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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
member bodies). The work of preparing International Standards is normally carried out through ISO technical
committees. Each member body interested in a subject for which a technical committee has been established has

the right fobeTepresentedomthatcommmitteemtermatiomat orgarmizations, governmeTTtaard TToTT=goveTTTTe

liaison W
Commissii

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.

The main
by the tg
Standard

In other

committep may decide to publish other types of nhormative document:

— an 130 Publicly Available Specification (ISO/PAS) represents an agréement between technical expert
ISO working group and is accepted for publication if it is approved\by more than 50 % of the members
parept committee casting a vote;

— an IO Technical Specification (ISO/TS) represents ancagreement between the members of a te
cominittee and is accepted for publication if it is approved by 2/3 of the members of the committee ca

vote

An ISO/HAS or ISO/TS is reviewed after three years with a view to deciding whether it should be confirmg

further th

or ISO/T§, it is reviewed again after six years-at which time it has to be either transposed into an Intern

Standard

Attention

patent rights. 1ISO shall not be held résponsible for identifying any or all such patent rights.

ISO/TS 1{1155-1 was prepared(by Technical Committee ISO/TC 22, Road vehicles, Subcommittee SC 7, In

equipme

This first
revision.

ISO/TS 1

compamTents:

th ISO, also take part in the work. ISO collaborates closely with the International Electrote|
on (IEC) on all matters of electrotechnical standardization.

ntal, in
chnical

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

chnical committees are circulated to the member bodies for voting. Publication as an Interr
requires approval by at least 75 % of the member bodies casting a vote.

ational

ircumstances, particularly when there is an urgent market requirement for such documents, a tethnical

ee years, revised to become an International Standard, or withdrawn. In the case of a confirmed IS
or withdrawn.

is drawn to the possibility that\some of the elements of this part of ISO/TS 11155 may be the su

t and filters used ontoad vehicles.

edition cancels and replaces the first edition of ISO/TR 11155-1:1994, of which it constitutes a te

1155 (consists of the following parts, under the general title Road vehicles — Air filters for pa$

5 in an

of the

chnical
sting a

d for a

O/PAS

ational

bject of

jection

chnical

senger

—  Part

1: Test for particulate filtration

— Part 2: Test for gaseous filtration

Annexes A, B, C, E, F and G form a normative part of this part of ISO/TS 11155. Annex D is for information only.

© 1SO 2001 — All rights

reserved


https://standardsiso.com/api/?name=acb19b0d87f532924b3cb03e72f469cc

ISO/TS 11155-1:2001(E)

Introduction

The following passenger compartment air filter test code has been established to cover particulate air filters and the
particulate filter section in combined filters (particulate and gas filtration) used in automotive interior ventilation
systems.

The opjective of this procedure is to maintain a uniform test method for evaluating the filter, perlformance
characteristics of particulate air filters on specified laboratory test stands.

The pgrformance characteristics of greatest interest are pressure loss (or airflow restriction),,overall and|fractional
efficiercies, and holding capacity for airborne particles.

The dgta collected according to this test code can be used to establish performance characteristics for filtgrs tested
in this manner. The actual field operating conditions, including contaminants, humidity, temperature, mechanical
vibratign and flow pulsation are too difficult to duplicate.

© I1SO 2001 — All rights reserved v
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Roa

Part

d vehicles — Air filters for passenger compartments —

1:

Test for particulate filtration

1 S

This p
test pn
particlg
recircu

The tg

fractiopal filtration efficiency and accelerated particulate holding capability against standardized |

particu

enviropmental effects, the relative ranking of filters may change in Service.

NOTE
in the tg

NOTE
gravimg

2 N

The fo
this p4g
publica
investi
undate
maintaj

ISO 50

ISO 12

cope

art of ISO/TS 11155 specifies a particulate filtration test, including the critical characteristics of e
pcedure and report format, for the consistent assessment of filter elements~in a laboratory teg

sizes larger than 0,3 ym. It is applicable to filters for removing particulate matter from e
ated air used for ventilating motor vehicle passenger compartments or cabins.

st specified in this part of ISO/TS 11155 enables an assessment of filter elements for press
ate challenges. Because the test methods exclude the full<range of possible particulate challe

Absolute comparability is only possible with filter elements\of the same shape and size as well as the san
st duct.

Subject to agreement between supplier and-the customer, the test procedure allows for the cal
tric efficiency as a single parameter for quality control purposes. For gravimetric efficiency tests refer to ISO 5

pbrmative references

lowing normative documents_centain provisions which, through reference in this text, constitute pro
rt of ISO/TS 11155. For dated references, subsequent amendments to, or revisions of, any
tions do not apply. However; parties to agreements based on this part of ISO/TS 11155 are enco
pate the possibility of capplying the most recent editions of the normative documents indicated b
d references, the latest edition of the normative document referred to applies. Members of ISO
n registers of curtently valid International Standards.

11, Inlet air.cléaning equipment for internal combustion engines and compressors — Performance

103-1,sRoad vehicles — Test dust for filter evaluation — Part 1: Arizona test dust

quipment,
t rig with
ternal or

ure loss,
aboratory
hges and

he position

tulation of
D11.

visions of
of these
uraged to
elow. For
and IEC

festing

ing near-

3 Terms and definitions

For the purposes of this part of ISO/TS 11155, the following terms and definitions apply.

3.1

test air flow rate
volume of air passing through the test duct per unit time, expressed in actual cubic metres per hour (m3/h)

© I1SO 2001 — All rights reserved
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3.2

pressure loss
permanent pressure reduction due to a decrease in the flow energy (velocity head) caused by the filter (in pascals
at standard conditions of 23 °C and 101,3 kPa)

3.3

fractional efficiency

Ex;

ability of the air filter to remove particles of a specified size, expressed as a percentage

3.4

initial fchtionaI efficiency

fractional| efficiency before 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 callécted to affect the filter
pressure lpss.
3.5
fractiongl penetration
Py;
ratio of tHe concentration of particles of specified size exiting the filter to the concentration of particles of specified
size entefing the filter, expressed as a percentage
3.6
test dust-holding capacity
mass of test dust collected by the filter at the specified terminal préssure loss and flow rate, expressed in grams
3.7
hydrauli¢ diameter
D,
equivalent diameter used to characterized non-roundhducts, calculated as:
Dy, F4x (area of cross-flow section/duct perimeter)
3.8
particle ¢gounter
aerosol gpectrometer
instrument for sizing or counting aerosol particles, or both
3.9
test aerosol
particles suspended in.air, used for filter-efficiency or -capacity evaluation
3.10
correlatipn ratio
Rq

ratio of the number of pariicles observed at the downsiream sampling Tocation to the number of particles at the

upstream
NOTE

3.1

sampling location when no filter is installed in the test

The method of calculating the correlation ratio is given in annex B.

log mean diameter

Dy,
weighted

Dy; =(D; X Djyy)

mean diameter calculated by:

12

(1)

© 1SO 2001 — All rights reserved
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where

D|’

D;

ISO/TS 11155-1

; is the log mean diameter;

is the lower threshold size of the particle size range;

D;+1 is the upper threshold size of the particle size range

3.12

geometric-(volume-equivalent) diameter

Dy,

:2001(E)

diameter of sphere with the same volume as the particle being measured

3.13
optica
Do ;

| (equivalent) diameter

diameter of a particle of the type used to calibrate an optical sizing instrument that scatters the same 3
light ag the particle being measured

mount of

NOTE Optical diameter depends on the instrument, the type of particle used._to calibrate the instrument (usually
polystytene latex spheres), the optical properties of the particle being measured, and‘the’size of the particle.

