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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 non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of

elec

trotechnical standardization.

Intd

The

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

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

Standards adopted by the technical committees are circulated to the memben bodies [for voting.
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lication as an International Standard requires approval by at least 75 % of“the me
ing a vote.

bntion is drawn to the possibility that some of the elements of this document may be th¢
ent rights. ISO shall not be held responsible for identifying any or all 'such patent rights.

29461-1 was prepared by Technical Committee ISO/TC 142, Cleaning equipment for air and

29461 consists of the following parts, under the generaltitle Air intake filter systemg
hinery — Test methods:

Part 1: Static filter elements

inable (pulse jet) and surface loading filters, mé&chanical integrity of filter elements, in s
ine and offshore environment filter systems;and cleanable (pulse Jet) filter elements w
ects of future parts.
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0 Introduction

0.1 Filters in power generating/compressor applications

In rotating machinery applications, the filtering system, typically a set of filter elements arranged in
a suitable manner, are an important part of the whole turbine/compressor system. The development
of turbine machinery used for energy production or others has led to more sophisticated equipment
and therefore the importance of good protection of these systems has become more important in the
recent years. It is known that particulate contamination can deteriorate a turbine power system quite

substantially if not taken care of.

This event
particles 3
reduction ¢
are located
very wide,
these filten

[SO 29461
but also pa
application

is often described as “erosion”, “fouling” and “hot corrosion” where salt and other corro
re known as potential problems. Other particulate matters may also cause sighifi
fefficiency of the systems. Itis important to understand thatair filter devices in such syst
in various environmental conditions. The range of climate and particulate contaminatia
ranging from deserts to humid rain forests to arctic environments. The ¥équirements
systems are obviously different depending on where they will be operating.

has based the performance of the air intake filter systems not only upon heavy dust collec
rticulate efficiency in a size range that is considered to be the preblematic area for t}
s. Both ultra-fine and fine particles, as well as larger particles, should be conside
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when evalfiating turbine fouling. In typical outdoor air, ultra-fine andfine particles in the size range

from 0,01
contamina

Turbo-magd

im to 1 um contribute to >99 % of the number concentration and to >90 % of the sur
Fion. The majority of the mass normally comes from larger particles (>1,0 pm).

hinery filters comprise a wide range of products-from filters for very coarse particle

filters for
surfaceloa

range, very low to very high dust concentration and me€chanical stress. The shape of products exis
today can lpe of many different types and have different functions such as droplet separators, coales

products,
depth load

ISO 29461
important
of product
filter types

For instan
real partic
an importag

0.2 Filtration chatracteristics

Initiatives

ery fine, sub-micron particles. The range of products varies from self-cleaning to depth
ing systems. The filters and the systems haveto withstand a wide temperature and humi

ilter pads, metal filters, inertial filters, filter cells, bag filters, panel-type, self-cleanable
ng filter cartridges and pleated media surface filter elements.

will provide a way to compare these products in a similar way and define what criteria
for air filter intake systems.for rotary machinery performance protection. The performa
5 in this broad range must be compared in a good manner. Comparing different filters
must be done with respett to the operating conditions they finally will be used in.

e, if a filter or a fillePsystem is meant to operate in an extreme, very dusty environment,
hlate efficiency-ofsuch a filter cannot be predicted because the dust loading of the filter p

nt role. [SO 29461-2 will address the performance of cleanable and surface loading filter§

to address the potential problems of particle re-entrainment, shedding and the in-ser

face
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charge neqtralization characteristics of certain types of media have been included in Annexes A ancll B.

Certain types of filter media rely on electrostatic effects to achieve high efficiencies at low resistance
to airflow. Exposure to some types of challenge, such as combustion particles or other fine particles,
may inhibit such charges with the result that filter performance suffers. The normative test procedure,
described in Annex A, provides techniques for identifying this type of behaviour. This procedure is used to
determine whether the filter particulate efficiency is dependent on the electrostatic removal mechanism
and to provide quantitative information about the importance of the electrostatic removal. The procedure
was selected because it is well established, reproducible, relatively fast and easy to perform.

In an ideal filtration process, each particle would be permanently arrested at the first contact with a
filter fibre, but incoming particles may impact on a captured particle and dislodge it into the air stream.
Fibres or particles from the filter itself could also be released, due to mechanical forces. From the user’s
point of view it might be important to know this, see Annex B.
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Filters with a low initial or conditioned particulate efficiency (<35 %) for sub-micron particles (0,4 pm)
that do not increase their efficiency during the operation will typically not provide any major protection
for the operating machinery when challenged with typical atmospheric aerosols where the majority of
particles are smaller than 1,0 pm. However, in some cases with aerosols having a dominant fraction of
coarse particles, filters with low efficiencies at sub-micron particles can serve as a protection for later
filter stages and can also have a higher average particulate efficiency (e.g. surface loading filters) at
0,4 um due to the dustloading. Therefore a gravimetric test can provide some information about capacity
and gravimetric efficiency for those aerosols. In general, a lower total filtration level than 35 % at 0,4 pm
should not be recommended for an air intake filter system for rotary machinery when the aerosol loading
of the filters are not contributing to a significant increase of the efficiency during the operation.
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Organization of [SO 29461

methodsand procedures for determining particulate efficiency, pressure drop and thecort
brting formats are the same for all types of static filter element.

test methods concerning particulate efficiency, pressure drop and reportedyalues are the
rs, except for loading characteristics and cleaning procedure, which are different for cleana
ling filters. These filters incorporate cleaning procedures and have differént loading char
refore, they require appropriately modified test methods, which wiltbe'defined in Part 2.

E 3 will provide methods for determining the mechanical integyity of filters under cong
' be encountered in abnormal operating environments.

F4 will describe methods of testing installed filters under in-Service operating conditions (in s

L 5 will cover test methods for the specific requirement of offshore and marine appli

I systems.

L 6 will cover test methods for cleanable\filter elements, and will not cover the syst]
cleaning device) as in Part 2.

