molar mass of

HC, Muc;

If areference mass (gravimetric technique) is used, the cylinder’s propane mass shall be determined

The reference C3Hg mass shall be subtracted from the calculated mass. If this differen|
3,0 % of the reference mass, the CVS passes this verification.

b.7 PM secondary dilution system verification

n the propane check is to be repeated to verify the PM secondary dilution system, t}
edure from a) to d) shall be used for this verification:

Che HC sampling system shall be configured to extractla sample near the location (
sampler’s storage media (such as a PM filter). If the absolute pressure at this location i
extract an HC sample, HC may be sampled from the-batch sampler pump’s exhaust. Caut
lised when sampling from pump exhaust becaus€ an otherwise acceptable pump leak d
bf a batch sampler flow meter will cause a falsé\failure of the propane check;

The propane check shall be repeated as described in this subclause, but HC shall be sa
the batch sampler;

C3Hg mass shall be calculated, taking into account any secondary dilution from the batg

The reference C3Hg mass shall be subtracted from the calculated mass. If this differen|
5 % of the reference mass; the batch sampler passes this verification. If not, corre
chall be taken.

humidity senseyp for continuous monitoring of dew point at the sample dryer outlet
k does not-apply, as long as it is ensured that the dryer outlet humidity is below th|
es used for)quench, interference, and compensation checks.

pérformance shall be verified upon installation, after major maintenance, for ther

within = 0,5 % and the C3Hg reference mass shall be determined by subtracting the empty cylinder

I

propane mass from the full cylinder propane mass. If a critical flow orifice (meteringw]th a critical
Flow orifice) is used, the propane mass shall be determined as flow rate multipliéd by the test time;

ce is within

e following

f the batch
5 too low to
ion shall be
ownstream

mpled from
h sampler;

ce is within
Cctive action

s used this
e minimum

f a¢sample dryer is used as allowed in 5.2.2.3.1 to remove water from the sample gas, the

mal chiller.

OT 0SMOTiC Membrane dryers, the performance snall be Veritied upon instaltation,
maintenance, and within 35 days of testing;

after major

b) Water can inhibit an analyser’s ability to properly measure the exhaust component of interest and
thus is sometimes removed before the sample gas reaches the analyser. For example water can
negatively interfere with a CLD’s NOx response through collisional quenching and can positively

interfere with an NDIR analyser by causing a response similar to CO;

c) The sample dryer shall meet the specifications as determined in 5.2.2.3.1 for dew point, Tqew, and
absolute pressure, ptotal, downstream of the osmotic-membrane dryer or thermal chiller;
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d) The following sample dryer verification procedure method shall be used to determine sample dryer
performance, or good engineering judgment shall be used to develop a different protocol:

PTFE or stainless steel tubing shall be used to make necessary connections;

Ny or purified air shall be humidified by bubbling it through distilled water in a sealed vessel

that humidifies the gas to the highest sample dew point that is estimated during emission
sampling;

The humidified gas shall be introduced upstream of the sample dryer;

humidified gas temperature downstream of the vessel shall be maintained at least

5°C

1)

2)

3)
4) Th
abd
5) Th
to 1
dui
6) Th
to t
7) Th
dey
20
plul
abg
9.8.6 Per
measurem

ve its dew point;

e humidified gas dew point, Tgew, and pressure, piotal, Shall be measured as close’aspos
he inlet of the sample dryer to verify that the dew point is the highest that was estim
ing emission sampling;

e humidified gas dew point, Tgew, and pressure, piotal, Shall be measured-as close as pos
he outlet of the sample dryer;

v point corresponding to the sample dryer specifications as determined in 5.2.2.3.1
[ or if the mol fraction from d) 6) is less than the corresponding sample dryer specificaf
s 0,002 mol/mol or 0,2 Vol %. Note for this verification;sample dew point is expressg
olute temperature, Kelvin.

iodic calibration of the partial flow PM and associated raw exhaust gas
ent systems