3.14

aerodynamic (equivalent) diameter

Dae, i

diameter of a sphere of density 1 g/cm3 with the same terminal.velocity due to gravitational force in calm air, as the

particle¢ being measured

NOTE
countin

3.15
efficie

The aerodynamic diameter is used to report results to avoid different diameter measures due to different
j techniques. Annex F provides additional informatiofr@about aerodynamic diameter.

hcy challenge aerosol

aerosd used to measure the efficiency of a\test filter

NOTE

The concentration is low enolgh to prevent coincidence-related errors in the particle counters, and does

the filtgr efficiency due to loading. Fhevaerosol charge is reduced so that it approximates a Boltzman equilibri

distribu

3.16

ion. The requirements for the efficiency challenge aerosol are given in 4.2.3 and 4.2.4.

capacity challenge aerosol
aerosdl used to load the)filter

NOTE

use of {]

3.17

The congentration is high enough to allow loading of the filter in a reasonable time, but may be too high t

sizing and

ot change
m charge

b allow the

ypical particle counting instruments. The requirements for the capacity challenge aerosol are given in 4.2.3 andl 4.2.4.

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

NOTE 1 The aerosol is not neutral in the sense that all individual particles are neutral.

NOTE 2 It may not be possible to obtain a true Boltzman equilibrium charge distribution in the short time availab
system. The procedures in annex G are designed to minimize the effect of excess charge arising from the aerosol generation
method.

© I1SO 2001 — All rights reserved
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4 Test equipment, accuracy and validation

4.1 Measurement accuracy

Accuracy

requirements are given in Table E.1 (4.1).

4.2 Test system

421 Sy

stem requirements

4211
between
designed

measuremnent, pressure-loss measurement, and aerosol introduction and sampling. A test standywhich me

requirem
Figure 1.

Other de
be accep

Test stan

system (fest stand and associated equipment) as described in 4.4. Validation information shall be record

standard
accordan

The unifa
four equs
variation

4.21.2
4.3.4. Pri
concentrd

ability to maintain these conditions over the period of time required to complete a filter evaluation.

The systém shall be tightly sealed such,that the leak rate is less than 100 I/min when the pressure in the

500 Pa a
below anj

The syst
maintaini
rate will g
system v,
provided

4213
4.21.2. F

The test stand shall consist of a conductive and grounded vertical test section (at least jn.its
dust addition and the downstream sample probe) with test-filter mounting framework,(and s
to minimize particle loss. It shall include equipment or apparatus for air conditioning and 'supply, fl

bnts of Tables E.1 and E.2 is acceptable. An example of a plenum chamber style test.system is sH

igns, such as tapered ducts where the filter mounting section is the same cross section as the filter,

able. In all cases, any deviations shall be arranged between the tester andithe requester.
d performance shall meet the requirements of this clause and shall be validated as part of the ove

format and made available to requesters. System validation shall be performed at least once per
ce with Table E.3.

section
hall be
bW rate
ets the
own in

might

all test
bd in a
year in

rmity of air flow in the test duct shall be measured with“a-calibrated anemometer at the centre of ¢ach of

I-sized areas, and at the centre at a distance of not‘more than 5 cm above the empty filter hold
n air flow velocity shall be no more than £ 10 % from'the mean flow velocity.

Provisions should be made to maintain the temperature and humidity of the test air in accordan

er. The

ce with

br to mixing with test aerosol, air should,bé cleaned to a level of less than 1 % of the challenge aerosol

tion at all particle sizes. Use of HEPAfiltration is required (see 4.3.3). The system shall demonstr

bove ambient for systems that*are pressurized, or 500 Pa below ambient for systems that are n
bient pressure. This test js conducted according to the method referenced in Table E.3.

ate the

duct is
brmally

em shall be capable of delivering the user-specified flow rate. Furthermore, it shall be capable of

ng this flow rate for,the duration of a test and in the face of an increasing differential pressure. TH
e typically up t6 680 m3/h, with filter pressure loss of up to 1000 Pa. The minimum flow rate at wh
blidation shall\be carried out is 150 m3/h. The system may operate at either positive or negative pr
t meets the fequirements of 4.2.

is flow
ich the
bssure,

ified in

Flow-rate shall be measured in accordance with 4.1 across the range of the flow rate as speqg

accordanke

low. rate measurement dewces may be certified out of the test duct prowded they are mstalled i

exact
Ble or if

the flow rate-measurement dewces are not mstalled accordlng to such mstructlons the flow rate measurement
device shall be calibrated in place in the test rig and be traceable, once removed, to a standard calibrating source.

4214

Pressure loss (differential pressure) across the test filter shall be measured with a differential pressure
device connected to pressure taps in the test duct. These taps shall be located in sections which are straight-sided,
have the same cross section as the section including the filter under test, and which are positioned not more than
one duct diameter (hydraulic) upstream and downstream of the test filter. The pressure taps shall be of the static-
pressure type and may be configured as in Figure 1, A and B.

The pressure-loss instrumentation shall be capable of measuring the full range of pressure loss expected for the

test, plus

10 %. Accuracy of measurement over this range shall be in accordance with 4.1.

© 1SO 2001 — All rights

reserved
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Dimensions in millimetres
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Detailg not indicated should be selected in accordance with the application.
Key
1 Test dust feed X Pressure taps
2 Sampﬁng prnhn ||pcfrngm of test unit Y EFeed nozzle
3  Test unit mounting plane
4 Test unit
5 Sampling probe downstream of test unit

Figure 1 — Example test duct
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4215 Aerosol shall be introduced into the duct and subsequently mixed in such a way that a uniform mixture
of test aerosol will be delivered to the filter under test. In certifying the test system, the uniformity, concentration,
and stability of the efficiency challenge aerosol shall be measured in accordance with 4.2.4.2. In addition, uniformity
and concentration of the capacity challenge aerosol shall be verified in accordance with 4.2.4.3.

4.2.1.6 The test filter shall be mounted in the horizontal position with the geometric centre of the filter
coincident with the centre line of the duct. The test filter shall be sealed in a frame.

4.2.2 Sampling

4221 The test aerosol shall be sampled upstream and downstream of the filter under test. The aenosol may
be drawn| through the sampling apparatus into a particle counter or other device. The performance of the)sgmpling
apparatu$ shall be evaluated as part of the test system in accordance with 4.2.4.2.

4222 Sampling probes shall be isokinetic (local velocity of duct and probe to be equal) towithin £ 20 {6. The
same prdbe design should be used before and after the filter. Sampling probes shall be located on the cenfre line
of the tegt duct. The upstream probe shall be located at a distance of approximately 100'mm upstream frpom the
filter undIr test. The downstream probe shall be located at least 75 mm downstream of-an active area of theffilter in
the centre of duct and filter.

4223 Tubing leading to particle counters shall be as short as possible .and minimize the number of| bends
and static build-up to avoid particle losses. The latter may be accomplished by using electrically conductive,
grounded materials or choosing another material that has demonstrated good’performance in this area. The| use of
valves ar|d other restrictions should be avoided. If possible, the upstream'and downstream sample lines should be
identical.

4.2.3 Aerosol generator

4.2.31 An aerosol generator is used for fractional-efficiency tests. To measure the fractional efficiency either
ISO 12103-1 A2 fine test dust or potassium chloride aerosol is used (see 4.2.3.2 or 4.2.3.3). Other aerosols [can be
used as $pecified by the requester. One should expect different results with different aerosols due to chanmges in
the partice-counter response to particle refractive index, density, and shape. A calibration of the particle coynter to
the aerodynamic diameter of the test aerosol, of\the use of a particle spectrometer directly measuring aerodynamic
size will minimize the deviations when using.different aerosols (see annex F).

Aerosol dgenerators for fractional efficiency ‘tests shall be capable of producing a stable aerosol concentratipn and
size distrlbution. The size distribution~of the aerosol shall have sufficient particles for statistical evaluation within
each sizq class. Typically, this will(be'a minimum of 500 particles per size class per sample upstream; 100 particles
per size ¢lass per sample downstream of the test filter are recommended. If high-resolution particle spectrometers
are used) size classes may be-combined to achieve the required counts using the size ranges in 4.2.5.1. The total
concentration of the aerosal-in the test duct shall not exceed the limit of the particle counter as discussed in 4.2.5.2.
The efficiency challengetaerosol concentration shall be low enough so there is no change in efficiency durjng the
test as dgscribed in 5.2¢27(i), i.e. no loading effects.