5 part of ISO 29461 describes the testmethods for static filter units, typically of the depth Iq
definitions 3.43 and 3.44). All filters can be tested in the same manner, thus obtaining ¢

restyilts. However, for surface loading filters, reverse pulse filters, marine and offshore filter

wel
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as other filter systems thatare not regarded as static filter units, the appropriate part sh

multi-stage systems thatuse a number of components (e.g. equipment for cleaning, filter
50 29461 may be used as long as the qualification requirements of the test rig can be
s where this is mot\possible, Part 4 (in situ testing) procedures may be applied.
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Scope

29461 specifies methods and procedures for determining the performance of particulat
H in air intake filter systems for rotary machinery such as stationary gas tutbines, compr
br stationary internal combustion engines. It applies to air filters having aninitial particl
0 99,9 % with respect to 0,4 um particles. Filters with higher initial particle efficiencies
classified according to other standards (e.g. EN 1822). These procedures are intended
ch operating at flow rates within the range 0,25 m3/s (900 m3/h)\ip’to 1,67 m3/s (6000

5 part of [SO 29461 refers to static (barrier) filter systems but can be applied to other filte
ems in appropriate circumstances.

methods of determining the efficiency are used in this;part of ISO 29461:
particulate efficiency (measured with respect to.particle number and size);
gravimetric efficiency (percentage weighted.inass removal of loading dust).

b a flat sheet media sample or media pack sample from an identical filter is conditioned (d
rovide information about the intensity‘of the electrostatic removal mechanism.

br determination of itsinitial particleefficiency, the untreated filterisloaded with dustin st
| test pressure drop is reached. Information on the loaded performance of the filter is the

performance results obtained in accordance with this part of ISO 29461 cannot be quz
ied (by themselves) to predict performance in service with regard to efficiency and lifet
ors influencing perfarmance to be taken into account are described in the annexes.

Normative references

followingyeferenced documents are indispensable for the application of this document
rences;-only the edition cited applies. For undated references, the latest edition of the
ument (including any amendments) applies.

[SO28

e air filters
essors and
p efficiency
are tested
| for filters
m3/h).

- types and

ischarged)
bps until its
1 obtained.

Intitatively
ime. Other

. For dated
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dvariances
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ISO 5167 (all parts), Measurement of fluid flow by means of pressure differential devices inserted in circular
cross-section conduits running full

ISO

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

ISO 14644-3:2005, Cleanrooms and associated controlled environments — Part 3: Test methods

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
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ASHRAE 52.2:1999, Method of testing general ventilation air-cleaning devices for removal efficiency by
particle size

[EST-RP-CC014, Calibration and Characterization of Optical Airborne Particle Counters

JIS Z.8901:2006, Test powders and test particles

JACA No.37:2001, Guideline of Substitute Materials for DOP

3 Term

s and definitions

3.1
test airflo
volumetrid

[Source: IS

W rate
airflow rate used for testing

D 29464:2011; 3.1.106]

3.2 Velocity

3.2.1
filter face
airflow ratj

[Source: IS

3.2.2

velocity
e divided by the filter face area

D 29464:2011, 3.1.84]

media velgcity

airflow ratj

e divided by the effective filtering area

Note 1 to enftry: Expressed at an accuracy of three significant figures.

3.3 Effig

3.3.1

particulat
percentage
counter in

3.3.2
initial effi
particulate

Note 1 to enftry: A clean filter is a filter not exposed to any test aerosol or substance prior to the efficiency tegt.

3.3.3
minimum

iency

e efficiency
particulate removal efficiency of the filter at specified particle sizes measured with a part
the range of 0,3 pm to 3;0,m

Ciency
efficiency of the clean filter operating at the test airflow rate

efficiency

lowest par

Liculate pffir‘ipnr‘y nFiniH:\]’ conditioned or dustloaded efficiencies

3.3.4

conditioned efficiency
efficiency of the conditioned filter media (per Annex A) operating at an average media velocity
corresponding to the test airflow rate in the filter

3.3.5

gravimetric efficiency

Asp

weighted (mass) removal of loading dust after 50 g of dust load

icle

ot
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3.3.6

average gravimetric efficiency

Aavg

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

3.3.7
dust loaded efficiency
efficiency of the filter operating attestflow rate and after dustloadings up to final test pressure differential

3.4
pernjetration
ratip of the particle concentration detected downstream versus the concentration upstream pf the filter

3.5 Pressure drop (differential pressure)

3.5{1
initial pressure drop
prepsure drop of the clean filter operating at the test airflow rate

3.5]2
fingl test pressure drop
maximum pressure drop of the filter up to which the filtration-performance is measured

3.5{3
final test pressure drop - recommended
maximum operating pressure drop of the filter as recémmmended by the manufacturer at rat¢d airflow

3.6/ Filter area

3.6{1
filter face area
froItal face area of the filter including:the header frame

[Sotirce: ISO 29464:2011, 3.1.83]
Note¢ 1 to entry: Typical nominalvalues: 0,610 m x 0,610 m (24 in x 24 in).

3.6J2
effgctive filtering area
arej of filter mediunyrin the filter which collects dust

[Sotirce: ISO 29464:2011; 3.1.79]

3.7| FEilters

3.74
static filter

air filter that will be removed (exchanged) after it has reached its final test pressure drop and that is
not cleaned with jet pulses or other means in order to fully, or partially, retrieve its initial performance
(pressure drop and efficiency)

3.7.2
pulse jet filter
cleanable air filter, that typically is cleaned with air jet pulses to provide a longer service life

3.7.3
surface loading filter
filter in which the dust is collected on the surface of the filter medium

© IS0 2013 - All rights reserved 3
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depth loading filter
filter in which particles penetrate into the filter medium and are collected on the fibres in the depth of
the filter medium

