TECHNICAL ISO/TS
SPECIFICATION 19713-1

First edition
2010-07-15

Road vehicles — Inlet air cleaning
equipment for internal combustion
engines and compressors —

Part 1:
Fractional efficiency testing with fine
particles (0,3 yum to 5 ym optical dian

Véhicules routiers — Equipement d'épuration d'air d'entrée pol
moteurs a combuistion interne et compresseurs —

Partie 1: Contréle d'efficacité fractionnelle avec particules fines
(diametre~optique de 0,3 um a 5 um)

W

neter)

yr

Reference number

= — ISO/TS 19713

-1:2010(E)

©1S0 2010


https://standardsiso.com/api/?name=19fa2bc57d6deec24428dbc77787c260

ISO/TS 19713-1:2010(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

e COPYRIGHT PROTECTED DOCUMENT

© 1S0 2010

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 ¢ CH-1211 Geneva 20

Tel. +412274901 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

ii © ISO 2010 — All rights reserved


https://standardsiso.com/api/?name=19fa2bc57d6deec24428dbc77787c260

ISO/TS 19713-1:2010(E)

Contents Page
o] =NV o iv
Lo Yo 11T o) v
1 T o - PSSR o= SRR 1
2 NOIrMative refereNCeS ... ..ot e e s e mn e s 1
3 Terms and definitions .........cooiiiccii e e 1
4 e T e o [ - S 5
5 Test equipment, accuracy and validation.............cceeviviiiiiicscscssscssssssssssssbesTade s e s esssessssssesssnseshensmsmsmnnes 5
51 Measurement QCCUNACY ........ccccciirrririsssnssssssssssssssssssssssssssssssssssssssssssssssssfobasasasssasnsssasssnsssssssnssnsshnsnssssnnns 5
5{2 Test stand configuration...........cccocvviriiinn e T 5
53 Test conditions ... Lo R e 13
5/4 R 11T =1 e o Y I R 14
5{5 Reference air cleaner assemblies/air filter elements.......... 0 .o e, 15
5/6 Routine operating Procedure ... e e 15
6 Fractional efficiency test ..o s b 15
6{1 7= o = | S 15
6)2 TeSt ProCEAUIe......ccoiiiieeeieeireeeserenesessssssssssssssssssssdsbedhoessnsnnnnnnnnnsnsnsnnnnnsnnnnnsnsnsnnnnnnnnnnnnnnnnnnsssssnnnnshunnnnnnnns 16
7 Calculations and data acceptance Criteria..ai...ccocccirrrriiscissmrrer s sssmer s e e e e s s s shsmneneens 17
71 7= o = | 17
7{2 Symbols and SUDSCIIPES ... st ere s ssscssssssere s s s ss s s ssssre e e e s ssssssssssnseensssssssssnnnnssnessashannenenees 17
713 IS A= e [ = o Lo P! SO 18
74 (oY 3 =Y F= 1o o T - 1 T o T 20
715 Penetration/fractional efficienCy........ccccoiviiinnn s ——— 20
7{6 3 1T T=T o o U 21
77 Data redUucCtion ... e e 21
78 Procedure for loading and fractional efficiency........cccccovcmiiiiininniicsien b, 28
709 Reporting results of-loading tests ..........cccccimiiriiinii b ——_— 28
Annex A (informative) TeSt FEPOIt ... e s srsseerr s ss s ssss s s e s e s s s s s s sansne e e e s ssssssssmnnesenesssssssshannennnens 29
Annex B (normative) /PoisSsoNn statistiCs ........cccccririiiiicccisecriri s ah e 31
Ahnex C (normative) Pressure loss data reduction ..o b 33
Annex D (inforntative) Determination of maximum efficiency aerosol concentration.............ccccccfeeeennne. 34
Annex E (hormative) Accuracy requirements, validation and routine operation.........cccccceveivcccesnfernnnnnn. 35
Annex‘F(normative) Aerodynamic diameter ..........cccccccovcrriiiiiiiiccsssmrree s ssssseee s e s s ssmnne s e s e sssssssshaseennnees 38
Anhnex G (normative) Method to test efficiency aerosol for proper neutralization ............cccceeniiiacbinninnen. 40
Annex H (NOrmative) LeaKaQge ......cciiiieeriiiimeriiiimrsiissss s isssss s sssss s s sss s s s s mn e s s am e e 47
Annex | (informative) Aerosol isokinetic SAMPliNg........ccccmiiiiiimiini e ————— 49
7] o Lo - o 2 52

© ISO 2010 — All rights reserved iii


https://standardsiso.com/api/?name=19fa2bc57d6deec24428dbc77787c260

ISO/TS 19713-1:2010(E)

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 IS

0]

technical comm|ttees Each member body interested in a subject for WhICh a techmcal committee has been

established
non-gove nmental in liaison with 1SO, also take part in the work. 1SO coIIaborates closely Wlth tr
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

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

The mai
adopted py the technical committees are circulated to the member bodies for voting Publication as 3
International Standard requires approval by at least 75 % of the member bodies casting-a vote.

In other [circumstances, particularly when there is an urgent market requirement for such documents,
technicallcommittee may decide to publish other types of document:

O Publicly Available Specification (ISO/PAS) represents an agreément between technical experts
O working group and is accepted for publication if it is approved by more than 50 % of the membeg]

— anl
an |

bO Technical Specification (ISO/TS) represents an agreement between the members of a technid
ittee and is accepted for publication if it is approved\by 2/3 of the members of the committee castir

An ISO/RAS or ISO/TS is reviewed after three years'in order to decide whether it will be confirmed for
further thfee years, revised to become an International Standard, or withdrawn. If the ISO/PAS or ISO/TS
confirmed, it is reviewed again after a further.three years, at which time it must either be transformed into 3
International Standard or be withdrawn.

Attention|is drawn to the possibility that'some of the elements of this document may be the subject of pate
rights. IS shall not be held responsible for identifying any or all such patent rights.

ISO/TS 1p713-1 was prepared. by Technical Committee ISO/TC 22, Road vehicles, Subcommittee SC
Injection gquipment and filtersfor use on road vehicles.

ISO/TS 19713 consists).of the following parts, under the general title Road vehicles — Inlet air cleanir
equipment for internaleombustion engines and compressors:

— Part|1: Fragtional efficiency testing with fine particles (0,3 um to 5 um optical diameter)

task of technical committees is to prepare International Standards. Draft International Standards

and

e

n

a

in
Is

g

is
n

g

— Part R Fractional efficiency testing with coarse particles (5 um to 40 ym optical diameter)
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The engine air cleaner/filter fractional efficiency test methods described in this part of ISO/TS 19713 have
been developed to cover traditional and new particulate air filters in order to remove airborne contaminants
specifically to protect the engine.
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clharacteristics for air cleaners and filters tested in this manner. The actual field operating conditions

r cleaner fractional efficiency is one of the main air cleaner performance characteristics., Th
O/TS 19713 has been established to address the measurement of this parameter. The_@bjecti
ocedure is to maintain a uniform test method for evaluating fractional efficiency of air cleaners and
h specified laboratory test stands.

ne data collected in accordance with this part of ISO/TS 19713 can be used to establish fractional
bntaminants, humidity, temperature, mechanical vibration, flow pulsation,, etc.) are difficult to

pwever, with the procedure and equipment set forth, comparison of air filter\fractional efficiency can|
th a high degree of confidence.

s part of
ve of the
air filters

efficiency
including
duplicate.
be made
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Road vehicles — Inlet air cleaning equipment for internal
combustion engines and compressors —

Part 1:

Aractional efficiency testing with fine particles (0,3 pm to 5
gptical diameter)

11 Scope

This part of ISO/TS 19713 describes laboratory test methods to measure engine air cleaner
performance by fractional efficiency tests for particles from 0,3 um to 5 ymJoptical diameter.

Performance includes, but is not limited to, airflow restriction or prgsstre loss, initial and incremental
efficiencies during dust loading.

The purpose of this test code is to establish and specify consistent test procedures, conditions, equip
performance reports in order to enable comparison of filterperformances of air cleaners and air filter
used in engine air induction systems. It specifies the critical characteristics of equipment, test procq
rgport format required for the consistent assessment of filter elements in a laboratory test stand.

ISO/TS 19713-2 describes fractional efficiency-tests with particles from 5 um to 40 um optical diamet

2| Normative references
The following referenced documents are indispensable for the application of this document. H
dpcument (including any amendments) applies

ISO 5011:2000, Inlet_air cleaning equipment for internal combustion engines and compf
Performance testing

IO 12103-15Road vehicles — Test dust for filter evaluation — Part 1: Arizona test dust

3| ~Terms and definitions

Mm

and filter

fractional

ment and
elements
dure and

1Y
-

or dated

rd¢ferences, only the edition ¢ited applies. For undated references, the latest edition of the r¢ferenced

eSSors —

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

3.1
air cleaner assembly
assembly which includes the air cleaner housing and the air filter element

3141

single-stage air cleaner
air cleaner which does not incorporate a separate pre-cleaner

© 1SO 2010 — All rights reserved
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31.2

multistage air cleaner

air cleaner consisting of two or more stages, the first usually being a pre-cleaner, followed by one or more
filter elements

NOTE If two elements are used, the first is called the primary element and the second is called the secondary element.

313
pre-cleaner

device usually using inertial or centrifugal means to remove a portion of the test dust before reaching the filter
element

3.2
air filter element
actual filtgr supported and sealed within the air cleaner assembly

33
test airflow rate
measure [of the volume of air passing through the test duct per unit time

NOTE The test airflow rate is expressed in cubic metres per second.

3.4
pressurd loss
permanent pressure reduction due to a decrease in the flow energy (velocity head) caused by the filter (Pa jpt
standard [conditions of 20 °C and 101,3 kPa)

3.5
fractiongl efficiency
Eg;
ability of the air filter to remove particles of a specified size expressed as a percentage for particle size i

Er 2100 ("
' C1,i
where
Cy ; |is the number of particles per unit volume of specified size, i, upstream;
Cy; |is the number of parficles per unit volume of specified size, i, downstream
NOTE Fractional efficiency is expressed in percent.

3.6
fractional efficiency before dust loading
efficiency| befare the collected particles have any measurable effect on the efficiency of the filter under test

NOTE The collected particles can affect the measured filter efficiency before enough aerosol is collected to have any
measurable effect on the filter pressure loss.

