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“Annex 4C

Particle Number Measurement Test Procedure

1.

3.2.

4.1.

4.1.1.

Applicability

This annex is not applicable for the purpose gktapproval according to
this Regulation for the time being. It will be maalgplicable in the future.

Introduction

This annex describes the method of determipangicle number emissions
of engines being tested according to the test pures defined in Annex 4B.

Unless otherwise stated, all test conditions, ptaoes and requirements are
as stated in Annex 4B.

Sampling
Particle number emissions

Particle number emissions shall be measured byireamts sampling from
either a partial flow dilution system, as descriliednnex 4B, Appendix 3,
section A.3.2.1. and A.3.2.2. or a full flow diloti system as described in
Annex 4B, Appendix 3, section A.3.2.3. and A.3.2.4.

Diluent filtration

Diluent used for both the primary and, where aggtile, secondary dilution
of the exhaust in the dilution system shall be gdgsbrough filters meeting
the High-Efficiency Particulate Air (HEPA) filteequirements defined in the
Diluent Filter (DAF) subsections of Annex 4B, Appien3, sections A.3.2.2.
or A.3.2.4. The diluent may optionally be charceatubbed before being
passed to the HEPA filter to reduce and stabiline tydrocarbon
concentrations in the diluent. It is recommendeat #in additional coarse
particle filter is situated before the HEPA filtand after the charcoal
scrubber, if used.

Operation of the Sampling System
Compensating for particle number sample fldiwlHlow dilution systems

To compensate for the mass flow extractednhfthe dilution system for
particle number sampling the extracted mass flole éd) shall be returned
to the dilution system. Alternatively, the total ssaflow in the dilution

system may be mathematically corrected for theghamumber sample flow
extracted. Where the total mass flow extracted ftbendilution system for
particle number sampling is less than 0.1 per oétite total dilute exhaust
gas flow in the dilution tunnel (med) this correctj or flow return, may be
neglected.
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4.2. Compensating for particle number sample flowpartial flow dilution
systems
4.2.1. For partial flow dilution systems the maksvfextracted from the dilution

system for particle number sampling shall be actamlifor in controlling the
proportionality of sampling. This shall be achieveither by feeding the
particle number sample flow back into the dilutisystem upstream of the
flow measuring device or by mathematical correctias outlined in
paragraph 4.2.2. In the case of total sampling tgpetial flow dilution
systems, the mass flow extracted for particle nunsaenpling shall also be
corrected for in the particulate mass calculatios autlined in
paragraph 4.2.3.

4.2.2. The instantaneous exhaust gas flow ratetieadilution systemog,), used
for controlling the proportionality of sampling, a&hbe corrected according
to one of the following methods;

(@ In the case where the extracted particle nundzenple flow is
discarded, equation (83) in Annex 4B, paragraph6®4 shall be
replaced by the following:

qmp = qmdew_ qmdw - qex

where:

Omp = sample flow of exhaust gas into partial flowutibn
system, kg/s

Omdew = diluted exhaust mass flow rate, kg/s

Omdw = dilution air mass flow rate, kg/s

Oex = particle number sample mass flow rate, kg/s

The gex Signal sent to the partial flow system controlidrall be
accurate to within 0.1 per cent @fgewat all times and should be sent
with frequency of at least 1 Hz.

(b) In the case where the extracted particle nungzmple flow is
discarded, but an equivalent flow is fed back te tilution system
upstream of the flow measurement device, equa88hit Annex 4B,
paragraph 9.4.6.2. shall be replaced by the foligwi

qmp = qmdew_ qmdw - qex + qsw

where:

Omp = sample flow of exhaust gas into partial flowudibn
system, kg/s

Omdew = diluted exhaust mass flow rate, kg/s,

Omdw = dilution air mass flow rate, kg/s,

Oex = particle number sample mass flow rate, kg/s,

Ow = mass flow rate fed back into dilution tunnel to

compensate for particle number sample extractigfs. k

The difference betweem, andgs, sent to the partial flow system controller
shall be accurate to within 0.1 per centggfiew at all times. The signal (or
signals) should be sent with frequency of at ldadt.
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4.2.3.

4.3.

4.3.1.

5.2.

5.2.1.

