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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
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-governmental, in liaison with ISO, also take part in the work. 1ISO collaborates closel
rnational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization;

rnational Standards are drafted in accordance with the rules given in the ISO/IEC DireCtives, Pa
main task of technical committees is to prepare International Standards. Draft\nternational
pted by the technical committees are circulated to the member bodies for voting. Publica

rnational Standard requires approval by at least 75 % of the member bodies.casting a vote.

other circumstances, particularly when there is an urgent market .fequirement for such dod
hnical committee may decide to publish other types of document:

an ISO Publicly Available Specification (ISO/PAS) represents'an agreement between technica
of the parent committee casting a vote;

an I1SO Technical Specification (ISO/TS) represents<an agreement between the members of
committee and is accepted for publication if it is approved by 2/3 of the members of the commit

a vote.

ISO/PAS or ISO/TS is reviewed after thtée years in order to decide whether it will be confi
her three years, revised to become an(International Standard, or withdrawn. If the ISO/PAS or
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ention is drawn to the possibility that some of the elements of this document may be the subjeq
nts. 1SO shall not be heldfesponsible for identifying any or all such patent rights.

D/TS 21220 was prepared by Technical Committee ISO/TC 142, Cleaning equipment for air
bes.
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Introdu

ction

This Technical Specification is based on EN 7798 and ANSI/ASHRAE 52.2[], and covers the testing of the
performance of air filters mainly used in general ventilation applications. During its preparation, it was
perceived that the document was not sufficiently mature for publication as an International Standard, and so

its publica

document
revision in

the form of an International Standard could also include a classification system.

ion _as a Technical Specification was decided as an_intermediate step. Moreover, with such a
covering the needs of the air filtration industry and of the end users, it is envisaged that a futre

The classification or rating of air filters is determined by national bodies or other associations and is-not within

the scope
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thod set out in this Technical Specification, representative samples of particlés upstream 4
m of the filters are analysed by an optical particle counter (OPC) to provide filter particle g

o address the potential problems of particle re-entrainment, shedding and the in-service cha
on characteristics of certain types of media are presented.

es of filter media rely on electrostatic effects to achieve high“efficiencies at low resistance to
sure to some types of challenge, such as combustion patticles or other fine particles, can inh
es, with the result that filter performance suffers. The conditioning test procedure given in Anne
chniques for identifying this type of behaviour and can’be used both to determine whether the fi
5 dependent on the electrostatic removal mechanism and to provide quantitative information ab
ance of the electrostatic removal. This procedure was selected because it is well establish

was not available.
filtration process, each particle would\bé permanently arrested at the first contact with a filter fil
g particles can impact on a captured particle and dislodge it into the air stream. Fibres or partig
ter itself could also be released, due to mechanical forces. From the user’s point of view it might
o know this, and a descriptiofis ‘given in Annex B.

rview of the test method and its principles is given in Annex C.

br calculating pressure drop is set out in Annex D.
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Particulate air filters for general ventilation — Determination
of filtration performance
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Scope
s Technical Specification presents test methods and specifies a test rig for feasuring
ween 0,25 m3/s [900 m3/h (530 ft3/min)] and 1,5 m3/s [5 400 m3/h (3 178 ft3/min)].

s Technical Specification is applicable to air filters having an initial efficiency.ofless than 99 % w
D4 um particles. Filters in the higher end and those with an above 99 %;initial efficiency are
5sified according to other standards.

ombines two test methods: a “fine” method for air filters in the higher efficiency range and
thod for filters of lower efficiency. In either case, a flat-sheet media sample or media pack samj
htical filter is conditioned (discharged) to provide information about the intensity of the electrosta
chanism. After determination of its initial efficiency, the uhtreated filter is loaded with syntheti
pgle step until its final test pressure drop is reached. Infermation on the loaded performance of
n obtained.

aY
e

performance results thus obtained cannof-alone be quantitatively applied to predict

hexes A and B.

2 | Normative references

The following referenced docurnents are indispensable for the application of this document.

references, only the edition Cited applies. For undated references, the latest edition of the

do¢ument (including any amendments) applies.

ISQ 2854, Statisticdl-interpretation of data — Techniques of estimation and tests relating to n
vaffiances

ISO 5167-1:2003, Measurement of fluid flow by means of pressure differential devices inserted
crgss-section conduits running full — Part 1: General principles and requirements

1Sq

the filter

formance of particulate air filters used for general ventilation. The test rig is designed for an air {low rate of

ith respect
tested and

a “coarse”
le from an
ic removal
c dust in a
the filter is

in-service

formance with regard to efficiency and lifetime,”so other factors influencing performance are presented in

For dated
referenced

neans and

in circular

D 42103-1:1997, Road vehicles — Test dust for filter evaluation — Part 1: Arizona test dust

ISO 21501-1, Determination of particle size distribution — Single particle light interaction methods — Part 1:
Light scattering aerosol spectrometer

ISO 21501-4, Determination of particle size distribution — Single particle light interaction methods — Part 4:
Light scattering airborne particle counter for clean spaces

JIS Z 8901:1995, Test powders and test particles)

1)

Japanese Industrial Standard.
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3 Terms, definitions, symbols and abbreviated terms

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

3.1

arrestance

A

weighted (mass) removal of loading dust by a filter

NOTE
into it.

It is expressed as the percentage of the dust captured by the filter in terms of the mass of the total dust fed

3.2
average a
Am
ratio of the
pressure d

3.3

frestance

rop

charged filter

filter in wh

3.4

ch the filter media is electrostatically charged or polarized

conditiongd efficiency

efficiency
flow rate in

3.5
counting
number of

3.6
correlatio
ratio of do

3.7
DEHS

bf the conditioned filter media operating at an average media velocity corresponding to the test
the filter

ate
counting events per unit of time

h ratio
vnstream to upstream particle counts.without the test filter in the test duct

DiEthylHexylSebacate

liquid used

3.8
dust load
efficiency

3.9
effective f

for generating the DEHS test aerosol

d efficiency
f the filter operating at test flow rate and after dust loadings up to the final test pressure drops

Itering area

area of filte

r‘medium in the filter which collects dust

3.10
filter face

area

frontal face area of the filter including the header frame

NOTE

3.11

Nominal values: 0,61 m x 0,61 m (24 in x 24 in).

filter face velocity
air flow rate divided by the filter face area

total amount of loading dust retained by the filter to the total amount of dust fed up to the final test

air

© 1SO 2009 — All rights reserved
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3.12
final filter
air filter used to collect the loading dust passing through or shedding from the filter under test

3.13
final test pressure drop
pressure drop of the filter up to which the filtration performance is measured

3.14
initial efficiency

effi iency of the clean untreated filter operating-atthe test air flow rate

3.15
initial pressure drop
prgssure drop of the clean filter operating at the test air flow rate

3.16
isgkinetic sampling
sapling of the air within a duct such that the probe inlet air velocity is the same as the velocity in the duct at
thg sampling point

347
KQl
soljd potassium chloride (KCI) particles generated from an aqueoUs)solution and used as a test aergsol

3.18
lodding dust

synthetic test dust

test dust specifically formulated for loading of the filter

NOTE Two types of loading dusts are used: 1ISO,12103-A fine test dust is used for the loading of filters according to
thelfine dust method and ASHRAE dust is used for the filters tested according to the coarse method.

3.19
me¢an diameter
gedmetric mean of the upper andJower border diameters in a size range

3.20
me¢dia velocity
air[flow rate divided by the-effective filtering area

E It is expressed to an accuracy of three significant figures.

mihimum_efficiency
lowest efficiency of initial, conditioned or dust loaded efficiencies

3.22
neutralization
process by which the aerosol is brought to a Boltzmannn charge equilibrium distribution with bipolar ions

3.23
particle bounce
behaviour of particles that impinge on the filter without being retained

3.24

particle size
equivalent optical diameter of a particle

© 1SO 2009 — All rights reserved 3
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3.25

particle number concentration
number of particles per unit volume of the test air

3.26
penetration

ratio of the particle concentration downstream to upstream of the filter

3.27

recommended final pressure drop

maximum ﬁpnr:\fing pressure drnp of the filter as recommended hy the manufacturer at rated air flow

3.28

re-entrainment
release to the air flow of particles previously collected on the filter

3.29
shedding

release to fthe air flow of particles due to particle bounce and re-entrainment as well as‘the release of fibreg

particulate|matter from the filter or filtering material

3.30

test air flgw rate
volumetric|rate of air flow through the filter under test

3.31
test aerospl

aerosol usgd for determining the efficiency of the filter

3.32

test dust ¢apacity

TDC

dust holdirg capacity (deprecated)
DHC (deptecated)
amount of Joading dust kept by the filter at the.final test pressure drop

A

Arrestance, %

Average arrestance, during test to final test pressure drop, %
Concentration limits of particle counter

Coefficientiof) variation

Coefficient of variation in size range i

Meah 'of measuring points value for size range i

DiEthylHexylSebacate

Miot

mq

Geometric mean of Size Tange ;, pm
Lower border diameter in a size range, ym
Upper border diameter in a size range, ym
Average efficiency in size range i

Mass passing filter, g

Mass of dust downstream of the test filter, g
Cumulative mass of dust fed to filter, g

Mass of final filter before dust increment, g

or

© 1SO 2009 — All rights reserved


https://standardsiso.com/api/?name=a64caf2bf8130172f7ca484e3ddaa11e

ISO/TS 21220:2009(E)

my Mass of final filter after dust increment, g
N Number of points
Ny Number of particles downstream of the filter
Ny ; Number of particles in size range i downstream of the filter
N_d Average number of particles downstream of the filter
N, Number of particles upstream of the filter
Ny; Number of particles in size range i upstream of the filter
VL Average number of particles upstream of the filter
n Exponent
OHC Optical particle counter
p Pressure, Pa (in WG)2)
Pa Absolute air pressure upstream of filter, kPa (in WG)
Dsf Air flow meter static pressure, kPa (Ib/in2)
9 Mass flow rate at air flow meter, kg/s (Ib/s)
qy Air flow rate at filter, m3/s (ft3/min)
R Correlation ratio

i Correlation ratio for size range i
T Temperature upstream of filter, °C (°F)
T; Temperature at air flow meter, °C (°F)
TDC Test dust capacity, g [formerly dust'holding capacity (DHC)]
t(17 %) Distribution variable
U Uncertainty, % units
Vméan Mean value of velogity, m/s (ft/min)
o Standard deviation
v Number of degrees of freedom

Air density, kg/m3 (Ib/ft3)

@ Relative humidity upstream of filter, %
Am Dust increment, g
A Mass gain of final filter, g
Ap Filter pressure drop, Pa (in WG)
Aps Air flow meter differential pressure, Pa (in WG)
Apq 20 Filter pressure drop at air density 1,20 kg/m3, Pa (in WG)

2) Water inch gauge (non-SI unit).

