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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

Engine crankcase blowby is composed of combustion exhaust gases, which have escaped to the
crankcase via piston ring seals, and lube oil aerosols generated by thermal and mechanical action
within the engine. These gases are vented from the crankcase to prevent a build-up of high pressure.
The constituents of vented engine blowby gases are recognized as an undesirable contaminant and
technology for their containment is therefore evolving.

The device used to separate oil aerosols from the blowby typically releases cleaned gases to atmosphere
or into the air inlet prior to the engine or turbo compressor (if present). The latter has led to the
requirement for a pressure control device to isolate the engine from turbo inlet suction.

It is the purpose of this document to define standardized and repeatable test procedures)for|the
evaluation| of blowby oil aerosol separators and filtering devices using this laboratory .fractipnal
efficiency est method.

vi © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=2d47e0812376e866e97d5d4a95b33039

INTERNATIONAL STANDARD

ISO 17536-4:2019(E)

Road Vehicles — Aerosol separator performance test for
internal combustion engines —

Part 4:
Laboratory fractional efficiency test method

1

Thi
aer
bot

Filt

Thd
refq

Con

Dusd
effi

The
con
und

ISO
Par

ISO
Par

For

ISO

Scope

5 document defines standardized and repeatable test procedures for the evaluyation of
sol separators and filtering devices and specifies laboratory fractional Separation ef
n open and closed crankcase ventilation systems.

br life is not evaluated in this document.

renced in ISO/TS 17536-2.
formance of a device to legislation is outside of the scope’ofthis document.
to limited precision using current equipment, this:document is not suitable for filter
Ciency of 99 %.
Normative references

following documents are referred to<in the text in such a way that some or all of th
Ktitutes requirements of this document. For dated references, only the edition cited 3
ated references, the latest edition of the referenced document (including any amendmen

17536-1:2015, Road vehicles < Aerosol separator performance test for internal combustior
E 1: General

TS 17536-2, Road vehicles — Aerosol separator performance test for internal combustion
t 2: Laboratory test‘method
Terms, définitions, and abbreviated terms

the purposes of this document, the terms and definitions given in ISO 17536-1 and the follo

blowby oil
ficiency in

conditioned portion of this test only applies to filters that can imeet the Dp stability requirements

S above an

Pir content
pplies. For
[s) applies.

engines —

engines —

wing apply.

dresses:

and1EC maintain terminological databases for use in standardization at the following adg

3.1

3.1.

[SO Online browsing platform: available at https://www.iso.org/obp

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

Terms and definitions

1

fractional separation efficiency

abil

ity of the separator to remove particles of a specified size expressed as a percentage
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3.1.2

particle instrument
instrument for sizing and/or counting aerosol particles

Note 1 to entry: Recommended particle instruments are LSAS's, or other instruments demonstrating they can
measure results to within 5 % of an LSAS.

3.2 Abbreviated terms

PSD particle size distribution

PSE p4rticle size removal efficiency

PSL polystyrene latex, referring to commercially available particles of various specific sizes
LSAS  light scattering aerosol spectrometer

4 Measurement accuracy

The meas

ement accuracy of this document shall be in accordance with [SO\17536-1:2015, Clause

5 Test materials and conditions

5.1 Absg¢lute filter, wall flow trap and leakage

The provisjons related to the absolute filter (if present), thesdownstream wall flow trap (if present) and

leakage shall be in accordance with ISO 17536-1.

5.2 Testitemperature

The volume directly outside of the unit undertest (UUT) and internal temperature of the efficiency fest

shall be either:

— Conditlion A: 80 °C + 3 °C

— Conditlion B: 23°C+5°C

The conditjon that is run shallbe documented in the test report (see Annex B).

5.3 Testconditions

All test mepsurements shall be performed under the following stable conditions:

a) Flow rpte: Air flow rate and mass oil flow are specified by the customer or by the test requestof.

b) Clean condition: The user should run a clean pressure loss test as specified in ISO/TS 17536-2.
The clean pressure loss test is conducted before any oil aerosol is allowed to enter the unit under
test (UUT).

c) If gravimetric efficiency (per ISO/TS 17536-2) and fractional efficiency tests are being performed
simultaneously, once the oil flow has been started for a test the air flow and oil flow shall not be
interrupted until the completion of the fractional efficiency test.

d) The conditioned fractional efficiency is measured after reaching the condition specified in
ISO/TS 17536-2.

NOTE Aerosol size distribution is not specified in this document, however two possible distributions are as

follows. D50: 0,85 pm to 0,9 um (same as ISO/TS 17536-2) or to the customer’s specification.

© ISO 2019 - All rights reserved
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6 Test procedure

6.1 General

Performance tests shall be performed on a complete aerosol separator assembly. The tests shall
consist of a fractional efficiency test and a conditioned fractional efficiency test (when applicable). If a
gravimetric efficiency test, conditioned gravimetric efficiency test, pressure loss, crankcase pressure
control test (when pressure regulator is present), or a drain interval test (when applicable) will be

performed, it shall be done in accordance with I[SO/TS 17536-2.