Correction of PM measurement

When a particle number sample flow is extractemmfra total sampling
partial flow dilution system, the mass of partitak (mpy) calculated in
Annex 4B, paragraph 8.4.3.2.1. or 8.4.3.2.2. dmaltorrected as follows to
account for the flow extracted. This correction rexquired even where
filtered extracted flow is fed back into the pdrflaw dilution systems.

sed

mPM,corr = mPM X
(msed - mex)
where:

Mbm,corr = mass of particulates corrected for extractiorpadticle
number sample flow, g/test,

My = mass of particulates determined according toekmB
paragraph 8.4.3.2.1. or 8.4.3.2.2., g/test,

Mgy = total mass of diluted exhaust gas passing thrahg
dilution tunnel, kg,

May = total mass of diluted exhaust gas extracted fthe

dilution tunnel for particle number sampling, kg.
Proportionality of partial flow dilution sanipd

For particle number measurement, exhausts nflasv rate, determined
according to any of the methods described in An#iBx sections 8.4.1.3.
t0 8.4.1.7., is used for controlling the partiawil dilution system to take a
sample proportional to the exhaust mass flow raftee quality of
proportionality shall be checked by applying a esgion analysis between
sample and exhaust flow in accordance with AnnexpéBagraph 9.4.6.1.

Determination of Particle Numbers
Time alignment

For partial flow dilution systems residence tinte the particle number
sampling and measurement system shall be accofmtdsy time aligning
the particle number signal with the test cycle #relexhaust gas mass flow
rate according to the procedures defined in AnnBxpéragraphs 3.1.30.
and 8.4.2.2. The transformation time of the paticlmber sampling and
measurement system shall be determined accordingragraph 1.3.6. of
Appendix 1 to this annex.

Determination of particle numbers with a @driiow dilution system

Where particle numbers are sampled usingréap flow dilution system
according to the procedures set out in Annex 4Btiae 8.4., the number of
particles emitted over the test cycle shall be Wated by means of the
following equation:

N = o F 10
1.29¢
where:

N = number of particles emitted over the test cycle,
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5.3.
53.1.

Mm,; =  mass of equivalent diluted exhaust gas overctiude,
determined according to Annex 4B paragraph 8.23.2.
kgltest,

k = calibration factor to correct the particle numbeunter

measurements to the level of the reference instntime
where this is not applied internally within the fice
number counter. Where the calibration factor isliapgp
internally within the particle number counter, duea
of 1 shall be used for k in the above equation,

C = average concentration of particles from the tddu
exhaust gas corrected to standard conditions (273.2
and 101.33 kPa), particles per cubic centimetre,

f, = mean particle concentration reduction factor té

volatile particle remover specific to the dilutisattings
used for the test.

C, shall be calculated from the following equation:
i=n
C = Zizlcsri
® n
where:
Csi = a discrete measurement of particle concentratiche
diluted gas exhaust from the particle counter, estied
for coincidence and to standard conditions (273.2 K
and 101.33 kPa), particles per cubic centimetre,
n = number of particle concentration measuremerisnta

over the duration of the test.
Determination of particle numbers with a fldw dilution system

Where particle numbers are sampled usingillafibw dilution system
according to the procedures set out in Annex 4Btiae 8.5., the number of
particles emitted over the test cycle shall be Wated by means of the
following equation:

N="E ke f e
1.20%

where:
N = number of particles emitted over the test cycle,
Meg = total diluted exhaust gas flow over the cycleaated
according to any one of the methods described in
Annex 4B, paragraphs 8.5.1.2. to 8.5.1.4., kg/test,
k = calibration factor to correct the particle numbeunter

measurements to the level of the reference instnuime
where this is not applied internally within the fice
number counter. Where the calibration factor isliagp
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5.4.
54.1.

54.2.

internally within the particle number counter, duea
of 1 shall be used for k in the above equation,

c = average corrected concentration of particles frtben

diluted exhaust gas corrected to standard condition
(273.2K and 101.33kPa), particles per cubic
centimetre,

f = mean particle concentration reduction factor bé t

volatile particle remover specific to the dilutisattings
used for the test.

