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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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Introduction

ISO 29463 (all parts) is derived from EN 1822 (all parts) with extensive changes to meet the requests from
non-EU p-members. It contains requirements, fundamental principles of testing and the marking for high-
efficiency particulate air filters with efficiencies from 95 % to 99,999 995 % that can be used for classifying

filters in general or for specific use by agreement between users and suppliers.

1ISO]29463 (all parts) establishes a procedure for the determination of the efficiency of all filters.on
a particle counting method using a liquid (or alternatively a solid) test aerosol, and allows)a s
classification of these filters in terms of their efficiency, both local and overall efficiency, which act
mogt requirements of different applications. The difference between 1ISO 29463 (all parts) and ot
starjdards lies in the technique used for the determination of the overall efficiency. Instes
relafionships or total concentrations, this technique is based on particle counting* at the most
particle size (MPPS), which, for micro-glass filter mediums, is usually in the range-of 0,12 um to 0,
method also allows testing ultra-low penetration air filters, which was not_possible with the p
methods because of their inadequate sensitivity. For membrane filter media, separate rules app
are |described in 1ISO 29463-5:2011, Annex B. Although no equivalent{est procedures for testing
chafged media is prescribed, a method for dealing with these types ©f filters is described in ISO 29
Annex C. Specific requirements for test method, frequency, and<reporting requirements can be
ement between supplier and customer. For lower efficiency filters (group H, as descril
nate leak test methods described in 1ISO 29463-4:2011\~Annex A can be used by specific
veen users and suppliers, but only if the use of these“other methods is clearly designated
kings as described in ISO 29463-4:2011, Annex A.
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re are differences between ISO 29463 (all. parts) and other normative practices common
ntries. For example, many of these rely on total aerosol concentrations rather than individual p,
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Scope

part of ISO 29463 specifies the test procedure for testing the efficiency of flat sheet filter
nded for use in conjunction with ISO 29463-1, ISO 29463-2, ISO 29463-4.and 1ISO 29463-5.

Normative references

following referenced documents are indispensable for.the application of this document,
rences, only the edition cited applies. For undated *references, the latest edition of the
iment (including any amendments) applies.

29463-1:2011, High-efficiency filters and filter media for removing particles in air— Part 1: C
ormance, testing and marking

29463-2:2011, High-efficiency filters .and filter media for removing particles in air— Par
Juction, measuring equipment, particle-counting statistics

29463-4:2011, High-efficiency. filters and filter media for removing particles in air — Part 4: T

for getermining leakage of filter element — Scan method

ISO
for f

ISO

3

29463-5:2011, High-efficiency filters and filter media for removing particles in air — Part 5: T
iiter elements

294641), Cleaning’equipment for air and other gases — Terminology

Terms-and definitions

For

media. It is

For dated
referenced

assification,

2: Aerosol

lest method

lest method

the purposes of this document, the terms and definitions given in 1SO 29463-1, 1SO 2

D463-2 and

IS

4

29464 appiy.

Symbols and abbreviations

Table 1 presents the quantities (terms and symbols) used in this part of ISO 29463 to represent measurement
variables and calculated values. The values should be inserted in the equation given for these calculations in
the units specified.

1) To be published.
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Table 1 — Quantities, symbols and units

Term Symbol Unit Equation f9r the
calculation
Measured variables
Exposed area A cm?
Test volume flow rate 14 cmd/s
Pressure drop Ap Pa
Mean particle diameter Jp um
Particle [number N —
Samplirg volume flow rate Vs cmd/s
Samplirlg duration t S
Calculated puantities
. . . 14
Filter mgdium face velocity u cm/s u= Py
1 n
Mean differential pressure Ap Pa Ap = ;zAﬁ[
i=1
. . N
Particle[number concentration CN cm™3 N = 7
S
. o . _ Ndip
Penetration for particles in size range i P; a P = P
Nu,i
- 1<
Mean pg¢netration P a P= *ZPI-
n
i=1
Mean efficiency E a E=1-P
Numbell of particles for the upper or lower Nos o o 1ISO 29463-2:201/1,
limit of the 95 % level of confidence 95 % Clause 7
Penetrafion as upper limit value-for the Por o - . Poco, . = CN,d95 %|i b
95 % leyel of confidence 95 %.i 95 % € Nu95%|
Mean pgnetration as, Upper limit value for P 5 1%
] 9 Pog oy =— Poc o} -
the 95 % level of confidence 95 % ° %% =y Z;‘ 95 %
P
Mean efficiency as lower limit value for the = = B
Egs9 Egso, =1—Pys o
95 % level-of confidence 95 % a 95% 95