3.7.5

low efficiency filter

air filter w

3.7.6
medium e
air filter w

3.7.7
high effici
air filter w

3.7.8

EPA filter
air filter
85%<Ec<

3.79
final filten
air filter ug

[Source: IS

3.7.10

ith an initial particulate efficiency at 0,4 um particles in the range E < 35 %

fficiency filter

th an initial particulate efficiency at 0,4 um particles in the range 35 % < E<85 %

lency filter
th an initial particulate efficiency at 0,4 um particles in the range E = 85 %

vith a particulate efficiency at most penetrating particle size\ (MPPS) in the ra
99,95 % (typically 0,05 pm to 0,3 pm size range)

ed to collect the loading dust passing through or shedding from the filter under test
D 29464:2011; 3.1.86]

charged fillter

filter in wh
[Source: IS

3.7.11
untreated,
air filter ng

3.8 Test

3.8.1
test aeros
aerosol usg

3.8.2

ich the medium is electrostatically charged or polarized

D 29464:2011; 3.1.75]

filter
t submitted to conditioningper Annex A

aerosol

Dl
d for determining the particulate efficiency of the filter

particle size

geometric

diameter (equivalent spherical, optical or aerodynamic, depending on the context) of

particles o
[Source: IS

3.8.3

T aeToSot

029464:2011; 3.1.126]

mean diameter

geometric

3.8.4

mean value of the upper and lower border diameters in a size range

particle number concentration

number of

particles per unit volume of air

nge

the
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3.8.5
neutralization
action of bringing the aerosol to a Boltzmann charge equilibrium distribution with bipolar ions

3.9 Testdust

391

loading dust

synthetic test dust

synthetic dust formulated specifically for determination of the test dust capacity and arrestance of air filters

3.9,

test dust capacity

dusf loading capacity

TD

amount of loading dust held by the filter at final test pressure drop

3.10 Particle sampling

3.10.1

isoEinetic sampling
technique for air sampling such that the probe inlet air velocity is the same as the velocit}y of the air
surfounding the sampling point

[Sotirce: ISO 29464:2011; 3.1.144]

3.10.2
counting rate
number of counting events per unit time

[SO]:I‘CG: ISO 29464:2011; 3.1.41]

3.10.3

corfelation ratio
downstream particle concentration divided by the upstream particle concentration [(measured
without filter)

[Soyirce: ISO 29464:2011;-3.1726]

3.1 Particle shedding

the release

3.11.2
particle bounce
behaviour of particles that impinge on the filter without being retained

[Source: ISO 29464:2011; 3.1.121]

3.11.3
re-entrainment
release to the airflow of particles previously collected on the filter

[Source: ISO 29464:2011; 3.1.142]

© IS0 2013 - All rights reserved 5
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4 Symbols and abbreviated terms

Asg gravimetric efficiency after 50 g dust load, %

Aavg average gravimetric efficiency %

CL concentration limits of particulate counter

Cy coefficient of variation

Cvi coefficient of variation in size range “i”

Cmean,i mean of measuring points value for size range “i”

CLg lower confidence limit of particulate efficiency (95 % confidence level)

CTE average lower confidence limit of particulate efficiency (95 % confidence,level). Averlage
value from repeated measurement cycles for one efficiency calculation

CLNg upper confidence limit (95 %) of number of particles downstream)of the filter

CLNu lower confidence limit (95 %) of number of particles upstream-of the filter

d; geometric mean of a size range, pm

di lower border diameter in a size range, pm

dy upper border diameter in a size range, pm

DR dilution ratio, when diluter is used

Ei average particulate efficiency in a size range “i”

m mass passing the filter, g

mq mass of dust downstream of the test filter, g

mso mass of dust fed to filter in order to test gravimetric efficiency (50 g), g

Mps50 mass of dust that-has passed the filter (the mass gain of final filter and the dustin thg
duct between the filter and the final filter) after 50 g of dust loading

Mot cumulative'mass of dust fed to filter, g

mip mass.of final filter before dust increment, g

my mass of final filter after dust increment, g

N number of points

Ng number of particles downstream of the filter

Ng,i number of particles in size range “i” downstream of the filter

N4 average number of particles downstream of the filter

Ny number of particles upstream of the filter

Ny, number of particles in size range “i” upstream of the filter

6 © IS0 2013 - All rights reserved
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Nu average number of particles upstream of the filter

n exponent

p pressure, Pa

Da absolute air pressure upstream of filter, kPa

Dsf airflow meter static pressure, kPa

qm massHeow-rate; ke/s

qv airflow rate at filter, m3/s

qvt airflow rate at airflow meter, m3/s

R correlation ratio

R; correlation ratio for size range “i”

T temperature upstream of filter, °C (°F)

Tt temperature at airflow meter, °C (°F)

t(1de/2) distribution variable

U uncertainty, % units

Vmehn mean value of velocity

6 standard deviation

% number of degrees of fréedom

p air density, kg/m3

10) relative humidity upstream of filter, %

Am dust increment, g

Amfg mass-gain of final filter, g

Ap filter pressure drop, Pa

Aps Differential pressure, Pa

Ap1|20 filter pressure drop at air density 1,20 kg/m3, Pa

AEc difference in particulate efficiency between initial particulate efficiency (Ep) of media
sample and conditioned efficiency (media samples) per Annex A

OPC optical particle counter

DEHS liquid (DiEthylHexylSebacate) used for generating the DEHS test aerosol

ANSI American National Standards Institute

ASHRAE American Society of Heating, Refrigerating and Air Conditioning Engineers

ASTM American Society for Testing and Materials

© IS0 2013 - All rights reserved
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CAS Chemical Abstracts

CEN European Committee for Standardization

EN European Standard

EUROVENT  European Committee of Air Handling and Refrigeration Equipment Manufacturers

ISO International Organization for Standardization

5 Genefalrequirements

Staticfilter|systems normally use multiple stages of coarse and fine filter elements to protect the mpachinery:.
The scope ¢f this part of [SO 29461 includes methods for performance testing of individual filtér'€lemgnts.
It does not include methods for the direct measurement of the performance of entire systents as installled
in service gxcept in cases where they can meet the qualification criteria for the test assembly.

6 Testrig and equipment

6.1 Testcondition

Room air dr outdoor air may be used as the test air source. Relative humidity shall be in the range of
30 % to 70]% in the tests. The air temperature shall be in the range of 10 °C to 38 °C. The exhaust flow
may be dicharged outdoors, indoors or re-circulated. Requirements of certain measuring equipnjent
may imposge limits on the temperature of the test air.

Filtration pf the exhaust flow is recommended when test aerosol, loading dust or smell from filter
may be pre¢sent.