3.7

incremental fractional efficiency

efficiency, determined at the specified flow rate as a function of particle size at 10 %, 25 %, 50 % and 100 %
of filter life, which is determined by pressure loss across the filter as the filter is loaded with ISO 12103-1 test
dust

2 © 1SO 2010 — All rights reserved
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NOTE 1 The values of filter pressure loss, AP, at which the incremental fractional efficiencies are measured can be

calculated from

AP, = AP + AL, (AP4 — AP,) (2)
where
AP, is the initial pressure loss;
AL, is the fraction of filter life;
AP, s the specified terminal pressure loss.
NPTE 2  If necessary, the requester and the tester can agree upon different criteria for incrementalfractional gfficiency.
38
fractional penetration
Py
rdtio of the concentration of particles of specified size exiting the filter to the“concentration of particles of
specified size entering the filter expressed in a percentage for particle size(
NPTE Fractional penetration is expressed in percent.
39
tgst dust loading
mass of test dust collected by the air cleaner assembly-or air filter element at a specified flow rate gxpressed
infgrams
3110
particle measurement device
aerosol spectrometer
instrument for sizing, or counting, or sizing and counting, aerosol particles
NPTE Recommended particletcounters are optical particle counters (OPC) or other counters demonstrating good
cgrrelation in measuring particle/sizes, e.g. aerodynamic particle counters (APC).
3111
tgst aerosol
particles suspended.inair, used for filter efficiency evaluation or dust loading
3111
fractional efficiency test aerosol
agerosol used to measure the efficiency of the test filter, the concentration of which is low enough tp prevent
coincidence-related errors in the particle counters, and does not change the filter efficiency due to logding
NEFE The—aerosel—charge—is—reduced—so—thatit—approxmates—a—Bolzman—equilibrivm—eharge—distribution. The
requirements for the efficiency challenge aerosol are given in 5.2.10 and 5.2.11.
3.11.2
loading test aerosol
aerosol used to load the filter, the concentration of which is high enough to allow loading of the filter in a
reasonable amount of time
NOTE The requirements for the loading test aerosol are given in 5.2.13.2.
© 1SO 2010 — All rights reserved 3
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3.12

correlation ratio

R

ratio of the number of particles observed at the downstream sampling location to the number of particles at the
upstream sampling location when no filter is installed in the test system

NOTE 1 This number can be greater or less than 1.

NOTE 2  The method of calculating the correlation ratio is given in Annex B.

3.13
log mean diameter
Dy;
weighted|mean diameter calculated by

172
Dy; (D% Dyyq) ®
where
D, is the lower threshold of particle size range;

D;.4| is the upper threshold of particle size range

3.14
geometric (volume equivalent) diameter
Dg’i
diameter jof a sphere with the same volume as the particle beingmeasured

NOTE For a spherical particle, it is the diameter of the sphere.

3.15
optical (¢quivalent) diameter
Dy,
diameter |of a particle of the type used to calibrate an optical sizing instrument that scatters the same amount
of light ag the particle being measured

NOTE Optical diameter depends~on-the instrument, the type of particle used to calibrate the instrument (usua
polystyreng latex spheres), the optical properties of the particle being measured, and the size of the particle.

y

3.16
aerodynamic (equivalent)-diameter
Dae
diameter |of a sphere, 6f density 1 g/cm3 with the same terminal velocity as the particle being measured, due fo
gravitatiohal foree:in’calm air

NOTE 1 The“aerodynamic diameter will be used to report results to avoid different diameter measures due to differgnt
Sizing and nnllnfing fnnhniqnne

NOTE 2  Annex F provides additional information about aerodynamic diameter.

3.17

high efficiency particulate air

HEPA

filter having 99,95 % efficiency at most penetrating particle size (class H13 in accordance with EN 1822), or
99,97 % (or higher) fractional efficiency at 0,3 um using DOP aerosol as defined by IEST RP-CC001
recommended practice

4 © 1SO 2010 — All rights reserved
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3.18
neutralization

:2010(E)

aerosol whose charge distribution is reduced until it provides a Boltzman equilibrium charge distribution

4 Principle

The primary objective of this test procedure is to enable an assessment of air cleaners for pressure loss and
fractional efﬂmency agalnst standardlzed laboratory partlculate challenges Because the test methods exclude

c ange in service. Note that absolute comparablllty is only p033|ble with air cleaners of the same-s
sige, as well as of the same position in the test duct. In order to get comparable results to the“du
capacity, gravimetric efficiency and airflow restriction/pressure loss tests, the fractional efficieney te
dpne simultaneously. (See ISO 5011.)

5| Test equipment, accuracy and validation

5|1 Measurement accuracy

Apcuracy requirements are given in Table E.1.
5|2 Test stand configuration

5]21 General

Cpmplete vehicle manufacturer air cleaner assemblies or individual air filter elements may be tested
sfand shall consist of the following major components and shall be arranged as shown in Figure 2.

NPTE 1 Results can vary depending on configuration.

NPTE 2 Air cleaner assembly orientation-will affect performance. It is advisable that air cleaner assembilies |
and tested as installed in the vehicle.

Flgure 2 shows a set-up to measure the performance of an air cleaner assembly.

Iters may
hape and
5t loading
st can be

The test

e oriented

e air filter

Flgure 3 shows a recommended air cleaner housing to measure the performance of a panel-typ¢ air filter
element.
Flgure 4 shows a reeommended air cleaner housing to measure the performance of a cylindrical-typ|

element.

5]2.2 Unit under test

5]2.2.1 General

The unit under test may be an air cleaner housing with filter element or elements or it may be a housing
designed to hold a filter element with appropriate inlet and outlets. The unit under test may be or may include
a pre-cleaner. The scope of this test procedure does not include the testing of air cleaner systems without
tubular inlet and outlet connections. However, designs such as perforated or louvered inlet systems could be
tested with the unit under test inside a plenum that would include a tubular inlet. Non-tubular air cleaner
systems outside the scope of this test procedure may still be evaluated as agreed upon between the tester

and customer.

5.2.2.2  Air cleaner assembly

Air cleaner assemblies shall be evaluated using the set-up shown in Figure 2.

© 1SO 2010 — All rights reserved
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5.2.2.3

In genera

5224

Evaluating panel air filter elements

I, panel-type air filter elements may be tested using the recommended housing shown in Figure 3.

Evaluating cylindrical/round air filter elements

Figure 4 shows a recommended housing to test cylindrical-type air filter elements. This housing design is

similar to

523 D

Upstrean
be comm

524 A

Inlet air s
relative h
exceeds

the one recommended in ISO 5011.

Heting

and downstream cylindrical ducting shall be made of conductive material and all components shall
pnly grounded from the aerosol inlet section to the downstream sampling section.

rflow conditioning

hall be conditioned in accordance with the requirements of ISO 5011, i.e. (23 £.5)°C and (55 + 15) %
umidity (RH). The inlet air shall be filtered with a HEPA filter if the background_particle concentratign
he requirements in 7.7.2.3 and 7.7.4.3.

525 T

The upsfream and downstream ducting can be constructed verticallyy{recommended), horizontally, or|a
combinat|on based on space constraints. The example in this procedure’shows a vertical configuration to te
both air ¢leaners and panel-type air filters. The particle samplers are located vertically in each test sectio

which re
underlyin

526 A

The test

the requi
to the “n
scaled af

st configurations

=]
T~

uces the probability of particle loss and enables sampling of large particle sizes of interest. The
j test system design will reduce particle losses and . meet the requirements of Tables E.1 and E.2.

rflow ducting

bystem should be capable of handling user-specified flow rates. Further, the test system will maintdin
ed flow rates with air cleaner assembly-pressure loss up to 10 kPa. Primary duct sizing shall conform
minal” duct diameter and flow ranges‘in Table 1. Higher and lower flow rates may use duct siz¢s
propriately.

Table 1 — Duct diameter versus flow range

N°".““a duct Area Velocity Flow range FIOW. range Reynolds number
diamgter low high
mm m?2 m/s m3/h m3/h at low flow at high flow
50 0,002 02 11,6 85 425 40 407 202 034
10d 0,008 1 5,8 170 850 40 407 202 034
15( 0,018 2 52 340 1700 53 876 269 378
20 0,0324 5.8 680 3400 80813 404 067
NOTE A 10 pm particle with a specific gravity of 2 settles at about 6 x 10-3 m/s in still air. At the minimum velocity of

approximately 5,1 m/s, this would result in a 10 mm drop in that 10 ym particle over a 3 m run.

5.2.7

Inlet filtration

Test inlet airflow shall be filtered with a HEPA filter to remove the majority of ambient aerosol, if required, in
accordance with Annex E.

© 1SO 2010 — All rights reserved
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5.2.8 Flow uniformity

The test system shall be designed to provide uniform and steady airflow to the air cleaner assembly or to the
air filter element under test, as stated in the test set-up.

NOTE Uniform airflow is required in sections where isokinetic samplers are located when evaluating air cleaner
assemblies. Proper flow distribution will facilitate a representative aerosol sample being drawn by the isokinetic samplers.
See 5.2.10.4 for flow uniformity measurements.

5.2.9 Leakage

It|lis important to minimize leakage into the test system to obtain good data. Depending on where the leakage
ogcurs, it can cause major errors in particle counting.

Ak a minimum, all connections and joints should be checked for visual leakage using.soap bubples. Any
kmown soap solution can be used for the test. Preferably, the soap solution (foam) Will be applied using a
bfush at all connections and joints. Leaks are especially important on the clean side*of the air clegner. See
Ahnex H for more information.

5{2.10 Fractional efficiency test aerosol generator

5]2.10.1 General

The aerosol generator for fractional efficiency tests shall provide a stable and homogenous aerosol
pncentration and size distribution. The size distribution of'the aerosol shall have sufficient pafticles for
fatistical evaluation in each size class, as explained in Clause 7. If high-resolution particle spectrometers are
used, size classes may be combined to achieve the required counts using the size ranges in 5.2.13.[The total
concentration of the aerosol in the test duct shall not@xceed the limit of the particle counter, as disfussed in
5[2.13.3. The efficiency test aerosol concentration\shall be low enough so there is no change in [efficiency
d
S

C
S

Iiring the test, as measured by the penetration data acceptance criteria in 7.7.4 (i.e. no loading effgcts). The
ize distribution and concentration stability requirements are established by the data quality requirgments in
Clause 7.

5/2.10.2 Aerosol generation

The potassium chloride aerosol\'\generator for fractional efficiency tests shall nebulize a saline splution to
pfoduce a homogeneous mist)aerosol with stable concentration and size distribution. The dropletg shall be
dried to form salt particles byusing, for example, dry dilution air, heat, or desiccant. The efficiency test aerosol
génerator shall be capable’ of dispersing KCI (potassium chloride aerosol) at a concentration low gnough to
meet coincidence errar requirements for the particle counter used. Compressed air used to op¢rate and
transport the challenge aerosol should be HEPA filtered and dried before entering the feeding systeny.

512.10.3 Aerosol dispersion

The efficiency test aerosol should be injected against the airflow coming from the inlet HEPA filtef(s). Care
S ould be taken to keep the |nject|on velocity low enough to keep the Iarger particles in the challenge aerosol
) ) turn the
challenge aerosol and result in a more uniform d|str|but|on of concentration and particle size distribution
across the duct, even before it enters the upstream static mixer.