@  These quantities are usually given as a percentage.

b The index, u, refers to upstream particle counts, and the index, d, refers to downstream particle counts.
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When testing the sheet filter medium, the particle size efficiency is determined using a particle counting
method. The testing may use a mono-disperse or a poly-disperse test aerosol. The methods differ in terms of
both the production of the aerosol and the particle counter used. Furthermore, the measurement of the

pressure drop is made at the prescribed filter medium velocity.

Specimens of the sheet filter medium are fixed in a test filter assembly and subjected to the test air flow
corresponding to the prescribed filter medium velocity. The test aerosol from the aerosol generator is

conditioned (e.g. vaporization of a solvent), then neutralized, mixed homogeneously with filtered
directed to the test filter assembly.

test air and

In ofder to determine the efficiency, partial flows of the test aerosol are sampled upstream and 'do
the filter medium. Using a particle counting instrument, the number concentration of the particles
detgrmined for various particle sizes. The results of these measurements are used to draw
effigiency against particle size for the filter medium, and to determine the particle size for which th
is alminimum. This particle size is known as the most penetrating particle size (MPRS).

When measuring the particles on the upstream side of the filter medium, it can bé necessary to u
system in order to reduce the concentration of particles down to the measuring range of the part
usefl.

Additional equipment is required to measure the absolute pressure;ddemperature and relative hur
test|aerosol and to measure and control the test volume flow rate:

6 [Sampling of sheet filter media
Theltesting of the sheet filter medium shall be carried*out on at least five samples.

The|samples shall be handled with care; the aréa being tested shall be free from all folds, kinks, hg
irregularities.

All gamples shall be clearly and permanéntly marked with the following details:
a) |designation of the filter medium;

b) |upstream side of the filter medium.

7 |[Test apparatus

Thel test apparatus being used and the arrangement of the components and measuring equipmen
in Flgure d.,

Thelbasic details for the aerosol generation and the aerosol neutralization, together with the detail

vnstream of
contained is
a graph of
e efficiency

be a dilution
cle counter

nidity of the

les or other

[ are shown

5 of suitable

types of apparatus, are given in ISO 29463-2.
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Key
1 filter 9 differential pressure gauge
2 pressure valve 10 dilution system
3 solenoid valve 11 condensation particle counter
4 jet nebulizer 12 measuring equipment for absolute pressure, temperature and relative humidity
5 neutralizer 13 volume flow rate meter
6 differential mobility analyser 14 vacuum pump
7 needle valve 15 computer for control and data storage
8 test filter mounting assembly

Figure 1 — Set-up for testing with mono-disperse test aerosols
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7.1 Test arrangements for testing with mono-disperse test aerosol

When testing sheet filter media with a mono-disperse test aerosol, the particle number concentration is
determined using a total count method with a condensation particle counter. The arrangement of the test
apparatus is shown in Figure 1.