© 1SO 2009 — All rights reserved
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4 Filter

The filter shall be designed or marked so as to prevent incorrect mounting. It shall be designed so that when
correctly mounted in the ventilation duct, no air/dust leaks occur around the exterior filter frame or duct sealing
surfaces.

The complete filter (filter and frame) shall be made of materials suitable for withstanding normal usage and
exposure to the range of temperature, humidity and corrosive environments likely to be encountered in service.

The complete filter shall be designed to withstand mechanical constraints that are likely to be encountered
during norme =—DPustor-fibrereleasedfromthefiter mediaby-airflowthrough-thefilttershattrotconst
a hazard or nuisance for people or devices exposed to filtered air.

5 Classification/rating

Filters are[not classified or rated by this Technical Specification. Many national bodies and-associations (ise
0,944 m3/d (2 000 ft3/min or 3 400 m3/h) as the nominal air flow for classification or rating/of air filters that pre
a nominal|0,61 m x 0,61 m (24 in x 24 in) in face area. It is therefore recommended\that filters be tested at
0,944 m3/{ (if the manufacturer does not specify any other flow for another application). The air flow velogity
associated with the volumetric flow is 2,54 m/s (500 ft/min).

6 Test|rig and equipment

6.1 Test conditions

Either roorn air or outdoor air may be used as the test air saurce. Relative humidity shall be less than 65 %|for
the KCI efficiency measurement and less than 75 % in.the other tests. The exhaust flow may be discharged
outdoors, ihdoors or recirculated.

NOTE Requirements on certain measuring equipment can impose limits on the temperature of the test air.

Filtration of the exhaust flow is recommended-when test aerosol, loading dust or odours from the filter can|be
present.

6.2 Testrig

The test rig (see Figure 1) shall-consist of several square duct sections with 610 mm x 610 mm (24 in x 24{in)
nominal inher dimensions-except for the section where the filter is installed. This section shall have nominal
inner dimensions between*616 mm (24,25 in) and 622 mm (24,50 in). The length of this duct section shall[be
at least 1,1 times the length of the filter, with a minimum length of 1 m (39,4 in).

The duct material_shall be electrically conductive and electrically grounded, and shall have a smooth intefior
finish and |pbe/sufficiently rigid to maintain its shape at the operating pressure. Smaller parts of the test duct
could be made in glass or plastic in order to make the filter and equipment visible. Provision of windowg to
allow monitoring of test progress is desirable.

High-efficiency filters shall be placed upstream of section 1, as indicated in Figure 1, in which the aerosol for
efficiency testing is dispersed and mixed to create a uniform concentration upstream of the filter.

Section 2 includes in the upstream section the mixing orifice (3) in the centre of which the dust feeder
discharge nozzle is located. Downstream of the dust feeder is a perforated plate (11) intended to achieve a
uniform dust distribution. In the last third of this duct section is the upstream aerosol sample head. For dust
loading tests, this sampling head shall be blanked off or removed.

To avoid turbulence, the mixing orifice and the perforated plate should be removed during the efficiency test.
To avoid systematic error, removal of these items during pressure drop measurements is recommended.

6 © 1SO 2009 — All rights reserved
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Section 5 may be used for both efficiency and dust loading measurements and is fitted with a final filter for the
loading test and with the downstream sampling head for the efficiency test. Section 5 could also be duplicated,

allowing one part to be used for the loading test and the other for the efficiency test.

The test rig can be operated in either a negative or positive pressure air flow arrangement. In the case of

positive pressure operation (i.e. the fan upstream of the test rig), the test aerosol and loading dust
into the laboratory, while at negative pressure particles could leak into the test system and affect t
of measured particles. These possible air leaks shall be located and sealed prior to filter testing.

could leak
he number

The dimensions of the test rig and the position of the pressure taps are shown in Figure 2. Additional duct

details_are shown in I:igllrn 3

The pressure drop of the tested filter shall be measured using static pressure taps located-as
Fidgure 3. Pressure taps shall be provided at four points over the periphery of the duct and connectg
by fa ring line.

The entry plenum and the relative location of high-efficiency filters and aerosol injections are discref
a bend in the duct is optional, thereby allowing both straight duct and U-shaped duct configurations.
thg bend itself, all dimensions and components are the same for straight and“U-shaped config
doynstream mixing baffle shall be included in the duct after the bend, whose)purpose is to straigh
flov and mix any aerosol that is downstream of the bend.

6.3 DEHS test aerosol generation

The test aerosol shall consist of untreated and undiluted DEHS, or other aerosols in accordance
test aerosol of DEHS (DiEthylHexylSebacate) produced by.a'Laskin nozzle aerosol generator is W
in the performance testing of high-efficiency filters.

Fig
liqy
La
the
0,9
0,3

ure 4 gives an example of a system for generating the aerosol. It consists of a small container
id and a Laskin nozzle. The aerosol is genérated by feeding compressed particle-free air t
bkin nozzle. The atomized droplets are then_directly introduced into the test rig. The pressure ang
nozzle are varied according to the test\flow and the required aerosol concentration. For a t
44 m3/s (2 000 ft3/min), the pressure-is-about 17 kPa (2,5 Ib/in2), corresponding to an air flo
9 dm3/s [1,4 m3/h (0,82 ft3/min)] through the nozzle.

An
1,0

y other generator capable ofpreducing droplets in sufficient concentrations in the size range o
Um may be used.

Be
bel

ore testing, regulate_the ‘upstream concentration so as to reach steady state and obtain a co
ow the coincidence.lével of the particle counter.

shown in
d together

ionary and
Except for
irations. A
len out the

with 8.2. A
idely used

vith DEHS
hrough the
air flow to
est flow of
v of about

0,3 um to

ncentration
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dustin
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ction including the filter to be tested
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ection nozzle

ction of the test rig (entry plenum)

Figureyt — Test rig — Schematic diagram

P

Dimensions in millimefres

$305

(=} ~N =
— 5 |3 JES =
m] [m] =
|
] 150 350 =1 830 305
21220 [305) | 150 6100 | 21220 |
21830 | =1000| | =2 130 150

Figure 2 — Test rig dimensions
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Dimensions in millimetres

B 610 .
305 150 g* o
Y I e N Y e
3
A \Y
i 1,5
) > N 1
610 C 610
A A
s7°
=
~ ~
¢ \
610 - W 610 - W \
2 W -~ 2 NP 5
W
Key
1 | mixing orifice
2 | perforated plate with'¥ (152 + 2) mm and 40 % open area
3 | pressure tap.
4 | transition.duct — test filter smaller than duct
5 | transition. duct — test filter larger than duct
L | length
w width

Figure 3 — Test duct component details
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Dimensions in millimetres
®10

| |
A

@8

e

®16

A

Key
1 Laskin|nozzle
test agrosol (for instance DEHS)

hole, four of & 1,0 mm, 90° apart, vis a vis hole top edge and just touching the bottom of the collar

A O DN

hole, four of & 2,0 mm next to tube, in line with radial holes

a Particl¢-free air [pressure aprox. 17 kPa (2,5 Ib/in?)].

b Aerosql to test rig.

Figure 4=—"DEHS particle generation system

6.4 KCl|test aerosol generation

The test aprosol shall comprise solid-phase dry potassium chloride (KCI) in particulate form, generated from
an aqueous solution.

The aeros¢l is generated by nebulizing an aqueous KCI solution with an external mixing air atomizing nozzle,
as shown|in Figure 5. Operate the spray nozzle at a relatively low air pressure to keep the particle
concentratjonsin' the duct below the coincidence error concentration limit of the particle counter.

Position the nozzle at the top of a 305 mm (12 in) diameter, 1 300 mm (51 in) high transparent acrylic spray
tower. This high tower serves two purposes: it allows the salt droplets to dry by providing an approximately
40 s mean residence time and larger-sized particles to fall out of the aerosol.

Use an aerosol neutralizer to reduce the charge level on the aerosol until the level is equivalent to a
Boltzmann charge distribution, the average charge found in ambient air. Electrostatic charging is an
unavoidable consequence of most aerosol generation methods.

Inject the aerosol in the entry plenum counter to the air flow in order to improve the mixing of the aerosol with
the airstream.

10 © 1SO 2009 — All rights reserved
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Prepare the KCI solution by combining 300 g of KCI with 1 kg of distilled water. Feed the solution to the
atomizing nozzle at 1,2 ml/min by a metering pump. Varying the operating air pressure of the generator allows
control of the challenge aerosol concentration.