C, shall be calculated from the following equation:

i=n
c= Zi=1 Csi
n

where:

Csi = a discrete measurement of particle concentratiche
diluted gas exhaust from the particle counter, estied
for coincidence and to standard conditions (273.2 K
and 101.33 kPa), particles per cubic centimetre,

n = number of particle concentration measuremerisnta
over the duration of the test.

Test result

For each individual WHSC, hot WHTC and coMHTC the specific
emissions in number of particles/kWh shall be daked as follows:

N
e=—-
Wact
where:
e is the number of particles emitted per kWh,
W,, is the actual cycle work according to Annex 4B,

paragraph 7.8.6., in KWh.
Exhaust after-treatment systems with pecicgljeneration

For engines equipped with periodically regenetptiftertreatment systems
the WHTC hot start emissions shall be weightecbfews:

_nxe+n xe
~ n+n,
where:
ey is the weighted average hot start WHTC specifidssion,
number of particles/kwWh,
n is the number of WHTC hot start tests without regation,
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n, is the number of WHTC hot start tests with regatien
(minimum one test),

e is the average specific emission without reger@mrahumber
of particles/kWh,

e_r is the average specific emission with regeneratiomber of
particles/kWh.

For the determination (ﬁ_r the following provisions apply:

(@)  If regeneration takes more than one hot $wiTC, consecutive full
hot start WHTC tests shall be conducted and enmissiontinued to
be measured without soaking and without shuttiegetigine off, until
regeneration is completed, and the average of ttestart WHTC
tests be calculated.

(b)  If regeneration is completed during any hattstWHTC, the test shall
be continued over its entire length.

In agreement with the type approval authority eregration adjustment may
be applied by either multiplicative or additive astment based on good
engineering analysis.

Multiplicative regeneration adjustment factdks shall be determined as

follows:
K. =S (upward)
' €
K 4 =& (downward)
' e

Additive regeneration adjustmefit)(shall be determined as follows:
k., =ey—e (upward)
kg =ey,—g (downward)

The regeneration adjustmedqt

(c) shall be applied to the weighted WHTC testultesas per
paragraph 5.4.3.,

(d) may be applied to the WHSC and cold WHTC, ifegeneration
occurs during the cycle,

(e) may be extended to other members of the sagiaefamily,

() may be extended to other engine families usitie same
aftertreatment system with the prior approval & thpe Approval
Authority based on technical evidence to be sugplley the
manufacturer that the emissions are similar.

5.4.3. Weighted average WHTC test result

For the WHTC, the final test result shall be aghétd average from cold
start and hot start (including periodic regeneratishere relevant) tests
calculated using one of the following equations:
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5.4.4.

6.2.

(@) in the case of multiplicative regeneration uatthent, or engines
without periodically regenerating aftertreatment

e= kr (014X Ncold) + (086X Nhot)
(0'14xWact,cold) + (0'86xWact.hot)

(b) in the case of additive regeneration adjustmen

ez k + (014>< Ncold) + (0'86x Nhot)
r (0'14xWact,cold) + (0'86xWact.hot)

where:

Neord is the total number of particles emitted over WEITC cold test
cycle,

Nhot is the total number of particles emitted over Wel{TC hot test
cycle,

W,etcod IS the actual cycle work over the WHTC cold tegtle according
to Annex 4B, paragraph 7.8.6., in kWh,

Wit not IS the actual cycle work over the WHTC hot testleyaccording to
Annex 4B, paragraph 7.8.6., in kWh,

K is the regeneration adjustment, according to papdg5.4.2., or in
the case of engines without periodically regenegatiftertreatment
k=1

Rounding of final results

The final WHSC and weighted average WHTC testltesall be rounded
in one step to three significant figures in accamawith ASTM E 29-06B.
No rounding of intermediate values leading to tlmalf brake specific
emission result is permissible.

Determination of Particle Number Background

At the engine manufacturer’'s request, diluttannel background particle
number concentrations may be sampled, prior tofi@r ¢he test, from a
point downstream of the particle and hydrocarbdier into the particle
number measurement system, to determine the tuvaedground particle
concentrations.

Subtraction of particle number tunnel backgaooncentrations shall not be
allowed for type approval, but may be used at tlaufacturer's request,
with the prior approval of the type approval auttyprfor conformity of
production testing if it can be demonstrated thahnel background
contribution is significant., which can then be tsabted from the values
measured in the diluted exhaust.
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Annex 4C

Appendix 1

Particle Number Emissions Measurement Equipment

1.
1.1.