6.2 Testrig

The test rig (see Figure 1) consists of several square duct sections with typical 610 mm x 610

(24 in x 24
has nomin

in) nominal inner dimensions except for the section where the filter is installed. This sec
h] inner dimensions between 616 mm (24,25 in) and 622 mm (24,50 in). The length of

duct section shall be at least 1,1 tifnes the length of the filter, with a minimum length of 1 m, Figur

and 4. The
or downst
integrated

filter must be withinthe section and must not protrude out of this section, either upstrg
ream. The test duct-may need to have larger dimensions in cases when very large filter
filter-system-elément are to be tested. In those cases other dimensions are allowed as |

as the quallification proegdures described in Clause 7 are fulfilled. An example of a special (large) f

transition

In case of d
the real ap
the airinle

Can be seemsin Figure 5.

ircularceartridges, the test setup (mounting of the filters in the test duct) shall be as clos
plication as possible. In cases of large cylinders, a mounting plate with an additional hole

mm
fion
this
ps 3
bam
5 Or
ong
lter

e to
for
1 be

[ foutlet can be sufficient. In terms of much smaller cylinders an additional transition coul

inserted inthe duct, Figure 6. This must however be analysed speciiically for each construction, taking
into consideration possible jetting effect that can affect the velocity and aerosol concentration in the test
duct cross section.

The duct material shall be electrically conductive and electrically grounded, and shall have a smooth
interior finish and be sufficiently rigid to maintain its shape at the operating pressure. Smaller parts
of the test duct could be made in glass or similar material to see the filter and equipment. Provision of
windows to allow monitoring of test progress is desirable.

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

Final filter for gravimetric efficiency measurement shall be placed after the test filter upstream of the
measurement orifice.
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Section 2 includes in the upstream section the mixing orifice (10), 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 readings
of pressure drop (initial and final) and test of particulate efficiency. To avoid systematic error, removal
of these items during pressure drop measurements is recommended. The uniformity of air velocity and
aerosol in the measurement cross section shall be ensured according to 7.2 and 7.3.

Section 5 may be used for both efficiency and dust loading measurements and is fitted with a final filter

for
cou
effi

The
of p
coul

affd
filtd

Thd
sho

Thd

he loading test and with the downstream sampling head for the particulate efficiency tes
|d also be duplicated, allowing one part to be used for loading test and the other for. the
Ciency test.

test rig can be operated either in a negative or positive pressure airflow arrangement.
ositive pressure operation (i.e. the fan upstream of the test rig), the test\aérosol and Id
|d leak into the laboratory, while at negative pressure particles could leak’into the test {
ct the number of measured particles. These possible air leaks shallbe located and seal
r tests.

dimensions of the test rig and the position of the pressure taps are shown in Figure

t. Section 5
particulate

[n the case
ading dust
ystem and
ed prior to

B. Figure 2

vs the pressure taps for the test object (the filter).

pressure drop of the tested filter shall be measured usitig static pressure taps located 3

Figuire 2. Pressure taps shall be provided at four points.over the periphery of the duct and

tog

The
disq
duc
the
the

NOT
dow

pther by a ring line.
entry plenum and the relative location of\ high efficiency filters and aerosol inje

t and a U-shaped duct configuration. Except for the bend itself, all dimensions and comp
same for the straight and U-shaped configurations. A downstream mixing baffle shall be
duct after the bend.

E The purpose of the mixing’/baffle is to straighten out the flow and mix any aer
nstream of the bend.

s shown in
connected

ctions are

retionary and a bend in the downstream part of duct is optional, thereby allowing both a straight

onents are
included in

sol that is
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Ction of the test rig (entry plenum)

Ction of the testrig
be tested

Ction including the filter to be tested

Ction of the test rig

high ef

Ction of the test rig

iciency filter (at least 99.97 % on 0,3 pm particles)

inlet pdint for DEHS particles

dust injection nozzle

mixing prifice

perfor
upstred

ed plate
m sampling head

downstream sampling head

final fil

er, gravimetric effi

FiFure 2 — Duct section including the filter to be tested (4). Pressure taps, filter

ciency

Figure 1 — Schematic diagram of the test rig
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Dimensions in millimetres

o | —1

2305
1
'
0610
|
0622
|
|
|

150 305 350 | || >1830 305
>1220 >1000| | 150 610 >1220
> 2500 L >2130 150
B | —

Figure 3 — Dimensions of the test rig

|
_—
|
\
\

a [>1000 mmand/or1,1xL

Figure 4 — Duct section including the filter; to be tested (4) and filter length (I)

Key
1 |[filter section

Figure 5 — Example of filter section with transition for special filter constructjon

\ |

I I

| |
_———--—— - —— - —— -——

| |

\ |

\ \

Figure 6 — Examples of mounting of circular cartridge in test duct
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Dimensions in millimetres

0000000000000 oo
ooooooooooooooooo‘ooooooooooooooooo
ce

booooooooooo00000dboo00000000000000d

o il 3
©
mmllm.
7° max. 0610 0610
1 1 7° max.
3 ‘ - ‘
e |
610 - W : 610 - W : X
2 w 2
5
w
Key
1  mixingjorifice
2 perforated plate with diameter 152 mm'+ 2 mm and 40 % open area
3  pressufe tap
4 transitipn duct - test filter smaller‘than duct
5 transitipn duct - test filter,larger than duct
Figure 7 — Details of test duct components
6.3 DEHS test aerosol generation

The test aerosol shall consist of undiluted DEHS, or other aerosols in accordance with 8.2. Test aerosol
of DEHS (DiEthylHexylSebacate) produced by a Laskin nozzle aerosol generator is widely used in
performance testing of high efficiency filters. The aerosol shall be virtually un-charged, which means
thatno additional treatment of the aerosol (such as neutralization with radioactive sources, electrostatic
charge generators, etc.) is allowed.

Figure 8 gives an example of a system for generating the aerosol. It consists of a small container with DEHS
liquid and a Laskin nozzle. The aerosol is generated by feeding compressed particle-free air through the
Laskin nozzle. The atomized droplets are then directly introduced into the test rig. The pressure and
airflow to the nozzle are varied according to the test flow and the required aerosol concentration. For
a test flow of 0,944 m3/s the pressure is about 17 kPa, corresponding to an airflow of about 0,39 dm3/s
(1,4 m3/h) through the nozzle.
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Any other generator capable of producing droplets in sufficient concentrations in the size range of
0,3 um to 3,0 pm can be used.