—y
- 5 j’(
T

!
(€10
(@10
-

8

S

Key

1 air control panel (rotometers with needle valve and outlet pressure gauge)
2 | 99,97 % efficiency filters (0,3 um)

3 | atomizing air — 0,000 5 m3/s (1 ft3/min)xhominal (adjusted speed)

4 | air atomizing nozzle

5 | spray tower — 305 mm (12 ip)diameter, 1 300 mm (51 in) height

6 | metering pump 1,2 ml/miny 30 % mass fraction KCI in water (solution)

7 | aerosol charger neutralizer

8 | disk — 152 mm (6-in) outer diameter — to create turbulence in airstream and mix aerosol
9 | drying air —0/001 9 m3/s (4 ft3/min)

10| tube — 38ymm (1,5 in) inner diameter — with outlet towards airstream

[V

Clean, dry compressed air source.

Figure 5 — KCI particle generator system — Schematic diagram
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6.5 Aerosol sampling system

In the aerosol sampling system, two sample lines of equal length and equivalent geometry (bends and straight
lengths) shall connect the upstream and downstream sampling heads to the particle counter. The sample
tubes shall be electrically conducting or have a high dielectric constant. The tubing shall have a smooth inside
surface (steel, tygon, etc.).

Tapered sampling probes shall be placed in the centre of the upstream and downstream measuring sections.
The sampling heads shall be centrally located with the inlet tip facing the inlet of the rig parallel to the air flow.
The sampling shall be isokinetic within 10 % at a test flow rate of 0,944 m3/s (2 000 ft3/min).

Three onetway valves shall be used to make it possible to sample the aerosol upstream or downstream of the
filter undef test, or to have a “blank” suction through a high-efficiency filter. These valves shall _bé Of a
straight-thqough design. Due to possible particle losses from the sampling system, the first measurement after
a valve is gwitched should be ignored.

The flow rate can be maintained by the pump in the counter in the case of a particle counter with a high flow
rate [e.g. 0,47 x 103 m3/s (1 ft3/min)] or by an auxiliary pump in the case of a counter With smaller sample
flow rates| The exhaust line (to the pump) shall then be fitted with an isokinetic sanipling nozzle dire¢tly
connected|to the particle counter to achieve isokinetic conditions within a tolerance of.x 10 %.

Particle logses will occur in the test duct, aerosol transport lines and particle counter. Minimization of particle
losses is desirable because a smaller number of counted particles will meandarger statistical errors and tius
less accufate results. The influence of particle losses on the result_is’ minimized if the upstream and
downstream sampling losses are made as nearly equal as possible.

Figure 6 shhows an example of an aerosol sampling system.

1

-
1 4_
3 5
5
617

Key
1 filter

high-effictency-fitter{etean—air)
valve, upstream

valve, clean air

valve, downstream

computer

particle counter

o N OO g »~ WN

pump

Figure 6 — Aerosol sampling system — Schematic diagram
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6.6 Flow measurement
Flow measurement shall be made using standardized flow measuring devices in accordance with ISO 5167-1.
EXAMPLE Orifice plates, nozzles, Venturi tubes.

The uncertainty of measurement shall not exceed 5 % of the measured value at 95 % confidence level.

6.7 Particle counter

of at least
e counting
e size and

Thi{s method requires aving a particle size range
0,3 um to 5,5 ym or two counters covering the size range 0,3 ym to 1,2 ym and 1 um to 5,5 ym~Th
efficiency shall be (50 = 20) % for calibration particles with a size close to the minimum detectabl
(140 + 10) % for calibration particles 1,5 to 2 times larger than the minimum detectable particl€ size| Each size
rarjge shall be divided into at least five size classes, the boundaries of which should” be apgroximately
equiidistant on a logarithmic scale. If a single counter is used to cover the entire size-range, a minimum of
eight size classes are required.

The number of particle size measurements will enable the user to generate.a curve of efficiency
sizg data covering at least the 0,3 um to 5,5 ym particle size range. The efficiency can then be cal

is. particle
culated (by

Th

rpolation) for any given geometric particle size, for example 0,4 um, 1"ym, 1,5 um, 2,5 ym and 5

b efficiency measurements may be made with one particle counhter sampling sequentially upg

um.

tream and

doynstream or performed with two particle counters samplingy'simultaneously. If two particle cqunters are
used, they shall be closely matched in design and sampling floew'rate.

Clguse 7 contains further information and details about the calibration and operation of an OPC uged for this
testt.

An|example of how a single or dual particle counter’system might be configured is given by Table 1

6.§ Differential pressure-measuring equipment

Megasurements of pressure drop shallbe taken between measuring points located in the duct wall as shown in

Fig

pe

Th

ac
ac

6.9

T

h
tes
Fig

ure 2. Each measuring point shall comprise four interconnected static taps equally distributed
iphery of the duct cross-section.

=}

C

pressure-measuring~equipment used shall be capable of measuring pressure differencd

uracy shall be + 89 of the measured value.

Dust feeder

t period. The general design of the dust feeder and its critical dimensions are as shown an

around the

s with an

uracy of + 2 Pa (£ 0,01in WG) in the range 0 Pa to 70 Pa (0,28 in WG). Above 70 Pa (0,28 in WG), the

b purpose of the dust feeder is to supply the synthetic dust to the filter under test at a constant rate over the

d given in

ures 7 and 8. Any dust feeder may be chosen as long as it gives the same test result as the des

cribed dust

feeder.

The angle between the dust pickup tube and dust feed tray is 90° as shown in Figure 7 but could be less in
real application. A certain mass of dust previously weighed is loaded into the mobile dust feeder tray. The tray
moves at a uniform speed and the dust is taken up by a paddle wheel and carried to the slot of the dust pickup
tube of the ejector.

The ejector disperses the dust with compressed air and directs it into the test rig through the dust feed tube.
The dust injection nozzle shall be positioned at the entrance of duct section 2 (see Figure 1) and be collinear
with the duct centre line.
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Backflow of air through the pickup tube from the positive duct pressure shall be prevented when the feeder is
not in use.

Table 1 — Dual/single particle counter system configuration — Examples

Dual counter example

Channel Geometric mean

Class boundaries | diameter of range
pum pm

Gounter-i—finerange

Class 1 0,3-0,4 0,35
Class 2 0,4-0,52 0,46
Class 3 0,52-0,7 0,6
Class 4 0,7-0,9 0,8
Class 5 0,9-1,2 1,0

Counter 2, coarse range

Class 1 1,0-1,4 1,2
Class 2 1,4-2,0 1,7
Class 3 2,0-2,8 24
Class 4 2,8-4,0 3,4
Class 5 4,0-5,5 47

Single counter example

Channel Geometric mean
Class boundaries | diameter of range
um pm

Complete range

Class 1 0,3-0,45 0,4
Class 2 0,45-0,65 0,5
Class 3 0,65-1,0 0,8
Class 4 1,0-1,5 1,2
Class 5 1,5-2,2 1,8
Class 6 2,2-3,0 2,6
Class 7 3,04,0 3.5
Class 8 4,0-5,5 4,7

The degree of dust dispersion by the feeder is dependent on the characteristics of the compressed air, the
geometry of the aspirator assembly and the rate of air flow through the aspirator. The aspirator Venturi is
subject to wear from the aspirated dust and will become enlarged with use. Its dimension shall be monitored
periodically to ensure that the tolerances shown in Figure 8 are met.

The gauge pressure on the air line to the Venturi, corresponding to an air flow of the dust-feeder pipe of

6,8 x 103 m3/s + 0,24 x 103 m3/s (14,5 ft3/min + 0,5 ft3/min), shall be measured periodically for different
static pressures in the duct. See 7.12 for qualification requirements of the dust feeder.
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Dimensions in millimetres

H——2
3
~ I T II=|<— 4
‘_7
%
7
—5
6
8
| —3 \
k  J A \.
< <4 | Y o -~ N
m ~ (=) (=)
4512
Key
1 | thin-wall galvanised conduit
2 | Venturi ejector
3 | ejector
4 | dry compressed air feed
5 | dust pickup tube (0,25 mm fromdust feed tray)
6 dust paddle wheel — & 88,9, mm (outer dimension), 114,3 mm long with 60 teeth 5 mm deep
7 | teethin paddle wheel (60, teeth)
8 | dust feed tray
9 | 150 W infraredsreflector lamp

a Dust feedtube to inlet of test duct.

Figure 7 — Dust feeder assembly — Critical dimensions
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Dimensions in millimetres
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a) Dust pickup tube b) Ejector
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" 6L 5 . 25,4
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c) Venturi ejector
Tolerances: for integers + 0,8 mm
for decimals + 0,03 mm

Figure 8 — Ejector, Venturi ejector and pickup details for the dust feeder
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Qualification of test rig and apparatus

General

ISO/TS 21220:2009(E)

A summary of the qualification requirements and frequency of maintenance is given in 7.15 and 7.16.

7.2 Air velocity uniformity in the test duct

The uniformity of the air velocity in the test duct shall be determined by measuring the velocity at nine points,
located as in Figure 9, immediately upstream of the test filter section, without the test filter and the mixing

de
res

Me
3

Fo
be
val

Th

wh

olution of 0,05 m/s (10 ft/min).

— when measuring the velocities.

shall be less than 10 % at each air flow!

610

asurements shall be conducted at 0,25 m3/s (530 ft3/min), 0,944 m3/s (2 000 ft3/min) an
178 ft3/min). It is important that no significant disturbance of the air flow occur — fronT)instrument,
etq.

each measurement, a sample time of at least 15 s shall be used. An averagé-of three measurer
calculated for each of the nine points and the mean and the standard deviation calculated from
ues.
e coefficient of variation, Cy;, shall be calculated as follows:

Cy = o

Ymean

ere

1) is the standard deviation of the nine measuring points;

Vmean IS the velocity mean value of the nine'measuring points.