5.2.10.4 Aerosol uniformity

During validation of uniformity and concentration of the efficiency test aerosol, no air cleaner shall be installed
in the location of the test filter (see Figure 2). Instead, a smooth, straight pipe or an elbow may be used. The
uniformity of the particle size distribution and the concentration of the test aerosol used for fractional efficiency
tests may be verified by use of a particle-sizing instrument that will also be used in the test system. This
particle-sizing instrument shall draw samples upstream and downstream of the air cleaner mounting position
using the isokinetic samplers. For each test duct the minimum and maximum flow rate will be used for this

© 1SO 2010 — All rights reserved 7
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evaluation (see Table 1). Samples shall be drawn by the isokinetic samplers along a diameter at three
locations. For tube diameter D, locations will be 0,15D, 0,5D and 0,85D (see Figure 1). The measurements
will be performed in a plane along two perpendicular diameters. A minimum of three samples shall be drawn
at each sampling location, and the resulting number distribution shall be averaged. As far as possible, the
samples will be taken at random. The average values for each reported particle-size range shall not vary by
more than £10 % for channels less than 5 ym particles among the five locations. This indicates that the
efficiency test aerosol is uniformly distributed across the test duct, and that the centreline sample is
representative of the overall challenge.

NOTE For tube diameter D, the sampling positions are the following:
— horizpntal: 0,15D; 0,5D; 0,85D;
— vertidal: 0,15D; 0,85D.

Figure 1 — Location of isokinetic sampling points for validation
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—
>
0]
[¢]
=
QO
>
Q
<
—_
[
2]
—
QO
]
=
o
(%2
e
(2]
=y
o
o
(O]
>
]
[
—
=
o
N
[
o
o
<
e
QO
[
e.
>
(o]
£
—
=2
=
o
c
«Q
>
QO
=
Q
(=
[}
Q
Q
=
<
(O]
—_~
3
2.
3
c
3
a
3
)
o
=
o
—
I
W

r
ion genefating device. The feed aerosol shall be neutralized to approach a Boltzman equilibrium charge

and dispersed particles often obtainca-high level of electrical charge. To obtain comparable results
for differgnt aerosols and different generation methods, the aerosol's charge distribution shall be reduced until
it providgs a Boltzman equilibrium charge “distribution. A Boltzman equilibrium charge distribution is the
minimum|stable charge level and is reached by an aerosol when it is aged. This state of an aerosol cannot he
generateq artificially in a comparably )short time. For many applications, e.g. filter testing, it is sufficient fo
charges, utilizing ionized.air, to a minimum level. To reach this charge level quickly in a test system
the efficigncy aerosol is mixed with a high concentration of air ions. To create a high level of air ions, an
electrostgtic corona (ion blower) or radioactive air ionizer shall be used. The ionizer shall produce a sufficient
concentration of bipolar aitions to mix with the aerosol so that the resulting aerosol has a charge distributign
that appropximates a Beltzman distribution. An aerosol that has Boltzman equilibrium charge distribution is sajid
to be neutralized. Th&yaerosol is not neutral in the sense that all of the particles are neutral, i.e.

— the l¢vel of-neutralization shall be optimized by methods described in Annex G;

— aerogollmay become charged in transport through tubing and test duct, so the neutralization should take
place as close as practical to the filter under test;

— aneutralizer is required for fractional-efficiency tests and is optional for dust-holding capacity tests.

5.2.12 Upstream and downstream sample probes

Sampling probes shall be isokinetic (local velocity of duct and probe to be equal) to within £20 %. The same
probe design should be used before and after the filter. Sampling probes shall be located on the centreline of
the test duct. Sample probes shall be located at least seven diameters downstream of any bends, reducers,
expanders, etc. The sampling probe shall be at least four diameters upstream of any bends, reducers,
expanders, etc. The samplers will also be located in the centre of the duct. The probes shall be made of

8 © 1SO 2010 — All rights reserved
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electrically conductive metallic tubing with a smooth inside surface. The design of the probes and sampling
lines will reduce particle losses. The inlet of the sampling probes shall be sharp edged and shall be located
near the centre of the duct. Both the upstream/downstream sampling lines should be identical, straight (or no
more than one bend) and as short as possible. See Annex | for details on isokinetic sampling. A short
(< 50 mm) flexible connection to the particle counter may be used to allow some flexibility and reduce stress
on the counter inlet. PTFE may not be used as flexible tubing. Use conductive tubing (e.g. plasticized PVC)
instead. For more information on tubing, see the Bibliography.

Sampling probe ducting to the particle counter must be set up in a way that no sedimentation of large particles
takes place, i.e.

—t vertical orientation of the tubing;

— sufficient flow velocity;

— short connection length between particle counter and sampling probe;
— avoidance of bends in the tubing;

— no sharp angles if bends are necessary.
5{2.13 Loading test aerosol generator (see ISO 5011)

5]2.13.1 General

Lpading aerosol generation shall be in accordance with 1IS©)5011:2000, 6.2.1 to 6.2.4.

5{2.13.2 Loading test aerosol (air cleaner assembly only)

A dust injector (see 1SO 5011:2000, Figure Bs2-or B.3) shall be used to disperse the loading tegt aerosol
(IBO 12103-1 A2 test dust). The dust feeder location is shown in Figure 2. Test dust shall bg injected
dpwnstream from the upstream sample_probe in order to reduce upstream optics contamination problems.
The injector nozzle shall extend into the)duct so that dust is injected at a point beyond the adjacent sample
pfobe. The nozzle will extend into the)duct to the entrance of the piezometer tube. The inside diameter of the
extension tube will be the same.as the outside diameter of the injector nozzle. A slight offset (but clgse to the
centre as possible) of either the-probe or the injector extension, or both, may be required so they can extend
past each other inside the duet’elbow. The extension nozzle shall be centred in the duct.

5/2.13.3 Loading test aerosol dust feeder

Aldust feeder capable of feeding a stable (within £5 %) concentration of 1g/m3 of air at the test flow|rate shall
be¢ used. Reference the dust feeder specifications and validation procedure in ISO 5011.

5[2.14 Upstream and downstream particle counters

52141 General

Upstream and downstream particle counters shall be of the same model and shall be matched as closely as
possible. A single particle counter can also be used for efficiency measurements using sequential
measurements alternately sampling upstream and downstream. The use of a single particle counter sampling
downstream only is not allowed. The airborne particle counters shall be capable of counting particles in the
0,3 um to 5 ym optical size range and 0,5 ym to 10,0 ym aerodynamic size range. It is also desirable for the
particle counters to have a design incorporating clean sheath air to protect and keep the optics clean. The
particle counters may also need to be adapted with an exhaust port that can be routed back to the test system
vacuum. Without this exhaust set up, the particle counters may not be able to perform at the rated flow.
Counters must be calibrated using NIST traceable PSL (polystyrene latex) spheres (see calibration procedure
in ASTM F328). Correlation shall be done in accordance with Clauses 6 and 7 with an elbow, or a tube, or an
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elbow and tube the same size as the test ducting in place of the air cleaner assembly. The inlet/outlet duct
orientation shall be maintained during correlation measurements and testing. Data should also be reported in
equivalent aerodynamic size ranges. Most laboratories currently use optical particle counters, however, the
technical advantages of using aerodynamic particle counters is also well recognized. The particle counter
shall be able, at a minimum, to discriminate eight logarithmically spaced particle size classes.

There is a finite measurable delay for particle transport from the upstream sample probe to the downstream
sample probe. It is possible to improve data quality by starting the downstream sample count after a delay
equal to the transport time between the sample probes. The transport time can be measured or calculated.

5.2.14.2 | Particle counter calibration

The particle counters shall be calibrated with polystyrene latex particles of appropriate size prior t0, system
start-up gnd a minimum of once a year to verify that the size calibration has not changed. It is recemmended
that the garticle counter calibration be verified periodically during the year between calibrations( i the counter
shows an unacceptable change in the calibration, the counter should be serviced.

5.2.14.3 | Particle counter zero

The partigle counters will be checked using a cartridge filter on the inlet (> 99,99 % efficient at 0,12 um). The
particle cpunter shall count ten particles or less per minute per channel.

5.2.14.4 | Maximum particle concentration

The maximum total particle concentration shall be established to prevent coincidence counting (i.e. counting
more thgn one particle at a time). A recommended method for)éestablishing this limit is to conduct filter
efficiency| tests at a series of different concentrations and compare the results. The maximum concentration |is
determingd at the point where increasing the concentration:by*a factor of two causes the fractional efficien¢y
in the smpllest size range at the higher concentration to be-more than 5 % less than the fractional efficiency jat
the lower|concentration. Another method is to increase.the concentration in steps (e.g. by using a diluted and
an undiluted aerosol) and determine the concentration where the particle counter starts showing significaht
deviation|from the expected concentration in the smallest size range. An example is given in Annex D.

W

5.2.14.5 | Particle counter flow

The particle counter flow rate shall-femain constant within +5 % for the duration of a test including the
correlation done before the test.

5.2.14.6 | Upstream/downstream particle counter correlation ratios

Correlatign shall be performed using an elbow, or a tube, or an elbow and tube, the same size as the test
ducting ih place of .the air cleaner assembly and in the same orientation as the air cleaner assembly
inlet/outlgt tubes under test. See 7.6 to calculate correlation ratios.

5.2.15 Inlet-and outlet piezometer tubes

Inlet and outlet piezometer tubes shall be installed upstream and downstream of the air cleaner unit under test.
Inlet and outlet transition tubes shall adapt the unit under test to the piezometers if they are a different size
from the piezometer. The inlet and outlet piezometer tubes shall be designed as specified in ISO 5011.

5.2.16 Airflow measurement

Measure airflow with accuracy in accordance with Annex E. Convert all volume flow rates to actual conditions
at the inlet of the device under test.
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5.2.17 High efficiency test and purge time measurement

As part of system set-up and validation, conduct an initial efficiency test using a HEPA or ultra low particulate
air (ULPA) filter as the filter under test. The standard fractional efficiency test as described in Clause 6 should
be followed. The fractional efficiency in all size ranges should be greater than 99,9 %.

These measurements can be used to establish the minimum purge times when switching from upstream to
downstream sampling with sequential sampling systems. If the purge time is too short, the downstream count
will include residual particles from the upstream sample causing the measured efficiency to be low.