The aeropol concentration and size distribution shall be verified according to 4.2.4.2. The aerosol generat¢r shall
meet the| performance requirements specified hereunder. The aerosol shall be charge-neutralized accorgling to
4.2.6 prioy to-introduction into the test duct or within the test duct.

4.2.3.2 The aerosol generator for fractional efficiency tests shall disperse 1SO 12103-1 A2 fine test dust to
produce a homogenous dust aerosol with stable concentration and size distribution.

4.2.3.3 The potassium chloride aerosol generator for fractional efficiency tests shall nebulize a saline solution
to produce a homogeneous mist aerosol with stable concentration and size distribution. The droplets shall be dried
to form salt particles by using, for example, dry dilution air, heat or desiccant.

4.2.3.4 A dust-feeding system consisting of a dust disperser and dust injector shall be used for dust-holding
capacity and gravimetric efficiency tests. The dust feeder shall feed dust at a continuous and uniform rate, with a
stable size distribution. The dust injector is used to disperse dust into the test system and shall not change the
airborne particle size distribution. The dust-feeding system shall produce an aerosol of ISO 12103-1 A2 fine test

6 © 1SO 2001 — All rights reserved
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dust with a stable concentration (£ 20 % variation over time). The feed rate of the dust feeder shall produce a dust
concentration in the test duct between 50 mg/m3 and 100 mg/m3. The dust disperser and injection nozzle shall
contain the 1SO dust injector described in 1ISO 5011. The dust injector shall be operated at 0,1 MPa (1 bar)!) air
pressure. In case of the use of other injectors it shall be demonstrated that the injector in question performs at least
as well as the ISO 5011 dust injector. The aerosol may be charge-neutralized according to 4.2.6 prior to
challenging the filter under test.

The dust disperser can be open-tray or turntable Venturi-suction feeder, a rotary-brush feeder, a fluidized bed
feeder, or other dust feeder capable of producing the required test dust.

4.2.4 |Aerosol challenge verification

4.2.4.1 The uniformity, concentration, and stability of the test aerosol challenges (efficiency and,capaity) shall
be verlfied according to 4.2.4. This verification is done to assure that test filters receive a known and repeatable
aerosdl challenge. If tapered duct geometry is used, this verification shall be repeated for eachitest section.

Verification of the aerosol challenge takes into account performance of the aerosol generator, aerosol infroduction
and mixing method, sampling system, and aerosol-measurement devices.

4.2.4.2 For verification of the efficiency challenge, the general procedures)and requirements given in 4.2.3
should|be followed.

For vefification of uniformity and concentration of the efficiency challenge aerosol, no filter shall be installed in the
locatiop of the test filter. In the case of plenum chamber style test systems, the standard 200 mm x 300 mm orifice
shall bg used.

The unjiformity of the particle size distribution and the concentration of the test aerosol used for efficiency fests shall
be verffied by use of a particle-sizing instrument that willNalso be used in the test system. This particle-sizing
instrument shall draw samples upstream of the filter mounting position. Flow rate passing through the fest stand
shall be 300 m3/h. Samples shall be drawn immediately in front of each of the four quadrants of the filtgr location
and at|the standard centre line sampling location~A" minimum of five samples shall be drawn at each|sampling
location, and the resulting number distribution shall be averaged.

The ayerage values for each reported particle-size range shall not vary by more than £ 10 % for 0,3 ym to 5 ym
particles and = 20 % for 5 ym to 10 uym particles among the five locations. This indicates that the challende aerosol
is unifgrmly distributed across the filter, and that the centre line sample is representative of the overall challenge.

Verificgtion of the aerosol stability;shall be combined with verification of the sampling apparatus used in [efficiency
testing| The stability of the aerasol challenge is evaluated over a period of time equivalent to an efficiency| test. The
sampling apparatus (including aerosol-measurement equipment) is evaluated for differences between jupstream
and dgwnstream samplées:

For verification of stability and sampling validity, no filter shall be installed in the location of the test filfer. In the
case of plenum<hamber style test systems, the standard 200 mm x 300 mm orifice shall be used.

The methed shall be as follows: The efficiency-test aerosol shall be sampled upstream and downstream of the test-
filter logation, with filter mounting framework in place, but with no test filter installed. All sampling apparatuf shall be
in place as described in 4.Z.2.T. Samples shall be drawn isokinetically and periormance shall be verified at
300 m3/h.

Follow the sampling procedure specified in 5.2.2 (h). A total of three samples will be taken upstream and three
samples downstream of the test-filter location. The count distribution (number of particles in each size class) shall
be determined for each sample. The three upstream particle size distributions shall be compared and the numbers
of particles measured in each size class should agree to within 10 % for 0,3 ym to 5 ym particles and + 20 % for
5 um to 10 ym particles among three particle size distributions. This criteria shall be applied to both the upstream,
and the downstream particle size distribution.

1) 1 bar=0,1 MPa=105Pa; 1 MPa = 1 N/mm2

© 1SO 2001 — All rights reserved 7
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The three upstream particle size distributions shall then be summed together by size class, likewise the three
downstream particle size distributions. The result should be a total upstream and total downstream size distribution.

Use the information obtained in this section to create correlation ratios. This shall be done in accordance with
annex B, and with agreement between tester and requester. The correlation ratio shall be between 0,7 and 1,6.

4243 For verification of the capacity challenge, the general procedures and requirements outlined in 4.2.3.1
and 4.2.3.4 should be followed.

The uniformity of particle size distribution of the test aerosol used for capacity tests (see 5.2.2) shall be verified by
a gravimetric method. The method shall be as follows: A flat sheet of media (at least 99 % gravimetric efiiciency
on 1SO 12103-1 A2 fine test dust) shall be weighed and installed in place of a test filter (in thé\standard
200 mm x 300 mm orifice in the case of plenum chamber style test systems). Flow shall be passed-throygh the
filter at 300 m3/h. The filter will be challenged with at least 12,5 mg of test dust per square centimetre”of filter face
area. At the completion of this loading step, the filter paper shall be removed from the test fixturesand cut into four
equal ar¢a parts. Each quadrant shall be weighed and the amount of aerosol captured by each quadrant
determing¢d. The weight of aerosol captured shall not vary by more than + 10 % from quadrant to quadrant.

The partigle size distribution of the capacity test aerosol is assured by the use of ISO12103-1 A2 Fine tgst dust
and an 150 5011 Dust Injector. The mass concentration of the capacity challenge ‘aerosol may be verified by
weighing|dust collected on a high efficiency filter in a measured time interval/The mass per unit volume| (mass
concentration in mg/m3) shall be calculated. The calculated mass concentration shall meet the requiremgents of
4.2.3.3.

The stabiity of the dust feed system shall be validated as follows.

a) At 5min intervals, determine the mass of dust dispensed. €ontinue mass determinations of dust increments
for 3p min.

b) Adjust the dust feeder until the average delivery ratelis within + 10 % of the desired rate and the devigtion in
delivery rate from the average is not more than + 20.%.

4.2.5 Afrborne particles

4251 The airborne particle concentration and size distribution upstream and downstream of the filter ghall be
by an airborne particle counter. The airborne-particle counter shall be capable of counting ajrborne
particles used in the efficiency testscin‘the 0,3 um to 10 ym geometric or 0,5 um to 15 ym aerodynamic diameter
range, diyided into at least five pdrticle size channels. The suggested standard size class thresholds are (,3 ym,
0,5 um, 1,0 yum, 2,0 ym, 5,0 ynand 10,0 ym geometric or 0,5 ym, 1,0 ym, 2,0 ym, 5,0 ym, 10,0 um and 15,0 um
aerodynamic. For example, the)Suggested geometric size ranges are 0,3 um to 0,5 ym, 0,5 ym to 1,0 ym, [1,0 um
to 2,0 un, 2,0 ym to 5,0 yMm;'and 5,0 um to 10,0 um. The particle counter shall be calibrated for particle size over
the specified range using. polystyrene latex spheres. The polystyrene latex spheres shall be [e.g. National Institute
of Standgrds and Technology (NIST)] traceable.