Dimensions ir

A

Y

610
O
O

fCe. Measurements shattbe made usulg A nstrommeTnt ||3V|I|g dlmT accuracy of = t0~% and—a minimum

i 1,5m3/s
operator,

nents shall
these nine

(1)

millimetres

O O

O

Figure 9 — Air velocity and aerosol uniformity —
Sampling points for measuring uniformity of air velocity and aerosol dispersion
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7.3 Aerosol uniformity in the test duct

The uniformity of the challenge aerosol (DEHS and KCI) in the test duct shall be determined by
measurements at nine points immediately upstream of the filter (see Figure 9). The mixing device should be
removed during qualification testing. The measurement can be carried out using a single probe that can be
repositioned. The probe shall be of the same shape as the probe used in the efficiency test and have an
appropriate entrance diameter to obtain isokinetic sampling within 10 % at 0,944 m3/s (2 000 ft3/min). The
same probe and sample flow shall be used at test duct flows of 0,25 m3/s (530 ft3/min), 0,944 m3/s
(2 000 ft3/min) and 1,5 m3/s (3 178 ft3/min). The sampling line shall be as short as possible so as to minimize
sampling losses and shall also be of the same diameter as the one used in the efficiency test.

The aerodol concentration shall be measured with a particle counter meeting the requirements afythis
Technical Bpecification. The number of particles counted in all specified size ranges in a single measurement
should be greater than 500 in order to reduce the statistical error.

Take a sample successively at each measuring point. Repeat this procedure until five samples from each
measuring| point are obtained. Average the five values for each point for all size ranges of the.particle counter
and calculate the coefficient of variation for each for size range i, as follows:

The coeffigient of variation, C,, shall be calculated as follows:

O

_ i
CV[ i Cmean,i (2)
where
0; is the standard deviation of the nine measuring points for size range i;
Crnearl; is the mean value of the nine measuring points\for size range i.

Cy; shall b less than 15 % for 0,25 m3/s (530 ft3/min),-0,944 m3/s (2 000 ft3/min) and 1,5 m3/s (3 178 ft3/min).

7.4 Particle counter sizing accuracy

Optical pafticle counters (OPCs) measure the” particle concentration and the equivalent optical particle size.
The indicajed particle size is strongly dependent on the calibration of the OPC.

To avoid effects caused by different aerodynamic, optical and electronic systems of various types of OFC,
measuremients both upstream and)downstream of the filter shall be made using either one instrument or {wo
identical instruments.

The OPC shall be calibrated prior to initial system start-up and thereafter at regular intervals of not longer than
one year gnd shall have-a valid calibration certificate. The calibration of the OPC shall be carried out by the
OPC manufacturer.er any similarly qualified organization according to established standardized procedufes
(see, for example, SO 21501-4, ISO 21501-1, IEST-RP-CC014, ASTM-F328 or ASTM-F649) with polystyrgne

microsphefes’(RPSL) in single dispersion, having a refractive index of 1,59. The calibration shall be perfornjed
on at least fhree channels of the OPC in each of the two measuring ranges 0,3 ym to 1,2 ym and 1 uS:] to

5,5 um.

The first size range, 0,3 ym to 1,2 um, shall include the channels containing 0,3 um and 1 ym, and the second
size range, 1 um to 5,5 ym, shall include the channels containing 1 ym and 5 ym. One counter for each size
range can be used or one counter for both size ranges.

It is good practice to check the sizing accuracy of the particle counter on a regular basis, such as at the start
of every working day. This quick calibration check will help the operator discover potential measurement
problems prior to running the filter test. By generating an aerosol of a known size of polystyrene microspheres
and verifying that these particles appear in the corresponding size class(es) of the OPC, the user can quickly
verify the accuracy of the sizing capabilities of the equipment. Checks with polystyrene microspheres at the
low and high ends of the particle size range(s) are especially meaningful.
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The sampling air flow of the OPC shall be calibrated to be within +5 % of the OPC's rated air flow, in
compliance with a single established standardized procedure (e.g. IEST-RP-CC014).

7.5 Particle counter zero test

The count rate shall be verified as having less than 10 total counts per minute in the 0,3 ym to 5,5 ym size
range when operating using a high-efficiency filter (> 99,97 % of 0,3 ym particles) directly attached to the
sampling nozzle inlet. This also includes the sampling system.

(@)

ne
sh
ex

If t
ae

samples via the dilution system in order to eliminate errors arising from (uncertainty in the diluti

val

Eit

C can underestimate particle concentrations if their concentration limit (CL) is exceeded~The
essary to know the CL of the OPC being used. The maximum aerosol concentration' used i
uld then be kept sufficiently below the CL so that the counting error resulting from coincidenc
eed 5 %. The operation of OPC above their CL will cause efficiency results to be lower'than in re

ne upstream concentration in the test duct cannot be reduced, a dilution system may be used to
osol concentrations to below the OPC's CL. It is then necessary to take upstream and d

Lie.

ner one or the other of the following two procedures may be used,to-determine whether the data

efore, it is
h the tests
e does not
ality.

reduce the

bwnstream
on factor's

values are

influenced by coincidence errors. Procedure b) is the more reliable of the two options and is th¢refore the

reqjommended procedure.

a) | The efficiency of a reference filter shall be measured at.different concentrations. At a concentrgtion above
the OPC's CL, efficiency starts to decrease.

b) [ An upstream particle concentration distribution“shall be measured. Afterward, the concentration shall be
uniformly reduced or diluted (this can be doene by a known or an unknown factor) and the measjurement of
the particle concentration distribution repeated. If the shape of the latter particle size distribytion curve
shifts towards smaller particles, this\is. a clear sign that the former concentration was highgr than the
OPC's CL. If the factor for concentration reduction or dilution is known, this factor should be foynd in each
size class of the OPC, between the two concentration measurements.

Cohcentration reduction can be achieved by reducing the aerosol generator's output. Concentratfon dilution

cam be achieved by a dilution system in the sampling line of the OPC.

7.7 100 % efficiency test

The purpose of thistest is to ensure that the test duct and sampling system are capable of providing a 100 %
efficiency measurement. The test shall be made using a high-efficiency filter as the test device| using the
notmal testprocedure for determination of efficiency. The test shall be performed at an air flow of p,944 m3/s
(2 POO ft3/min). The efficiency shall be greater than 99 % for all particle sizes.

7.8 _Zero % efficiency test

The zero % efficiency test is a test of the accuracy of the overall duct, sampling, measurement and aerosol
generation systems. The test shall be performed as a normal efficiency test but without a test filter installed.
The test air flow shall be 0,944 m3/s (2 000 ft3/min). Two tests shall be performed according to standard test
procedure and the calculated zero efficiency shall meet the following criteria:

(0 £ 3) % for particle sizes < 1,0 ym;

(0 £ 7) % for particle sizes > 1,0 um.

The total number of counted particles for each size shall be greater than 500 in order to limit the statistical
error.
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7.9 Aerosol generator response time

To ensure that sufficient time is allowed for the concentration to stabilize before performing any tests,
measure the time taken for the aerosol concentration to go from background level to steady-state test level.

Start the aerosol generator and record the time interval for the concentration to stabilize to a steady-state

condition. The time interval shall be used as a minimum delay time before starting a test sequence according
to this Technical Specification.

7.10 Correlation ratio

The correIJation ratio, R, shall be used to correct for any bias between the upstream and downstream sampling
systems. If the zero % efficiency test fails but the correlation ratio limits are within the requirements-set ouf in
7.15, the cprrelation ratio correction shall be used to continue the test. If efficiency is outside the limits; the test
shall not bg allowed.

The correlgition ratio shall be established from the ratio of downstream to upstream particle counts without the
test devicg installed in the test duct and before testing an air cleaner. The test shallbe performed at the
airflow ratg of the test filter. The general equation for R as used in this Technical Specification is

N
R=1d @)
N u
where
N4 igthe number of particles downstream of the filter;

N,

y g the number of particles upstream of the filter.

The particle generator shall be on, but without a test-device in place. Upstream and downstream sampling
times shall| be the same during this test. The aerosol‘used shall be the same as the aerosol to be used to fest
the filters (DEHS or KCI). The data from the zero efficiency test may be used for this calculation.
Calculate the average upstream count, N_u and average downstream count, N_d, for each particle dize
channel i:

2 Ny

N _l=on 4
T v (4)
Z Ng,
N, ===
d N

where N is|the,number of points. Then calculate the correlation ratio for each particle size channel i:

_Ng
Ri=~ (5)

7.11 Pressure drop checking
All equipment for pressure drop readings shall meet the requirements given in 7.15.
This test is used to verify that leaks in the equipment for pressure drop readings, instrument lines, etc. do not

significantly affect the accuracy of the measurements of air flow or pressure drop. The test may be made by
calibrated devices or by the system specified below.
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Seal the pressure sample points in the test duct carefully. Disconnect the pressure drop meter. Pressurize the
tubes with a constant negative pressure of 5 000 Pa (20 in WG). Check all sampling lines in this manner (see
Figure 10). No changes in pressure are allowed.

Pressurize the pressure drop measuring equipment at the maximum permitted pressure according to the
instrument specification. The procedure shall be carried out sequentially on both positive and negative
pressure lines. No changes in pressure are permitted on either inlet.

Additionally, a perforated plate (or other reference) having known pressure drops at 0,5 m3/s, 0,75 m3/s,
0,944 m3/s and 1,5m3/s (1060 ft3/min, 1590 ft3/min, 2 000 ft3/min and 3 178 ft3/min) may be used for

pericdic checks on the pressure drop measurement system
Ll

D

Key
1 sealed pressure inlet
2 | test device section

Ap| 5000 Pa

Figure 10 — Pressure line test

7.12 Dust feeder air flow rate

T

=2

b purpose of this testiis-to verify that the air flow rate for the dust feeder is correct.