'I\ /I
\ /
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\ g
12 — 1. 1 : : 4
13 — K 9
g— L T
14
_ /1 8 /1 9 20
15— 7] | 4 1
9—1 -
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—

Key
1| HEPA inlet airdilter 12 unit under test
2| challenge agrosol feeder 13 outlet transition tube (if required)
3| aerosokneutralizer 14 outlet piezometer tube
4] static mixer 15 downstream isokinetic sample probe
5| upstream isokinetic sample probe 16 downstream particle counter
6 L_dast injector 17 absolute filter
7 loading dust feeder 18 airflow straightener
8 upstream particle counter 19 airflow meter
9 dilution (if required) 20 airflow pump (exhauster)
10 inlet piezometer tube 21 particle counter exhaust port
11 inlet transition tube (if required)

Figure 2 — Test set-up to evaluate air cleaner assembly
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Key

Dy, D, 1t
F C
H c
Ly, Ly, 6
o a
a p =1
b Smoo
¢ Filter
d  Ratio
e L,=L
12

<
!}

®D,?

be diameters

oss-sectional area of the panel filter element paper pack
oss-sectional area of the housing

ngth of air cleaner housing

hgle < 30° around the perimeterof the diffuser

, and depends on theltest flow rate (see Table 1).

h transition from_,a-rednd duct to a rectangular cross-section.
thould be sealed-to the plate, for example see ISO 5011.

bf H to F shallnot be less than 0,5.

p, and depends on area H and included angle ¢.
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oD}

N

Ab

—3

$D,

Kepy

D}, D, tube diameters

A area

1 diffuser plate/cone

2 sealing plate

3 cylindrical round conicalitapered air filter

a| D, =D, and depends on the test flow rate (see Table 1).

o

Area 4 is adjusted-sathat the annular face velocity of entry is in the range of (900 £ 50) m/min.

Figure 4 — Test set-up for cylindrical radial flow-type air filter elements

5[3 _Test conditions

5.3t Generat

All tests shall be conducted with air entering the air cleaner assembly or air filter element in accordance with
5.2.4, with the permissible humidity variation throughout one single test being £2 %.

5.3.2 Test aerosol

5.3.2.1 Fractional test aerosol

For this part of ISO/TS 19713, the KCI (potassium chloride) test aerosol shall be used.
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5.3.2.2

Loading test aerosol

For this part of ISO/TS 19713, the following test dust shall be used:

— for single-stage air cleaner assemblies and air filter elements: ISO 12103-1 A2 test dust;

— for pre-cleaners and multistage air cleaner assemblies: ISO 12103-1 A4 test dust.

5.3.3 HEPAfilter

A HEPAJﬁIter is used to provide clean air to the test stand. Limits on the maximum acceptable background

counts a
meter an

54 Va
Prior to in

IMPORT]

verified and re-evaluated for that portion of the test stand and for those changes.

The valid
documen

a) systq

e given in 7.7.2.3 and 7.7.4.3. A high efficiency filter may be used downstream to protect the flgqw
| air moving devices.

idation
itial use, the test stand shall be validated in accordance with Table E.2

ANT — If the test set-up undergoes any hardware/component changes, it needs to be re-

ation certifying the performance of a system in accordance with this*part of ISO/TS 19713 shall e
ted, including the following:

m diagram and detailed description, including particle generator used:
pbarticle materials used in the tests, including tractability;

manufacturer and model of the particle counters;

calibration data for the particle counter(s);

calibration data for flow measuring device;

manufacturer, model number and date of manufacture for the neutralizer system used;

b) calibfation data for pressure loss:

c) systgm performance on flow-uniformity;

d) systgem performance on particle concentration uniformity;

e) datajdemonstratifig that the coincidence counting error meets the criteria of Table E.2;

f) data|demonstrating the performance of the neutralizer as described in Annex G;

g) data‘showing—the—agreementbetween—upstream—and—downstream—particle—counters—for—a—singte—or

dual-counter system;

h) data

showing that the efficiency test aerosol concentration is low enough to avoid loading effects during

the fractional efficiency before dust loading test;

i) sample test data;

j)  sample test data showing the repeatability of test results.

14
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5.5 Reference air cleaner assemblies/air filter elements

Upon initial calibration and validation of the system, the fractional efficiency before dust loading of reference
air cleaner assemblies should be measured. These air cleaner assemblies become references that will be
used to monitor changes in the test system and will be used for periodic checks of system performance.

5.6 Routine operating procedure

5.6.1 General

See Table E.3.

516.2 Periodical start-up procedure
Pgriodically, as required to maintain accuracy in accordance with Annex E, certain start-up procedures shall
be performed to verify the continued proper operation of the test system. Such proc¢edures include bt are not
lignited to:

—t verification of particle counter operation such as flow rate and zero count\(Table E.3);

— measurement of background particle count in the test duct with né:test filter and no test aerosol;
— correlation of upstream and downstream particle sampling and-counting systems;

—+ check zero on pressure measurement devices.

Ske, for example, Table E.3. The reference air cleanerassembilies or air filters will be used for periodic checks
of system performance.

516.3 Other periodic procedures

See Table E.3.

6| Fractional efficiency-test

6(1 General

The purpose of this'test is to determine the particle collection capabilities of the filter. The fractional |efficiency
tgst is conductediwith constant airflow rate using the aerosol described in 5.2.10.

The filter efficiency test procedure can be done with a pair of particle counters that are used to sample the
upstream-and downstream flow nearly simultaneously. One particle counter that is used to alternate]y sample
the airflow upstream and downstream may also be used. In the case of a single particle counter, the jupstream
counts'that occur during the time the downstream sample is taken are estimated from upstream coynts taken
béfere—and—after—the—downstream—ecount—he—upstrean—ceounis—shal-be—taken—as—seon—before—and after the
downstream count as possible while allowing for appropriate purge time between upstream and downstream
sample periods. Estimating the upstream counts from measurements that are not taken during the test is not
allowed. Estimating the upstream counts from measurements with a different sizing method is not allowed.

The calculations shown in this clause are for single counter, sequential sampling systems. 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 counter systems are identical.

All appropriate validation procedures, system checks, correlations, and reference filter tests as described in
Annex E should be done prior to starting a test.
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For air cleaner tests as shown in Figure 2, correlations and pressure loss tare measurements are done with a
“blank duct” replacing the air cleaner to be tested. The blank duct should be smooth, conductive metal tubing
that includes the minimum bends and area changes required to replace the air cleaner housing and connect
the inlet and outlet piezometers in the same positions as when the air cleaner to be tested is installed.

For filter element tests using one of the housings shown in Figures 3 and 4, correlations and pressure loss
tare measurements are done with the housing to be used during the test installed but no filter element.

Fractional efficiency measurements shall be performed at intervals during the dust-loading procedure to
establish a curve of efficiency as a function of dust loading. Efficiency measurements shall be made at the

following [points during the dust-loading procedure:

a) before any dust is fed to the device;

b) after|the dust loading has caused a pressure loss increase of 10 %, 25 % and 50 % of ithe differenge
between the beginning and the prescribed end point limit of pressure loss;

c) after|dust loading the device to its prescribed end point pressure loss limit.

6.2 Test procedure

a) Temperature, relative humidity and barometric pressure are recorded at‘the beginning and end of ea¢h
test. [The temperature and relative humidity are monitored continuously throughout the test to ensure that
the stability requirements in 5.3 are met.

b) Instdll the blank duct or element housing in accordance with Figure 3 or 4 in the test system in place pf
the air cleaner. Set the specified volume flow rate and measure and record the tare pressure loss,
background counts and correlation ratios. See Clause/Z<for sampling sequence, number of samplés
required, calculations, and for criteria for accepting data.

c) Mount the air cleaner assembly or air filter elemént in their respective test housing in accordance with
Figure 2, 3 or 4. Test air cleaner assemblies should be mounted in the same orientation as when installed
in thT vehicle.

d) Set the specified volume airflow rate.'The volume flow rate shall be maintained at the specified valye
12 9 throughout the test.

e) Condition the air cleaner assembly or the air filter element by stabilizing to temperature and humidity test
conditions in accordance with 5.3 at rated flow for at least 15 min.

f)  Measgure and record thepressure loss (AP)).

g) Measure fractionalefficiency before loading. See Clause 7 for sampling sequence, number of samplgs
required, calectlations, and for criteria for accepting data.

h) If fractional efficiency before dust loading tests will be followed by a loading test, then begin that tgst
immediately upon completion of the fractional efficiency before dust loading test. Do not interrupt the
airflow through the filter under test until the entire test is completed, as this can alter the performance of
the filter.

i) Start to feed the ISO 12103-1 A2 test dust.
NOTE  The particle counters need to be protected from the high concentrations of ISO 12103-1 A2 fine test dust
that are present during filter loading.
Load the filter with ISO 12103-1 A2 test dust until the pressure loss across the filter has increased to the
first increment as calculated in 3.7.
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Stop the loading test aerosol generator.

NOTE  Provisions to protect the particle counters from the high concentrations of ISO 12103-1 A2 fine test dust
that are present during filter loading need to be removed. It is also important to clean the isokinetic samplers before
taking efficiency measurements: this is because during dust loading the samplers can become contaminated.
Generally, the samplers can be back flushed with clean compressed air.

k) Measure background/shedding in accordance with 7.7.3.

[) Start the efficiency test aerosol. Allow the upstream and downstream aerosol concentration to stabilize.
Measure fractional nffihinnhy See Clause 7 for samplingsequence —number of samples required,
calculations, and for criteria for accepting data.

n) Stop the efficiency test aerosol.

n) Repeat steps i) to m) until the final pressure loss has been reached and the final fractional efficjency has
been measured.

0] Measure and record temperature, relative humidity and barometric pressure-

7| Calculations and data acceptance criteria

711  General

N

2

The symbols and subscripts in 7.2.1 and 7.2.2 are used in equations in this clause.

7(2.1 Symbols

The calculations and data quality requirements in this clauserare performed separately for each of the particle
sizing ranges.

Symbols and subscripts

U upstream counts of each size range (or channel)

D downstream counis'ofleach size range (or channel)
R  correlation ratio

P penetration

P’ penetration calculated using Poisson statistics

E Srefficiency

T Qamlnling time

o0 standard deviation of a sample
n  number of sample sets

t  distribution variable
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7.2.2 Subscripts

i  sample number

o observed

c correlation

b  background

t 1

u ppstream

d fownstream

e estimated

Icl lower confidence limit
ucl ppper confidence limit

n  humber of sample sets

NOTE

7.3 Test sequence

Table 2

measure
measure
iteration
handled {
sample s
5217. T
be follow
sets as a

esting an air cleaner

Over bar is used to denote averages, e.g. P.

ncludes an example of the test sequence.+«The sampling sequence within each efficiengy
ent for single counter systems is given in Table 3 and the sampling sequence for each efficiengy
ent for dual counter systems is given in_Table 4. The sampling pattern in Table 3 illustrates one
f a sequential upstream-downstream sampling sequence. Sample counts in each size range shall be
he same way, and this pattern shall be'followed for all fractional efficiency tests. An initial upstream
hall be followed by an upstream to“downstream purge. Development of purge times is detailed fin
ne first downstream sampling shall-be followed by a downstream to upstream purge and then shall
bd by another upstream sample. The last four time periods shall be repeated for as many sample
e required.