The mono-disperse test aerosol is created in a number of steps. Firstly, a poly-disperse primary aerosol is
produced using a jet nebulizer with, for example, a DEHS- or DOP-iso-propanol solution. The particles are
reduced to a convenient size for the following process by evaporation of the solvent. The aerosol is then
neutralized and passed to a differential mobility analyser. The quasi-mono-disperse test aerosol available at
the output of the differential mobility analyser is once again neutralized, and then mixed homogeneously with

filte
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sub
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A plimp positioned downstream draws the test aerosol through the-test filter mounting assembly. T

that
pres
whi

Parf
in g
alte
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7.2

When testing sheet filter media with a poly-disperse test aerosol, optical particle counters that ds

mean particle diameter of the number distribution is varied by adjusting the voltage b
trodes of the differential mobility analyser2).

rder to achieve a sufficiently high particle number concentration over the entire itest range from
um, it can prove necessary to use several jet nebulizers with differing goncentrations of

sol before the test filter mounting assembly. The number concentration in the test aeros
cted so that no dilution is necessary for the measurements made downstream from the filter.

the differential mobility analyser can always operate under nearly the same conditions, indepe
sure drop across the tested filter medium. In contrast, the.testing system operates with an oy
h ensures that leaks in the system do not falsify the test:-measurements.

icles are counted upstream and downstream from thefilter using either two condensation parti
arallel, or using only one such counter to measure the upstream and downstream co

nately. If the level of the upstream number s@ncentration exceeds the measuring range of
a dilution system shall be included betweenthe sampling point and the counter.

Test arrangements for testing with a poly-disperse test aerosol

ed test air in order to achieve at the test volume flow rate required for the filter medium velogity.

etween the

0,04 um to
the aerosol

stances in the solvent. Numerical concentrations that are too high can-be ‘adjusted by dilufjng the test

ol shall be

his ensures
hdent of the
erpressure,

Cle counters
centrations
he counter,

termine the

number distribution and the number concentration of the test aerosol are used.
Theltests can be carried out directly with the poly-disperse, neutralized primary aerosol. In order {o cover the
test| range, it can be necessary to use several jet nebulizers with different concentrations of the aerosol

sub
rang

The

nuni
med

stance in the solvent."The mean particle diameter of the number distribution shall not lie outs
e of the particle counter used.

ber,concentration of the poly-disperse test aerosol on the upstream and downstream sides
ium.

ide the test

arrangement of the test apparatus is shown in Figure 2. Instead of the single or two parallel condensation
particle counters (CPC), optical particle counters are used to determine the number distributi

on and the
of the filter

When testing with a poly-disperse test aerosol and particle counting and sizing equipment, it is also necessary
to ensure that the number concentration of the test aerosol is adjusted to suit the measuring range of the

part

icle counter, if necessary by the inclusion of a dilution system.

2)

accuracy.

© 1SO 2011 — All rights reserved
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Key
1 filter
2  pressurg reduction valve
3 jet nebuljzer
4 neutralizer
5 test filtef mounting assembly
6 differentipl-pressure gauge
7 dilution system
8 optical particle counter
9 needle valve
10 vacuum pump
11 measuring equipment for absolute pressure, temperature and relative humidity
12 volume flow rate meter
13 computer for control and data storage

Figure 2 — Set-up for testing with poly-disperse test aerosols
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7.3 Test filter mounting assembly

The test filter mounting assembly consists of a moveable upper section and a fixed lower section (an example
is shown in Figure 3). The sheet filter medium shall have a circular exposed area of 100 cm2. The filter
medium shall be mounted in such a way that the measurements obtained are not influenced by by-pass leaks.
Where seals are used for this purpose, they shall not change the exposed area.

The test aerosol is introduced through the inlet opening in the upper section of the test filter mounting
assembly. It shall be ensured that the test aerosol to which the filter medium is exposed possesses a
homogeneous local concentration over the entire passage area (standard deviation o< 10 %). An outlet for
the test aerosol is provided in the base section of the test filter mounting assembl

her connections are provided for sampling of partial flows of the test aerosol on the upstregm side and
nstream side to measure the particles, as well as for the measurement of the pressure drop.