1.1.1.

1.1.2.

1.2.

1.2.1.

Specification
System overview

The particle sampling system shall consfsa @robe or sampling point
extracting a sample from a homogenously mixed flow dilution system as
described in Annex 4B, Appendix 3, section A3.24d A.3.2.2. or A3.2.3.
and A.3.2.4., a volatile particle remover (VPR) tugam of a particle
number counter (PNC) and suitable transfer tubing.

It is recommended that a particle size fmssifier (e.g. cyclone, impactor,
etc.) be located prior to the inlet of the VPR. Hwer, a sample probe acting
as an appropriate size-classification device, sascthat shown in Annex 4B,
Appendix 3, Figure 14, is an acceptable alternatiivéhe use of a particle
size pre-classifier. In the case of partial flolution systems it is acceptable
to use the same pre-classifier for particulate measd particle number

sampling, extracting the particle nhumber samplenfithe dilution system

downstream of the pre-classifier. Alternatively aegte pre-classifiers may
be used, extracting the particle number sample ftbhen dilution system

upstream of the particulate mass pre-classifier.

General requirements
The particle sampling point shall be locatétthin a dilution system.

The sampling probe tip or particle sampling p@ind particle transfer tube
(PTT) together comprise the particle transfer systPTS). The PTS
conducts the sample from the dilution tunnel togh&ance of the VPR. The
PTS shall meet the following conditions:

In the case of full flow dilution systems and perflow dilution systems of
the fractional sampling type (as described in Anm, Appendix 3,
section A.3.2.1.) the sampling probe shall be Ikestanear the tunnel centre
line, 10 to 20 tunnel diameters downstream of tag iglet, facing upstream
into the tunnel gas flow with its axis at the tigrallel to that of the dilution
tunnel. The sampling probe shall be positioned iwithe dilution tract so
that the sample is taken from a homogeneous dilerdmust mixture.

In the case of partial flow dilution systems o€ ttotal sampling type (as
described in Annex 4B, section A.3.2.1.) the péatisampling point or
sampling probe shall be located in the particuledasfer tube, upstream of
the particulate filter holder, flow measurementide\and any sample/bypass
bifurcation point. The sampling point or samplinglge shall be positioned
so that the sample is taken from a homogeneousrdilxhaust mixture.

Sample gas drawn through the PTS shall meet tleviog conditions:
It shall have a flow Reynolds number (Re) of <@;70

It shall have a residence time in the PTS 8fseconds.
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1.2.2.

1.2.3.

1.2.4.

1.3.
1.3.1.

1.3.2.
1.3.3.

1.3.3.1.

1.3.3.2.

1.3.3.3.

1.3.3.4.

1.3.3.5.

Any other sampling configuration for the PTS fonieh equivalent particle
penetration at 30 nm can be demonstrated will Ibsidered acceptable.

The outlet tube (OT) conducting the diluted sanfpden the VPR to the inlet
of the PNC shall have the following properties:

It shall have an internal diametersofimm;

Sample Gas flow through the OT shall have a resie time
of < 0.8 seconds.

Any other sampling configuration for the OT for st equivalent particle
penetration at 30 nm can be demonstrated will Ibsidered acceptable.

The VPR shall include devices for sampletidih and for volatile particle
removal.

All parts of the dilution system and the plng system from the exhaust
pipe up to the PNC, which are in contact with rawd ailuted exhaust gas,
shall be designed to minimize deposition of thetipias. All parts shall be

made of electrically conductive materials that @b react with exhaust gas
components, and shall be electrically grounded tevent electrostatic

effects.

The particle sampling system shall incorfmrgood aerosol sampling
practice that includes the avoidance of sharp bemdsabrupt changes in
cross-section, the use of smooth internal surfandsthe minimisation of the
length of the sampling line. Gradual changes in thess-section are
permissible.

Specific requirements

The particle sample shall not pass throughrap before passing through the
PNC.