9.8.6.1 Specifications for differential flow measurement

For partial
sample floy
measureme

dmp=Qdm
where

dmp is s

gmdw isd

qmdew s d

flow dilution systems to extract.a(proportional raw exhaust sample, the accuracy o
/ qmp is of special concern, if not'measured directly, but determined by differential
nt:

Hew—(Qmdw

ample massflow rate of exhaust gas into partial flow dilution system;
ilution dir,mass flow rate (on wet basis);

iluted exhaust gas mass flow rate on wet basis.

sible
ated

sible

e sample dryer meets the verification if the result of d) 6) of this subclause is less than the

plus
ions
bd in

F the
flow

(25)

In this case, THe MaxImuIT error of the difference shall be Such that the accuracy of gmp 15 WIthim £ 5 %
when the dilution ratio is less than 15. It can be calculated by taking root-mean-square of the errors of
each instrument.

Acceptable accuracies of gmp can be obtained by either of the following methods:

a)

<5 % at a dilution ratio of 15. However, greater errors will occur at higher dilution ratios;

b)

are obtained. For details see 9.8.6.2;

<)

by a tracer gas, e.g. CO2. Accuracies equivalent to method a) for gmyp are required;

116

The absolute accuracies of gmdew and gmdw are * 0,2 % which guarantees an accuracy of qmp of
Calibration of gmdw relative to gmdew is carried out such that the same accuracies for gmp as in a)

The accuracy of qmp is determined indirectly from the accuracy of the dilution ratio as determined
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d) The absolute accuracy of gmdew and gmdw is within * 2 % of full scale, the maximum error of the
difference between qmgew and gmdw is within 0,2 % and the linearity error is within + 0,2 % of the
highest gmndew Observed during the test.

9.8.6.2 Calibration of differential flow measurement

The partial flow dilution system to extract a proportional raw exhaust sample shall be periodically
calibrated with an accurate flow meter traceable to international and/or national standards. The flow
meter or the flow measurement instrumentation shall be calibrated in one of the following procedures,

such that the probe flow gmp into the tunnel shall fulfil the accuracy requirements of 9.8.6.1.

a)

b)

The flow meter for qmdw shall be connected in series to the flow meter for gmdew th
between the two flow meters shall be calibrated for at least 5 set points with flow'va

Lest. The dilution tunnel may be bypassed;

A calibrated flow device shall be connected in series to the flowmeter for 'gndew and t

n series to the flow meter for gmqw, and the accuracy shall be checked for at leas
rorresponding to dilution ratio between 3 and 15, relative to gmgéw-dsed during the tes

The transfer tube TT (see Figure 8) shall be disconnected from’the exhaust and a cali
measuring device with a suitable range to measure gmp $hall be connected to the tr

spaced between the lowest gmqw value used during the test and the value of gmdeiv-tised

hall be checked for the value used for the test. The calibrated flow-/device shall be

b difference
ues equally
| during the

he accuracy

connected
F 5 settings
L
prated flow
insfer tube.
to at least 5

Imdew Shall be set to the value used during the test, and‘g;gw shall be sequentially set
values corresponding to dilution ratios between 3 and\15. Alternatively, a special calil
path may be provided, in which the tunnel is bypassed, but the total and dilution air flqg
through the corresponding meters as in the actudhtest;

ration flow
w is passed

d) M tracer gas, shall be fed into the exhaust transfer tube TL. This tracer gas may be a
bf the exhaust gas, like CO; or NOy. After-dilution in the tunnel the tracer gas compon|
measured. This shall be carried out fef.5 dilution ratios between 3 and 15. The accu

sample flow shall be determined from-the dilution ratio rg:

component
ent shall be
iracy of the

— Amdew

rq

1imp (26)

The pccuracies of the gas analysers shall be taken into account to guarantee the accuracy of

qmp-

9.81.3 Special reqiiirements for differential flow measurement

Ac
cont
shoy
test

rement and
flow check
nged in the

bon flow chieck using actual exhaust is strongly recommended for detecting measu
rol problems-and verifying the proper operation of the partial flow system. The carbor
ld be run.at least each time a new engine is installed, or something significant is cha
cell configuration.