The airbgrne-particle counters shall be calibrated with polystyrene latex particles prior to system start-up| and a
minimum| of ,once a year to verify that the size calibration has not changed. It is recommended that the particle
counter galibration be verified with one size polystyrene latex periodically during the year between calibrafions. If
the count i ibratior, i

4.2.5.2 The maximum total particle concentration shall be established to prevent coincidence counting, i.e.
counting more than one particle at a time. A recommended method for establishing this limit is to conduct filter-
efficiency tests at a series of different concentrations and compare the results. The maximum concentration is
determined at the point where increasing the concentration by a factor of 2 causes the fractional efficiency in the
smallest size range at the higher concentration to be more than 5 % less than the fractional efficiency at the lower
concentration.

Another method is to increase the concentration stepwise (e.g. by using a diluted and an undiluted aerosol) and

determine the concentration where the particle counter starts showing significant deviation from the expected
concentration in the smallest size range.
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An example is given in annex D.

4.2.5.3 The particle counter flow rate shall remain constant within £ 5 % for the duration of a test including the
correlation done before the test.

4.2.6 Neutralization

Generated and dispersed particles often develop a high level of electrical charge. To obtain comparable results for
different aerosols and different generation methods, the aerosol’'s charge distribution shall be reduced until it
provides_a Boltzman equilibrium charge distribution. A Boltzman equilibrium charge distribution is the minimum
stable |charge level and is reached by an aerosol when aged. This state of an aerosol can not be, generated
artificiglly in a comparably short time. For many applications (e.g. filter testing), it is sufficient to reduce.thg charges,
utilizing ionized air, to a minimum level. To reach this charge level quickly in a test system, the efficiency perosol is
mixed with a high concentration of air ions. To create a high level of air ions, an electrostatic corfona (ion plower) or
radioagtive air ionizer shall be used. The ionizer shall produce a sufficient concentration of bipolar air ions to mix
with the aerosol so that the resulting aerosol has a charge distribution that approximates aBoltzman distribution.

The leyel of neutralization shall be optimized by methods described in annex G.

Aerosgl may become charged in transport through the tubing and test duct, so the neutralization should take place
as cloge as practical to the filter under test.

A neutfalizer is required for fractional-efficiency tests and is optional for dustholding capacity tests.

4.2.7 |Air flow meter calibration

The alr flow meter shall be calibrated annually in accordance with 4.1, using a flow measurement method
conforming to the allowed tolerances.

4.2.8 |Repeatability

The orpanization performing tests in accordanceWith this test code shall demonstrate by identical tests gerformed
on the|same filter on three separate days of\no less than three days apart that the pressure loss and ipitial filter
efficierjcy for measured particle sizes 0,3yun’to 5 ym are in agreement with each other within £ 5 %. Ipitial filter
efficierjcy for 5 ym to 10 ym should agree.within £ 10 %. These tests do not include loading the filter.

4.3 Test conditions

4.3.1 | The test dust for dust-holding capacity and gravimetric efficiency shall be ISO 12103-1 A2 fine.

Before|a test, the test ddst shall be mixed for a minimum of 15 min. This test dust shall be dried to a consjant mass
at a temperature of 105,°C = 15 °C. The test dust shall then be allowed to become acclimatized to a consfant mass
under the prevailing test conditions (see 4.3.4).

4.3.2 | Special~aerosols such as mono- or polydisperse latex or lycopodium and other aerosols may bg used for
tests perfofmed on the filter per user request.

4.3.3 A high-efficiency particulate air fiiter (HEPA) type filter IS used to clean air provided to the test stand.
Maximum penetration for this filter shall be <to 0,03 % for 0,3 ym particles. A high-efficiency filter is used
downstream of the downstream sample location to protect the rest of the test system from dust.

NOTE This downstream filter is not necessarily the absolute filter used for gravimetric efficiency tests as per ISO 5011.

4.3.4 All tests shall be conducted with air entering the air filter at a temperature of 23 °C =5 °C and a relative
humidity of 55 % + 15 %.

4.4 Validation

Prior to testing filters, the test stand shall be validated as per Table E.2.

© 1SO 2001 — Al rights reserved 9
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The validation certifying the performance of a system in accordance with this test code shall be documented to
include the following:

a) system diagram and detailed description, including

1) particle generator used,

2) particle materials used in the tests including traceability,

3) manufacturer and model of the particle counters, and

catibration data for the particte coumter(s);

ration data for flow rate;

ration data for pressure loss;

m performance on flow uniformity;

m performance on particle-concentration uniformity;

demonstrating that the coincidence-counting error meets the criteria of Table E.2;

showing the agreement between upstream and downstream particle counters for a single- or dual-(
m;

showing that the efficiency test aerosol concentration is low endugh so that loading effects are a
g the initial efficiency test;

showing that the aerosol neutralizer is working properlytasrper annex G;
ble test data;
ble test data showing the repeatability of test results.

al calibration and validation of the system)the initial efficiency of several mechanical filters and

pr monitoring.

4)
b) calib
c) calib
d) systg
e) systq
f) data
g) data

systq
h) data

durin
i) data
i)  sam
k) sam
Upon init
electret fi
be used f
4.5 Da

Each day, prior to testing filters, (certain start-up procedures shall be performed to verify the continued

operatio
operatio
filter, an

counter Zero); correlation of upstream and downstream particle sampling and counting systems; check z
pressure |[measurement\device. See, for example, Table E.3. The reference filters can be used for daily ch
system performance)

5 Tesft methods

ly start-up procedures

of the test system.(Such procedures include but are not limited to: verification of particle (
such as flow rate and zero count; measurement of background particle count in the test duct with
no test aerosol (a“high efficiency filter may be mounted in the test filter holder to check the down

ounter

voiding

several

ters as described in clause G.3 shouldibe carefully measured. These filters become references that can

proper
ounter
no test
stream
ero on
pcks of

5.1 Performance test

5.1.1 Air filter conditioning

Prior to the test, the filter shall be stabilized to temperature and humidity test conditions for at least 15 min.

5.1.2 Pressure loss

The purpose of this test is to determine the pressure loss in dust-free air of a clean air filter.

10
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Measure and record the tare-static pressure loss with no filter in the test stand. Measure at nominal flow rates
of 25 %, 50 %, 75 % and 100 % of the specified maximum air-filter flow rate.

Mount the filter to be tested in the test stand. Measure and record the static-pressure loss versus nominal flow
rate at, 25 %, 50 %, 75 % and 100 % of the specified maximum air-filter flow rate.

Subtract the tare-pressure loss values from the measured filter pressure loss. Correct the measured pressure
loss per annex C and graph in the test report (see annex A).

5.2 Efficiency test

5.2.1 |General

The pyrpose of this test is to determine the particulate collection capabilities of the filter. This test\is conducted with

constant air flow rate using the aerosol described in 4.2.3.2 or 4.2.3.3.

The following types of efficiency test can be performed.

a)

b)

5.2.2 |Procedure

Dust-holding capacity is determined when the specified terminal pressure loss. (APy) is reached at rated flow.
This test is done with ISO 12103-1 A2 fine test dust.

The initial fractional efficiency as a function of particle size is determined for a clean filter for the five classes
giyen in 4.2.5 and may be determined for other particle sizes. This-test is done with potassium chloride or
ISP 12103-1 A2 fine test dust.

The incremental fractional efficiency as a function of particle size is determined at 10 %, 25 %, $0 % and
190 % of filter life (AL). This test is done with dust per“4:2.3.1 or potassium chloride aerosol degcribed in
4.2.3.2. The incremental fractional efficiency is determined at the specified flow rate. The incremental life is
ddtermined by pressure loss across the filter as the filter is loaded with ISO 12103-1 A2 fine test dust| The filter
pressure loss (AP;) are calculated from: the initial-pressure loss (AP,), the fraction of filter life (AL;), and the
tefminal pressure loss (AP4). See Equation 6.