The aspirator Venturi-is subject to wear from the dust and compressed air and will thereby become enlarged.
It is therefore_imaportant periodically to monitor the air flow rate from the dust feeder. The flow shall be
(6,8 x 1073),m3/s + (0,24 x 10-3) m3/s (14,5 ft3/min + 0,5 ft3/min). This air flow is determined as shown in
Figure 11.
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Key
1 dust feder

plenunh with minimum volume of 0,25 m3 (8,8 ft3)
high-efficiency filter (minimum 99,97 % at 0,3 ym)
flow mgtering device

fan

o a0 A W N

pressure drop measurement device?

a8  The differential pressure should be zero.

Figure 11 — Dust feeder air flow rate

7.13 Reférence filter check

For each {est duct a minimum of three ddentical reference filters shall be maintained by the testing facllity
solely for ipitial efficiency testing on a-bisweekly basis; these filters shall not be exposed to dust loading. The
three filters shall be labelled “primary*““secondary” and “reserve”. The primary filter shall be checked every
two weekd. If the filtration efficiencyvalues shift by more than five percentage points for any of the particle
sizing chamnels, the secondaryfilter shall be tested. If both primary and secondary filters show shifts of mpre
than five percentage points forany of the particle sizing channels, the particle counter shall be recalibrated or
other system maintenance)performed as needed (e.g. clean sample lines) to restore the reference filter
efficiency fest so that a‘less than 5 percentage point shift occurs. The reserve filter shall be used if either the

primary or|secondarpy-filter becomes unusable (e.g. damaged).

The measpred pressure drop across the reference filter shall be within 10 % of the reference value. If the
pressure drop.deviates by more than 10 %, system maintenance shall be performed to restore the presspre
drop to be within 10 % of the reference value

The reference filter tests shall be performed at 0,944 m3/s (2 000 ft3/min) and the efficiency of the reference
filter shall have an approximately 20 %, 50 % and 90 % efficiency for 0,4 um, 1 ym and 3 pm particles
respectively.

Immediately after calibration of the particle counter, retest each of the reference filters (or a new set of filters)
to establish new filtration efficiency and pressure drop reference values.

When either the primary or secondary filtration efficiency values shift by more than five percentage points for
any of the particle sizing channels, and either the secondary or reserve filter does not, the primary and/or
secondary filter shall be replaced with an identical filter or filters; if available, a new set of identical filters shall
be obtained.
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7.14 Activity of the aerosol neutralizer

The activity of the radiation source within the aerosol neutralizer shall be confirmed by use of an appropriate
radiation detection device. The measurement may be relative (as opposed to absolute) but shall be adequate
to indicate the presence of an active source and shall be capable of being performed in a repeatable manner.

The measurement shall be repeated annually and compared to prior measurements to determine if a
decrease in activity has occurred. Replace neutralizers showing a lack of activity in accordance with the
manufacturers’ recommendations.

erena-diseharg : i i iz : i radioactive
rce described in 6.4.
7.15 Summary of qualification requirements
Seg Table 2.
Table 2 — Summary of qualification requirements
Parameter Subclause Requirement

Aifl velocity uniformity 7.2 C\, (coefficient of variation) < 10 %
Adrosol uniformity 7.3 C\, (coefficient.of variation) < 15 %
Pdrticle counter sizing accuracy 7.4 According t@ manufacturer's valid calibration certifigate
Pdrticle counter — overload test 7.6 No overloading
P3rticle counter zero test 7.5 < M0¢ounts per minute in size range 0,2 pm to 5 pm
10P % efficiency test 7.7 >99 %
Zero % efficiency test 7.8 Sizes: < 1,0 ym: +3%

> 1,0 ym: +7%
Cqrrelation ratio 7.10 Sizes: >0,3t0 1,0 ym: +10 %

>1,0to 3,0 ym: +20 %

> 3,0 um: +30 %
Adrosol generator response time 7.9 As measured.
Manometer calibration 711 Sizerange: (0 Pato70Pa)+2Pa

[(0 to 0,28 in WG) + 0,01 in WG]
> 70 Pa (0,28 in WG) + 3 % of measyred value
Prgssure drop test 7.11 No detectable leaks.
DJst feeder air flow rate 7.12 6,8 x 1073 m3/s + 0,24 10~3 m3/s
(14,5 t3/min + 0,5 ft3/min)

Rdference filter check 713 < 10 % shift in efficiency in each size channel
Adtivity of the aerosol neutralizer 714 As specified by the manufacturer
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7.16 Apparatus maintenance

See Table

3.

Table 3 — Frequency of maintenance

) ) _ Bi- After any change
Maintenance item Subclause Daily Monthly annually Annually that might alter
performance
Test duct
Air velocity|uniformity 7.2 X
Aerosol unfformity 7.3 X
100 % effidency test 7.7 X X
Zero % efficiency test 7.8 X X
Pressure dfop test 7.1 X X
Instrument
Aerosol geperator response time 7.9 X X
Manometer calibration 7.11 X X
Particle coyinter — sizing 7.4 x4 X X
accuracy
Particle couimter — overload test 7.6 X
Particle comlmter — zero test 7.5 X X
Dust feedef air flow rate 712 X X
Reference filter check 7.13 Every X
two weeks
Activity of the aerosol neutralizer 714 X X

Regular clg

aning of all equipment should be undertaken to maintain test system performance.

a8 ltis gog

microspher

at the low and high ends-of-the particle size range(s) are especially meaningful.

d practice to check the sizing accuracy. 'of the particle counter on a regular basis, such as at the start of every day or a n
test. This qyick calibration check will help thé operator discover potential measurement problems prior to running the filter test.
generating gn aerosol of a known size of polystyrene microspheres and verifying that these particles appear in the corresponding S
class(es) of the OPC(s) the user can quiekly verify the accuracy of the sizing capabilities of the equipment. Checks with polystyrg

ew
By
ize
ne

8 Test

8.1 Tes

Room air

materials

air

high-efficiency filters to obtain a test air free of background particles. The test conditions shall be in
accordance with 6.1. The exhaust flow may be discharged outdoors, indoors or recirculated. Filtration of the
exhaust flow is recommended when test aerosol and loading dust could be present.

The compressed air for the dust feeder shall be dry, clean and free from oil.

8.2 Test aerosol

Filters with 0,4 um initial efficiency and/or conditioned efficiency > 20 % on DEHS particles shall be tested
against DEHS particles from 0,3 um to 1,2 ym, while filters with an initial efficiency of less than 20 % shall be
tested against KClI particles in the size range 1 pm to 5,5 um.

24
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8.2.1 DEHS test aerosol

8.2.1.1 General

Test liquid aerosol of DEHS produced by a Laskin nozzle arrangement is widely used in the testing of
high-efficiency filters. DEHS is the same as DES Di(2-ethylhexyl) Sebacate or Bis (2-ethylhexyl) Sebacate.

The DEHS aerosol shall be used untreated and introduced directly into the test rig. The aerodynamic,
geometric and light scattering sizes are close to each other when measured with OPC.

8.21.2 DEHS/DES/DOS — Formula
The chemical formula is the following:

CygH500,4 or CH5(CH,5)3CH(C,H5)CH,O0C(CH,)sCOOCH,CH(C,Hg)(CH5)3CH4

8.2.1.3 DEHS properties

The DEHS properties are as follows:
Density 912 kg/m3 (57 Ib/ft3)
Melting point 225K
Boiling point 529 K
Flash point >473 K
Vapour pressure 1,9 uPa(1,9 x 1078 Pa) (7,6 x 109 in WG) at 273 K
Refractive index 15450 at 600 N-m wavelength
Dynamic viscosity 0,022 Pa-s (0,015 Ib/ft's) to 0,024 Pa's (0,016 Ib/ft-s)

CAS (chemical abstracts) nufmber 122-62-3
The test aerosol of PAO([FPolyalphaolefins (CAS number 68649-12-7)] produced by a Laskin nozzle

arrangement is also used for testing of high-efficiency filters and can be used as an alternative to DEHS (see
ISO 14644-3, JIS Z 890or JACA No. 37-2001).

8.2.2 KCI testaerosol

The KCI testaerosol shall be solid-phase potassium chloride particles generated from an aqueous golution by
airjatomizing spray nozzles according to 6.4.

The ‘aerodynamic, geometric and light scattering sizes differ from one another when measured with optical
particle counters.

8.3 Loading dust

8.3.1 General

Two types of loading dust are used: fine test dust according to ISO 12103-1, for loading of filters using the fine
dust method (9.6.1), and ASHRAE dust for the filters tested by the coarse method (9.6.2).
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8.3.2 Fine loading dust (ISO 12103-A2)

The loading test dust classified as fine according to ISO 12103-1, identified as ISO 12103-A2, consists mainly
of silica particles with the size distribution given in Table 4.

Table 4 — Size distribution of ISO 12103-A2 loading dust

8.3.3 AS

The ASHH
compositig

— 72%
23 %

— 5%Db

HRAE loading dust

n:

Dy mass carbon black;

mass cotton linters.