All the materials of the test filter mounting assembly with which the test aerosol comes into contact shall be
kept clean, and shall be easy to keep clean, shall be resistant to corrosion, shall cenduct electricity and shall
be garthed (electrically grounded). Stainless steel and anodized aluminium shall‘preferably be usg¢d. The test
filtef mounting assembly may have any appropriate constructional forpy, but shall meet all the test

requirements specified in this part of ISO 29463.
L3
|
) !
. |
7 | 1
1 I\
— |
i
7 | 5
. /
]
T
6
4
Key
1 upper section (moveable)
2 lower section (fixed)
3 inlet for the test aerosol
4  outlet for the test aerosol
5 upstream sampling part
6 downstream sampling part
7 measurement points for differential pressure

Figure 3 — Test filter mounting assembly — Example
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7.31

Measurement of differential pressure

The differential pressure across the sheet filter medium is measured using differential pressure measuring
equipment (see I1SO 29463-2) which is attached to the upstream and downstream differential pressure
measuring points of the test filter mounting assembly. At the measuring points the static pressure shall be

measured.

The measuring points shall be arranged at right angles to the inner surface of the test filter mounting assembly
so that as far as possible the measurements are not influenced by the flow rate. The inner edges of the drill
holes must be sharp-edged and free of burrs. The connections from the measurement points to the pressure

gauge shall

be leakproof and clean.

7.3.2 Sanppling

For the sam
flows conta
the testing,

The conneq
keep clean,
loss of parti
valves, con

7.4 Dete

The filter m
the expose
medium arg

Depending
point for th
counterin t

The volumg

equipment that can be calibrated. The minimum performance data are the following:

measu

accura

8 Requ

rmination of the filter medium face velocity

reprodyicibility:

pling of the test aerosol on the upstream and downstream sides, it shall be ensured that the pz
n representative number particle concentrations. Given the small particle sizes beifig measure
isokinetic sampling is not absolutely necessary at this point.

tions from the sampling point to the measuring apparatus shall be kept-cléan, shall be eag
shall be resistant to corrosion, shall conduct electricity and shall be earthed. In order to avoid
cles, it is important that the connections be short. The inclusion of disturbances in the line, suc|
strictions, etc., shall be avoided.

edium velocity is not measured directly, but is determined by dividing the test volume flow rat
H area in the test filter mounting assembly. For this;~it is necessary to know the exposed
a with an accuracy of £2 %.

on the positioning of the extraction point on, the downstream side relative to the measuren
b test volume flow rate, it can be necessary to include the partial flow extracted for the par
ne calculation of the test volume flow rate.

flow rate can be measured using-a floatmeter, a thermal mass flow meter, or other measy

fing range: up to 800(cmi%/s;

Cy: <5 %70f measured value;

<1 % of measured value.

rements for the test air

rtial
d in

y to
the
h as

b by

ilter

hent
ticle

ring

Before mixi

g with the test aerasal_the test air shall be so pmpnrpd that its ’rpmpnmhlm relative h||midi‘ry

and

purity shall be in accordance with ISO 29463-1:2011, 7.2.

The test air shall be cleaned of solid or liquid components using a high-efficiency filter (for example, a
commercially available cartridge filter), the size of which shall be determined depending on the maximum test
volume flow rate.
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9 Testing procedure

9.1 Preparatory checks

9.1.1  After switching on the test apparatus prior to testing the sheet filter medium, the following parameters

shall be checked or registered.

— Readiness for use of the measuring equipment:

Start-up procedures specified by the manufacturers of the measuring equipment shall be followed, for

rexampte;,theconmdensatiom nucteus counters—shattbefitted—wittroperatingftuid;the—~voturme

through the measuring equipment shall be correct, etc.

Any other routine inspections recommended by the equipment manufacturers shall -also be
before the measurements.

— | Zero count rate of the particle counter:

the aerosol generator switched off and the filter medium in position.

— |Purity of the test air:

the aerosol generator switched off.
— |Absolute pressure, temperature and relative humidity of the test air:

The values of these parameters shall be registered in the test volume flow on the downstrean
test filter mounting assembly.