Before testing, regulate the upstream concentration to reach steady-state and to have a concentration
below the level of the particle counter.

1 (] 2 710
— [p—— ;——w 3@3»—» QS

Dimensions in millimetres

Key

1 [|particle-free air (pressure about 17 kPa)

2 |aerosol to testrig

3 |Laskin nozzle

4 |testaerosol (for instance DEHS)

5 |four 1,0 mm diameter holes 90° apart top edge\of holes and just touching the bottom of the collar
6 |four 2,0 mm diameter holes next to tube incline with radial holes

Figure 8 -~ DEHS particle generation system

6.4 Aerosol sampling System

Figuire 9 gives an example of an aerosol sampling system. Two sample lines of equal length andlequivalent
Tg heads to
constant.

e placed in
e centrally
Fobes shall

 m3/s. The

probes can be used for all test alrflows (from 0, 25 m3/s up to 1 67 m3/s)

Three one-way valves make it possible to sample the aerosol upstream or downstream of the filter under
test, or to have a “blank” suction through a high efficiency filter. These valves shall be of a straight-
through design. Due to possible particle losses from the sampling system, the first measurement after a
valve is switched 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 10-3 m3/s) or by an auxiliary pump in the case of a counter with smaller sample

1) Tygon is an example of a family of suitable products available commercially. This information is given for the
convenience of users of this document and does not constitute an endorsement by ISO of these products.
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flow rates. The line from the valves (to the pump) shall then be fitted with an isokinetic sampling nozzle
directly connected to the particle counter to achieve isokinetic conditions within a tolerance of +10 %.

Particle losses 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 mean larger statistical
errors and thus less accurate results. The influence of particle losses on the result is minimized if the
upstream and downstream sampling losses are made as near equal as possible.

|

\
|
|
i—b—\_ —p =\
|
I

—

Key
filter

high effficiency filter (clean air)
valve, ujpstream

valve, c|ean air

valve, downstream

computer

particlg counter

pump

0 N O Ul W DN

Figure 9 — Schiematic diagram of the aerosol sampling system

6.5 Flow measurement

Flow measprement shall be made by Standardized or calibrated flow measuring devices in accorddnce
with ISO 5167. Examples are orifice plates, nozzles, Venturi tubes, etc.

The uncertlainty of measurement shall not exceed 5 % of the measured value at 95 % confidence leviel.

6.6 Particle counter
NOTE See ISO 21501-4, as reference to this subclause.

This method requires the use of an optical particle counter (OPC) having a particle size range of at least
0,3 um to 3 pm. The counting efficiency shall be 50 % * 20 % for calibration particles with a size close to
the minimum detectable size, and it shall be 100 % * 10 % for calibration particles that are 1,5 to 2 times
larger than the minimum detectable particle size. The size range shall be divided into at least five size
classes, the boundaries of which should be approximately equidistant on a logarithmic scale.

The number of particle size measurements will enable the user to generate a curve of efficiency vs.
particle size data covering at least the 0,3 um to 3 um particle size range. The efficiency can then be
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calculated (by interpolation on alog-lin graph) for any given geometric particle size, for example, 0,4 um,
0,6 pm, 0,8 pm, 1,2 pm, 1,8 pum and 2,6 um.

The particulate efficiency measurements may be made with one particle counter sampling sequentially
upstream and downstream or may be performed with two particle counters sampling simultaneously.
Clause 7 contains further information and details about the calibration and operation of OPCs used
for this test.

An example of how a single or dual particle counter system might be configured is shown below.

Single Counter Example
Channel bound- | Geometric mean
Complete . .
aries diameter of range
range
(um) (m)
Class 1 0,30 - 0,54 0,40
Class 2 0,54-0,66 0,60
Class 3 0,66 - 1,00 0,81
Class 4 1,00 - 1,45 1,20
Class 5 1,45-2,23 1,80
Class 6 2,23 -3,00 2,59

6.7| Differential pressure measuring equipment

Megsurements of pressure drop shall be taken between measuring points located in th¢ duct wall
as ghown in Figure 2. Each measuring point shall\comprise four interconnected static tdps equally
disfributed around the periphery of the duct cross'section.

The pressure measuring equipment used shall be capable of measuring pressure differendes with an
accyiracy of +2 Pain the range of 0 Pa to 70 Pa. Above 70, the accuracy shall be +3 % of the measjured value.

6.8 Dust feeder

The purpose of the dust feedexis to supply the loading dust to the filter under test at a copstant rate
and| over the test period. The,general design of the dust feeder and its critical dimensions dre given in
Figlire 10 and Figure 117 Any dust feeder can be chosen as long as it gives the same test rdsult as the
desfribed dust feeder.Phe angle between the dust pickup tube and dust feed trough is 90° i the figure
but|could be less in feal application. A certain mass of dust previously weighed is loaded into[the mobile
dust feeder tray~Fhe tray moves at a uniform speed and the dust is taken up by a paddle[wheel and
cartied to the slat of the dust pickup tube of the ejector.

The ejector-disperses the dust with compressed air and directs it into the test rig through thfe dust feed
tubg. Thedust injection nozzle shall be positioned at the entrance of duct section 2 and be collinear with
the[duct centre line.

Backflow of air through the pickup tube from the positive duct pressure shall be prevented when the
feeder is not in use.

All tubing, nozzles, etc. that are in direct contact with the dust during the operation must be electrically
conductive and grounded. This is needed in order to minimize the errors in measurements due to
electrostatic charging of dust during the operation of the dust feeder.

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 airflow 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 11 are met. The dust
should preferably be homogenized in a shaker, maintained at a given temperature and in a controlled
relative humidity.
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The gauge pressure on the air line to the Venturi corresponding to an airflow of the dust-feeder pipe of
6,8 x 10-3 m3/s + 0,24 x 10-3 m3/s shall be measured periodically for different static pressure in the
duct. See 7.13 for qualification requirements of the dust feeder.