8.4 Final filter

The final f

procedure
or lose mo

9 Test

procedure

Size Volume larger than size
um %

T 96,5 1 97,0
2 875 to 895
3 780 to 815
4 70,5 to 745
5 64 to 69
7 54 to 59
10 46 to 50
20 26 to 30
40 9 to 12
80 0 to 05

RAE 52.2 test dust used as the loading dust-for the course dust method is of the follow

by mass test dust, fine, ISO 12103-A2 (see Table 4);

Iter, which capturés any loading dust that passes through the tested filter during the dust load
shall have aninitial efficiency of > 75 % with respect to 0,4 um DEHS particles and shall not g
re than one'gram as a result, for example, of humidity variations met during a test cycle.

ing

ing
ain

9.1 General

This clause describes

the sampling

sequence and data analysis

procedures for

sequential

upstream-downstream sampling with one particle counter. The same procedures apply for dual-particle
counter systems with simultaneous upstream-downstream sampling. The data quality requirements for both
single- and dual-particle counter systems are identical.
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Two alternative test procedures are specified. The selection of one or the other depends on the initial
efficiency of the filters and the conditioned efficiency of their media, viz.:

— filters for which both the complete filter and the conditioned medium have an efficiency greater than 20 %
with respect to 0,4 um DEHS particles shall be tested using the fine method (9.6.1);

— filters failing either of the above criteria shall be tested using the coarse method (9.6.2).

See Table 5.
Table 5 — Overview of test procedure and comparison of methods
Si Final test
ize range
Té¢st method Test aerosol Conditioning Loading dust in one step presgure drop,
um Pain WG)
Fine 0,3t01,2 Untreated DEHS |Yes ISO 12103-A2 (140.mg/m3) 375 (115)
(4,0 g/1 000 ft3)
Cdarse 1,0t05,5 Neutralized KCl | Yes ASHRAE (70.mg/m3) 250 (1{0)
(2,0 g/1 000Cft3)

9.2 Preparation of filter to be tested

The filter shall be mounted in accordance with the manufacturer's recommendations and, after efuilibration
with the test air, weighed to the nearest gram. Devices requiring external accessories shall be operated during
the test with accessories having characteristics equivalent to those used in actual practice. The filtef, including
any normal mounting frame, shall be sealed into the duct in a manner that prevents leakage. Th¢ tightness
shall be checked by visual inspection and no visible leaks shall be accepted. If, for any reason, dimgnsions do
nof allow testing of a filter under standard testeonditions, the assembly of two or more filters of the|same type
or Imodel is permitted, provided no leaks occur in the resulting filter. The operating conditions of such
acg¢essory equipment shall be recorded:

9.3 Initial pressure drop

The value of the initial pressure drop shall be recorded at 50 %, 75 %, 100 % and 125 % of the rafed air flow
to establish a curve of pressure drop as a function of the air flow rate. The air flow is reported as| measured
ungler the local condifions. If the air density is not between 1,16 kg/m3 (0,072 4 Ib/ft3) and [1,24 kg/m3
(0,077 4 Ib/ft3), thentthe pressure drop readings shall be corrected to an air density of 1,20 kg/m3 (0,075 Ib/ft3)
in [accordance with) Annex D. This corresponds to standard air conditions: temperature 20 9C (68 °F),
bafometric pressure 101,3 kPa (14,6 Ibf/in2) and relative humidity 50 %.

9.4 Initial efficiency measurement

9.41 -~ General

The initial efficiency of a new untreated filter shall be tested at rated air flow, with the efficiency being
measured according to 9.4.2 for DEHS test aerosol in the size range 0,3 pm to 1,2 um.

Filters with an initial efficiency greater than or equal to 20 % of 0,4 um DEHS particles shall then be tested
using the conditioning test given in 9.5 and dust loaded using the fine method specified in 9.6.1.

Filters that are known to have an initial efficiency of less than 20 % may progress directly to the KCI (1 um to
5,5 um) efficiency and conditioning tests, which shall be performed in accordance with 9.4.2 and 9.5
respectively.

See Table 5 for an overview of the test procedures.
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All filters tested using either the fine or the coarse method shall be tested in accordance with 9.5.

9.4.2 Eff

iciency test

The zero % efficiency test according to 7.8 shall be performed daily or before the start of testing.

The method is the same for filters tested against DEHS particles in the size range 0,3 ym to 1,2 um or KCI
aerosol in the size range 1 um to 5,5 um.

If the zero % efficiency test fails and the limits are within the requirements given in 7.15, the correlation ratio

correction [stratt—be—usedtocontinue—the—test— i the—efficiency s outsidethetimits,thetestsiatr ot  be
accepted.
The efficigncy, E, for a given particle size range (between two particle diameters) shall be calculated|as
follows:
N
E=1}—4 (6)
N R
where
R i the correlation ratio according to 7.10;
Ny igthe number of particles in size range i, downstream of filter;
N, igthe number of particles in size range i, upstream of filter:
The initial pfficiency data versus the size range diameters shall be presented in a table. A graph may also|be

added if required, which shall have its x-axis in logarithmic scale and its y-axis covering the 0 % to 10

range. The

size range diameter or the mean diameter,\d;, is the geometric average of the lower and up

border diameters in size range i:

The aeros
coincidenc
within an 4

The efficid

d| Xdu

ig the lower border diameter.in the size range;

the upper border diameter in the size range.

ol generator{output is adjusted to generate a stable concentration of aerosol within the O
e level requirements and so that the downstream count rate is sufficient for a statistically valid re
cceptabletime scale.

ncy\measurement is made by a series of at least 13 counts of minimum 20 s, conduc

SUCCesSsive

D%
ber

)

PC
sult

ted

ly-dpstream and downstream of the filter under test and with a purge before each count, or v

yith

one intervening sample upstream or downstream without counting, in order to stabilize the concentration of

particles in

the transfer lines.

The counting cycle for size range i will then be as in Table 6.

28

Table 6 — Counting cycle for size range i

Countno. | 1 2 3 4 5 6 7 8 9 (10 [ 11 [ 12 | 13

Upstream N,

ul,i

Nu2,i NuS,i Nu4,i Nu5,i Nu6,i Nu7,i

Downstream Ny Nao,; Na3,; Nya Nys,; Nye,;
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The first single efficiency, £ ,, for size range i shall be calculated as follows:

N e
Eq;=1- = (8)
(Nuh +Nu2,1)Ri
2
where R; is the correlation ratio for size range i according to 7.10.
The 13 measurements give six single efficiency (E; ,..., Eg;) results. The average efficiency, E_l shall be
caleulated-forthe size range - as follows: ' '
— (Eq;+...+Eg;
E,’ _ ( 1 5 6,1) (9)

9.5 Conditioning test

Separate media (samples) of the same identity as the media in the filter used farthe main test shall be tested
acgording to Annex A. Filters found to have an initial 0,4 ym DEHS effigiency of less than 20 % shall be
efficiency tested against the KClI test aerosol (1 um to 5,5 ym). Filters with--an initial efficiency and gonditioned
efficiency equal to or greater than 20 % with respect to 0,4 um DEHS particles shall be tested agdinst DEHS
in the size range 0,3 ym to 1,2 um.

9.6 Dust loading

9.6.1 Fine method

Filters with a 0,4 uym initial efficiency and conditioned efficiency greater than or equal to 20 % of DEHS
patticles shall be tested using this method.

a) | Having measured initial DEHS efficiencies from 0,3 um to 1,2 uym for filters in accordance |with 9.4.2,
measure the conditioned efficiency. in;accordance with Annex A using DEHS aerosol in the range 0,3 ym
to 1,2 ym for the media.

b) | Perform one-step loading«With 1SO 12103-A2 dust (140 mg/m3) (4,0 g/1000 ft3) up to |a 375 Pa
(1,5 in WG) final test pressure drop using the loading procedure specified in 9.6.3 for the filter.

c) | Retest DEHS efficiency after dust loading (loaded DEHS efficiency) as specified in 9.6.4 for theffilter.

9.6.2 Coarse method

Filters with 0,4 um initial DEHS efficiency and/or conditioned DEHS efficiency of less than 20 % shall be
tested using.this method.

a) | Having tested the initial KCI efficiency from 1 ym to 5,5 ym in accordance with 9.4.2 for the filter, carry

out-the r‘nndiﬁnning test in-accordance with Annex A ||eing KCl aerosaol inthe range 1 pm-to 55 pMm for

the media.

b) Perform one-step loading using ASHRAE dust [70 mg/m?3) (2,0 g/1 000 ft3)] up to a 250 Pa (1,0 in WG)
final test pressure drop using the loading procedure specified in 9.6.3 for the filter.

c) Retest KCI efficiency after dust loading (loaded KCI efficiency) as specified in 9.6.4 for the filter.
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9.6.3 Loading procedure

The test rig shall have a final filter installed that is weighed prior to starting the test. Progressively load the test
filter with the standardized test dust (ISO or ASHRAE dust). Weigh dust increments to = 0,1 g and place in the
dust tray. Feed the ASHRAE dust to the filter at a concentration of 70 mg/m3 (2,0 g/1 000 ft3) and the
ISO 12103-A dust at a concentration of 140 mg/m3 (4,0 g/1 000 ft3) until a final test pressure drop is attained.
Reduce the concentration if the recommended final test pressure drop is exceeded. Necessary stops are
allowed (over night, etc.).

Before stopping the dust feeding, brush whatever dust remains in the feeder tray into the dust pickup tube so
that it is entrai i i i i
may also ke estimated by weighing the remaining dust in the feeder. With the test air flow on, re-entrain
synthetic dust in the duct upstream of the filter by the use of a compressed air jet directed obliquely away from
the tested filter.

After reaching the final test pressure drop, stop the test and reweigh the final filter (to at least0,5 g accuracy)
to determine the amount of synthetic dust collected and calculate the arrestance. Any dust deposited in the
duct betwgen the filter and the final filter should be collected with a fine brush and included in the final filter
mass. Thge mass increase indicates the mass of dust that has passed the test filter:\Calculate the average
arrestance, 4,,,, during the dust loading as follows:

Ay = 1"”]100% (f10)
Mot
where
m is the mass of dust passing the filter (the mass gaif of the final filter and the dust in the duct

between the filter and the final filter) up to the final test pressure drop;
myot  |is the total mass of dust fed during the dust loading.