Wh
cor

ctive measures shall be undertaken:

9.1. For reference filter medium. measurement, it is useful to establish reference filter media
diffgrent filter classes for differéntial pressure and for efficiency measurements. Immediately after
list

flow rates

carried out

The zero count rate shall be checked by measuring the downstream particle number concentration with

The purity of the test air shall be checked by measuring the<upstream particle number concentration with

side of the

n any of these parameters lie outside-the ranges specified in ISO 29463-1 and ISO 29463-2, |appropriate

samples of

the checks

in 9.1.1, the measurement of a reference filter medium of the same class as the medium Reing tested

sha|l be performed. Trends’ established by such repeated tests provide information about [the overall

repegatability of the test.system (test system drift/damages and faults in the test system).

9.2| Procedure

Follpwing the‘preparatory steps specified in 9.1, the test specimen shall be placed in the test filier mounting
assembly: It shall be established that the measuring range of the instrumentation employed [comfortably
incliides\the minimum of the efficiency particle size curve and, thus, the position of the most|penetrating

particle’size (MPPS)

9.2.1 Measurement of the pressure drop

The pressure drop across the filter medium shall be measured with pure test air before the filter is |

oaded with

aerosol. The test volume flow rate shall be set up with such accuracy that the flow rate values for the
individual samples of the filter medium do not vary by more than +2 % from the required value. The

measurements shall be made when the system has reached a stable operating state.

© 1SO 2011 — All rights reserved
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9.2.2 Testing with a mono-disperse test aerosol

The test aerosol shall be mixed homogeneously with the test air (see 7.3). To determine the particle size
efficiency, at least six approximately logarithmically equidistant interpolation points in the range of the particle
sizes being tested shall be determined. Using the differential mobility analyser, six (quasi-) mono-disperse test
aerosols shall be generated in succession with the appropriate mean particle diameters, and their number
concentrations shall be measured on the upstream and downstream sides of the filter medium, either
simultaneously using two condensation nucleus counters working in parallel, or successively using one
condensation nucleus counter, first on the upstream and then on the downstream side. In the second case, a
flush-out period for the CPC shall be included so that, before beginning the measurement on the downstream
side, the particle number concentration at the condensation nucleus counter will have fallen to a level such
that the particles on the downstream side of the filter medium can be registered reliably.

9.2.3 Testing with a poly-disperse test aerosol

As an altemative to testing with a mono-disperse test aerosol, it is also possible to measure the number
concentratipn and the number distribution of a poly-disperse test aerosol at at least\six approximgtely

logarithmicg
counters sh
the number
exceeded.

lly equidistant interpolation points in the range of the particle size being tested. Optical parn
all be used to count the particles. Care shall be taken to ensure that, in particular when measu
concentration and number distribution on the upstream side, tolerable_coincidence errors are
Furthermore, the resolution of the optical particle counter shall be sufficient to meet the measu

ticle
ring

not
ring

requirements.

9.3 Refefence test method

Reference fest method is the test procedure according to 9.2.2 (seealso 1ISO 29463-1:2011, 7.4.4).

10 Evaluation

The test degcribed in Clause 9 shall be carried out consecutively on the five samples of the filter medium.

For the diflerential pressure, the arithmetic mean of the results of the individual measurements shall be

calculated.
d in
ess

The evaluafion of the particle counts (shall take into account the particle counting statistics as specifie
ISO 29463-R. The calculation of the jparticle size penetration and efficiency shall make use of the
favourable ¢f the limit values of the ¢onfidence interval.

For each of] | be
calculated f

the six or more-interpolation points of the efficiency curve, the following arithmetic means sha
fom the individual' measurements:

mean gfficiencyfor the particles counted;

mean gfficiency as lower limit for the 95 % confidence interval.

The values of these efficiencies shall be presented as lines on a graph. Either using a suitable mathematical
fitting method or a graphical method, the particle size shall be determined at the minimum of the curve for the
mean efficiency as lower limit for the 95 % confidence interval. In this way, allowance is made for both the
quality of the measurements and also statistical uncertainties involved with the procedures for measuring with
low numbers of particles.