A sample pre-classifier is recommended.
The sample preconditioning unit shall:

Be capable of diluting the sample in onenore stages to achieve a particle
number concentration below the upper thresholdhefsingle particle count
mode of the PNC and a gas temperature below 35 fi@@anlet to the PNC;

Include an initial heated dilution stagéiich outputs a sample at a
temperature of 2 150 °C and < 400 °C, and dilutes by a factor of at
least 10;

Control heated stages to constant nomipexating temperatures, within the
range specified in paragraph 1.3.3.2., to a totmrasf +10 °C. Provide an

indication of whether or not heated stages arehair tcorrect operating

temperatures.

Achieve a particle concentration reductfector (f(d)), as defined in
paragraph 2.2.2. below, for particles of 30 nm &fichm electrical mobility
diameters, that is no more than 30 per cent ange2Ocent respectively
higher, and no more than 5 per cent lower than ftivaparticles of 100 nm
electrical mobility diameter for the VPR as a whole

Also achieve > 99.0 per cent vaporisatioh 30 nm tetracontane
(CH3(CH,)ssCHs) particles, with an inlet concentration »f10,000 crit, by
means of heating and reduction of partial pressofréise tetracontane.
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1.3.4.

1.3.4.1.
1.3.4.2.

1.3.4.3.

1.3.4.4.

1.3.4.5.
1.3.4.6.

1.3.4.7.

1.3.4.8.

1.3.4.9.

1.3.5.

1.3.6.

1.3.7.

1.4.

The PNC shall:
Operate under full flow operating condisip

Have a counting accuracy of +10 per cenoss the range 1 cinto the
upper threshold of the single particle count modehe PNC against a
traceable standard. At concentrations below 100° cmeasurements
averaged over extended sampling periods may béreeio demonstrate the
accuracy of the PNC with a high degree of staastionfidence;

Have a readability of at least 0.1 pagiclcn® at concentrations
below 100 crit;

Have a linear response to particle comagoihs over the full measurement
range in single particle count mode;

Have a data reporting frequency equat tgreater than 0.5 Hz;

Have aqf response time over the measured concentrationerafdess
than 5 s;

Incorporate a coincidence correction fianctup to a maximum 10 per cent
correction, and may make use of an internal calimaactor as determined
in paragraph 2.1.3., but shall not make use ofahgr algorithm to correct
for or define the counting efficiency;

Have counting efficiencies at particleesiof 23 nm (1 nm) and 41 nm
(1 nm) electrical mobility diameter of 50 per cénil2 per cent) and > 90
per cent respectively. These counting efficienaeay be achieved by
internal (for example; control of instrument degign external (for example;
size pre-classification) means;

If the PNC makes use of a working liquidshall be replaced at the
frequency specified by the instrument manufacturer.

Where they are not held at a known con$¢aet at the point at which PNC
flow rate is controlled, the pressure and/or terapee at inlet to the PNC
shall be measured and reported for the purposesookcting particle

concentration measurements to standard conditions.

The sum of the residence time of the PTRR ¥Rd OT plus the t90 response
time of the PNC shall be no greater than 20 s.

The transformation time of the entire p#&titumber sampling system (PTS,
VPR, OT and PNC) shall be determined by aerosdickivig directly at the
inlet of the PTS. The aerosol switching shall beed less than 0.1 s. The
aerosol used for the test shall cause a conceamtrekiange of at least 60 per
cent full scale (FS).

The concentration trace shall be recorded. Foe @fignment of the particle
number concentration and exhaust flow signals,ttaesformation time is
defined as the time from the changg (intil the response is 50 per cent of
the final reading &t).

Recommended system description

The following section contains the recommendedtma for measurement
of particle number. However, any system meeting terformance
specifications in paragraphs 1.2. and 1.3. is dabép

11
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Figures 14 and 15 are schematic drawings of tleermenended particle
sampling system configures for partial and full wflodilution systems
respectively.

Figure 14
Schematic of Recommended Particle Sampling SystenPartial Flow Sampling

e escssscesssssssssassssansy

. PNC

filtered air
from engine exhaust T X E‘Nﬂ
make-up air*  aeesaa

* Alternatively, the control
software might account for the
flow removed by the PN system

Figure 15
Schematic of Recommended Particle Sampling Systentull Flow Sampling

LR L R RS R A R R R AR R R R L E R XY

. PNC o

cyclone

Teseeseessssssssaas

-

1.4.1. Sampling system description

The particle sampling system shall consist ofrapgng probe tip or particle
sampling point in the dilution system, a partictansfer tube (PTT), a
particle pre-classifier (PCF) and a volatile paetiemover (VPR) upstream

12
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1.4.2.