6.2| Test equipment
NOTE The definitions of the following terms related to the test equipment are defined-in 1§00 17536-1;
upstream particle instrument, particle instrument calibration, maximum particle concentration §nd particle

instfument flow.

6.2]1 The duct material shall be electrically conductive and electrically grounded (metal duct), have
a sthooth interior finish, and be sufficiently rigid to maintain its shape at\the operating pregsures. The
background air shall be tested with a particle instrument.

6.2{2 The test bench used to determine fractional efficiency shall'be the same as one of the benches
tha§ are shown in Annex C.

6.2{3 Use an aerosol generator which is capable of dosing oil mist over the range of sizes fequired as

per

6.2

6.2
as t
spe

6.2
des

6.2
piez
con

6.2
sep

customer specification.

5 Use an inlet piezometer tube .conforming to ISO 17536-1. The cross-section shall b
he aerosol separator inlet. In the“case of non-uniform flow conditions caused by special
Cial precautions may be required.

6 Use a manometer or other differential pressure measuring device with the specifig
cribed in ISO 17536-

7 A downstream wall flow trap should be used between the unit under test and
ometer tubgydescribed in 6.2.5 (if present) to eliminate any oil wall flow. Use a wal
forming to SO 17536-1.

8 _Use'an outlet duct conforming to ISO 17536-1. The cross-section shall be the same as
hrator outlet. In the case of non-uniform flow conditions caused by special inlet du

4 An upstream wall flow trap should be used between the oil mist generator and the iflet duct to
elinpinate any oil wall flow to the inlet duct. Use a wall flow trap conforming to ISO 17536-1.

e the same
inlet ducts,

d accuracy

the outlet
flow trap

the aerosol
Cts, special

pre

bartione mav bhao raagnirad
Sy-D-e-Feett

CTrerero T TIYT \—a- o

6.2.9 Use an air flow rate measuring system having the accuracy described in ISO 17536-1. The device
needs to be calibrated to the environmental conditions inside the inlet duct at the test conditions used.

6.2.10 Use an air flow rate control system with a refresh rate greater than or equal to 2 Hz capable of
maintaining the indicated flow rate to within 5 % of the selected value.

6.2.11 Use compressed air/blower/exhauster for controlling air flow through the system, which has

ade

©IS

quate flow rate and pressure characteristics for the oil separators to be tested.
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6.2.12 If the unit under test has a pressure regulator or bypass, the use of a blower/exhauster on the
downstream of the system can be used to regulate the pressure on the outlet of the unit under test.
Devices with pressure regulators shall have air pushed through the inlet, because the pressure regulator

device regulates the amount of vacuum allowed on the system.

6.3 Aerosol generator

6.3.1 Aerosol concentration shall be measured by particle counting. The concentration shall be
documented in the test report.

6.3.2 Th
the aeroso
Periodicall

e test oil shall be documented for surface tension, density and viscosity. The temperatuy

 check these parameters.

6.4 Aerg¢sol sampling system

6.4.1 Th
for 3 um d

instrument.

This shall
based upo
associated
Reference

6.4.2 Th
particle ins

6.4.2.1 T
sectional a

6.4.2.2 Ij
downstrea

6.4.2.3 H
(e.g. orifice

Sampling a

6.4.24 C

e design criterion for the sampling system should be to provide a particle transport of >9
ameter particles from the sample probe inlet within the test duct‘o the inlet of the parf

e of

flow shall be measured at the filtration system inlet. Run test at conditions specified in|5.3

b %
icle

pe verified by experimental measurement or by numericat¢alculation of particle transport

h the geometry of the sampling system, the sampling{flow rate, and particle deposi
with diffusion, sedimentation, turbulent flow, ahd inertial forces, as described
1].

e use of a sampling system is allowed to optimize particle transport from the inlet probe to
trument. The sampling system shall meet the&’following criteria:

he portion of the sampling line in the“duct shall block less than 25 % of the duct cr
rea.

okinetic sampling (to withiin+0 % to -10 %) shall be maintained on both upstream
m probes for the requestorsyspecified flow rate of the UUT.

low through the sampling system shall be measured to within 5 % with volumetric dev
plates and variable-area flowmeters).

ir flow should.beé considered in total flow rate (e.g. 3 1/min sampling at 30 1/min rated flg

ombined particle losses in the system should be <5 % for 3 um diameter particles, baseq

particle transportinodelling.

[ion

in

the

DSS-

and

lCES

w).

| on

6.4.25 T
geometry.

he upstream and downstream sampling systems shall be oI equal length and equiva

ent

6.4.2.6 Where the upstream sampling system flow rate is greater or equal to 20 % of the system air
flow rate, compensation of the downstream particle count system flow rate shall account for the flow
through the particle sizer to maintain UUT constant flow rate.

6.4.2.7 Where the downstream sampling system flow rate is greater than or equal to 20 % of the
system air flow rate, compensation of the downstream particle count system flow rate shall account for
the flow through the particle sizer to maintain UUT constant flow rate.
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6.4.2.8 Position of auxiliary components (i.e. wall flow trap) shall not change PSD, will need to verify
by measurement.