The |erigine shall be operated at peak torque load and speed or any other steady statd mode that
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 C shall be applied. The carbon flow rates
shall be calculated according to equations of Annex C. All carbon flow rates shall agree to within 5 %.

9.8.6.3.1 Pre-test check
A pre-test check shall be performed within 2 hours before the test run in the following way.

The accuracy of the flow meters shall be checked by the same method as used for calibration (see
9.8.6.2) for at least two points, including flow values of g;,qw that correspond to dilution ratios between
5 and 15 for the gndew value used during the test.
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If it can be demonstrated by records of the calibration procedure under 9.8.6.2 that the flow meter
calibration is stable over a longer period of time, the pre-test check may be omitted.

9.8.6.3.2 Determination of the transformation time

The system settings for the transformation time evaluation shall be the same as during measurement of
the test run. The transformation time, defined in Figure 1, shall be determined by the following method:

An independent reference flowmeter with a measurement range appropriate for the probe flow shall be
put in series with and closely coupled to the probe. This flowmeter shall have a transformation time of
less than 100 ms for the flow step size used in the response time measurement, with flow restriction
sufficiently[low as to not affect the dynamic performance of the partial flow dilution system according
to good engineering judgment. A step change shall be introduced to the exhaust flow (or aitflow if
exhaust flo is calculated) input of the partial flow dilution system, from a low flow to atleast 90 %
of full scalef The trigger for the step change shall be the same one used to start the look-ahead coptrol
in actual testing. The exhaust flow step stimulus and the flowmeter response shall,bérecorded|at a
sample ratq of at least 10 Hz.

From this dpta, the transformation time shall be determined for the partial flow{ dilution system, which
is the time [from the initiation of the step stimulus to the 50 % point of the\flowmeter response.|In a
similar manner, the transformation times of the gmp signal (i.e. sample flow;of exhaust gas into pafrtial
flow dilutiopn system) and of the gmew,; signal (i.e. the exhaust gas mass{low rate on wet basis supplied
by the exhaust flow meter) shall be determined. These signals are _used in the regression chiecks
performed after each test (see ISO 8178-4, 8.2.1.2).

The calculafion shall be repeated for at least 5 rise and fall stimuli, and the results shall be avergged.
The interngl transformation time (<100 ms) of the referencé-flowmeter shall be subtracted from|this
value. In the case that the system in accordance with I1SO 8178-4, 8.2.1.2. requires the “look-ahlead”

method, this is the “look-ahead” value of the partial flow dilution system to be applied in accordpnce
with ISO 81[78-4, 8.2.1.2.

9.9 CaliHration of the dynamometer

The enginel manufacturer shall apply internal quality procedures traceable to recognised national
or internatfonal standards, e.g. by laboeratories certified according to ISO/IEC 17025. Otherwisg the
following procedures apply.

9.9.1 Torjque calibration

9.9.1.1 S¢ope and frequency

All torquemeasure€ment systems including dynamometer torque measurement transducers|and
systems shdll be.calibrated upon initial installation and after major maintenance using, among others,

reference fi

rcé\or lever-arm length coupled with dead weight. Good engineering judgment sha

be

g

used to repgatthe calibration. The torque transducer manufacturer’s instructions shall be followed for

linearizing the torque sensor’s output. Other calibration methods are permitted.