18
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Table 2 — Test sequence

Fractional .
Test N g Loading Counters
Characteristic L . efficiency .
No. | procedure tested Device in test position aerosol aerosol sampling, or
step? generator protected
generator
1 b) Pressure loss tare | Blank duct or empty housing Off Off Off, protected
2 b) Background Blank duct or empty housing Off Off On
3 b) Correlation Blank duct or empty housing Off Off On
4 b) Background Blank duct or empty housing Off Off On
5 c)tof) Pressure loss Housing with filter element Off Off —
6 g) Background Housing with filter element Off Off On
7 g) Efficiency Housing with filter element On Off On
8 g) Background Housing with filter element Off Off On
9 — — Housing with filter element Off Off Prptected
10 i) Loading Housing with filter element Off On Off, protected
11 — — Housing with filter element off off Ungrotected
ar|d flush
12 k) Background Housing with filter element Off Off On
13 1) Efficiency Housing with filter element On Off On
14 m) Background Housing with filter element Off Off On

measured.

Repeat test sequence numbers 9 to 14 until final pressure loss‘is“reached and efficiency at final pressure drop|has been

a8l As specified in 6.2.

Table 3 — Sampling sequence for single counter, sequential sampling systems

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

Repeat sampling steps 2 to 5 until a minimum of four upstream samples and three downstream
samples have been taken. More repetitions may be required to meet the data quality
requirements. Final upstream count not required when measuring background.

© 1SO 2010 — All rights reserved
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Table 4 — Sampling sequence for dual counter, simultaneous sampling systems

Sampling step Particle counting Purging
0 No For first sample
1 Upstream and No
downstream
5 Upstream and No
downstream
3 Upstream and No

downstream

Take additional samples as needed to meet data quality requirements.

7.4 Correlation ratio

7.41 The correlation ratio R shall be used to correct for any bias between the upstream and downstream
sampling|systems and counters. The correlation ratio shall be established from(the ratio of downstream fo
upstream| particle counts with a blank duct for air cleaner tests or with an empty housing for element tesfs
installed |n the test system and before testing an air cleaner or element. The correlation ratio measurement
shall be gerformed at the airflow rate of the air cleaner fractional efficiency test. The general calculation for the
correlation ratio, R, as used in this part of ISO/TS 19713, shall be the downstream particle concentratign
divided by the upstream particle concentration, with the fractional éfficiency test aerosol generator on, but
without altest device in place.

7.4.2 Background counts shall be made before generating test aerosols. Upstream and downstream
sampling[shall be done sequentially, starting with an upstream sample, U, ,, followed by a downstream
sample, B4 , p,, alternating back and forth.

NOTE The procedure is written for single counter, sequential test systems. Dual counter procedures are the same
except thgl upstream and downstream sampling are done‘simultaneously.

The total number of samples and sampling times shall be determined by the data quality requirements in 7.7, 2,
except thpt the final upstream sample is not needed for background sampling. Sampling times upstream and
downstrepm shall be the same for thistest.

7.4.3  Start generating aerosol.when background counts are complete. Begin sampling after stabilization pf
the test perosol, starting with ‘an upstream sample, U, , ., followed by a downstream sample, D4, .. An
additiona| upstream sample,\,.1) o ¢, Shall be made following the last downstream sample, D(n+1)oc The
total number of samples~and sampling times shall be determined by the data quality requirements in 7.7.p
Sampling times upstream-and downstream shall be the same for this test.

7.44  Aerosol generation shall be turned off and background sampling shall be repeated after completion pf
the requiTr|ed correlation sampling sets.

7.4.5 he-carrelation ratio shall then be calculated in accaordance with 7 7 1

7.5 Penetration/fractional efficiency

7.5.1 For the purposes of this part of ISO/TS 19713, penetration, P, shall be the fraction of particles that
pass through the air cleaner, and the general calculation for penetration shall be the downstream particle
concentration divided by the upstream particle concentration, with the fractional efficiency test aerosol
generator on and the test device in place.

7.5.2 Background counts shall be made before generating test aerosols. Upstream and downstream

sampling shall be done sequentially, starting with an upstream sample, Uy ,, followed by a downstream
sample, Dy , 1, alternating back and forth. The total number of samples and sample times shall be determined
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by the data quality requirements in 7.7.4, except that the final upstream sample is not needed for background
sampling. A difference between upstream sampling time, 7,,, and downstream sampling time, 7, is allowable.

7.5.3 Start generating aerosol when background counts are complete. Start sampling with an upstream
sample, U, , followed by a downstream sample, D, ,;, after stabilization of the test aerosol. Take an
additional upstream sample, Uj,,.1 o following the last downstream sample, D, , . Sampling times 7, and T4
shall be the same as those used for background sampling.

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

715.5 Air cleaner penetration shall then be calculated in accordance with 7.7.3.

7|16 Efficiency

716.1 In this part of ISO/TS 19713, the general calculation for fractional efficiency, E, shall be (F =1 - P),
where penetration P equates to the downstream particle concentration divided by the upstream particle
bncentration, with the fractional efficiency test aerosol generator on and the test-device in place (se¢ 7.5.1).

Q

~

6.2 Air cleaner efficiency shall be calculated in accordance with 7.7.5.
7|7 Data reduction

7]7.1 Correlation ratio data reduction

~

7.1.1 The upstream counts from two samples shalkbe averaged to obtain an estimate of the [upstream
punts that would have occurred at the same time.a$ the downstream counts were taken, as shown in
huation (5):

m o

Ui,o,c + U(i+1 ),0,C
2

Ui,e,c = (5)

7{7.1.2 The background counts-before and after the correlation aerosol test generation shall be simply
eraged, as shown in Equations (6)-and (7):

Q

Ub _ i=1-n (6)
n
Z D; 0,b
Eb _ i=1om (7)
n
7]71.3 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, as shown in Equation (8):

R, =_hoc b (8)
l Ui ec Ud
7.71.4 These correlation ratios shall be averaged to determine a final correlation ratio value, as shown in
Equation (9):
2 R
E _ i=lon (9)

n
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7.71.5

7.71.6
and (12):

The standard deviation of the correlation ratio shall be determined as shown in Equation (10):

(10)

The standard deviation of the background counts shall be determined as shown in Equations (11)

§u,b

dd.b

7.71.7
Equation

Ry 5

=

ucl

using the

i=1-n (1 ( )

\/ L (Ui,o,b_Ub)l

n—1
Z (Di,o,b_l_)b)2
_ 4| i=1on — (12)

The 95 % confidence limits of the correlation value shall be ,determined as shown {n
5 (13) and (14):

L 7 _ L
= R [écx\/;j (1B)
| = t
_R+(5Cx—\/;j (1#)

distribution variable, ¢, specified in Table 5 for a;given number of samples, 7.

Table 5 — r'distribution variable

22

Number of samples Degrees of freedom Distribution variable

n v=n-—1 t

3 2 4,303
4 3 3,182
5 4 2,776
6 5 2,571
7 6 2,447
8 7 2,365
9 8 2,306
10 9 2,262
11 10 2,228
12 11 2,201
13 12 2,179
14 13 2,160
15 14 2,145
16 15 2,131
17 16 2,120
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Table 5 (continued)

Number of samples Degrees of freedom Distribution variable

n v=n-1 t

18 17 2,110
19 18 2,101
20 19 2,093
21 20 2,086
22 21 2,080
23 22 2,074
24 23 2,069
25 24 2,064
26 25 2,060
27 26 2,056
28 27 2,052
29 28 2,048
30 29 2,045
inf. inf. 1,960

NOTE See Reference [17].

7.1.8 The 95 % upper confidence limits ofsthe background counts shall be determined as
uations (15) and (16):

_ _ t
Up,ucl =Up +(5c Xﬁ]

_ _ t
Dy e =Dp + (50 Xﬁ]

using the distribution yvariable, ¢, specified in Table 5 for a given number of samples, ».

m =~

7]7.2 Correlation ratio data acceptance criteria

717.21 Correlation ratio error limit

The number of correlation sample runs, n, shall be at least three and sufficient to satisfy the conditio

5

:2010(E)

shown in

(15)

(16)

ns shown

Equations (17) and (18).

For particle size ranges 0,5 pm to 3 ym:
5, x— |<0,05
[¢] \/; < Y

For particle size ranges 3 ym to 5 ym:

t
d.x—|<0,10
[" JZ]

© 1SO 2010 — All rights reserved
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This requ

irement 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 a
predetermined number of sample sets.

7.7.2.2

Limits on magnitude of correlation ratio

The correlation ratio shall meet the requirements specified in Table 6.

Table 6 — Limits on magnitude of correlation ratio

7.7.2.3

The 95 9

of the average estimated upstream count when the particle generation is~as shown in Equation (19):

Db,u

7.7.2.4

The sum
is not obf
not exceq

2

i=1—

7.7.3 Penetration data reduction

7.7.31
upstream|

in Equation (21):

Uie,

Size range
Limits on correlation ratio
um
0,3t0 1,0 0,90 to 1,10
1,0to0 3,0 0,80 to 1,20
3,0t0 5,0 0,70 to 1,30

Correlation ratio maximum background counts

upper confidence limit of the upstream and downstream background counts shall be less than 5 po

Z Ui,e,c

L Up yo <220 (1p)
Cl b,UCI nx 20
Correlation ratio minimum average upstream counts

of the estimated upstream counts shall be’> 500 [see Equation (20)]. If a sufficient number of counts

ained, the sample time or aerosol concentration shall be increased. The aerosol concentration shall
d the concentration limit of the particle counter(s), as determined by 5.2.14.4 and Annex D.
Uiec =500 (2p)

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

_ Ui,o,t +g(i+1),o,t (21 )

7.7.3.2

The background counts before and after the penetration test shall be simply averaged, as shown

in Equations (22) and (23):

Ub — i=1-n (22)

D, = i=1-n (23)

24
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7.7.3.3 The observed penetration shall be calculated for each upstream and downstream set using 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 time, as shown in
Equations (24) and (25).