The TDC fpr the final test pressure drop is the difference between m; and m.

9.6.4 Loaded efficiency
The loaded efficiency shall be determined after dust loading the test filter to the final test pressure drop:

— DEHS test aerosol in the sizeyrange 0,3 ym to 1,2 yum and a 375 Pa (1,5 in WG) final test pressure dfop
for filters tested according‘tothe fine method;

— KOCI tgst aerosol in the/size range 1 um to 5,5 ym and a 250 Pa (1,0 in WG) final test pressure drop|for
filters fested according to the coarse method.

Especially [after dust loadings there could be a release of particles (shedding of particles) downstream of the
filter that will influence efficiency. To adjust for that dust migration, the air flow shall be maintained through the
device for PO0-min before testing the efficiency, or for less than 20 min if a re-entrainment of no more than § %
is obtained in each of the parficle size ranges.

At a re-entrainment of more than 5 %, adjust the efficiency by subtracting the released particles from the
downstream count, noting in the test report that the efficiency has been adjusted for release of particles (high
concentrations upstream will reduce the need for this).

Perform the efficiency measurement in accordance with 9.4.2.
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10 Uncertainty calculation of the test results

The uncertainty on the average efficiency as defined corresponds to a two-sided confidence interval of the
average value based on a 95 % confidence level. An upstream sample of no less than 500 particles shall be

counted in evaluated size ranges up to 5 ym, in accordance with ISO 2854, as follows:

E-U<E; <E;+U
1
E; —— > E
)
U=t/ \x—F
E)
v=N-1
—\2
Z(E -E;)
S =
N -1
where
E_i is the average efficiency in size range i;
U is the uncertainty;
E is the calculated single value of the effiGiency in size range i (£, Es...; see 9.4.2);
v is the number of degrees of freedom;

N is the number of calculated single efficiency values, E;;
1) is the standarddeviation.
The uncertainty is calcdlated for each size range i. See Table 7.

Table 7 — Student’s distribution according to ISO 2854

Samples Number of degrees of freedom Uncertainty
N v=N-1 1(1,%)X71ﬁ
4 3 1,591
5 4 1,242
6 5 1,049
7 6 0,925
8 7 0,836
95 % confidence level (« = 0,05).
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(13)

(14)

(15)

t(1_£) is the Student’s distribution,‘depending on the number of degrees of freedom, v (see Table 7);
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11 Test report

11.1 General

The test report shall include an explanation of the test results and a description of the test method and any
deviations from it. The type and identification number of the particle counter used should be reported, as well
as the method of air flow rate measurement. The report shall include the following:

a)
b)
c)

d)

the interpretation of test reports, as detailed in 11.2;

a summary of the results;

measlired efficiencies and their uncertainties;

data gnd results of air flow rate and test pressure drop measurements.

The test rdsults shall be reported using the sample report format presented in Figures 12.and 13 and Tables 8
to 12. Thepe comprise the complete test report and are examples of acceptable presentation. The formag of
the actual [test report need not be the same, but the actual report shall include all-the items included in the

sample tegt report. The legend of each table and graph should also include the following:

11.2 Interpretation of test reports

type of filter;

the number of this Technical Specification;
test nimber;
test agrosol and loading dust;

test aif flow rate.

The follow|ng brief digest shall be included in the test reports and summary reports, following the issued regort

and comprjising a one-page addition of the text sized to fill the page.

32

Interpretation of test reports

This HQrief review of the.\test procedures, including those for addressing the testing of electrostatically
charged filters, is provided for those unfamiliar with ISO/TS 21220 procedures. It is intended to assist in
the understanding and”interpretation of the results in the test report/summary (for further details, con$ult
ISO/TSS 21220).

Many [types:of.air filter rely on the effects of passive static electrical charges on the fibres to achieve high
efficiencies, ‘particularly in the initial stages of their working life. Environmental factors encountered in
servick ¢an affect the action of these electric charges so that the initial efficiency could drop substantially
after an initial period of service. In many cases this is offset or countered by an increase in efficiency
(“‘mechanical efficiency”) as dust deposits build up to form a dust cake. In the later stages of operating life
the efficiency can increase to equal or exceed the initial efficiency. The reported, untreated and
conditioned (discharged) efficiency shows the extent of the electrical charge effect on initial performance
and indicates the level of efficiency reachable when the charge effect is completely removed and there is
not a compensating increase of the mechanical efficiency.

The reported untreated and conditioned (discharged) efficiencies show the extent of the electrical charge
effect on initial performance. It should not be assumed that the measured conditioned (discharged)
efficiency represents real life behaviour. It merely indicates the level of efficiency obtainable with the
charge effect completely removed and with no compensating increase in mechanical efficiency.
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For reasons of consistency, filter efficiencies are measured using artificially generated dust clouds of
synthetic dusts with closely controlled particle size. The test dust selected for testing a given filter

depends on its initial filtration efficiency with respect to 0,4 um liquid droplets.

If this is below (or known to be below) 20 %, the filter will be tested using the “coarse” procedure, in which
the efficiency is determined by challenging it with an aerosol of neutralized KCI particles. The efficiency is

determined within the particle size range 1,0 um to 5,5 um.

If the efficiency of medium samples after treatment to remove the electrostatic charges is equal to or
exceeds (or is known to exceed) 20 %, the complete filter will be tested using the “fine” procedure, in

—which the challenge is a liquid aerosol of DEHS droplets. Efficiency measurements are made

particle size range 0,3 um to 1,2 um.

within the

Samples of media from filters tested using the coarse method are also treated (conditioned) and their

efficiencies before and after treatment determined using the coarser test aerosol (1,0\um to 5,5
The efficiency measurements are repeated after the filter has been loaded with ASHRAE Ig
until the resistance has risen to a value of 250 Pa (1,0 in WG) in the case of-the “coarse” proq
after it has been loaded with ISO 12103-A dust up to a value of 375 Pa (1,5.in WG) for the fine
Test dust capacities measured in this way should not be assummed to simulate real life]
conditions as the properties of dusts encountered in service conditions vary very widely. C

performances and rankings may be established, but it should ,always be borne in mind that
conditions on site will determine the in-service filter performahce.

3 Summary

applicable, the one-page summary section of \the performance report (Figure 12) shall i
pwing:

General:

1) testing organization;

2) date of test;

3) name of test operator;

4) report number;

5) test requested by;

6) name\of supplier of device;

7), \date of receiving the device.

um).

ading dust
edure and
procedure.

operating

bmparative
the actual

hclude the

Manufacturer's data of the tested device:

8) description of the device;

9) type, identification and marking;

10) name of manufacturer;

11) physical description of construction (e.g. pocket filter, number of pockets);

12) dimensions (actual width, height and depth);
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13) type of media with, if possible or available, the
i) identification code (e.g. glass fibre type ABC123, inorganic fibre type 123ABC),
i) effective device area,
iii) total media area in device, and

iv) type and amount of dust adhesive on filter media if feasible;

14) phetegraphs-eoftheairenteringand-airteavingsidesof-the-as—received-device;
15) aglditional information as needed for proper filter identification.
— Test data:
16) tgst air flow rate;
17) tgst air temperature, relative humidity and barometric pressure;
18) tylpe of loading dust and test aerosol;
19) injtial pressure drop and final test pressure drop;
20) pressure drop curve versus air flow rate for clean filter;

21) tgble of initial efficiency, conditioned efficiency and dust loaded efficiency versus particle size:

)] fine method sizes: 0,4 ym, 0,5 ym, 0,7 ym and,1,0 ym
il coarse method sizes: 1,5 ym, 2,5 ym, 3,0.ym and 5,0 um

EKAMPLE Efficiency versus DEHS particles

Efficiency Optical particle size, um
0,4 0,5 0,7 1,0

Filter:
Initial * + * *
Dust loaded + + + +

Media:
Initial * + * *
Conditioned + + + +

22) test dust capacity;
23) arrestance.
— Statement:
24) the results relate only to the tested item;

25) the performance results cannot by themselves be quantitatively applied to predict filter performance
in service.

In the summary report, the results shall be rounded to the nearest integer.
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4 Efficiency

In addition to the summary report, when applicable, the results of the efficiency measurements shall be
reported in tables and as graphs.

Tables:

1) efficiency and uncertainty at each particle size after dust loading to final test pressure
Table 8);
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3) pressure drop and arrestance (see Table 10);

5 Pressure drop and air flow rate
en applicable, all required data and results of the air flow rate and pressure drop me3g
orted in the summary section.

b air flow shall be reported as measured while the pressure drops shall be corrected to an air
0 kg/m3 (0,075 Ib/ft3), if required in accordance with 9.3‘and Annex D.

6 Marking

b filter shall be marked with a type identifying-marking. The following details shall be provided:
name, trade mark or other means of identification of the manufacturer;

type and reference number of thefilter;

number of this Technical Specification;

Class/rating of the filtep per National or Association bodies for classification or rating of air filter
NOTE Classification or rating is not part of this Technical Specification.

flow rate_atwhich the filter has been tested.

ne correct mounting cannot be deduced, marking is necessary for correct fitting in the ventilatior
h”, “direction of flow”).

drop (see

4) efficiency and pressure drop in the conditioning test according to Annex A (see(Tables 11 and 12).

Graphs: initial and dust-loaded efficiency (final test pressure drop) versus particle size (see Figlire 13).

surements

bughout the complete test shall be reported in tabular format. The pressure drop curve for the clean filter is

density of

devices;

duct (e.g.