AP; = APy + AL; (AP — AP, (2)

ThHe incremental fractional efficiency”should be determined for at least the five classes of partcle sizes
specified in b).

basure temperaturesand relative humidity.

punt the filter in the test stand.

M
Wijthout a filter invthe test stand, set the specified volume flow rate and measure the tare pressure loss.
M
C

ndition a new filter per 5.1.1.

Setthe specified volume air flow rate.
Measure pressure loss.

Start feeding the efficiency test aerosol (as specified in 4.2.3.2 or 4.2.3.3) and wait for the upstream aerosol to
become stable.

Determine the fractional efficiencies by particle counting as follows.

— For sequential counting systems, start with the counter connected to the upstream sample probe; wait for
the sampling system to equilibrate; the upstream particles should then be counted. Switch to the
downstream sample probe; wait for the sampling system to equilibrate; the downstream sample should
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p)

q)

r)

12

then be counted. The upstream-downstream cycle should be repeated twice more for a total of three
upstream and three downstream samples. Calculate the filter efficiency for each of the three samples.

— For simultaneous counting systems, the particles for both the upstream and downstream should be
counted and recorded. Repeat twice more for a total of three upstream and three downstream samples.
Calculate the filter efficiency for each of the three samples.

Examine the three filter efficiency measurements for trends. Filter efficiency may decrease or increase as a
filter is loaded. If the efficiency aerosol concentration is too high, then it might load the filter enough to alter the
measured efficiency. In that case the measured efficiency will not represent the initial efficiency.

If the
of th

completed after the first load, as this can alter the performance of<the- filter. If only the initial efficiency

dong

The
pres

If it i

be rdn throughout the duration of this test, provided that the concentration of the loading dust is mo

100
Start
loss
tare

Stop

dowmnstream aerosol concentration to stabilize for a maximum of 5 min to the efficiency test aerosol cong

Mea
aero

f there is trend in the filter efficiency that is significant with respect to the test system reped

concentration should be reduced prior to any additional tests. After reducing the concentration of {
herosol, start a new test with a new filter.

f there is no significant trend in the filter efficiency from the beginning to the end of\these tests, c3
he initial efficiency by summing the counts in each size range from the three upstream samples
otal upstream count in each size range. Similarly, sum the counts from the thfee downstream sam

he upstream sample time is not the same as the downstream sample timejthen the sample time
be recorded for use when calculating the fractional efficiency.

se initial efficiency tests are to be followed by a loading test, begin that test immediately upon con
b initial efficiency test. Do not interrupt the air flow through the Afilter under testing until the entire

, then go to r) to calculate the results.

barticle counters shall be protected from the high concentrations of ISO 12103-1 A2 fine test dust t
bnt during filter loading.

very time consuming to obtain stable efficiency.test aerosol concentration, the efficiency test aero

the efficiency test aerosol concentration. This will also speed up the test procedure.

across the filter has increased to thefirst increment as calculated in 5.2.1 ¢c). Remember to subtn
bressure loss when calculating the filter pressure loss.

the dust feeder and start the efficiency test aerosol if it is not already running. Allow the upstresd

sure the fractional efficiency with the particle counters as described in h) and i). Shut off the efficien
5ol unless it is running continuously [refer to I)].

tability

bstablished during system validation, then the current test is invalid and the efficiehcy @erosol

he test

Iculate
for the
ples. If
s shall

pletion
test is
ests is

hat are

50l can
e than

feeding the 1ISO 12103-1 A2 fine test-dust. Load the filter with ISO 12103-A2 fine dust until the pressure

act the

m and
itions.

cy test

Protect the particle/counters from the high concentration of loading test dust. Resume feeding the loading dust

until
5.2.1

the pressuré loss across the filter has reached the second incremental pressure loss as calcul
C).

Rep
and

at-the cycle of measuring fractional efficiency and loading until the final pressure loss has been r

ated in

pached

e-final fractional pffirinnr‘y has heen measured

Calculate the filter pressure loss by subtracting the tare pressure loss, and correcting the values per annex C.

Calculate the efficiency and confidence limits for each particle size range and each loading increment using
the methods given in annex B. For calculations when the smallest count exceeds 500, the efficiency may be
calculated without using the upper and lower confidence limits (counts of 500 or more means that the 95 %

confi

dence limits differ from the calculated value by less than £ 9 % of reading).

Use the form given in annex A to report the results.
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5.2.3 Filter dust capacity

The filter dust capacity test shall be carried out according to the 1ISO 5011 procedure using ISO 12103-1 A2 fine
test dust.
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Annex A
(normative)

Test report

Use the following test report form to record and report the test results. Fractional efficiency measurements shall be

plotted a

Air filters for road vehicles passenger compartments — Test report for particlefiltration

General

Test dust
Test dust
Test dust
Size sele
Particle ¢
Particle ¢

Neutraliz

details

(ISO 12103-1 A2 fine or KCI):

Test conditions

feeding equipment for efficiency test, type and settings: .

Cting diluter (On/ Off)?: oo,
pUNtEr, tYPE: i (P
punter, sample floW: ..........ccooeiiiiiiii i SN,

r for efficiency aerosol, type: .......oovvevvieeceeca S,

feeding equipment for dust capacity test, type and settings: ..

TOST AUSTE . s T ettt e e e e e e e e e e e er e e e e e s r e e e e e s r e e e e e nnnreeeenanrnee e s e e nnans
Barometgr reading: before test: ...... N hPa; aftertest: ..o . hPa;
NOTE 1 000 hPa = 105 Pa = 1-bar;"1 mbar = 1 hPa

Temperajure: before test: . n e, °C; aftertest: ..o ... °C;
Relative gir humidity: béfore test: ... %; aftertest: ..o Y%;
Nominal flowrate: &) o m3/h; test flowrate: .......ocoiviiiiiie m3/h;
Total NUMDEIKCOUNIS/CM3: ... .ttt ettt ettt st e ee et e eeseeeneeseesseeneesaeeneensesneeneessensesnahsesenanes
Dust concCentratiomduring measurement of dust capacity mg/m3
Neutralization used during measurement of dust capacity (Y/N): ..o
Pressure of feeding device: 0,1 MPa (1 bar)

14
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Test results
Initial pressure loss versus flow rate

w
(g
o

300

Pressure loss, Pa

250

200

150

100

50

Flow rate

Fractional filtration efficiency as function 'of particle size and dust capacity at test flow rate

Test dust: KCL Measured: [ aerodynamic
0 optical
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Fractional filtration efficiency, %

T
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o

N
o

Y
o

0,5
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Aerodynamic particle diameter, gm

0,39 0.78 156 39 18 16
Optical particle diameter, ym

Test dust| A2 fine Measured: [0 aerodynamic
OJ optical

00
B0
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.0
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Fractional filtration efficiency, %

0,7 1 2 5 7 10 15
Aerodynamic particle diameter, ym

0,38 0,77 154 381 17 15
Optical particle diameter, um

Pressure loss versus loading

Testflow rate: ..oooovveeeeeeeeeeeeeeeeeee e m3/h
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Annex B
(normative)

Efficiency data reduction

B.1 Int

B.11 G

When us
imposed
the parti

oduction
eneral
ing particle counters to evaluate fractional filtration efficiency, it is necessary to,consider lim|tations

by the method. The efficiency is determined by comparing the particles detected upstream of the filter to
tles detected downstream. Inevitably there are differences between the upstream and downistream

sampling|and detection equipment. This section presents a method to calculate correlation ratios to mini

ize the

errors dug to the difference between the upstream and downstream equipment. In @ddition to correcting for small

variationg between upstream and downstream equipment; the correlation ratio may\be used to correct for
upstream| and downstream sample times.

nequal

When thg number of particles counted in any size class is low, potential errors may occur as a result of counting a
few randgmly occurring events. The method to quantify the size of the gotential error from counting a few particles
is preserjted. Because the error due to counting random events iS/a"function of the total number of particles

counted, |it is important to work with the actual counts, not concentrations or averages. In the efficien
describeq in this test code, three upstream and three downstream samples are counted. The counts fro
three samples shall be added together to obtain total upstream and total downstream counts in each size
The totals are used for the calculations described in this annex. Using average counts will cause the cal
confidende limits to be worse than they should be.