6.4.2.9 User shall verify the dilution ratio and ensure that the dilution does not change the particle
distribution.

6.4.2.10 Ground all metal tubing and/or use grounded plastic tubing (carbon or embedded wire). The
upstream and downstream sample lines should be nominally identical in geometry and shall use the

min

imal length of tubing possible.

6.4
(<1

+0 10 -10 % at the test airflow rate.

6.5

Per
foll

6.5
leaq

6.5
inst

6.5

6.5

6.5

6.5

6.5

2 Atleast 90 % of all observed counts shall registerbetween 0,7 pm to 1,3 um when {

rument is challenged with monodisperse 1,0 um diameter PSL particles.

3  Shall have at least 50 % counting efficiencyat 0,3 um.

4 Shall have less than 10 % coincidence loss during the measurement.

5 Shall measure no more than 40.¢ounts per min over the 0,30 pm to 5 pm range with a
motinted at the inlet of the counter.

6 The particle instrument'shall be periodically calibrated according to manufacturer spe

7 The particle instsument shall be calibrated to measure oil particles.

E Particle €ounters often are calibrated for dust, which can give erroneous results when used

NOT

7

2.11 The inlet nozzles of upstream and downstream sample probes shall be (h
b° included angle) and of appropriate entrance diameter to maintain isokinetic samp

Particle sizing and counting monitor(s)

missible instruments used to measure the size and concentration _of the aerosol shal
bwing criteria:

1 Shall measure particle diameters between 0,3 um and 5 Wm particles and group tH
t 8 channels per decade.

Apparatus qualification testing

arp edged
ing within

| meet the

em into at

he particle

HEPA filter

cifications.

for this test.

7.1

Test stand verification

7.1.1 Apparatus qualification tests shall verify quantitatively that the test rig and sampling procedures
are capable of providing reliable particle size efficiency measurements. The tests shall be performed in
accordance with Table 1.

Table 1 — System qualification measurement requirements

Parameter Requirement

100 % efficiency test: based on HEPA filter test >99 %

Correlation ratio test See Clause 9, Table 7

©IS

02019 - All rights reserved


https://standardsiso.com/api/?name=2d47e0812376e866e97d5d4a95b33039

ISO 17536-4:2019(E)

Table 1 (continued)

Parameter Requirement

Duct leakage:

ratio of leak rate to test airflow rate

<1,0 %

Particle ins

to the instrument’s inlet

<10 counts per min over the
0,30 pm to 10 um range

trument zero count check: based on HEPA filter attached

Particle ins

solized monodisperse PSL spheres of known size

trument sizing accuracy check: based on sampling of aero-

appropriate sizing channel

Relative maximum shall appear in the

7.2 Congentration limit of the particle instrument

7.2.1 A spries of initial efficiency tests shall be performed over oil aerosol concentrations tg deternyine
a total congentration level for the PSE tests that does not overload the particle instrument(s). The loy

total conc
tests shall
aerosol coj

7.22 Th
in Clause 8

7.2.3 Th
demonstra

7.3 100

7.3.1 An

tration level shall be less than 1 % of the instrument’s stated total concentration limit.
e performed following the procedures of 8.1 through 8.5 on a device using a range of upstr
centrations. The tests shall be performed at 10 %, 50 %, 100 % and 200 % of rated flow.

for fractional efficiency tests.

e tests shall be performed over a sufficient range of*“total challenge concentration
Le that the particle instrument(s) is not overloaded at the intended test concentration.

% efficiency test and development of purge time

initial efficiency test shall be performed using a HEPA filter as the test device to ensure

the test dufct and sampling system are capable of<providing a >99 % efficiency measurement. The

procedures
at 10 %, 50

732 Th

7.3.3 On
purge time
from the u
<99 %. In

%, and 100 % of test systems flow-rate range.
e computed PSE values shallibe greater than 99 % for all particle sizes.

e parameter affecting the efficiency during the 100 % efficiency test is the purge time.
is too short if, aftér-switching from the upstream to the downstream line, residual parti
pstream samplé-are counted during the downstream sampling and yield an efficienc
his case, the puge time shall be increased and the 100 % efficiency test repeated.

7.4 Corrnelationtest

741 At

vest
The
bam

e aerosol for these tests shall be generated using the same system‘and procedures as described

to

that
test

for determination of PSE given in Clause 9 shall be followed, and the test shall be performed

The

Icles

y of

pstshall be performed without a test device in place to check the adequacy of the overall quct,

sampling,

1€d4d5UI'CIIICIIL, ATd AeT0S01 sClEIdlOl.

7.4.2 The test procedures, given in 9.6, for determination of the correlation ratio shall be followed.

7.4.3 The correlation ratio for each particle size shall meet the requirements specified in Table 7.

7.5 Test

7.5.1 Air

duct air leakage test

leakage from the test duct shall not exceed 1 % of the airflow rate of test filter.

7.5.2 The leak rate of the test duct shall be evaluated by a method similar to that delineated in ANSI/
ASME N510. The test duct shall be sealed immediately upstream of the aerosol injection location.