The particle size at which the efficiency is at a minimum is known as the MPPS, and shall be recorded
together with the appropriate value of the efficiency at that particle size.

For information, an example application with evaluation is provided in Annex A.

10 ©1S0 2011 — All rights reserved
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11 Test report

ISO 29463-3:2011(E)

The test report for the testing of the flat sheet filter medium shall contain at least the following information:

a) test object:
1) type designation of the filter medium tested,
2) number of samples;

b) test parameters:

1) filter medium face velocity,

3) characterization the test aerosol used;

c) |[testresults:

2) MPPS,

3) efficiency at MPPS,

and Table A.3),

12 [Maintenance and inspection of the test apparatus

2) type designation of the particle measuring equipment used,

1) mean differential pressure across the filter medium at the start of testing,

4) calculated mean efficiency, Egs0,, as lower limit yalue for the 95 % confidence interva| (see A.2.3

5) diagram showing mean efficiency, £, and the lower limit values of the mean efficiencied, Egs,, as
a function of the particle size (see Figure A1 for an example).

The| work on the components and measuring equipment of the test apparatus listed in Table 2 shall be carried
out [at least at the following specified intervals (or more frequently). The successful carrying thrpugh of the

annpally instrument calibration Shall be documented with individual calibration protocols.

Table:2—= Nature and frequency of the maintenance and inspection

Components

Nature and frequency
of the maintenance and inspectio

=}

Opgrating materials

Daily checks
Exchange after depletion

Aerpsol‘generators

Monthly cleaning

Volume’flow rate meter

Annual testing and zero point control, or after each change

Aerosol lines

Annual cleaning

Filters for test air

Exchanged annually

Waste air filter

Exchanged annually

Parts of the test apparatus at under-pressure

Testing for leaks required if the zero count rate of the
particle counter is unsatisfactory

Switching valve between the test points (when installed)

Annual testing for leaks

Otherwise, all components and measuring equipment of the test apparatus shall be maintained and checked
at the intervals specified in ISO 29463-2:2011, Table 2. The successful carrying through of the specified
instrument calibration shall be documented with individual calibration protocols.

© 1SO 2011 — All rights reserved
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13 Production test for media

13.1 Measurement of differential pressure

Use the test procedure as given in 9.2.1.

13.2 HEPA filter media penetration test

Penetration of group H (HEPA) filter media can be determined with the use of various test instrumentations;
however, due to the requirement for near real-time penetration data, photometric methods are preferred.
These methods are valid for group H filter media between classes ISO 15 E and ISO 45 H. For ratings,aljove
class ISO 45 H, particle count methods should be used. Detailed information about test methods suitable for
the filter mgdia penetration test can be found in Annex B.

To ensure gomparable data presentation, it is recommended that both the penetration test data and the|test
technique be stated. Suitable test equipment includes those compliant with 42CFR part 84,,0€BS 3928.

14 Physical property test of filter media

Filter manufacturers and filter customers are also interested in the physical preperties of filter media, such as
thickness, tensile, elongation, stiffness, loss on ignition and water repelleneyiFor information, a brief summary
about the cprresponding test methods and other reference standards is provided in Annex C.

12 © 1SO 2011 — Al rights reserved


https://standardsiso.com/api/?name=21ee8d97aba9dfbe9ce248a01b7dc8c2

ISO 29463-3:2011(E)

Annex A
(informative)