These data reduction techniques only address the correlation of upstream and downstream sampling and co
and the gtatistics of counting a small number of particles. The confidence intervals calculated with the metl
this annek do not necessarily reflect the overall\test accuracy or precision. The test accuracy and precision

tests
those
class.
culated

unting,
nods in
tan not

be any begtter than the confidence interval calculated from the counting statistics, but may be worse becaus¢ these

data redyction techniques do not address any other sources of error. To minimize the other sources of errg
importan{ that the test system be qualified and calibrated as described in the body of this test code.

rs, it is

Clauses B.2 to B.5 present “cook book” calculations; B.6 presents more detail, including a sample calculatign. The
calculations are carried out in.terms of penetration, the ratio of the concentration of particles downstream of the
filter to the concentration ypstfeam. The penetrations can be converted to efficiencies after the calculatigns are
completef. The calculations-are carried out for each particle size class of interest.

B.1.2 Symbols_and subscripts used in all equations

The symlpols<and subscripts given in Table B.1 are used for the equations.
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Table B.1 — Symbols and subscripts

Symbol Meaning
N particle counts
R correlation ratio
P penetration
T sampling time
E efficiency

:2001(E)

B.2 (

B.2.1

Using
as sho

B.2.2

For nu

size class for the upstream.and downstream counts without filter installed.

For nu

N

should

Subscript

o] observed

ucl upper confidence limit

Icl lower confidence limit
spec specified performance

c correlation (i.e., no filter installed)

t testing a filter

uc upstream during correlation

dc downstream during correlation

ut upstream during test

dt downstream during test

borrelation ratio

Observed value — Correlation ratio

counts obtained without filter installed, the obsefved correlation ratio should be calculated for each
wn in equation B.1:

No,dc
No,uc

h =

UCL and LCL values — Correlation ratio

mbers N < 50, Table-B.5 should be used to determine the 95 % upper and lower confidence limits

mbers N > 50 then

+ 2N,

bize class

(B.1)

for each

(B.2)

be-used to determine the upper and lower confidence limits for each size class. For example:

N

ucl,dc = No,dc +2 No,dc

See equations B.3 and B.4 for confidence limits on the correlation ratio.

R Nucl,dc
ucl N
Icl,uc
R Nicl,dc
lcl = N
ucl,uc

© I1SO 2001 — All rights reserved
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B.3 Penetration

B.3.1 Observed — Penetration

With the test filter installed, upstream and downstream counts should be obtained to calculate the observed
penetration for each size class, according to:

Py =

No,dt
Nout X Ro

B.3.2 U

The UCL
Table B.5

CL and LCL values — Penetration

and LCL values should be calculated for the upstream and downstream counts for each size class
for numbers N < 50 and equation B.2 for numbers N > 50. The UCL and LCL of thé-penetration

be calculated for each size class as shown in equations B.6 and B.7:

Pual F

Plcl
B.4 Ca
If

Tuc

Tdc
then no a
If this cor

Py S

Nucl,dt
Nigiut X Ryl

Nicidt

Nyetut X Ryl

culations for unequal sample times

_Tut

Tyt
djustments for sampling time needta be made.
dition is not met, then the equation for the observed penetration is as shown in equation B.9:

Tut NO,dt

Tqt

No,dc ») Tuc
No,uc Tdc

No,ut X

The equgtions for the JCL and LCL values of the penetration are as shown in equations B.10 and B.11:

po L Lut'y Nycl,at
ucl [~ T N| Id T
cl,dc
M N|,\|,,f)<7><&
ucluc  {dc
p=tut Nigl gt
lcl — N
Tqt uclde _ Tuc
Nyel,ut X N X T
Icl,uc dc

20

(B.5)

, using
should

(B.6)

(B.7)

(B.8)

(B.9)

(B.10)

(B.11)
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B.5 Efficiency

The efficiency for each size class is calculated from the penetration, as follows in equations B.12 to B.14:

Eq=1-P,

E\q =‘]_Pucl

Eyg = 1_P|C|

B.6 F

B.6.1

When

boisson statistics and counting

Theory

b well-mixed, stable aerosol penetrates a filter, penetrating particles will appear*downstream of th

inas

these randomly in time, but at an average rate. For the purpose of calculatingspenetration, the ave
(particles per unit time or per unit volume) is obtained from the cumulative count.measured over the time|
the tesft or over the volume sampled.

The stptistics of particle counting become increasingly important as the filter penetration, and hence do
counts| decrease. These variations are described by Poisson statisti¢s. Of primary importance to this type

is the
duratio
the tru

B.6.2

When
Specifi

B.6.3

B.6.3.1

This p
95 % g
there i
true m

of confidence limits.is shown by Table B.2.

all downstream air sample), randomly, but at some average population density;)A particle counter

elationship between the results of a single test and the results that would be obtained from a test
n — the true mean result. This relationship between an,observed result and the implied confidence
b mean result is described very well in the literature [13],

Practice

top-performance, noise-free particle counters are used in a good duct according to this
cation, count statistics may become the largest source of uncertainty when testing highly efficient fil

Recommendation

Determination of confidence limits on a count

ocedure uses particle count data to establish the confidence limits on penetration. Equation B.2
onfidence limits on.a-single observed particle count, N, when N > 50. For a single observed particle

ban count is thesaverage count that would be obtained if the tests were repeated indefinitely [14]. An

Table B.2 — Example of confidence limits

:2001(E)
(B.12)
(B.13)
(B.14)

e filter (or

Will detect

rage rate
period of

iwvnstream
of testing
of infinite

limits on

Technical
ters.

gives the
count N,

5 95 % confidencé-that the true mean count is between the upper and lower limits given by the equation. The

example

95 % confidence limits
Observed count Lower Upper
N
100 80 120
10 000 9 800 10 200

Once the confidence limits on a particle count are established, it is necessary to establish the confidence limits on
the correlation ratio and penetration.

© I1SO 2001 — All rights reserved
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B.6.3.2 Correlation Ratio

Statistical uncertainty exists in the ratio of downstream to upstream counts, with no filter in the system. This
uncertainty should be established before the penetration is calculated. For example consider a correlation where
the observed counts are 10 000 upstream and 12 000 downstream (see Table B.3):

Table B.3 — Example of correlation ratios

95 % confidence limits on correlation ratio
Observed Value Lower Upper
10 000 counts upstream 9 800 10 200
12 000 counts downstream 11 781 12 219
NOTE In this example, the upstream counts are less than the downstream counts because .of'slight
differences in the sampling systems and counters.

Thus, thel confidence limits on the correlation ratio are:

— observed: R, =12 000/10 000 = 1,20
— lowef: Ry = 11 781/10 200 = 1,15
— uppqr: Ry = 12 219/9 800 = 1,25
If the uncertainty in the correlation ratio is significantly less than the’uncertainty in the penetration of the filter under

test, it is feasonable to use the observed value of the correlatiof’ratio. Otherwise, the 95 % confidence limit$ of the
correlation ratio should be used.

B.6.3.3 |Penetration

This corrg¢lation example is used to calculate thepenetration of a filter test, as shown in Table B.4.

Table B.4 — Example of filter penetration

95 % confidence limits on filter penetration

Observed-value Lower Upper
1 000 counts’upstream 937 1063
100 courits downstream 80 120

Using thg 95 % eonfidence limits on the correlation ratio results in 95 % confidence limits on the penetration of:

— observed:*P, = 100/(1 000 x 1,2) = 0,083 = 8,3 %

— lower: Pig; = 80 /(1 063 x 1,25) = 0,060 = 6,0 %
— upper: Pyq = 120/(937 x 1,15) = 0,111 =11,1%
The efficiency is:

— observed: £, =1-0,083=0,917=91,7 %

— lower: Eigg=1-0,111=0,889 = 88,9 %

— upper: Eyq=1-0,060 = 0,940 = 94,0 %
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In this example, it can be stated with 95 % confidence that the filter penetration is between 6,0 % and 11,1 %, or
that the efficiency is between 88,9 % and 94,0 %.