6
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Carefully meter air into the test duct until the lowest test pressure of 1,2 x loaded filter (OCV/CCV) is
achieved. The airflow rate required to maintain the pressure constant shall be measured and recorded
as the leak rate, and the test shall then be repeated for the other two test pressures. The measured leak
rates shall not exceed 1 % of the corresponding test airflow rate.

7.6 Apparatus maintenance

7.6.1 Maintenance items and schedules shall conform to the following:

a) Calibration performed at least annually or in accordance with manufacturer specifications.

b) |Monthly visual inspection for proper installation and operation.

c) |Cleaning intervals of the test duct, aerosol generator system, aerosol sampling lines, and other test
components is discretionary.

8 |Fractional efficiency test

8.1 General

The purpose of this test is to determine the particle collection capabilities of the filter in two fonditions.

8.1]1 New state (if possible)

High efficiency separators shall not exceed 3 h for 8.171 testing, as new state is no longer maintained.
For|such separators 8.1.2 shall be performed to coniplete a final efficiency evaluation on the[product.

8.1)2 Conditioned state as per ISO/TS 17536-2

The fractional efficiency test is conducted with constant air flow rate using the aeroso] generator
desfribed in 6.3.

8.2 Method

The filter efficiency test procedure can be performed with a pair of particle instrumer]ts used to
sanjple the upstream andydownstream flow nearly simultaneously, or with one particle Jnstrument
altgrnatively sampling-the air flow upstream and downstream. In the case of the single counger system,
it shall be of a single-sampling or dual sampling arrangement. In the case of a single particle instrument,
the|upstream cpunts that occurred during the time the downstream sample is taken are| estimated
from upstream>counts taken before and after the downstream count. The upstream courts shall be
taken as sodn before and after the downstream count as possible while allowing for appropfiate purge
timg between upstream and downstream sample periods. Use of a single particle sizer ahd counter
downstream and/or estimating the upstream counts from measurements that are not taken|during the
testlisiot allowed. Estimating the upstream counts from measurements with a different sizing method
is not allowed.

8.3 Calculations

The calculations shown in Clause 9 are for single counter, single (sequential) or dual sampling system:s.
Calculations for dual counter systems are the same except that the observed upstream counts are used
rather than estimated upstream counts. The data quality requirements for single and dual particle
instrument systems are identical.

8.4 Correlation and tare

For tests as shown in Figure C.1 or C.2, correlations and pressure loss tare measurements are conducted
with a “blank duct” replacing the aerosol separator to be tested. The blank duct should be smooth,

© IS0 2019 - All rights reserved 7
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conductive metal tubing that includes the minimum bends and area changes required to replace the
filter housing and connect the inlet and outlet piezometers in the same positions as when the device to
be tested is installed.

8.5 Fractional efficiency test

8.5.1 Temperature, relative humidity and barometric pressure are recorded at the beginning and end
of each test. The temperature and relative humidity are monitored continuously throughout the test to
ensure that the stability requirements according to 5.3 are met.

8.5.2 Install the blank duct or element housing in the test system in place of the test device. Sét|the
specified volume flow rate and measure and record the tare pressure loss, background counts pnd
correlationratios. See items 1, 2, and 3 in Table 2. See Clause 9 for sampling sequence, number of samples
required, cplculations, and for criteria for accepting background count and correlation ratio'data.

8.5.3 Mount the filter assembly or filter element in the respective test housing”(if“applicable). fest
filter assenpblies shall be mounted in the same orientation as when installed in the vehicle.

8.5.4 Setlthe specified volume air flow rate. The volume flow rate shall bé maintained at the specified
value +2 % throughout the test.

8.5.5 Condition the aerosol separator and filtering device as perSO/TS 17536-2.

8.5.6 Mepsure the background counts as per item 4, Table 2¢See Clause 9 for acceptance criteria.

8.5.7 Mepsure and record the pressure loss (Ap,).
8.5.8 Stalrt to feed the oil aerosol at the determined flow rate.

8.5.9 Allpw the upstream and downstreatn aerosol concentration to stabilize, then measure fractipnal
efficiency df the UUT. See Clause 9 for sampling sequence, number of samples required, calculations, and
for criterialfor accepting data. Efficiencycurves shall be drawn for any or all of the particle size ranggs of
the test prqtocol. Efficiency measurements should be made at 50 %, and 100 % of customer or requefptor
specified flpw rate or at agreed flew Tate points with customer.

8.5.10 Turn off the aerosoland measure the background counts as per Clause 9.

8.5.11 Fedd the oil aevosol at the determined flow rate until the filter reaches it second test conditioh as
described in ISO/TS\¥7536-2.

8.5.12 Mepsure and record the pressure loss (Ap)).

8.5.13 Stop the test aerosol generator. Measure background counts according to 9.6.

8.5.14 Start the aerosol. Allow the upstream and downstream aerosol concentration to stabilize then
measure fractional efficiency of the UUT. See Clause 9 for sampling sequence, number of samples
required, calculations, and for criteria for accepting data. Efficiency curves shall be drawn for any or all
of the particle size ranges of the test protocol. Efficiency measurements should be made at 10 %, 50 %,
100 % and 200 % of customer or requestor specified flow rate.