Example of an application with evaluation

A.1 Testing the sheet filter medium
After completing the adjustments and checks on the parameters as specified in 9.1, the presgure drop is
measured for each of the specimens of the filter medium and the particle counts determined\at the given filter
medium face velocity.
Thel following example of measurements shows the results of a test with a mono-disperse test agrosol using
the fotal counting procedure for a sample of the filter medium.
A.111 Measurement of the differential pressure
The|pressure drop across the filter medium shall be measured in accordance with 9.2.1 and the following:
— |test conditions: exposed area, 4 = 100 cm?;
— |test air volume flow rate: vV =175 cm3/s;
— [filter medium face velocity: u=1,75cm/s;
— [test result: differential pressure, Ap, = 109 Pa.
A.1]2 Particle counting
Whén testing with a mono-disperse test aerosol, the particle counting shall be in accordance with 9.2.2. For
each mean particle diameter, dgs of the six or more interpolation points used for the efficiency curve, the
upsfream and downstream number particle concentrations, ¢y, and cy 4, respectively, shall be megpsured. The
nunmber concentrations are_nermally available as direct measurements from the particle counters|and can be
usefl for the further evaluation without change. The determination of the penetration is doné using the
equptions for calculation in accordance with Clause 4.
In order to take ibte“account the particle counting statistics as specified in 1ISO 29463-2:2011, Clause 7, it is
necessary to detérmine the downstream particle numbers, N, for the evaluation considering the following:
— |test Gonditions: filter medium face velocity, u = 1,75 cm/s;
_ lpatticle-measurina device- condansation nucleus caunter:

| il ey AT ™ v . T TR T -~ ATTRETY
— test aerosol: DEHS, mono-disperse;
— test result: measurement results and the values calculated for the particle size

penetration P, as given in Table A.1.

© 1S0O 2011 — All rights reserved 13
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Table A.1 — Measurement results and calculated values of the particle counting

Ep, pm 0,080 0,100 0,125 0,160 0,200 0,250
enu® 2,21 x 108cm=3|1,46 x 108 cm=3{ 8,72 x 105 cm=3{4,96 x 105 cm™=3 [ 3,21 x 105 cm™3 | 2,02 x 10% cm™3
evd® 3,74 x 107 ecm=3 (2,80 x 10T ecm=3{ 2,06 x 10" cm=3| 1,17 x 10" em=3 | 7,12 x 10° cm=3 | 3,52 x 109 cm=3
Ng 1® 3000 2228 1653 951 568 264
P4, % 0,001 69 0,001 92 0,002 36 0,002 37 0,002 22 0,001 74
@ Index u refers to samples from the upstream side.

b Index d rpfers to samples from the downstream side.

A.2 Calcplation of the arithmetic means

At least fivg samples of the sheet filter medium are tested. From the results of the individual measuremgnts
(see A.1 ag an example for one sample), arithmetic means are then calculated. The following evaluation|can
be carried dqut for both particle counting methods in the same manner.

A.2.1 Meadn differential pressure

Test resulty

medium at {he given filter medium velocity u = 1,75 cm/s and the following:

differen

mean d

A.2.2 Meg
For the cal
penetration

medium.

The calcula

tions and results are shown\in Table A.2.

for the measurement of the differential pressure are measured\across the five samples of the

tial pressure, Ap; = 109,1 Pa; 110,1 Pa; 109,4 Pa; 109;8 Pa; 109,6 Pa;
ifferential pressure, Ap = 109,6 Pa.

n efficiency

bulation of the mean efficiency, E , fof each interpolation point of the efficiency curve, the m

P, is first determined from the( individual penetrations, P;, for the five samples of the

Table A.2 — Calculated values for the determination of the mean efficiency

ilter

ean
filter

a7p, pum 0,080 0,100 0,125 0,160 0,200 0,250
Py, % 0,00169 0,001 92 0,002 36 0,002 37 0,002 22 0,001 74
Py, % 0,001 97 0,002 09 0,002 33 0,002 31 0,002 11 0,001 86
P3, % 0,001 99 0,002 16 0,002 33 0,002 50 0,002 55 0,002 07
Py, % 0,001 84 0,002 17 0,002 29 0,002 27 0,002 08 0,001 78
Pg, % 0,001 79 0,002 16 0,002 35 0,002 39 0,002 21 0,001 51
P, % 0,001 86 0,002 10 0,002 33 0,002 37 0,002 23 0,001 79
E., % 99,998 14 99,997 90 99,997 67 99,997 63 99,997 77 99,998 21