1.4.3.

of the particle number concentration measuremeNC{Punit. The VPR
shall include devices for sample dilution (partinlember diluters: PNDand

PND,) and particle evaporation (Evaporation tube, HRe sampling probe
or sampling point for the test gas flow shall be acanged within the
dilution tract that a representative sample gaw fis taken from a
homogeneous diluent/exhaust mixture. The sum ofékilence time of the
system plus the t90 response time of the PNC bkatio greater than 20 s.

Particle transfer system

The sampling probe tip or particle sampling p@ind particle transfer tube
(PTT) together comprise the particle transfer systPTS). The PTS
conducts the sample from the dilution tunnel to #mrance to the first
particle number diluter. The PTS shall meet thiofeing conditions:

In the case of full flow dilution systems and perflow dilution systems of
the fractional sampling type (as described in Anm, Appendix 3,
section A.3.2.1.) the sampling probe shall be Ikestanear the tunnel centre
line, 10 to 20 tunnel diameters downstream of tag iglet, facing upstream
into the tunnel gas flow with its axis at the tigrallel to that of the dilution
tunnel. The sampling probe shall be positioned iwithe dilution tract so
that the sample is taken from a homogeneous dilerdmust mixture.

In the case of partial flow dilution systems o€ ttotal sampling type (as
described in Annex 4B, section A.3.2.1.) the pltgampling point shall be
located in the particulate transfer tube, upstreznthe particulate filter
holder, flow measurement device and any sampleBsyp#urcation point.
The sampling point or sampling probe shall be pws#d so that the sample
is taken from a homogeneous diluent/exhaust mixture

Sample gas drawn through the PTS shall meet tlenviog conditions:
It shall have a flow Reynolds number (Re) of <@70
It shall have a residence time in the PTS 8fseconds.

Any other sampling configuration for the PTS fonigh equivalent particle
penetration for particles of 30 nm electrical mitpildiameter can be
demonstrated will be considered acceptable.

The outlet tube (OT) conducting the diluted sanfpden the VPR to the inlet
of the PNC shall have the following properties:

It shall have an internal diameter>oftf mm,;

Sample gas flow through the POT shall have a eesié time ok 0.8
seconds.

Any other sampling configuration for the OT for st equivalent particle
penetration for particles of 30 nm electrical mibpildiameter can be
demonstrated will be considered acceptable.

Particle pre-classifier

The recommended particle pre-classifier shall deated upstream of the
VPR. The pre-classifier 50 per cent cut point psetidiameter shall be
between 2.5 pm and 10 pm at the volumetric flow sslected for sampling
particle number emissions. The pre-classifier shidfdw at least 99 per cent
of the mass concentration of 1 um particles engettie pre-classifier to pass
through the exit of the pre-classifier at the voétric flow rate selected for
sampling particle number emissions. In the casepadtial flow dilution

13
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1.4.4.

1.4.4.1.

1.4.4.2.

1.4.43.

1.4.5.

systems, it is acceptable to use the same prefeadsr particulate mass
and particle number sampling, extracting the plartrtumber sample from
the dilution system downstream of the pre-classiffdternatively separate
pre-classifiers may be used, extracting the particlmber sample from the
dilution system upstream of the particulate massgtassifier.

Volatile particle remover (VPR)

The VPR shall comprise one particle number dil(RMD;), an evaporation
tube and a second diluter (PBDn series. This dilution function is to reduce
the number concentration of the sample enteringpirticle concentration
measurement unit to less than the upper threstidhiesingle particle count
mode of the PNC and to suppress nucleation withénsample. The VPR
shall provide an indication of whether or not PNdd the evaporation tube
are at their correct operating temperatures.

The VPR shall achieve > 99.0 per cent vaporisatib80 nm tetracontane
(CHs(CH,)ssCHs) particles, with an inlet concentration ®f10,000 crit, by
means of heating and reduction of partial pressofethe tetracontane. It
shall also achieve a particle concentration redactactor (f) for particles
of 30 nm and 50 nm electrical mobility diametehgttis no more than 30 per
cent and 20 per cent respectively higher, and neertian 5 per cent lower
than that for particles of 100 nm electrical mapililiameter for the VPR as
a whole.