8.5.15 Stop the aerosol.

8.5.16 Measure background counts according to 9.6.
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8.5.17 Measure and record temperature, relative humidity and barometric pressure.

9 Calculations and data acceptance criteria
9.1 Symbols used in following formulae

9.2 Symbols

U = upstream counts of each size range (or channel)

D =|downstream counts of each size range (or channel)
R =|correlation ratio
P = penetration
P”qpenetration calculated using Poisson statistics
= efficiency
T =ampling time
= 4tandard deviation of a sample
n = pumber of sample sets

t = { distribution variable

9.3| Subscripts used in the following formulae
i = jun number

0 = pbserved

c = forrelation

b = packground

t = {esting an aerosol separator

u = upstream

d = downstream

e = pstimated

Icl 4 lewer confidence limit

ucl = upper confidence limit

n = number of sample sets

9.4 Average used in the following formulae

Over bar is used to denote averages, for example P _
9.5 Testsampling

9.5.1 Table 2 is an illustration of the test sequence, Table 3 is the sampling sequence for single counter
single sampling systems, Table 4 is the sampling sequence for single counter dual sampling system and
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Table 5 is the sampling sequence for each efficiency measurement for dual counter dual sampling systems.
The sampling pattern in Tables 3, 4, and 5 illustrate one iteration of a sequential upstream-downstream
sampling sequence. Sample counts in each size range shall be handled the same way, and this pattern
shall be followed for all fractional efficiency tests. An initial upstream sample shall be followed by an
upstream to downstream purge. The first downstream sampling shall be followed by a downstream to
upstream purge and then shall be followed by another upstream sample. The last four time periods shall
be repeated for as many sample sets as are required.

NOTE Dual counter dual sampling systems are often referred to as dual counter systems without referring
to the number of sampling inputs.

Table 2 — Test sequence for either the new or conditioned state efficiency

# | Procedure # | Testtype Device in test Fractional effi- Counters sampling, or
position ciency protected
aerosol generator

1 8.9.2 Background 1 Elanlf duct or empty Off On
ousing.

2 8.9.2 Correlation Blan1.< duct or empty On On
housing.

3| 842 |Background2 |pank ductorempty off On
ousing.

4 8.4.6 Background 3 Housing with filter Off On
element

5 8.4.9 Efficienqy/ Housing with filter On On
Penetration |element

6| 8510 |Background 4 |Housingwith filter off On
element

Table 3 — Sampling sequence for a‘single counter, single sampling system

Sampling step Particle counting Purging

D No For first upstream sample

il Upstream No

D No Upstream to downstream purge

B Downstréam No

f No Downstream to upstream purge

b Upstream No
Repeat stepf 2 through Syuntil a minimum of 4 upstream samples and 3 downstream samples have been taken. More
repetitions ay be required to meet the data quality requirements. Final upstream count is not required when measufing
background|counts.

Table 4 — Sampling sequence for a single counter, dual sampling system

Sampling step Particle counting Purging
0 No For first upstream sample
1 Upstream No
2 No For first downstream sample
3 Downstream No
4 Upstream No
5 Downstream No

Repeat steps 4 through 5 until a minimum of 4 upstream samples and 3 downstream samples have been taken. More
repetitions may be required to meet the data quality requirements. Final upstream count is not required when measuring
background.
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Table 5 — Sampling sequence for dual counter, dual sampling systems

Sampling step Particle counting Purging
0 No For first sample
1 Upstream and downstream No
2 Upstream and downstream No
3 Upstream and downstream No
Take additional samples as needed to meet data quality requirements.

The calculations and data quality requirements according tao 9.6 through 99 are performed

separately

for

9.5
dat

9.6

9.6

dow
dow
eler

rati

For]

wit

Changing the bin widths could lead tod-different correlation ratio for similarly sized pai

cor
effi

9.6
dow
by :
tim

bach of the particle sizing ranges.

L for multiple channels.
Correlation ratio

1 The correlation ratio, R, shall be used to correct for any.bias between the upg
nstream sampling systems and counters. The correlation ratio shall be established from
mstream to upstream particle counts with a blank duct for filter tests or with an empty
hent tests installed in the test system and before testing a crahk case ventilation filter. The
b measurement shall be performed at the airflow rate of the test device fractional effi
mula (1) describes the correlation ratio as used in this standard:

_ downstream particle concentration

upstream particle concentration
h the fractional aerosol generator in operation and with a blank test device in place.

‘elation ratio should be performed-with the same number of channels that are to be u
riency and background tests.

2 Background counts.(shall be measured before generating test aerosols. Ups
ynstream sampling shall'\be performed sequentially, starting with an upstream sample Uy 4
| downstream sample D, ,,, alternating back and forth. The total number of samples an

2 These formulae are set up to calculate values by channel. At no time should the-user be

combining

tream and
the ratio of
nousing for
correlation
Ciency test.