Dimensions in millimetres

T 1
10 Eﬁ\ 2
g —
| ! |
[ ™
-
5
3
8
6
7 I
| 9
] —oo- £
| |
Y v “
ol N v ‘ 25 To}
338 K
457,2
Key
1  dustfegd tube (to inlet of test duct)
2 thin-wgll galvanized conduit
3 Venturiejector
4  ejector
5 dry compressed air feed
6  dust pi¢kup tube (0,25 mm from dustfeed tray)
7  dust paddle wheel. diameter 88,9 mm (outer dimension), 114,3 mm long with 60 teeth 5 mm deep
8 teeth il paddle wheel (60 teeth)
9  dust fe¢d tray

10 150 W Infrared-reflector lamp

Figure 10 — Critical dimensions of dust feeder assembly
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Dimensions in millimetres
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for integers: #0,8 mm
¢) Venturi ejector for decimals: #0,03 mm

Figure 11 — Ejector, Venturi ejector and pickup details for the dust feeder

6.9 Diluter equipment

In order to be able to test high efficiency filters (>85 % at 0,4 um) a dilution system may be needed to avoid
coincidence errors at the upstream aerosol measurement. The dilution ratio required is determined by
the particle counter performance and the upstream concentration needed.
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6.9.1 Operation

Dilution systems reduce the concentration of an aerosol to a defined extent by the addition of a particle-
free gas (usually air). The dilution behaviour for the relevant particle size range shall be independent of
particle size and shall be consistent over time.

The clean air can be obtained by filtering a partial flow of the aerosol. The unfiltered part can be fed
along a capillary and the drop of pressure over this capillary is used to check the volume flow rate.

Another possibility is the introduction of an external particle-free air (for example, from a compressed
air line). Some systems are operating by the ejector principle. The pure airflow creates a pressure drop
at a constr{ction, which draws in the aerosol to be diluted. The dilution ratio of these systems 1s deijned
solely by the geometry of the set-up and as a rule cannot be altered by the operator.

By means |of a cascade system using several dilution systems high dilution factors (>1000) car be
achieved with a high level of accuracy.

6.9.2 Minimum performance parameters
Volume flopw: Adjustable to the relevant measuring device

Dilution ratio: Between 10 and 10 000 depending on the initial particle concentration and the
measuring device used

Accuracy: 5 % of the dilution ratio
Zero countrate: < 10 particles/min
NOTE The zero count rate is measured with an H13 filter;at the intake of the dilution system.

6.9.3 Sowirces of error and limit errors

Clogging of capillaries and nozzles can alterthe dilution ratio.

6.9.4 Majintenance and inspection

Anyinstalledfiltersindilutionequipmentshallbereplacedattheintervalsspecified by the manufacturers.
If the dilutjon system is found-to_generate particles when checking it with particle-free air (zero-cqunt
check), thel dilution system,.shall be cleaned. The dilution ratio shall be checked from time to time[ for
example by measuring theparticle concentration at the intake and the outlet of a dilution stage.

7 Qualification of test rig and apparatus

7.1 General

The summary of the qualification requirements and frequency of maintenance are specified 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 12, immediately upstream of the test filter section without the test filter and
the mixing device. Measurements shall be made with an instrument having an accuracy of +10 % with a
resolution of minimum 0,05 m/s.

Measurements shall be conducted at 0,25 m3/s, 0,944 m3/sand 1,5 m3/s.Itisimportant that no significant
disturbance of the airflow occurs (from instrument, operator, etc.) when measuring the velocities.
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For each measurement, a sample time of at least 15 s shall be used. The average of three measurements
shall be calculated for each of the nine points and the mean and the standard deviation shall be calculated

from these nine values.
The coefficient of variation Cy shall be calculated as follows:

Cv = 6/Vmean

where

)

o) isthe standard deviation of the nine measuring points;

Vmean 1S the velocity mean value of the nine measuring points.

The Cy shall be less than 10 % at each airflow setting.

7.3| Aerosol uniformity in the test duct

Thg uniformity of the challenge aerosol (DEHS) in the test duct shall be determined by med
at nline points immediately upstream of the filter (see Figure 12). The mixing device should &
durfng qualification tests. By using a single probe that can be pepositioned, the measuremg¢
done. The probe shall be of the same shape as the probe used ifi\the particulate efficiency te
an gppropriate entrance diameter to obtain isokinetic sampling within 10 % at 0,944 m3/g
prope and sample flow shall be used at test duct flows 0,25:m3/s, 0,944 m3/s and 1,5 m3/s. Th
ling shall be as short as possible to minimize sampling losses and shall also be of the same ¢

usef in the particulate efficiency test.

The aerosol concentration shall be measured with a particle counter meeting the specifica
stamdard. The number of particles counted inall specified size ranges in a single measuren

be 3500 in order to reduce the statistical error.

610
O

Dimensions in

surements
e removed
nts can be
bt and have
. The same
e sampling
iameter as

tion in this
ent should

millimetres

Figure 12 — Air velocity and aerosol uniformity: sampling points for measuring uniformity of

air velocity and aerosol dispersion

A sample is taken successively at each measuring point. This procedure shall be repeated until five
samples from each measuring point are obtained. The five values for each point shall be averaged for
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all size ranges of the particle counter and the coefficient of variation Cyj shall be calculated for each for

size range “i” as follows:

CV,i = 5i/Cmean,i

where
6

Cmean,i

wsn,

is the standard deviation (of the nine measuring points) for size range “i”;

“w:n

is the mean value of the nine measuring points for size range “i”.