2. Uiou

_ - T,
If Dy yo < o,osxl—Hﬂ—x[—d] , then
’ n T,
; — D 1
po=—ot by u 24
Y Ujer—Up Ty 2
Z Uz,o,u T
If{ Dy yo > 0,05xi=1_>”—x[—d], then
' n T,
D
Py =ity Ty (25)
Ui,e,t Td
7{7.3.4 These observed penetrations shall be averaged to determine an average observed p¢netration
value, as shown in Equation (26):
2 Po
130 — i=1-n (26)
n
717.3.5 The standard deviation of the observed penetration shall be determined as g$hown in
Epuation (27):
> (PP
5t —4|i=1on (27)
n—1
7{7.3.6 The observed penetration shall be corrected by the correlation ratio to yield the final penetration,
a$ shown in Equation (28):
P="2 28
> (28)
717.3.7 The standard deviation of the correlation ratio shall be combined with the standard dgviation of
the observed’penetration to determine the total error as shown in Equation (29):
, 2 2
5o p %) J(_ﬂ (29)
&) (&)
7.7.3.8 The 95 % confidence limits of the penetration shall be determined as shown in Equations (30)
and (31):
- = t
By=P —| dx— 30
lcl [ \/;j (30)
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P -p {wﬁ] (31)

using the distribution variable, ¢, specified in Table 5 for a given number of samples, n.

7.7.3.9 The standard deviation and 95 % upper confidence limits for the background counts shall be
determined using Equations (11), (12), (15) and (16).

7.7.4 Penetration data acceptance criteria

7.7.41 Penetration error limit

The numper of sample runs, n, shall be at least three and sufficient to satisfy the conditions specified jin
Equation$ (32) and (33).

For partidle size ranges 0,3 ym to 3 ym:

(&( L] < (0,O7><13) or (JXLJ < 0,05, whichever is greater. (3p)

Jr I
For partidle size ranges 3 ym to 5 ym:

(&( L] < (0,15><}_>) or (6><Lj < 0,05, whichever is greater. (3B)

Jr I
The requ|rement shall be satisfied by calculating this expression after each sample set and halting the testing

sequencg when the requirement is reached for each size range, or by acceptance criteria for a predetermingd
number df sample sets. If these conditions are met, P isaused to calculate the efficiency.

7.7.4.2 | Penetration calculation if penetration error limit not met

If the corldition in 7.7.4.1 cannot be met!), (the sum of the upstream counts and the sum of the downstream
counts shall be calculated, as shown in Equations (34), (35) and (36):

U = Z U, ot (sequential) (3#)
n=1-n
or
U 4 Z U; o1 \(simultaneous) (3p)
n=1-n
D;: Z Di,o,t (3p)
n=1-n

1) There are several reasons why the penetration error limit may not be met. Possible causes include but are not limited
to: unsteady upstream concentration, unsteady shedding of particles from a partially loaded filter, and filter efficiency
changing during the sampling periods. If the penetration error limit is consistently not met during the fractional efficiency
before loading test, it is likely that the filter is loading enough during the sampling to change the efficiency.
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The sums of the upstream and downstream counts are used to calculate an alternate upper confidence limit

for observed penetration, £, using Poisson statistics, as shown in Equation (37):

For values < 50, D,y and Uy are given in Table B.1.

(37)

Farvalues > 50 D;bi ' and ”i,u,i —are calculated as shown in Fnlllqtinne ('%R) and ('%Q)'
’ ’ ’

DUCl,t = Dt + (2X1lDt )
4 ’ 4

Uig, = Ut —(2xJUt)

The observed upper confidence level penetration using Poisson statistics shall(be corrected by the g

-
Q)

P = PI:ICl,O

ucl — E

The greater of the two upper confidence limits for penetration, P, or F)y, shall be used to
efficiency for that size range.

717.4.3 Penetration maximum background counts

Fpr correlation tests and tests before dust loading, the 95 % upper confidence limits of the upst
pwnstream background counts shall be < 5.%"of the average estimated upstream count when th
géneration is on, as shown in Equation (41):

o

7]7.4.4 Penetration minirmnum upstream counts

The sum of the estimated upstream counts shall be > 500, as shown in Equation (42):

D Uie1&500

i=1-n

7{7.5<_Efficiency

(38)

(39)

orrelation

tio to yield the final upper confidence level penetration using Poisson statistics, as shown in Equatipn (40):

(40)

calculate

eam and
e particle

(41)

(42)

Fractional efficiency is determined as shown in Equation (43):

E=(1-P)

where P is replaced by P or By or P, as determined in 7.7.4.1 and 7.7.4.2.

© 1SO 2010 — All rights reserved
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7.8 Procedure for loading and fractional efficiency

7.8.1 Test procedure

Particle size efficiency measurements shall be performed at intervals during the dust-loading procedure to

establish

a curve of efficiency as a function of dust loading. Efficiency curves shall be drawn for any or all of

the particle size ranges of the test protocol. Efficiency measurements shall be made at the following points
during the dust-loading procedure:

a) before any dustis fed to the device;

b) after

diffefence between the beginning and the prescribed end point limit of airflow resistance;

c) after

in 3.7.

782 A

7.8.21
device fo
each of th

7.8.2.2
released
aerosol p

The num

7.8.2.3
run for frg

7.9 Reporting results of loading tests

791 R
device:

a) fract

b) after

iF1—n

the dust-loading increments have achieved a pressure loss increase of 10 %, 25 % and 50 %.0f the

the dust increment that loads the device to its prescribed end point resistance limit, ‘as described
4

Hjusting for dust migration (re-entrainment of loading dust)

After dust loading and before efficiency measurements, airflow shallkbe maintained through the
20 min. Duration of less than 20 min is allowable if a release rate of no-more than 5 % is obtained fin
e particle size ranges.

For the purposes of this part of ISO/TS 19713, the release rate is the ratio of the number
test dust particles from the filter after a dust-loading incremeént to the average number of upstrea
articles challenging the test device during the determination of the efficiency for a specific size rang

T3 O,

per of loading dust particles released, in percent, is\calculated as shown in Equation (44):

D
b,ucl XiX'IOO (44)

T
5 U] "

The efficiency of the air cleaner in a specific size range shall be reported as 0 % if during a test
ctional efficiency in that rangé:the fractional efficiency is negative.

esults of loadingttests shall be reported in the form of five fractional efficiency curves for the test

onal efficiency before dust loading;

each incremental dust loading, a total of three curves; and

c) atits

final loading point.

7.9.2 The fractional efficiency results shall be plotted at the log mean diameter of the particle counter size

range.

7.9.3 The minimum information to be included in the report is shown in Annex A. As a proposal, use the
form in Annex A to report the results.

28
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Annex A
(informative)

Test report

Engine air cleaners for light, medium and heavy duty vehicles

Fractional efficiency test report

1

Test unit

(=T LU= Lo (1 =T USSP NS SR
ype of filter media: ............
ir cleaner description and orientation: ...
ir filter description and orientation: ... e
re-cleaner/pre-separators:

Test equipment

est duct set-up and orientation

1
A
A
F
2
T
O

ust feeder: Contaminant for efficiency measurements (KCL)
(Lo 01T o] 0 0 T=Y o1 A S SRS
SettingS/fEEA FAte: .. ..eiiiiiiieee e A e a e

Contaminant for loading (ISO 12103-1\A2 test dust)
EQUIPMENTE: oo N e e
SettingS/fEA rate: .. ..eveieiieee e et a e

article counter:  Type: ....
SaAMPIE FIOW: oo s e

eutralizer: Type: ...
SpeCial SENGS, . e

Test conditions

est flow rate (m3/h): ..........
est termination criteria=,..=

emperature (°C):

BefOorE 10t ...
N (] g (=) SRR

arometric préssure (kPa):

BefOrEe 10t . e e
F N i (Y g (=15 ST

elative_humidity (%):

BEfOre 108t ..o
F N i (Y g (=15 ST

T Ota CUMUIAtVE COUNtS (COUMIS O T s oo oo oo s
NEULFAlIZAtION (YES/NO): .. ettt ot e s b e e e e e e e e bt et e e e bt e e e e enb e e e e e anes
Test termination (KP@): ........ooiiiii et e et e e e e e e e e et e e e e e e e e ssaaabeeaeeeseaanbareeeaeeesannnreees
Fractional effiCienCy INEIVAIS: ... e e e e nb e e e
INITIA] FESTICHON (KPA): it e e e e e e et e e e e e e e e e aataeeeeaeeesnstsseeeeaesaesansssseeeaaaeeeannns

4 General comments

................. Testconducted by: ...,

©
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Test dust: KCL measured: aerodynamic
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Figuré¢ A.1 — Fractional efficiency as a function of particle size and dust capacity at test flow rate
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Figure A.2 — Pressure loss versus aerosol loading
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Annex B
(normative)

Poisson statistics

When using particle counters to evaluate fractional filtration efficiency, it is necessary to consider |

:2010(E)

imitations

nnonrl hy Hﬁle maHﬁnA Thn a'FFlr\lahr\y IS Hoformlnnrl [a\V] hnmnorlnn 'I'ha narticlas. r'lnl'ahi'arl ahd

Ty oorpaTTy PO trorou— oot
>stream of the air cleaner or air filter to the particles detected and counted downstream of the air'g

i
u
air filter. Inevitably, there are differences between the upstream and downstream sampling~and
equipment. Subclause 7.4 presents a method to calculate correlation ratios to minimize the.errors g
difference between the upstream and downstream equipment.

n the efficiency tests described in this part of ISO/TS 19713, at least three upstream and three do
samples are counted. For sequential sampling systems, the average of the upstréam counts before
a|downstream count is used to estimate the upstream count during the downstream sampling tim
case, three or more penetration values are calculated and analysed for data quality using a #test.

Hpwever, when the number of particles counted in a size class is low;, potential uncertainty may o
rgsult of counting a few randomly occurring events. In this case, it may be difficult or impossible to

bunting a few particles is presented in 7.7.4.2. Because the error)due to counting random events is
of the total number of particles counted, it is important to work{with the actual counts, and not conc
or averages. For the calculations in 7.7.4.2, the sum of theestimated upstream counts is used alon
stim of the actual downstream counts.

When a well-mixed, stable aerosol penetrates a filter, penetrating particles will appear downstream o
(qr in a small downstream air sample) randomly,cbut at some average rate. Of importance to efficien
is| the relationship between the results of a single sample or a finite set of samples and the true me¢
This relationship between an observed result’and the confidence limits on the true mean result is des
Ppisson statistics.

Thble B.1 gives the 95 % confidence-limits on a single observed particle count, N, when N < 50.

M

br a single observed particle ‘count, N, there is a 95 % confidence that the true mean count is bef
bper and lower limits given by Table B.1.