(0

ticles. The
sed for the

ream and
,» followed
d sampling

bs shall be determiined by the data quality requirements in 9.9.2, except when the final upstream

sanjple is not needed-for background sampling. Sampling times upstream and downstream ghall be the
sanje for this test:
NOTE Seme particle counters have a total count limit. Make sure the total sample time is not so long as to go
ovef this tetal count limit or the correlation ratio will be incorrect.

'2 C Lol ad gonaoaraingog. ’\ﬂ"'f\(‘f\] ‘AT]’\DY\ ]’\’\I‘l’ﬂv‘f\““f‘ LSOollnic ara I‘I'\VV\Y\]O ray DQ"IV\ ("\m“]l“f\' ’\F ratall el 1l 1
9.6.13—Startgeneratingaerosolwhen-background-countsarecomplete-Be ngafterstabilization

SITT I PTT

of the test aerosol, starting with an upstream sample U, , ., followed by a downstream sample D , .. An
additional upstream sample U, ), . shall be made foliowing the last downstream sample Dnoc The
total number of samples and sampling times shall be determined by the data quality requirements in
9.9.2. Sampling times upstream and downstream shall be the same for this test. Total background counts
from 9.6.2 shall be less than 1 % of total counts measured when the aerosol generator is on, as specified
in Reference [2].

9.6.4 Aerosol generation shall be turned off and background sampling shall be repeated after
completion of the required correlation sampling sets.

9.6.5 The correlation ratio shall then be calculated in accordance with 9.9.1.
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9.7 Penetration / Fractional efficiency

9.7.1 For the purposes of this standard, penetration P shall be the fraction of particles that pass
through the filter, follow Formula (2) for penetration:

P

_ downstream particle concentration

upstream particle concentration

with the fractional aerosol generator on and the test device in place.

(2)

9.7.2 Ba
sampling s
sample D

kground counts shall be made before generating test aerosols. Upstream and downstr
hall be done sequentially, starting with an upstream sample U, , followed by a dowiistr
o alternating back and forth. The total number of samples and sample times shal

determined by the data quality requirements according to 9.9.4, except that the final upstream samp

not needed

for background sampling. A difference between upstream sampling time T, attd downstr

sampling time T is allowable.

9.7.3 Stalrrt generating aerosol when background counts are complete. Start sampling with an upstr

sample U;
additional
T, shall be

9.74 Ael

o,V
ipstream sample Uj,,,1) o, following the last downstream sample'®

the same as those used for background sampling.

wor Sampling times T

of the required penetration sampling sets.
t device penetration shall then be calculated in.accordance with 9.9.3.
iency

his document, the general formula for fractional efficiency shall be Formula (3):

completion]
9.7.5 Tes
9.8 Effig
9.8.1 Inf
E= ( 1
9.8.2 Fil

9.9 Dats

9.9.1 Co

9.9.1.1

followed by a downstream sample D;,,,, after stabilization ofthe test aerosol. Take

osol generation shall be turned off and background ‘sampling shall be repeated 4

bam
bam

be
eis
Pam

bam
an
and

fter

downstream particle concentration
- ; ; =(1-P) (3)
upstream particle concentration
ilter efficiency shall be'calculated in accordance with 9.9.7.
reduction
relation vatio data reduction
he upstream counts from two samples shall be averaged to obtain an estimate of the upstr¢am
a c-haVe-o ed.a ne me time 3 e do a eam oUnR Alere Ken aYa a ‘4.':
Ui oc TUi+1),0,c @
2

9.9.1.2 The background counts before (Table 2 - Sequence 1) and after (Table 2 - Sequence 3) the
correlation aerosol test generation shall be averaged. For Formulae (5) and (6) the total runs between
background 3 and 4 are used.

2 Ui,o,b

Uy

12

i=1—n

n

6)
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2 Di,o,b

Eb — i=1—n (6)
n

9.9.1.3 The correlation ratio shall be calculated for each upstream and downstream sample set using
the observed downstream count, the estimated upstream count, the average downstream background
count, and the average upstream background count, see Formula (7):
D; ,C -D b

i,0

R; = (7)

Ui,e,c —Uyp

9.9]1.4 These correlation ratios shall be averaged to determine a final correlation ratiol value, see

Formula (8):
E: i=1—n (8)

9.9]1.5 The standard deviation of the correlation ratio shall be determined by Formula (9):

9

9.9{1.6 The standard deviation of the background tounts shall be determined by Formulae (1) and (11):

D, Wy =0y )

6u,b — i=1—n — (10)
D, (DD, )

6d,b — i=1—n — (11)

9.9{1.7 The 95 %cconfidence limits of the correlation value shall be determined by Forpnulae (12)
and (13):

- t

R =R%5, — (12)
n

B0 _Rugs .t

1806/ + L.E [13)

using the t distribution variable from Table 6 for a given n.