First particle number dilution device (PIND

The first particle number dilution device shall gpecifically designed to
dilute particle number concentration and operate gtvall) temperature
of 150 °C to 400 °C. The wall temperature setpanould be held at a
constant nominal operating temperature, within tisisge, to a tolerance
of £10°C and not exceed the wall temperature ofe tHET
(paragraph 1.4.4.2.). The diluter should be sudpléth HEPA filtered
dilution air and be capable of a dilution factorléfto 200 times.

Evaporation tube

The entire length of the ET shall be controllecatevall temperature greater
than or equal to that of the first particle numbaution device and the wall
temperature held at a fixed nominal operating teatpee between 300 °C
and 400 °C, to a tolerance of +10 °C.

Second particle number dilution device RN

PND, shall be specifically designed to dilute particlember concentration.
The diluter shall be supplied with HEPA filteredutiion air and be capable
of maintaining a single dilution factor within ange of 10 to 30 times. The
dilution factor of PND shall be selected in the range between 10 anddb s
that particle number concentration downstream efdécond diluter is less
than the upper threshold of the single particlentooode of the PNC and the
gas temperature prior to entry to the PNC is <@5 °

Particle number counter (PNC)

The PNC shall meet the requirements of paragrai.1
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2. Calibration/Validation of the Particle Sampli@gstem
2.1. Calibration of the Particle Number Counter
2.1.1. The Technical Service shall ensure the exist of a calibration certificate

for the PNC demonstrating compliance with a trateatandard within a 12-
month period prior to the emissions test.

2.1.2. The PNC shall also be recalibrated and a cadibration certificate issued
following any major maintenance.

2.1.3. Calibration shall be traceable to a standalitration method:

(a) By comparison of the response of the PNC undgbration with that
of a calibrated aerosol electrometer when simutiaely sampling
electrostatically classified calibration particles,

(b) By comparison of the response of the PNC und8bration with that
of a second PNC which has been directly calibratgdhe above
method.

In the electrometer case, calibration shall beeuaden using at least six
standard concentrations spaced as uniformly ashpesscross the PNC’s
measurement range. These points will include a naldero concentration
point produced by attaching HEPA filters of at leadass H13 of
EN 1822:2008, or equivalent performance, to thetinlf each instrument.
With no calibration factor applied to the PNC undatibration, measured
concentrations shall be within +10 per cent of skendard concentration for
each concentration used, with the exception ofzére point, otherwise the
PNC under calibration shall be rejected. The gradiom a linear
regression of the two data sets shall be calculateldecorded. A calibration
factor equal to the reciprocal of the gradient lsbal applied to the PNC
under calibration. Linearity of response is caltedaas the square of the
Pearson product moment correlation coefficierf) @ the two data sets and
shall be equal to or greater than 0.97. In calmdaboth the gradient and R2
the linear regression shall be forced through tigiro(zero concentration on
both instruments).

In the reference PNC case, calibration shall bdertaken using at least six
standard concentrations across the PNC’'s measuteraege. At least 3
points shall be at concentrations below 1,000 cnthe remaining
concentrations shall be linearly spaced betweed0lcd® and the maximum
of the PNC’s range in single particle count modeede points will include a
nominal zero concentration point produced by aitagtEPA filters of at
least class H13 of EN 1822:2008, or equivalentgraerénce, to the inlet of
each instrument. With no calibration factor appliedd the PNC under
calibration, measured concentrations shall be withl0 per cent of the
standard concentration for each concentration, thighexception of the zero
point, otherwise the PNC under calibration shallréected. The gradient
from a linear regression of the two data sets dietlalculated and recorded.
A calibration factor equal to the reciprocal of gradient shall be applied to
the PNC under calibration. Linearity of responsedkulated as the square
of the Pearson product moment correlation coefiic{@) of the two data
sets and shall be equal to or greater than 0.97calaulating both the

1 Example calibration/validation methods are avagati:
http://www.unece.org/trans/main/wp29/wp29wgs/wp@gompFCP.html
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2.1.4.

2.2.
2.2.1.