C

Fpr particle counts >50, Equations (35) and (36) are used to estimate the confidence limits.

counted
leaner or
detection
ue to the

ivnstream
and after
e. In this

ccur as a
meet the

penetration error limits in 7.7.4.1, hence an alternative method ta’quantify the size of the potential ¢rror from
c

A function
bntrations
g with the

f the filter
cy testing
an result.
cribed by

ween the
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Table B.1 — 95 % confidence limits for the mean value of a Poisson variable

Observ;evd count Lower limit Upper limit
0 0,0 3,7
1 0,1 5,6
2 0,2 7,2
3 0,6 8,8
4 1,1 10,2
5 1,6 11,7
6 2,2 13,1
7 2,8 14,4
8 3,5 15,8
9 4.1 17,1
10 4.8 18,4
11 55 19,7
12 6,2 21,0
13 6,9 22,3
14 7,7 23,5
15 8,4 248
16 9,2 26,0
17 9,9 27,2
18 10,7 28,4
19 11,4 29,6
20 12,2 30,8
21 13,0 32,0
22 13,8 33,2
23 14,6 34,4
24 15,4 35,6
25 16,2 36,8
26 17,0 38,0
27 17,8 39,2
28 18,6 40,4
29 19,4 41,6
30 20,2 42,8
31 211 44,0
32 21,9 451
33 22,7 46,3
34 23,5 47,5
35 244 48,7
36 25,2 49,8
37 26,1 51,0
38 26,9 52,2
39 27,7 53,3
40 28,6 54,5
41 29,4 55,6
42 30,3 56,8
43 31,1 57,9
44 32,0 oY,0
45 32,8 60,2
46 33,7 61,3
47 34,5 62,5
48 354 63,6
49 36,3 64,8
50 37,1 65,9

NOTE See Reference [17].
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Annex C
(normative)
Pressure loss data reduction
If the temperature and pressure at the filter under test are different from the standard conditions of 20 + 5 °C
ape-4-3HPathenthe-measured-pressuretoss-shal-be-correctedto-indicate-the-pressuretossthawould be

measured if the conditions were standard.

air cleaner or air filter being tested. For tests in accordance with this part of ISO/TS 19713; the ter
shall be controlled to the standard temperature so the primary variable is the absolute-pressure 3
under test. This part of ISO/TS 19713 requires that the test be conducted at specified actual volume
il order to minimize changes in the efficiency measurement due to different welocities. Therefd
absolute pressure at the filter under test is not standard pressure, then the measured filter pressu
brrected as follows.

Q

NPTE 1 This correction to the pressure loss of the air cleaner or air filter is iidependent of the corrections r
thie flow rate measurement device that are required to establish the correct actual volume flow rate at the air cle
filter under test.

Measure the unit pressure loss, AP, as a function of volumédAflow rate, Q, or at a set flow rate, O

is| the actual volume flow rate at the filter at the test conditions. Find K and K, by doing a least squa
fif of Equation (C.1) to the data:

AP = (K1 ><77m><Qm)+(K2><Pm><Qm2)

where

Ty is the dynamic viscosity of air in the unit at the test conditions;
Pm is the mass density of\air in the unit at the test conditions.

Use Equation (C.2) to calgulate the standard filter pressure loss, AP, at the specified flow rate in the
flpw rates measuredsExtrapolation to flow rates outside the measured range is not recommended.

APy :(K1><773><QS)+(K2><prQ32)

where

The correction required for the pressure loss measurement depends on the test conditions_and on the type of

nperature
t the unit
flow rates
re, if the
re loss is

pquired for
aner or air

| Plot the

measured pressure loss, AP, as a function of the measured flow rate, Q.. Note that in this test mgthod, O,

res curve

(C.1)

range of

(C.2)

7. is the dynamic viscosity of air at standard conditions;

ps is the mass density of air at standard conditions;

O, is the flow at standard conditions.

NOTE 2  Since the temperatures are controlled to standard conditions, the correction due to the (K x 7, x Q) term will

be negligible.
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Annex D
(informative)

Determination of maximum efficiency aerosol concentration

In 5.2.14, |t is recommended to perform fractlonal eff|C|ency tests versus partlcle concentratlon for partlcle size
: e
fractional eff|C|enC|es are not stable due to lack of enough counts as seen on the Ieft-hand S|de of the curves.
The fracjional efficiencies will then be stable over a range of particle concentrations. As the (partide
concentration is further increased, the efficiency of the lowest size channel will start to drop/.due fo
coincidenice problem. The appropriate particle concentration range should be the range in which the.fractional
efficienci¢s are stable (e.g. approximately 5 to 15 particles per cubic centimetre for the 0,3 um to 0,5 ym
channel gshown in Figure D.1). It should be noted that the appropriate particle concentration fange for different
size distrfbutions of challenge aerosol and for different particle counters may be different."The tests described
here sholild be performed when different counters or different challenge aerosols are used.

Overloading test of particle counter
Filter efficiency in smallest size channel

Y |
100

80

]

40 1 u

20

O | | I N N P N N | | N N N T | | N N I N |

m
& |

-20
Y vO 10 100 1000

Key
X  total cpncentration

Y filtratipn efficiency, in percentage
1 upper]limit for testing

Figure D.1 — Example of efficiency at various sizes versus particle counts
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(normative)

Accuracy requirements, validation and routine operation

:2010(E)

Tables E.1 to E.3 provide lists of the |tems that need to be desrgned verified, measured callbrated or certified

d scrrbes the requrred performance of the test system rather than requrrrng specrfrc hardware an
procedures. Hence, it is up to the builder and user of the test system to verify that the required(perfo
fact achieved.

SOATS 19713

H specific
mance is

Table E.1 contains instrumentation accuracy and other requirements that are generally establish¢d by the

instrumentation used in the test system. The criteria for most items in Table E.1 \are met with
calibration.

Table E.2 contains system characteristics that are established by system design. These characteris
tq be measured once to verify the system design and to verify the initial performance of the test sys
NPTE Requirements for documenting the test system validation are@iven in 5.4.

Table E.3 contains calibrations, measurements and activitiesthat need to be repeated on a schedu
tq ensure the continued repeatability and reproducibility of the'test system.

Clause numbers in Tables E.1 to E.3 refer to the clauses’ of this part of ISO/TS 19713 in which the in|
may be found.

Table E.1 — Instrument accuracy requirements

cfiteria for most items in Table E.2 are verified by measurement of the characteristic of the test system.

traceable

tics need
tem. The

led basis

formation

Clause Description Criteria Comments

1ISO 5011:2000,

Airflow rate measurement accuracy 12 % of reading +2 % repea
Clause 4

ability

— Air velocity measurement accuracy 13 % of reading —

— Pressure loss measurement accuracy +1 % of reading —

5.3 Temperature measurement accuracy +5°C —

5.3 Relative humidity measurement accuracy +2 % RH —

— Barometric pressure measurement accuracy 1300 Pa —

0,3 ymto 5 ym and

0,5 ym to 10 ym Geometric aerg

5:2:13.2 Particle counter size range

dynamic

© 1SO 2010 — All rights reserved
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Table E.2 — Validation (measurement devices and procedures)

Clause Description Criteria Comments
Test system, conductive and grounded — Verify with continuity tester
5.2.5 | Temperature control (20+5)°C In accordance with 1ISO 5011
5.2.5 |Relative humidity control (65+15) % RH [In accordance with ISO 5011
5.2.9 |Test duct air leakage — Verify by inspection
Table E.1 FIOW Tale COTNtror dccuracy, shdil De dCCUurdie ds +5 % accurac +2 % repeatabilit
*'|| mounted in system = Yo |Feerep y
5.2.8 [|Airflow uniformity +10 % —
Annex E| | Pressure loss measurement accuracy 2 % —
5.2.12 || Sample probe isokinetic 0 % to £20 % By calculation from flow rates and
diameters
Sample probe location, upstream, centred,
5.2.12 close to filter centred at least 7 x D downstream . .
- and 4 xD upstream of any bends and
obstructions
Sample probe location, downstream, centred, at
5.2.12 ||least 7 x D downstream and 4 x D upstream of — —
any bends and obstructions
5.2.12 || Sample line design and conductivity — Inspection and electrical continuity fo
ground
5.2.11 || Aerosol, fraction efficiency, charge neutralized See~Annex G —
5.2.10 || Aerosol, fraction efficiency, dryness As needed Applies to KCI aerosol only
Fractional efficiency aerosol, concentration low. This is established For validation, it is recommended thag
7.7.4 ||enough so there is no change in efficiency ) this test be done for n = 10 repetitions
. . . on a clean filter _
during test (i.e. no loading effects) rather thann =3
5213 Dust feqder for loading aerosoly: stable +5 % Same as 1SO 5011
concentration
5.2.13 || Dust feeder for loading aerosoli:concentration 1 g/m3 Same as ISO 5011
Dust feeder for loading aerosol, size distribution Use ISO 5011 dust injector or
5.2.12 |]. — ;
in test duct demonstrated equivalent
Particle counters,.primary size calibration with In accordance with manufacturgr
5.2.13 — e
PSL specification
- - . . o
59 14.4 Aergsol, fractlon.ef.flaency, concgntrgtlon below| Maximum of 5 % Procedure in Annex D
particle counter limit to prevent coincidence decrease
5.4,j) ||Repeatability, pressure loss and efficiency 5% To be done at start-up and annually
5.4 Reference filter test Set baseline Use to monitor changes in test systelln
performance
54 Performance certification documentation Not applicable For the tgst system validation to be
complete it shall be documented
NOTE The order in which the validation tests are done is important. The order given in this table can be used as a guide. See also
Table E.3.
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Table E.3 — Routine operation

ISO/TS 19713-1:2010(E)

Clause Description Criteria Frequency? Comments
Pressure loss across empty As required to
— test clause (tare pressure — . tq. —
loss) maintain accuracy
5.6.2 |Particle counter zero check — Weekly ngmum 10 counts per
minute per channel
[T oo an If alactrat rafaranca.
Confirmation of neutralizer PONOW9.2.TU . L Also clean every 10D hours of
5.2.11 . o L filter test indicates a .
radioactivity or ionizer current See Annex G problem operation
o |orassonn i | [rsroouredro | Trck forhafies
before dust loading maintain accuracy Recommended daily tests
5214 Particle measurement device . Annuall InJaccordance with
- calibration y manufacturer specifjcation
Each new filter moupting
5.2.8 | Airflow uniformity +10 % Hardware change geometry or after any
changes to the test system
Efficiency aerosol, uniformit ) .
i (within ezch size channel) / Each new filter mounting
b.2.10.3 0.3 umto 5 um and 5 um to +10 % and £20 % |Hardware change geometry or after any
16 p“m H H changes to the test system
Dust feeder for loading New design or test
+! 0, J—
5213 aerosol, stable concentration 5% flow rate
5213 Loading test aerosol 1 ol As required to See 1SO 5011
- concentration 9 maintain accuracy
— gg;fﬁ;eytiarireosm generator — Annually or change —
Annex D [ Coincidence error — Annually or change —
5.2.7 Leak test — After every test Visual inspection
\nnex E Calibration of airflow, 129 Annually .
measurement
\nnex E Calibration of pressure loss 129, Annually .
measurement
Calibration.of other In accordance with
Annex E [instrumentation (temperature, 5% Annually instrument manufacjurer's
relative humidity, etc.) recommendations of annually
. Cleaning of test duct and . After every test As needed

components

Change refers to any change in the test system that might affect the performance.
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Annex F
(normative)

Aerodynamic diameter

To be able to describe the properties of non-spherical particles, the definition of equivalent diameters is

necessar
behaviou

Thereforg, the aerodynamic diameter is used to characterize particles in these cases.