Table 6 — t distribution variable

Number of samples | Degrees of freedom
n v=n-1 ‘
3 2 4,303
4 3 3,182
5 4 2,776
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Table 6 (continued)
Number of samples | Degrees of freedom
n v=n-1 ‘
6 5 2,571
7 6 2,447
8 7 2,365
9 8 2,306
10 9 2,262
11 10 2,228 o)
12 11 2,201 QY
13 12 2,179 b{)/
14 13 2,160 o
15 14 2,145 /\<Q(b
16 15 2,131 N
17 16 2120 O
18 17 2,110 N
19 18 2,100
20 19 L2093
21 20 3¢ 2,086
22 21 <] 2,080
23 22 o7 2,074
24 230 2,069
25 A\ 2,064
26 O 25 2,060
27 I 2,056
28 ™ 27 2,052
29 - 28 2,048
30 ()" 29 2,045
_ing) inf, 1,960
\J
9.9.1.8 The 95 % upper ttﬁience limits of the background counts shall be determined by Formtlae
(14) and (15): Q‘O
Upua 1U0p +‘2@93:_n (14)
l_)b 4 §8 b 15)
,ucl b a,b \/n <

using the t distribution variable from Table 6 for a given n.
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2 Correlation ratio data acceptance criteria

9.9.2.1 Correlation ratio error limit. The number of correlation sample runs, n, shall be at least three

and

sufficient to satisfy the following conditions, see Formula (16):

t
S, —=<0,2
¢ vhn

(16)

This requirement shall be satisfied by calculating this expression after each sample set and halting the
testing sequence when the requirement is reached for each size range, or by an acceptance criterion for

ap

NOT
help

9.9
spe

9.9
ups
cou

9.9
cou
obt
not

EAetermied MUMber of Salmpie Sets.

E Increasing upstream and downstream sampling time during correlation testing has, beq
meet the error limit requirement.

2.2 Limits on magnitude of correlation ratio. The correlation ratio shall meet the re
rified in Table 7.

Table 7 — Limits on magnitude of correlationratio

Size range Limits on correlation
ratio
pm
0,30to 1,0 0,90 to 1,10
1,0 to 3,0 0,80 to 1,20
30to5 0,70 to 1,30

2.3 Correlation ratio maximum backgreund counts. The 95 % upper confidence 1
tfream and downstream background countsishall be less than 5 % of the average estimate
ht when the particle generation is on, see-Formula (17):

Z Ui,e,c

i=1-n
< ="
b,llCl n- 20

D U

b,ucl’

2.4 Correlation ratio, minimum average upstream counts. The sum of the estimatec

hined, the samplé-time or aerosol concentration shall be increased. The aerosol concent
exceed the coficentration limit of the particle instrument(s), as determined by 7.2.

Y, Ui 22500

i=1-n

9.9

n proven to

Juirements

mit of the
| upstream

(17)

upstream

hts shall be greatet-than or equal to 500, see Formula (18). If a sufficient number of cdunts is not

ation shall

(18)

3" Penetration data reduction

9.9.3.1 The upstream counts from the first two samples shall be averaged to obtain an estimate of the
upstream counts that would have occurred at the same time as the downstream counts where taken, see

Formula (19):

Ui ,0,t + U(i+1),0,t

UI et = 2
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9.9.3.2 The background counts before (Table 2 - Sequence 4) and after (Table 2 - Sequence 6) the
penetration test shall be averaged. For Formulae (20) and (21) the total runs between background 1and
background 2 are used.

n
z Di o,b
Db — i=1-n r21)
n

9.9.3.3 The observed penetration shall be calculated for each upstream and downstream)set uging
the observed downstream count, the upstream count, the average downstream background ‘count,|the
average upstream background count, the upstream sampling time, and the downstream\Sampling tjme.
See Formulae (22) and (23).

. T _ ) U. T
P =t .U jf p so,os-—z’ﬂ*” SLA 22)
1,0 i b,ucl T
iet “d n u
b. -D. T  _ U T
Pi = i,0t b U Dbucl >0,05- 21_16,, i,ou | 4d 23)
' Ui et _Ub Td ' n Tu

9.9.3.4 These observed penetrations shall be averaged to.détermine an average observed penetrafion
value, follow Formula (24):

\ .l
,>_, i,0

p _i=l-n
p =5t 24)

9.9.3.5 The standard deviation of the pbserved penetration shall be determined by Formula (25):

D, (Po—PY
5t= 1:1—>nn_1 25)

9.9.3.6 The observed pénetration shall be corrected by the correlation ratio to yield the final
penetration, see Formula (26):

P= 26)

:Ul|o I

9.9.3.7 The standard deviation of the correlation ratio shall be combined with the standard deviation
of the observed penetration to determine the total error, see Formula (27):

5. % (6. )
_p. C t
5=P [_E ] +[_‘_’o ] (27)

9.9.3.8 The 95 % confidence limits of the penetration shall be determined by Formulae (28) and (29):

- t
PICIZP_S'_n (28)
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t
S —
Jn

Puc1:P+

using the t distribution variable from Table 6 for a given n.

(29)

9.9.3.9 The standard deviation and 95 % upper confidence limits for the background counts shall be
determined using Formulae (10), (14), and (15).

9.9.