(2)

The Cy; sh

7.4 Particle counter sizing accuracy

Optical paf
size. The in

To avoid ef
measuremg

The OPC sh
than one y
the OPC m
procedure
micro sphe
performed

Itis a good
start of evg
problems p

1l be less than 15 % for 0,25 m3/s, 0,944 m3/s and 1,5 m3/s.

ticle counters (OPCs) measure the particle concentration and the equivalent optical part
dicated particle size is strongly dependent on the calibration of the OPC}

fects caused by different aerodynamic, optical and electronic systenfs-of various types of O
bntsboth upstream and downstream of the filter shallbe made by onéortwo identical instrume

all be calibrated prior to initial system start-up and thereaftetin regular intervals of no loy
par and shall have a valid calibration certificate. The calibration of the OPC shall be don
anufacturer or any similarly qualified organization aceording to established standard

(e.g. IEST-RP-CC014; ASTM-F328; ASTM-F649; 1SO2¥501-4, ISO 21501-1) with polystyy
res (PSL) in single dispersion, having a refractive’index of 1,59. The calibration has t
for at least 3 channels of the OPC in the measuring range 0,3 um to 3 pm.

practice to check the sizing accuracy of the'particle counter on a regular basis, such as af]

rior to running the filter test. By generating an aerosol of a known size of polystyrene m

icle

P(Cs,
nts.

ger
e by
zed
ene

d be

the

bry day. This quick calibration check willyhelp the operator discover potential measurengent

cro

spheres anld verifying these particles appearifvthe corresponding size class(es) of the OPC(s), the yiser

can quickl
micro sphe

The sampl
compliancg

7.5 Partiicle counter zéro test

The partic
0,3 um to
directly atf

i verify the accuracy of the sizing capabilities of the equipment. Checks with polystyr
res at the low and high ends ef the particle size range(s) are especially meaningful.

ng airflow of the OPC shall be calibrated to be within +5 % of the OPC’s rated airflow
with one established-standardized procedure (e.g. IEST-RP-CC014).

e counter count rate shall be verified to have less than 10 total counts per minute in
B um siz€ pange when operating with a high efficiency filter (>99,95 % of 0,3 um partidg
achedto*the sampling nozzle inlet. This also includes the sampling system.

7.6 Particle counter overload test

ene

, in

the
les)

OPCs may underestimate particle concentrations if their concentration limit is exceeded. Therefore it is
necessary to know the concentration limit of the OPC being used. The maximum aerosol concentration
used in the tests should then be kept sufficiently below this limit, so that the counting error resulting
from coincidence does not exceed 5 % error in particle counts. Operating OPCs above their concentration
limit will cause particulate efficiency results to be lower than they really are.

If the upstream concentration in the test duct cannotbe reduced, a dilution system may be used to reduce
the aerosol concentrations below the OPC’s concentration limit. It is then necessary to take upstream
and downstream samples via the dilution system in order to eliminate errors arising from uncertainty
in the dilution factor’s value.
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Either one of the two following procedures may be used to determine whether the data values are
influenced by coincidence errors. Procedure 2 is the more reliable of the two options and is therefore

the

recommended procedure:

Procedure 1: The particulate efficiency of a reference filter shall be measured a

t different

concentrations. At a concentration above the OPC’s CL, efficiency starts to decrease; typically for

smaller particles (<1,0 microns).

Procedure 2: An upstream particle concentration distribution shall be measured. Afte

rward, the

concentration shall be uniformly reduced or diluted (this can be done by a known or an unknown
factor) and the measurement of the particle concentration distribution repeated. If the shape of

Con
dilu

7.7
Thd

a 100 % particulate efficiency measurement. The test shall be‘made using a high efficien

mirn
test

all particle sizes.

7.8

The
med
effi

according to standard test procedure-and the calculated zero efficiency shall meet the followi

Thd

7.9

Thd
sha

the latter particle size distribution curve shifts towards smaller particles, this is a cled
the former concentration was higher than the OPC’s CL. If the factor for concentratior
or dilution is known, this factor should be found in each size class of the OPCbetwe
concentration measurements.

centration reduction may be achieved by reducing the aerosol generators_output. Coj
tion may be achieved by a dilution system in the sampling line of the ORC/

100 % efficiency test

purpose of this test is to ensure that the test duct and sampling system are capable o

imum H13 class. The normal test procedure for determihation of particulate efficiency i
shall be performed at the test airflow of 0,944 m3/s. The efficiency shall be greater than

Zero % efficiency test

surement and aerosol generation systems. The test shall be performed as a normal
fiency test but with no test filter instalted. The test airflow shall be 0,944 m3/s. Two tests sH

0 % * 3 % for particle sizes équal to or less than 1,0 um;

0 % % 7 % for particle sizes larger than 1,0 pm.

total number of counted particles for each size shall be >500 in order to limit the statist

Aerosol generator response time

time intenval for the aerosol concentration to go from background level to steady-stat
1 be nieasured. This is to ensure that sufficient time is allowed for the concentration

bef

Sta

resperforming any tests.

r sign that
reduction
bn the two

centration

f providing
cy filter of
5 used. The
D9,95 % for

zero % particulate efficiency test is a test of the accuracy of the overall duct, sampling system,

particulate
allbe done
hg criteria:

cal error.

e test level
o stabilize

o0 a steady-

state condition. The time interval shall be used as a minimum delay time before starting a test sequence
according to this standard.
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7.10 Dilution ratio

The dilutio

n ratio, DRj, is calculated by the following:

N Diluter Upstream,i

DR; =

1

where

Npiluter Upstream,i 1S the number of particles in the size range

N Diluter Downstream,i

“w=n

1

(3)

upstream of the dilution system;

Npilute
Downst

In order to
H13 filter

: is the number of particles in the size range “i” downstream of the dilution sys
*eam’i tem.
check the dilution ratio a zero check of the system shall be done by using a filter of minin

manufact
particles,

time, for edample by measuring the particle concentration at the intake and the outlet of a dilution st
This can be done at lower concentrations with the same particle counters t§ed in the test systen

preferably

with no significant coincidence errors in the adequate size range.

7.11 Cor

The correl
sampling §
requireme
efficiency i

The correl
without th|
performed
in this stan

R =Ng

where
Ng i

Ny i

The partic

(99,95 % at MPPS). Any installed filters shall be replaced at the intervals'specified by
ers. If the system when tested with particle-free air (zero-check) ig’found to gene
e dilution system shall be cleaned. The dilution ratio (DR) shall be.chécked from tim

ith another particle counter with the capability to measure higher aerosol concentrat

elation ratio

htion ratio, R, shall be used to correct for any biasbetween the upstream and downstry¢
ystems. If the zero % efficiency test fails_but the correlation ratio limits are wi
nts in 7.15, the correlation ratio correction shall be used to continue the test. If particu
s outside the limits, the test shall not be aHowed.

e test device installed in the test:duct and before testing an air cleaner. The test shal
at the airflow rate of the test filtet. The general equation for the correlation ratio, R, as 4
dard is

Ny

s the numberofparticles downstream of the filter;

s the nurber of particles upstream of the filter.