Note the following.

— The particle size range in which the counts were obtained should also be given.

— This confidence level is based on counting statistics only.

— Other error sources may contribute to the uncertainty of the penetration and efficiency measurements.

— Fqr very low penetration filters, the errors due to the counting statistics may be a major factor-in_dgtermining
the over all test precision. For higher penetration filters, when it is possible to obtain higher number cqunts, this
erfor source becomes less important as compared to the other error sources.

— TRhe statistical procedures described here apply only to raw count data. It is impropefto’apply thesel methods
to|data that have been scaled, averaged, multiplied by correlation ratios, converted to rates or concgntrations,
arld so forth; to do so will yield erroneous results.

Table B.5 — 95 % Confidence limits for the mean value of-a-Poisson variable
Obsdrved count Lower limit Upper limit Observed count Lower limit Upper limit

N N

0 0,0 3,7

1 0,2 5,6 26 17,8 38,0
2 0,6 7,2 27 18,6 39,2
3 1,1 8,8 28 19,4 40,4
4 1,6 10,2 29 20,2 41,6
5 2,2 11,7 30 211 428
6 2,8 13,1 31 21,9 440
7 3,5 14,4 32 22,7 45,1
8 41 15,8 33 23,5 44,3
9 4.8 17,1 34 24,4 47,5
10 5,5 18,4 35 25,2 48,7
11 6,2 19,7 36 26,1 49,8
12 6,9 21,0 37 26,9 51,0
13 77 22,3 38 27,7 52,2
14 8,4 23,5 39 28,6 53,3
15 9,2 24,8 40 29,4 545
16 9,9 26,0 41 30,3 55,6
17 10,7 27,2 42 311 54,8
18 11,4 28,4 43 32,0 57,9
19 12,2 29,6 44 32,8 59,0
20 13,0 30,8 45 33,7 60,2
21 13,8 32,0 46 34,5 61,3
22 14,6 33,2 47 354 62,5
23 15,4 34,4 48 36,3 63,6
24 16,2 35,6 49 371 64,8
25 17,0 36,8 50 38,0 65,9
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Annex C
(normative)

Pressure loss data reduction

If the temperature and pressure at the filter under test are different than the standard conditions of 23 °C and

101,3 kPa

measure(
the test
temperat

filter under test. It is required that testing be conducted at specified actual volume flow rates in order to m

changes
under tes

NOTE
the correc

Measure

a function of the measured flow rate, O,. Note that in this test method, Q. is the actual volume flow ratg

filter at th
APm
Where 7,

Use equa

rates medgsured. Extrapolation to flow rates outside of the“measured range is not recommended.

APg
where 75

NOTE
negligible.

if the conditions were standard. The correction required for the pressure loss measurement depe
onditions and on the type of filter being tested. For tests according to this part of ISO/TS\111
ire shall be controlled to the standard temperature so the primary variable is the absolute pressurg

n the efficiency measurement due to different velocities. Therefore, if the absolute qpressure at th
t is not standard pressure, then the measured filter pressure loss is corrected as follows.

This is independent of the corrections required for the flow rate measurement device-that are required to &
actual volume flow rate at the filter under test.

the filter pressure loss, AP, as a function of volume flow rate, Q. Plot the“measured pressure loss, A

e test conditions. Find K1 and K> by doing a least squares curve fit of the following equation to the

=K1 XNm X0Om + Ko X pm ><Qr%\
L and p, are the dynamic viscosity and mass density of,air at the filter at the test conditions.

tion C.2. to calculate the standard filter pressure-loss APg at the specified flow rate in the range

2
=K1 xXns X0+ Ky X pgxQ
and ps are the dynamic viscosity and mass density of air at standard conditions.

Since the temperatures aré ¢ontrolled to standard conditions, the correction due to the Ky75Q term

uld be
nds on
b5, the
at the
nimize
e filter

stablish

P, @s
at the
ata.

(C.1)

of flow

(C.2)

will be
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Annex D
(informative)

Determination of maximum efficiency aerosol concentration

:2001(E)

In4.252itis recommended that fractronal effrcrency tests be performed as a functron of particle concentration for

individgatpa
low, th

fractional effrcrencres are not stable due to Iack of enough counts as seen on Ieft hand side of th
The fractional efficiencies will then be stable over a range of particle concentrations. As the particle conce
further| increased, the efficiency of the lowest channel will start to drop due to the coincidence- prob
approgriate particle concentration range should be the range in which the fractional efficiencies are st
40 000 to 100 000 particles/cubic foot for the 0,3 um to 0,5 um channel shown in Figure B.1). It should
that the appropriate particle concentration range for different types of challenge aerosol (e:g” KCI, ISO d

ntration is
e curves.
htration is
lem. The
bble (e.g.
be noted
ist, DOP,

0,5 pm
1 um
um
um

0 pum

DOS) and different particle counters may be different. The tests described here should be performed when different
counters or different challenges aerosol are used.
e
=
% 140 ﬁ(XXXX X . X Xy X » X W
Lulzg_, 90 %DD DD 0o O O O 0 O O -
g0 ;
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{0 ¢ 0,3 um to
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Figure D.1 — Efficiency at various sizes vs. particle counts (NaCl)
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Annex E
(normative)

Check lists for accuracy requirements, validation and routine operation

The following are lists of the items that need to be designed in, verified, measured, calibrated, and/or certified to
insure that-a-te ysterm-reets-the-tntent-efthispart-oHSOHS 55-which-deseribes—therequired-perfesmance
of the tegt system rather than requiring specific hardware and specific procedures. Hence it is incumbent'ugon the
builder and user of the test system to verify that the required performance is in fact achieved.

The first list, instrument accuracy requirements, contains instrumentation accuracy and other requirements that are
generally|established by the instrumentation used in the test system. The criteria for most items. on this list are met
with tracg¢able calibration. The second list, validation, contains system characteristics that “are established by
system dgsign. These characteristics need to be measured once to verify the system design‘and to verify thg initial
performapce of the test system. The criteria for most items on the validation list are vefified by measurement of the
characterjstic of the test system. Note that 4.4 gives requirements for documenting the test system validatign. The
third list,|routine operation, contains calibrations, measurements and activities(that need to be repeatedl on a
scheduledl basis to ensure the continued repeatability and reproducibility of the t€st system.

Numbers|refer to the relevant subclauses of this part of ISO/TS 11155.

Table E.1 — Instrument accuracy.requirements

Subclause Description Criterion Comments
411 Measurement accuracy, air flow rate +3% * 2 % repeatability
411 Measurement accuracy, air velocity +5%

4.1.2 Measurement accuracy, pressure loss +2%

413 Measurement accuracy; iemperature +2°C

414 Measurement accuracy, weight +0,1%

415 Measurementaccuracy, relative humidity +5%RH

4.1.6 Measurementaccuracy, barometric pressure + 300 Pa

425 Particlecounters, size range, (micrometers) 0,3t0 10 geometric
0,5t0 15 aerodynamic

The ordef in which\the validation tests are done is important. The order given in the Table E.2 may be usgd as a
guide.

In the cage”of a plenum chamber design, validation tests are required to be performed using an orifice without a
filter or other flow-restricting device in place. The orifice shall be 200 mm x 300 mm with the 300 mm axis parallel
to the duct's longer axis (if any) and centred in the duct.