The aeroflynamic diameter is the diameter of a sphere of density 1 g/cm3 with the same terminal velocity die
to gravitational force in calm air, as the particle, under the prevailing conditions of temperature, pressure and
relative himidity?2).

The aeroflynamic diameter, D, is defined as

For partig
0,5um, B

Dae

with a rel

. Eaor axamnla tha denosition-of sirbornae-nparticlacs in 9 filtar trancnartatinn lnccac in ducte and tha
——O—-EXaHp1e,—tHE-Ge PO STHO OB o e—pPar e S —aHteH—HaRSpPoOatHor— H—Cr aHe—th C

 of particles in the human respiratory tract are based on the particle's aerodynamic propefiiels.

1/2

Co(Dg)xp

= XD
Ce (Dae)xpoXZ

g F.)

s the geometric (volume equivalent) diameter of the particle, in g/cm3;

s the density of the test dust particle, in g/cm3;

s the unit density, 1g/cm3;

s the slip correction factor;

s the dynamic shape factor of.the test dust particle.

le bulk material densities.between 0,5 g/cm3 and 3 g/cm3 and particles aerodynamically larger than
quation (F.1) simplifies _to

1/2
=[ p J 9, (Fp)
Po XX

ptive size error less than 5 %. The densities and shape factors specified in Table F.1 shall be used.

2) For particles of aerodynamic diameter less than 0,5 ym, the particle diffusion diameter should be used instead of the
particle aerodynamic diameter. The particle diffusion diameter means the diameter of a sphere with the same diffusion

coefficient

38

as the particle under the prevailing conditions of temperature, pressure and relative humidity.
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Table F.1 — Density and shape factors

ISO/TS 19713-1:2010(E)

Density
Dynamic shape factor
Efficiency aerosol P
3 X
g/lem
1ISO 12103-1 A2 test dust 2,65 1,57
KCI 1,97 1,20

N optical particle counter measures the optical equivalent diameter, where the light scattered by the particle
quals the light scattered by a calibration particle (e.g. PSL) of known size. For precision’ work, an optical
article counter may be calibrated with the material to be measured. In that case, the ‘optical gquivalent
ameter equals the geometric diameter and, consequently, Equation (F.2) can be used.directly.

therwise, the conversion of the optical equivalent diameter of the particles inte' the geometrig (volume
huivalent) diameter before applying Equation (F.2) is required to minimize dhe conversion error. For the
irposes of this part of ISO/TS 19713, use the optical equivalent diameter as the geometriqd (volume
huivalent) diameter for calculating the aerodynamic equivalent diameter, Which is current practice.

1ISO 2010 — All rights reserved
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G.1 Oy

Neutraliz
equilibriu

NOTE 1

NOTE 2

test system. The procedures in this annex are designed to minimize the effect of excess charge~arising from the aerogol

generatior

This anngx contains methods to determine if the efficiency test aerosol is properly neutralized as required |jn

5211. 1t

hence thT test methods described in this annex are indirect. The two méthods described in detail are based

on the ef
more effi

—  Meth
radig
coro

— Meth
elect

Both test
being tes
Nor does
obtain ef
followed,

exists thgt when these methodsare followed, much better reproducibility is achieved.

The othe
not availg
commerc
and requ
list gives
to those

Annex G
(normative)

Method to test efficiency aerosol for proper neutralization

ETVIEW

bd aerosol is defined as aerosol whose charge distribution is reduced until it provides a Beltzman
m charge distribution.

The aerosol is not neutral in the sense that all individual particles are neutral.
It might not be possible to obtain a true Boltzman equilibrium charge distribution in the short time available infa

method.

is very difficult, costly and time consuming to directly measure the gharge distribution on the aerosal,

ect of particle charge on the efficiency of electret filter media.Electret filters collect charged particles
iently than uncharged particles. Other methods are mentioned briefly.

od 1 involves reducing the concentration/flow rate to minimize electret efficiency. It is applicable to
active-type neutralizers and may also be used to chéck the concentration capabilities of electrostalic
ha neutralizers.

od 2 involves adjusting the ion output to~minimize electret efficiency. It is only applicable fo
Fostatic corona-type neutralizers.

methods find the minimum electret efficiency that can be obtained with the neutralizing equipmept
ed. That does not necessarily mean that the aerosol is neutralized to the Boltzman equilibrium state.
it mean that the aerosol is sufficiently neutralized to obtain repeatable efficiency measurements or fo
iciency measurements that will match other test systems. However, when these methods are npt
it has been demonstrated that widely varying efficiency measurements can result. Some evidenge

methods listed.hete are not described in detail as they depend on expensive instrumentation that|is
ble in all filtertest laboratories, or they depend on instrumentation that is in development and is npt
ally availabte.at the time of publication of this part of ISO/TS 19713, or they are very time consuming
re custom equipment (some of the custom equipment involve potentially dangerous voltages). The
measurement methods; each of these measurement methods would be used in a procedure similar
Hesc€ribed below to determine the appropriate concentration for radioactive-type neutralizers or the

operating

parameters for corona-type neutralizers:

a) measure the neutral fraction utilizing a photometer after passage of an electrostatic particle trap and

maxi

mize the neutral fraction;

b) measure the neutral fraction utilizing a particle sizing instrument after passage of an electrostatic particle
trap and maximize the neutral fraction;

c) measure the net charge deposited on the filter being tested. Adjust the neutralizer to minimize the net
charge (it should be zero);

d) measure the net charge on the aerosol using an aerosol electrometer and minimize net charge on the
aerosol (it should be zero);

40
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e) measure the charge distribution using a range of voltages in an electrostatic particle trap and a particle
sizing instrument and compare to Boltzman distribution.

G.2 General procedure

The general procedure includes installation, verification, maintenance and re-verification:

a) install appropriately sized aerosol neutralizer;

b) verify that it is functioning properly and adjust as needed using the methods in this annex;

c] measure and record the operating parameters: ionizer currents and/or voltages, radioactivity level, flow
rate, aerosol concentration, etc.;

d) periodically verify continued operation by checking an electret reference filter and ‘other propefties (e.g.
ionizer current, radioactivity, etc.): the period is to be determined by the test system operator;

e) periodically clean and maintain neutralizer;

f)] periodically re-verify proper functioning using the methods in this annex.

G.3 Description of filter to be used

Bpth test methods depend on the use of a filter made withyelectret filter media. It is important to use a filter
that has a large part of its efficiency due to electrostaticfiltration mechanisms so the effect is easily measured.
Itfis suggested that the fractional efficiency before dust loading in the 0,3 um to 0,5 ym size range should be in
the range of 20 % to 40 % when tested with a properly neutralized aerosol. For example, filters madg with the
fdllowing types of filter media will be suitable for.this test:

—+ media made from fibres formed by slitting or shredding a thin, highly charged polymeric film; filpre cross-
sections are approximately (5 x 30)um;

— media made from a mixture of two types of polymeric fibres that become highly charged by trio-electric
mechanisms during manufacture; fibres are approximately (10 x 20) um.

Other filters in which the“fibres are relatively large and the mechanical filtration mechanisms (diffusion,
terception, and inertial)-contribute only a minor part of the overall efficiency of the filter media may he used.

5

F(lters made with~such media and having 20 % to 40 % efficiency when tested with properly neutralized
brosol may hayve efficiencies up to 90 % or higher if tested with charged (improperly neutralized) aefosol.

Y]

Tp confirm.that electrostatic forces are the primary filtration mechanism, measure the filter efficiency before
and after-discharging the filter. One possible method to discharge an electret filter is to soak it in windshield
wpsher fluid. The efficiency after discharge should be less than half the original efficiency.

If a full size filter made from appropriate electret media is not available, it is possible to insert a flat sheet
media holder into the sample line of the downstream particle counter; then all that is needed is a small sample
of electret media. The size of the media holder should be such that the velocity through the media is on the
order of 0,1 m/s.
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G.4 Method 1: reduce concentration/reduce flow rate to minimize electret efficiency

G.4.1 Procedure

a) Remove radioactive neutralizer (or turn off ionizer) and measure and record the efficiency of electret filter.

b) Insta

[l neutralizer (or turn on ionizer) and measure and record the efficiency.

¢c) Reduce particles passing through the neutralizer per unit time by a factor of 2. This can be accomplished

by rg
the n

d) Rem

G4.2 A

Plot effici
neutralizq

If efficien
by the fil
electret ig
the effici
reduced

If efficien
aerosoliz

If efficien
aerosol g

If efficien
adequate
through t

If efficien
concentrg
neutralizq
flux by a

It is impg
order to

See Figu

ducinathe-concentration-of sarasol pbassina-throuah-tha nattralizar ar hy radiicina tha flaow thraou h
G g—tHe-66HEEHTaHE -8+ ereSor—p Ao gt e LB OBy auomg— oW HOug

eutralizer. Maintain the same airflow through the filter for all tests. Measure and record the efficiengy.

pve neutralizer (or turn off ionizer) measure and record the efficiency.

nalysis

ency for the smallest size range as a function of particle flux (concentration or. flow rate) through the
r.

Cies measured in steps a) and d) of G.4.1 are different, then the properties-of the filter may be altergd
er test, i.e. it is loading and increasing efficiency due to mechanical filtration mechanisms or the
degrading and losing efficiency. If the properties of the filter are being altered by the test, then either
ncy test aerosol concentration will need to be reduced or theduration of the test will need to he
nd the tests repeated.

cies a) to d) are all the same, either the aerosol is not being charged during the process pf
ng it, or the neutralizer is not working.

cies b) or ¢), or both, are less than efficiencies a)tand d), then the aerosolization process charges the
hd the aerosol neutralizer is at least partially nettralizing the aerosol.

Cies b) and c) are the same and are less than efficiencies a) and d), it is likely that the neutralizer |is
ly neutralizing the aerosol. In this case, repeat the procedure and increase the particles passing
he neutralizer per unit time by a factorof 2, and measure the efficiency.

Cy ) is lower than efficiency b), then the neutralizer is not adequately neutralizing the aerosol for the
tion in step b). In this case) repeat the procedure and reduce the particles passing through the
r per unit time by anotherfactor of 2 and measure the efficiency. Repeat until reducing the partide
actor of 2 does not reduce the measured efficiency.

rtant to continue\te’ check the efficiency with the neutralizer removed (or the ionizer turned off), in
erify that the€lectret efficiency is not changing due to loading or electret discharging.

e G.1 foran example of a simulated sequence of the Method 1 test.
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