14

© 1S0O 2011 — All rights reserved


https://standardsiso.com/api/?name=21ee8d97aba9dfbe9ce248a01b7dc8c2

ISO 29463-3:2011(E)

A.2.3 Mean efficiencies as lower limit values for the 95 % confidence interval

The calculation of the mean efficiency, Egs

o as lower limit value for the 95 % confidence interval takes into

account the specifications for the particle counting statistics contained in ISO 29463-2:2011, Clause 7, in
accordance with which the least favourable limit value of the confidence interval is determined in each case,
and this value is used for the calculations. In the example shown, the measurements of the particle number
and number concentration on the upstream side are not corrected statistically. The large numbers of particles

means that the influence of statistical uncertainty can be neglected, i.e. for this example, cy , 959, ; =

CNu,ir

The penetration, Pgs, ;, is calculated taking into account the corresponding calculated value for the

do\ notraam

mbaorcancant

h tha loacc fayy

areabla-of tha v

aluoc of thao nartinl

Rstream-Rumber-eeneentration ey gory 7 with-the-less-faveurable-of-the-vatues-of-the-partiele number for
the ©5 % confidence interval, Ny g5, ;- From the measurements on the five samples of the filtetredium, the
mean penetration, P95 o, » 1S first calculated as the upper limit value for the 95 % confidence.jttetval. From this
the mean efficiency, Eg59,, is calculated as the lower limit value for the 95 % confidence/interyal for each
intefpolation point of the efficiency versus particle size curve.

Thejcalculated values and the results are shown in Table A.3.
Table A.3 — Calculated values for the determination of the mean efficiency
as the lower limit value for the 95 % confidence interval

7p, pum 0,080 0,100 0,125 0,160 0,200 0,250
Mg, 3000 2228 1653 951 568 264
Ny d5 %,1 3107 2321 1733 1011 615 296
Poslo, 1, % 0,001 75 0,002 00 0,002 47 0,002 52 0,002 40 D,001 95
Ng,2 3036 2283 1665 953 546 302
Ny ds %2 3144 2377 1745 1014 592 336
Pgslo, 2, % 0,002 04 0,00248 0,002 44 0,002 46 0,002 29 D,002 07
Ny 4 3194 2346 1603 948 673 379
N g5 %,3 3305 2441 1681 1008 724 417
Pos (o3, %o 0,00 06 0,002 25 0,002 44 0,002 66 0,002 74 D,002 28
Ny 4 3090 2429 1638 958 581 320
N4 45 %,4 3199 2526 1717 1019 628 355
Pos (o4, %o 0,001 90 0,002 26 0,002 40 0,002 41 0,002 25 D,001 98
Ny 5 2938 2383 1678 1004 609 271
Nyds .5 3044 2479 1758 1 066 657 303
Pg5 9, 5, % 0,001 85 0,002 25 0,002 46 0,002 54 0,002 39 0,001 69

Pos o, % 0,001 92 0,002 19 0,002 44 0,002 52 0,002 41 0,001 99
Egs9,, % 99,998 08 99,997 81 99,997 56 99,997 48 99,997 59 99,998 01

©1S0O 2011 - All rights reserved
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A.3 Representation of the efficiency curve

For each interpolation point with the mean particle diameter, Jp, the values of the mean efficiency, £, and
the values of the mean efficiencies, Eg59,, are presented in a diagram as curves of efficiency vs particle size.

For the example shown, the following values for the minimum of the curve can be determined (see Figure A.1):

— MPPS: 0,16 um;

— efficiency for this particle size: 99,997 5 %.

E

99,999 0,001

99,998 \\\\\\ 7 0,002
—

99,997 54— — ;
99,997 0,003
99,996 0,004
99,995 0,005
99,994 0,006
99,993 0,007
99,992 0,008
99,991 .

9999 .

006 008 01 0,125 0,6 02 0,25 0,3 0,4

o

~l

Key

average particle diameter

~l

average penetration
mean efficiency, E

--- Egsy

Figure A.1 — Mean efficiency as a function of the particle diameter
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