In case of a tapered duct, the provisions of the validation contained in the following subclauses need to be done
for each different duct without a filter in place: 4.2.1.1, 4.2.1.4,4.2.2.2, 4.2.4.2, and 4.2.4.3 ( the tests dealing with
the uniformity of flow and aerosol at the test filter mounting location.) See also Table E.3.
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Subclause Description Criterion Comments
4211 Test system, conductive and grounded Verify with continuity tester
4211 Test system, vertical from dust injection to Verify by inspection
downstream sample
4211 Test system, minimize particle loss Verify by correlation measurement, see
424
4.:.1 2 TCIIIPGIG{UIC UUIItI U:, oCT G:OU 4-3-4, 5-4 23 OC i 5 OC Sha:: IIIG;IItG;II dul;lly tCOt
4212 Relative humidity control, see also 4.3.4, 5.4 55+ 15 % RH | Shall maintain = 10 % REl.dur|ng test
4212 Test duct air tightness <100 I/min at | Test per industry agcepted pr4
500 Pa
4212 Air cleanliness, background particle count <1 % of Per size channel.
efficiency
challenge
4213 Flow rate measurement, shall be accurate as +3% * 2\% repeatability
mounted in system, see also 4.2.7 accuracy
4212 Air flow rate, Delivery of user specified flow rate. typical flows, s Minimum at which system negds to be
150 m3/h t0) " | validated is 150 m3/h. Shall bg able to
680 m3/h maintain flow rate during loading
4211 Air flow uniformity +10 %
4.21.2 Pressure loss measurement range, typical expected
maximum 1000 Pa +10 %
4214 Pressure loss tap locations see4.214 By inspection
4214 Pressure loss measurement accuracy 2%
4215 See 4.2.4.2 and 4.2.4.3 below
4216 Test filter mounting, horizontal, €entred, sealed
4221 Sample probe isokinetic +20 % By calculation from flow rates jand
diameters
42.21 Sample probe location; upstream, centred, close 100 mm Approximate distance, allows for
to filter different thickness filters
4221 Sample probe.location, downstream, centred 75 mm
more than\75/mm downstream of filter. minimum
4222 Sample Jine design and conductivity Inspection and electrical contihuity to
ground
4242 Aerosol generator, fraction efficiency, stable +10 % 0,3 umto 5 um
concentration (within each size channel) +20 % 5umto 10 ym
4242 Aerosol generator, fraction efficiency, stable size +10 % 0,3umto 5 um
distribution (within each size channel) +20% 5umto 10 ym
4242 Efficiency aerosol, uniformity (within each size +10 % 0,3 umto 5 um
channel) +20 % 5umto 10 ym
423 Aerosol generator, fraction efficiency, sufficient 500 Typical minimum
number upstream in each size
423 Aerosol, fraction efficiency, sufficient number in typically Report error bars for efficiency
each size, downstream count 100 measurements
4.2.31 Aerosol, fraction efficiency, charge neutralized Follow 4.2.6
426 see annex G
4233 Aerosol, fraction efficiency, dryness Applies to KCI aerosol only

© I1SO 2001 — All rights reserved
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Table E.2 (continued)

Subclause Description Criterion Comments
4.2.3.1 Fractional efficiency aerosol, concentration low No significant trend compared to the
522i enough so there is no change in efficiency during test system repeatability as measured
2.21) test (i.e. no loading effects) in 4.2.8. For validation, it is
recommended that this test be done for
10 repetitions rather than 3 that are
required for each test.
4.2.31 Dust feeder for loading aerosaol stable + 209
4.2.3(4 concentration
4.2.4{3
4.2.3)4 Dust feeder for loading aerosol, concentration 50 mg/m3 to
4.2.4)3 100 mg/m3
4.2.3|4 Dust feeder for loading aerosol, size distribution in Use ISO 5011 disperser or
4.3. test duct demonstrated'equivalent
4.2.4{3 Capacity challenge, uniformity +10 %
4.2.5(3 Particle counters, Flow rate, +5%
4.2.51 Particle counters, primary size calibration with See ASTM F-328.
PSL
4.2.5|2 Aerosol, fraction efficiency., concentration below Max. of 5% Procedure in annex D
particle counter limit to prevent coincidence. decrease
4.2.412 Correlation of sampling systems and counters Between 0,7 | In plenum chamber type systemg,
Annex B (zero efficiency. filter) and 1,6 measure with filter mounting platg in
place
4.2. Repeatability, pressure loss and efficiency 5% To be done at start up and yearly
4.4 Reference filter test N/A Use to monitor changes in test system
performance
4.4 Performance certification documentation N/A For the test system validation to pe
complete it shall be documented
@  An gxample is SMACNA (Sheet Metal Contractors National Association) Air duct leakage test manual, available from: ASHRAE
Customer|Service, 1791 Tullie Circle, NE, Atlanta,\GA 30329-2305.
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Subclause Description Criterion | Frequency @ Comments
42425 Correlation (see also annex B) Between 0,7 Daily Also filter geometry change
and 1,6
51.2 Pressure loss across empty test section Each test
(tare pressure loss)
5 Particle counter zero check Daily Max. 10 counts per minute
4.212 Alrcleaniiness, background particie count < T % of Datly Persize channet
efficiency
challenge
4.23.1 Verify that efficiency aerosol does not load Each test Look for changes significgnt with
5.2{2) filter. respect to system repeatgbility
414 Reference filter pressure loss and initial Track for'changes. Daily tests
efficiency recommended
4.215.1 Particle counter accuracy check Check with one size PSL |f
reference filter indicates g problem
4.215.1 Particle counter calibration with PSL Yearly
4.2(11 Air flow uniformity +10 % Change Each new filter mounting geometry
or after any changes to test system
4.2(4.2 Efficiency aerosol, uniformity (within each Same
size channel):
0,3 umto 5 um +10.% Change
5umto 10 ym +20 %
4.2|14.3 Loading test aerosol uniformity £10% Change Same
4.2.3 Dust feeder for loading aerosol, stable +20 %
4.2(3.3 concentration
4.2|4.3
4.213.3 Loading test aerosol concentration 50 mg/m3 to Monthly
4.2|14.3 100 mg/m3
5.2ph) Efficiency aerosol generator response Yearly or
time change
4.2(5.2 Coincidence error. Yearly or
change
4.2(1.2 Duct leak test <100 I/min Yearly or
at 500 Pa change
4.213.1 Confirmation of neutralizer radioactivity Follow 4.2.6 If electret Also clean every 100 houfs of
426 orionizer current see Annex G |reference filter| operation
test indicates
problem
41 Calibration of air flow measurement +3% Yearly
41 Calibration of pressure loss 2% Yearly
measurement
41 Calibration of other instrumentation Per instrument manufacturer’s
(temperature, relative humidity, etc. recommendations or yearly
4.2.8 Repeatability 5% Yearly

Cleaning of test duct and components

Discretionary as needed

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

Aerodynamic diameter

In order to be able to describe the properties of non-spherical particles, the definition of equwalent diameters is

ar—axarmol tha _donaocition of ~lebh e arbialac i o filts trancna riotion loaccaa o diecta

necessary-
behaviouf

the aerod
The aero
gravitatiq
humidity 4
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The dens

C
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of particles in the human respiratory tract are based on the particles’ aerodynamic properties.-The
ynamic diameter is used to characterize particles in these cases.

dynamic diameter is the diameter of a sphere of density 1 g/cm3 with the same terminal*velocity
hal force in calm air, as the particle, under the prevailing conditions of temperature, préessure and

~

Hynamic diameter D, is defined as

1/2

Ce Dg %

:( c Pgxp j <D
Co Dae X po X ¥

g

is the geometric (volume equivalent) diameter of the particle, g/cms3;
is the density of the test dust particle, g/cm3;

is the unit density, 1 g/cm3;

is the slip correction factor;

is the dynamic shape factor of the-test dust particle.

quation F.1 simplifies to:

P 112
= XD
© [poxz] 9

btive size“error of less than 5 %.

ty and shape factors that shall be used are given in Table F.1.

nd the
refore,

due to
elative

(F.1)

tle bulk material densities(between 0,5 g/cm3 and 3 g/cm3, and particles aerodynamically larger than

(F.2)

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 is the diameter of a sphere with the same diffusion coefficient as
the particle under the prevailing conditions of temperature, pressure and relative humidity.
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