The marking shall be as clearly visible and as durable as possible.
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ISO/TS 21220:2009 — Air filter test results Fine GCoarse
Testing organization: Report no.:
General
Test no.: Date of test: yyyy-mm-dd Supervisor:
Test requested by: Device reception date: yyyy-mm-dd

Device supplied by:

Device tested

Model: Manufacturer: Construction:
Type of media: Effective filtering area: Actual filter dimensions (W x KHx-D);
Test data
Test air flgw rate: | Test air temp.: | Test air relative humidity: Test aerosol:
%  |Loading dust:

Results
Initial predsure drop: Final test pressure drop: | Arrestance: TDC: Remark:
Efficiency versus DEHS particles
Particle size?
Efficiepcy um
0,4 0,5 0,7 1,0
Filter
Initial + + + +
Dust logded + + + +
Media
Initial + S + +
Conditigned + + + +
@  See the attached interpretation of the test report.

Pressure versus air flow

YA

Key

X air flow

Y  pressure drop

P
|

X

The performance results are only valid for the tested item and cannot by themselves be quantitatively applied
to predict filter performance in service.

Figure 12 — Summary section of performance report
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Table 8 — Initial efficiency and loaded efficiency inclusive of uncertainty

ISO/TS 21220:2009(E)

ISO/TS 21220:2009 — Initial and loaded efficiency including uncertainty
Air filter:
Test no.:
Test aerosol:
Air flow rate:
Efficiency
Particle si
%
pum
Pressure drop and dust fed
Initial Final
pressure
Interval Mean Remarks
Pa (in WG) Pressure Dust
forOg Pa (in WG) g
— + + +
— + + +
— + + +
— + + +
— + + +
— + + +
— + + +
— + * +
— + + +
— + + +
The uncertainty of the measured efficiencies is reported on a 95 % confidence level.
Report any correction of efficiency based on release of particles from the filter.
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Air filter:
Initial and dust-loaded efficiency at final pressure drop

ISO/TS 21220:2009

Air flow rate————————— Firaltestpressore-drop——r

Y A
100
90
80
70
60
50
40 2) Final test pressure drop
30
20
10

0

Efficiency curves

1) Initial

0,1 02 0304 06081 2 3 4 56 810 X

Key
X  particlg size, um

Y efficienjcy, %

Figure-13/— Initial and dust-loaded efficiencies
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Table 9 — Air flow rate and pressure drop of clean filter

ISO/TS 21220:2009 — Air flow rate and pressure drop of clean filter
Air filter:
Test no.:
Air flow rate:
Date Air flow meter Filter
Ty P Apy I r ¢ Pa p ay Ap Ap1,20
°C kPa Pa kg/m3 °C (°F) o kPa kg/m3 | md/s Pa Pa
(°F) (Ibfin?) | (Ibfin?) | (Ib/ft3) ° (inWG) | (Ib/ft3) | (f/min) | (ifW@)) | (in WG)
yyyy-mm-dd Clean filter
Clean filter pressure drop is proportional to (g,)", where n =

p4| absolute air pressure upstream of filter, kPa qy aitflow rate at filter, m3/s (ft3/min)

in W

(in We) 5 5 Apg air flow meter differential pressure, Pa (Ib/in?)

i it t f filter, k Ib/ft
p.| air density upstream of filter, kg/m- (Ib/ft") T temperature upstream of filter, °C (°F)
pg air flow meter static pressure, kPa (Ib/inz) ) . ) ) 3

Apq 20 filter pressure drop at nominal air density of 1,20 kg/m

¢ | relative humidity upstream of filter, % (0,075 Ib/ft3), Pa (in WG)
q,,| mass flow rate, kg/m3 (Ib/ft3) T temperature at air flow meter, °C (°F)
Ap| measured filter pressure drop, Pa (in WG)
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Table 10 — Pressure drop and arrestance after loading to final test pressure drop

ISO/TS 21220:2009 — Pressure drop and arrestance after loading to final test pressure drop

Air filter:

Test no.:

Type of loading dust:

Air flow rate:
Date Apy Am Miot Ap, m my Amg my 4
Pa (in WG) g g Pa (in WG) g g g g %
yyyy-mm-d

d
yyyy-mm-dgd
yyyy-mm-dgd
yyyy-mm-dgd
d
d

yyyy-mm-d
yyyy-mm-d

Mass of tested device

Initial masq of tested device: g

Final mass|of tested device: g

A arrestgnce, %

my dustin duct after device, g

my; cumulative mass of dust fed to filter, g

m4 mass pf final filter before dust increment, g
my  mass pf final filter after dust increment, g

Am dustipcrement, g

Amg mass gain of final filter, g
Ap4 pressIre drop before dust increment; Pa (in WG)

re drop after dust increment, Pa (in WG)

Ap, press
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Table 11 — Efficiency and pressure drop of untreated filter material

ISO/TS 21220:2009 — Efficiency and pressure drop of untreated filter material

Air filter:
Test no.: Test aerosol:
Air flow rate: Media velocity:
Size of material sample:
Particle size, pm Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Average
Efficiency, %
Pressure drop
Interval Mean Pa (in WG)
— + + + + £
— + + + + +
— + + + + +
— + + + 5 +
— + + + + +

The uncertainty of the measured efficiencies is reporteéd 'on a 95 % confidence level

Table 12 — Efficiency and pressure.drop of conditioned filter material

ISP/TS 21220:2009 — Efficiency and pressure drop of treated filter material

Aif filter:
Tgst no.: Test aerosol:
Aif flow rate: Media velocity:

Sike of material sample:

Particle size, ym Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Average
Efficiency, %
Pressure drop

Interval Mean Pa (inWG) | Pa(nWG) | Pa(inWG) | Pa(nWG) | Pa(inWG) | Pp (in WG)

— + + + + +

— + + + + +

— + + + + +

— + + £ + +

— + + + + +

The uncertainty of the measured efficiencies is reported on a 95 % confidence level
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A.1 Ge

Annex A
(normative)

Conditioning test

eral

Certain tyq
flow. Expg
neutralize
the possib

The filter ¢
dependent
importancs
untreated f
has been g

A.2 Tes

A.2.1 Eq

The test m
filter efficie
isopropand
samples h
drying for 2
residual IP

The princip
meter, a fl
fixed to th
representa
the particle
normal aer|

es of filter media rely on electrostatic effects to achieve high efficiencies at low resistanee to
sure to some types of challenge, such as combustion particles, fine particles or oil mist, d
such charges and cause filter performance to suffer. It is important for users of filters 10 be awarg
lity of performance degradation during operational life.

onditioning test as set out in this annex shall be used to determine whether-thefilter efficiency
on the electrostatic removal mechanism and to provide quantitativeinformation about
of the electrostatic removal. This is accomplished by measuring the removal efficiency of

lter material and the corresponding efficiency after the effect of the eleétrostatic removal mechan
liminated or inhibited.

 method

Lipment

ethod is based on standardized treatment with isopropanol (IPA) to evaluate electrostatic influence

air
an
of

is
the
an

on

ncy. First, the efficiency of untreated media samples is measured. Next, the samples are immersed in

I (>99,5 % technical grade). If IPA is reused;*the IPA purity must remain above 99,5 %. After f
bve been wetted by the isopropanol, they«are placed on a flat, inert surface in a fume cupboard
4 h, following which the efficiency measurements are repeated. To verify that the sample is free fr
A, it is purged for 1 h with clean dry airand the efficiency test is repeated.

le of the filter material test equipment is shown in Figure A.1. This system consists of a test duct, a f

Iter
for
om

ow

bw control valve, a (downstream) sampling tube and a manometer. The filter sample to be tested is

e test tube by means of aflange. The test tube also includes a mixing section, which ensu
ive sampling downstrean of the filter. The sampling tubes are connected to the sampling system
size analyser. Air ahd)test aerosol could be taken from the main duct system, which means that
Dbsol generation system can be used.

res
of
the

10
L=10x9 \ 8
e N
4 e
— — —
A NN
Key
1 manometer 5 downstream sampling 9  upstream sampling
2  testduct 6 flow meter 10 upstream duct
3 filter sample 7  flow control L length
4 mixing section 8 fan a8  Aerosol.
Figure A.1 — Filter material test equipment
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The isopropanol treatment is performed using the system shown in Figure A.2. This system includes a vessel for
the isopropanol, as well as flat perforated surfaces on which filter samples are placed for drying. The drying of the
filter samples should take place in a laboratory fume cupboard.

E
\ 2 P 5\

—— L '"4 —————

5S),

— -
2

Key

N

efficiency measurement
filter sample

treatment

isopropanol vessel

fume cupboard

o o A WO N

drying
Figure A.2 -5 Principle of isopropanol test system

A.2.2 Preparation of test samples

A minimum of three media_.samples shall be tested. Representative samples shall be supplied by the qustomer or
selpcted from a secondAilter identical to the filter used in the main test. Samples from the filter shall ﬂ)e selected
(e.g. by cutting) such-that'they represent the complete filter. The locations at which media samples afe to be cut
shall be randomized If'flat samples cannot be cut from the filter, a small piece from the filter shall be put out and
sedled into a frame-fitting into the test system.

The effective:media sample area should be > 200 cm2 (0,21 5 ft2), but the media area samples may b extended
to pbtain~more representative samples of the filter; nevertheless, effective media size shall be a nmaximum of
0,81,mM% 0,61 m (24 in x 24 in).

A.2.3 Measurement of filter medium efficiency

Start the test by mounting a filter sample in the test equipment. Adjust the velocity through the filter sample so that
it is the same as the nominal media velocity used in the filter (using effective filtering area). Measure the filter
sample pressure drop.

Determine the particulate filtration efficiency of the sample by measuring the particle concentrations from

upstream and downstream of the filter sample. The criteria for test aerosol, size range and efficiency
measurement are in accordance with the main body of this Technical Specification.
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