9.9.1.2 Dead-weight calibration

This technique applies a known force by hanging known weights at a known distance along a lever
arm. It shall be made sure that the weights’ lever arm is perpendicular to gravity (i.e., horizontal) and
perpendicular to the dynamometer’s rotational axis. At least six calibration-weight combinations shall
be applied for each applicable torque-measuring range, spacing the weight quantities about equally
over the range. The dynamometer shall be oscillated or rotated during calibration to reduce frictional
static hysteresis. Each weight’s force shall be determined by multiplying its internationally-traceable
mass by the local acceleration of Earth’s gravity.
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9.9.1.3 Strain gage or proving ring calibration

This technique applies force either by hanging weights on a lever arm (these weights and their lever arm
length are not used as part of the reference torque determination) or by operating the dynamometer at
different torques. At least six force combinations shall be applied for each applicable torque-measuring
range, spacing the force quantities about equally over the range. The dynamometer shall be oscillated
or rotated during calibration to reduce frictional static hysteresis. In this case, the reference torque is
determined by multiplying the force output from the reference meter (such as a strain gage or proving
ring) by its effective lever-arm length, which is measured from the point where the force measurement
is made to the dynamometer’s rotational axis. It shall be made sure that this length is measured
perpendicular to the reference meter’s measurement axis and perpendicular to the dynamometer’s
rotafional axis.

9.1( Calibration of temperature, pressure and dew point sensors

The [engine manufacturer shall apply internal quality procedures traceable\to recognised national
or ipternational standards, e.g. by laboratories certified according to ISO/IEC 17025. Otherwise the
following procedures apply.

Instfuments shall be calibrated for measuring pressure, temperature, and dew point yipon initial
installation. The instrument manufacturer’s instructions shall be*followed and good ¢ngineering
judgment shall be used to repeat the calibration.

For femperature measurement systems with thermocouple, RTD, or thermistor sensors, the calibration
e system shall be performed as described in 9.1.4.4 for\inearity verification.

9.11 Flow-related measurements

9.11.1 Fuel flow calibration

Fuel| flow meters shall be calibrated\upon initial installation. The instrument matnufacturer’s
instructions shall be followed and good-engineering judgment shall be used to repeat the cdlibration.

9.11.2 Intake air flow calibration

Intake air flow meters shall be calibrated upon initial installation. The instrument manpufacturer’s
instructions shall be follawed and good engineering judgment shall be used to repeat the cglibration. A
calibration subsonic venturi, ultrasonic flow meter or laminar flow element should be used|Calibration
refefence quantities'should be used, that are internationally-traceable within 0,5 % uncertginty.

If a subsonic venturi or ultrasonic flow meter is used for intake flow measurement, its| calibration
shoyld be performed as described in 9.8.

9.11.3.“Exhaust flow calibration

Exhaust flow meters shall be calibrated upon initial installation. The instrument manufacturer’s
instructions shall be followed and good engineering judgment shall be used to repeat the calibration. A
calibration subsonic venturi or ultrasonic flow meter should be used; exhaust temperatures should be
simulated by incorporating a heat exchanger between the calibration meter and the exhaust-flow meter.
If it can be demonstrated that the flow meter to be calibrated is insensitive to exhaust temperatures,
other reference meters such as laminar flow elements may be used, which are not commonly designed
to withstand typical raw exhaust temperatures. Calibration reference quantities should be used, that
are internationally-traceable within 0,5 % uncertainty.

If a subsonic venturi or ultrasonic flow meter is used for raw exhaust flow measurement, it should be
calibrated as described in 9.8.
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Heat calculation (transfer tube)

sfer tube heating example

ature loss in the transfer tube (TT) causes thermophoretic deposition. The amoui
an be calculated using an equation given by Kittelson.

he exit particulate concentration;
he inlet particulate concentration;
he exit gas temperature;

he inlet gas temperature.

can be used. It is further assumed that the transfer tube has a constant cross section.

thermal accommodation coefficient [W/(m2 K)]
wall area (surface) of the transfer tube

gas velocity in the transfer tube (average)
specific heat capacity (at const. pressure) [J/kg K]
diameter ofthe transfer tube

length of the transfer tube

niass flow [kg/s]

Nusselt number

t of

[A.1)

culation of the heat flow in the transfer tibe the following Formula with the explained

Pr

gas pressure [kg m2/s]
Prandtl number

heat flow density [kg/s3]
heat loss of the gas flow [W]
Reynolds number

gas (bulk) temperature

wall temperature
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