4 Penetration Data Acceptance Criteria

9,9
sati

for

for

Thd
test

pre

9.9
mef
For

4.1 Penetration error limit. The number of sample runs, n, shall be at least three and’s
5fy the following condition, see Formulae (30) and (31):

Lt
Jn

barticle size ranges 0,3 pum to 1,5 pm

d-

<0,07-P or <0,05, whichever is greater,

b
Jn

barticle size ranges 1,5 pm to 10 pm.

d-

<0,15-P or < 0,05, whichever is greater,

requirement shall be satisfied by calculating this exptession after each sample set and
ing sequence when the requirement is reached for, each size range, or by acceptance ci
Hetermined number of sample sets. If these conditions are met, P is used to calculate thg

4.2 Penetration calculation if penetrationerror limit is not met. If the above conditior
, the sum of the upstream counts and the sum of the downstream counts shall be calcu
mulae (32) and (33):

ufficient to

(30)

(31)

halting the
iteria for a

efficiency.

cannot be
Jated using

Ut' = z Uj et (sequential) or Ué = Z Ui ot (simultaneous) (32)
n=1—n n=1-—n
’
D= D Dy (33)
n=1—-n
Thd sums of the upstréam and downstream counts are used to calculate an alternate upper|confidence
lim]t for observed penetration, P’ using Poisson statistics. See Formula (34)
D/
’ _ uclt
Pucl,o Y (34)
Iclt
For|values < 50, Dl'lclt and Ul'Clt shall be calculated according to Annex A, Table A.1. For vplues > 50,
D:lcl,t dlld {J'I’Cl,t dl' T fULllld fU‘l}UVVills FUI 111u1ac (35‘] dlld (36\]
Dy =D +2-Dy (35)
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’ —_—
Ulcl,t -

(36)

The observed upper confidence level penetration using Poisson statistics shall be corrected by the
correlation ratio to yield the final upper confidence level penetration using Poisson statistics, see

Formula (37):

Pl

ucl —

The greate

efficiency f
has channg

99.5 Pe

For correld
and down§{
when the p

D b,ucl’

9.9.6 Pe

The sum of

Y

i=1—n

’
ucl,o

R

or that size range. These criteria shall be used even if the penetration error limit is metb
Is one or two sizes higher and lower that do not meet the penetration error limit.

netration maximum background counts

tion tests and tests before dust loading, the 95 % upper confidence limits of the upstre
tream background counts shall be less than 5 % of the average estimated upstream cq
article generation is on, see Formula (38):

z Ui et

i=1-n

n-20

J b,ucl

hetration minimum upstream counts
the estimated upstream counts shall be greatér than or equal to 500, see Formula (39):

=500

iet =

9.9.7 Effiiciency

Fractional

E=(14

where P is

efficiency is determined by Formula (40)
P)

replace by P o, _ucl or Pl;Cl as determined in 9.9.4.1 and 9.9.4.2.

Pam
unt

38)

39)

40)
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Annex A
(normative)

Poisson statistics

When u51ng partlcle 1nstruments to evaluate fractlonal f11tratlon eff1c1ency, 1t is necessary to consider

and counted upstream of the aerosol separator and filtering dev1ce to the partlcles de
coupted downstream of the aerosol separator and filtering device. Inevitably, there are
betveen the upstream and downstream sampling and detection equipment. 9.6 presents a
caldulate correlation ratios to minimize the errors due to the difference between the ups
downstream equipment.

s detected
tected and
Hifferences
method to
tream and

In ghe efficiency tests described in this document, at least three upstréam and three d¢wnstream

ples are counted. For sequential sampling systems, the average of thé upstream counts
aftgr a downstream count is used to estimate the upstream count duving the downstrear
timp. Then 3 or more penetration values are calculated and analysed for data quality usi
However, when the number of particles counted in a size class {$ 1ow, potential uncertainty
as g result of counting a few randomly occurring events. In that'case, it may be difficult or
to meet the penetration error limits in 9.9.4.1. For that case,'an alternative method to quant|
of the potential error from counting a few particles is,presented in 9.9.4.2. Because the el
hting random events is a function of the total number of particles counted, it is importz
ith the actual counts not concentrations or averages. For the calculations in 9.9.1.4, the
imated upstream counts is used along with the'sum of the actual downstream counts.

sanj

When a well-mixed, stable aerosol penetrates-a‘filter, penetrating particles will appear dowj
thelfilter (or in a small downstream air sample) randomly, but at some average rate. The r
between the results of a single sample orafinite set of samples and the true mean result is of'i
to efficiency testing. This relationship:between an observed result and the confidence limits
mean result is described by Poisson statistics.

single observed particle count N, there is a 95 % confidence that the true mean count is b
upp

confidence limits.

Tabje A.1 gives the 95 % confidence limits on a single observed particle count N when N g

er and lower limits given by Table A.1. For particle counts >50 Formula (36) is used to e

before and
h sampling
Ing a t-test.
may occur
impossible
ify the size
'ror due to
nt to work
sum of the

nstream of
blationship
[mportance
on the true

50. For a
btween the
timate the
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