2.2.2.
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gradient and Rthe linear regression shall be forced throughaifigin (zero
concentration on both instruments).

Calibration shall also include a check, aglaithe requirements in
paragraph 1.3.4.8., on the PNC'’s detection effiyemith particles of 23 nm
electrical mobility diameter. A check of the coungiefficiency with 41 nm
particles is not required.

Calibration/Validation of the volatile pargctemover

Calibration of the VPR’s particle concentmtreduction factors across its
full range of dilution settings, at the instrumenfixed nominal operating
temperatures, shall be required when the unitus axed following any major

maintenance. The periodic validation requirement tfee VPR'’s particle

concentration reduction factor is limited to a dhata single setting, typical
of that used for measurement on diesel particdlite equipped vehicles.

The Technical Service shall ensure the existencea o€alibration or

validation certificate for the volatile particle mever within a 6 month

period prior to the emissions test. If the volagiketicle remover incorporates
temperature monitoring alarms a 12 month validatioterval shall be

permissible.

The VPR shall be characterised for particle cotreéion reduction factor
with solid particles of 30 nm, 50 nm and 100 nnteleal mobility diameter.
Particle concentration reduction factorgd)) for particles of 30 nm and 50
nm electrical mobility diameters shall be no mdrant 30 per cent and 20 per
cent higher respectively, and no more than 5 pet tver than that for
particles of 100 nm electrical mobility diameterorFthe purposes of
validation, the mean particle concentration redurctifactor shall be
within £10 per cent of the mean particle concerdrateduction factor € )
determined during the primary calibration of theR/P

The test aerosol for these measurements tshadolid particles of 30, 50
and 100 nm electrical mobility diameter and a mimm concentration

of 5,000 particles cih at the VPR inlet. Particle concentrations shall be
measured upstream and downstream of the components.

The particle concentration reduction factor atheparticle size ({d;) ) shall
be calculated as follows;

fr (d|) - Nin (d|)

Nout(di )
Where:
Nin(d) = upstream particle number concentration for plei of
diameter ¢
Noudd) = downstream particle number concentration fotiglas
of diameter d and
d = particle electrical mobility diameter (30, 501®0 nm).

Nin(di) andN,(d;) shall be corrected to the same conditions.

The mean particle concentration reduction)(at a given dilution setting
shall be calculated as follows;
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T f, GOnm) + f, GONM) + f, (L0ONM)

' 3
It is recommended that the VPR is calibrated aalilated as a complete
unit.

2.2.3. The Technical Service shall ensure the exi&t of a validation certificate
for the VPR demonstrating effective volatile pddaiacdemoval efficiency
within a 6 month period prior to the emissions .tésthe volatile particle
remover incorporates temperature monitoring alaam® month validation
interval shall be permissible. The VPR shall denvartis greater than 99.0
per cent removal of tetracontane (§0EH,):sCH,) particles of at least 30 nm
electrical mobility diameter with an inlet conceatton of > 10,000 cri?
when operated at its minimum dilution setting anthnufacturers
recommended operating temperature.

2.3. Particle number system check procedures

2.3.1. Prior to each test, the particle counteifl seport a measured concentration
of less than 0.5 particles ¢hwhen a HEPA filter of at least class H13 of
EN 1822:2008, or equivalent performance, is attdctee the inlet of the
entire particle sampling system (VPR and PNC).

2.3.2. On a monthly basis, the flow into the p&twounter shall report a measured
value within 5 per cent of the particle counter muah flow rate when
checked with a calibrated flow meter.

2.3.3. Each day, following the application of a HEHter of at least class H13 of
EN 1822:2008, or equivalent performance, to thetiof the particle counter,
the particle counter shall report a concentratibg 6.2 cn®. Upon removal
of this filter, the particle counter shall show &mcrease in measured
concentration to at least 100 particles“when challenged with ambient air
and a return te 0.2 cm?® on replacement of the HEPA filter.

2.3.4. Prior to the start of each test it shalldoafirmed that the measurement
system indicates that the evaporation tube, wheaifed in the system, has
reached its correct operating temperature.

2.3.5. Prior to the start of each test it shalldosfirmed that the measurement
system indicates that the diluter PNBas reached its correct operating
temperature.”
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