[€-generator shall be on, but without a test device in place. Upstream and downstré

jum
the
Fate
e to
hge.
N or
ons

bam
hin
late

htion ratio shall be established from(the ratio of downstream to upstream particle coynts

be
sed

(4)

Pdm

sampling t

mes shall be the same during this test. 1 ne aerosol used shall be the same as the aerosolt

be

used to test the filters (DEHS). The data from the zero % efficiency test can be used for this calculation.

The average upstream count Ny and average downstream count Ng shall be calculated for each particle

size channel

w:n
1.

2 Nu,i

Ny

22

_i=

1-n

N

(5)
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Z Ng;

Nd _i=lon
N

where

The correlation ratio shall be calculated for each particle size channel

N is the number of points.

“w:=n
1.

(6)

7.1
All

Thi
sigr
by ¢

Sea
the

Ny
2 Pressure drop checking

bquipment for pressure drop readings shall meet the requirements in 715

5 test is to verify that leaks in the equipment for pressure drop readings, instrument lines
ificantly affect the accuracy of the measurements of airflow or pressure drop. The test m
alibrated devices or by the system described below.

the pressure sample pointsin the test duct carefully. Disconnect the pressure drop meter.
tubes with a constant negative pressure of 5 000 Pa. Chteck all sampling lines in this n

Figiire 13). No changes in pressure are allowed.

Pre
to t
neg

As g
0,94

Key

ksurize the pressure drop measuring equipment at the maximum permitted pressure
he instrument specification. The procedure shall be carried out sequentially on both p
ptive pressure lines. No changes in pressure@re permitted on either inlet.

naddition, a perforated plate (or other séference) having known pressure drops at 0,5 m3/s
L4 m3/s and 1,5 m3/s may be used forjperiodic checks on the pressure drop measurement

1 2

\

Ap =5000 Pa

1

(7)

etc.do not
hy be made

Pressurize
anner (see

according
bsitive and

,0,75m3/s,
system.

2

7.1

sealed pressure inlet

test device section

Figure 13 — Pressure line test

3 Dust feeder airflow rate

The purpose of this test is to verify that the airflow 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 important periodically to monitor the airflow rate from the dust feeder. The
flow shall be 6,8 x 10-3 m3/s + 0,24 x 10-3 m3/s. This airflow is determined as in Figure 14.
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o

L

2
3
4
5
O
-
Key
1  dustfegder
2 plenun] with minimum volume of 0,25 m3
3 high effficiency filter (minimum H13 class)
4  flow m¢tering device
5 fan
6  pressuile drop measurement device (the differential pressure shouldbe zero)
Figure 14 — Dust feeder airflow rate
7.14 Refdrence filter check
For each t¢st duct a minimum of three identical reference filters shall be maintained by the testing
facility solgly for initial particulate efficiericy testing on a bi-weekly basis and these filters shall nof be
exposed toldust loading. The three filtegs shall be labelled as “primary”, “secondary” and “reserve”. [The
“primary” filter shall be checked every:two weeks. The filters should be pleated, compact-style filgers

utilizing gl
efficiency 4

ass filter media. This type“of filter elements has shown very little deviation in particuflate
nd pressure drop when.Used as reference filters in laboratories.

If the filtration particulateefficiency values shift by >2 percentage points for any of the particle siting

channels, t
percentage
other systg
particulate

he “secondary? filter shall be tested. If both “primary” and “secondary” filters shows shift
points for_any of the particle sizing channels, the particle counter shall be recalibrate
m maintenance performed as needed (e.g. clean sample lines) to restore the reference f
efficiency test to <2 percentage point shift. The reserve filter shall be used if either

5 >2
1 or
Iter
the

primary o1l secondary filters become unusable (e.g. damaged).

ro

The meas the
highestvalue, of the reference value. If the pressure drop deviates by more than 5 %, system maintenance
shall be performed to restore the pressure drop to be within 5 % of the reference value. The pressure
drop can also be checked versus a perforated plate with reasonable pressure drop instead of a filter.

nrassura dran acrace tha raoforanca filtar chall ho within § 0/ Ay C Do ywhichaovaor ic
e—presStie-arop—aet S—tHeferel e ecetHitel—Sadr—beWieHi——+ -+ WHHeRe Vel S

The reference filter tests shall be performed at 0,944 m3/s and particulate efficiency of the reference
filter shall have about 50 % and 90 % particulate efficiency for 0,4 pm, and 1 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 particulate efficiency values shift by >2 percentage
points for any of the particle sizing channels and either the secondary or the reserve filter does not, the
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primary or secondary filter shall be replaced with an identical filter or filters; if available, a new set of
identical filters shall be obtained.

7.15 Summary of qualification requirements

Table 1 — Summary of qualification requirements

Parameter Subclause |Requirement
Air velocity uniformity 7.2 Cv (coefficient of variation) < 10 %
Aerosoturmiformity 73 €ty {coeffictentof vartation) <159
Partticle counter sizing accuracy 7.4 According to manufacturer valid calibrationcertificate
Particle counter - overload test 7.6 No overloading
Partticle counter zero 7.5 < 10 counts per minute in size range 0,3 pm tq 3,0 pm
100 % efficiency test 7.7 >99,95 %
0 % efficiency test 7.8 Sizes<.1,0 pm: *3 %
Sizes> 1,0 um: *7 %
Corfrelation ratio 7.11 Sizes > 0,3 um to 1 um:” £10 %
Sizes > 1,0 pm to 3;0rum: +20 %
Aerfosol generator response time 79 As measured
Dil{ition system 6.9,7.10 5 % accuracy in sizes < 1,0 pm
Manometer calibration 7.12 Size range:
(0 Peto 70 Pa) = 2 Pa
»Z70'Pa * 3 % of the measured value
Pressure drop test 7.12 No detectable leaks
Dugt feeder airflow rate 7.13 6,8 x 103 m3/s + 0,24 x 10-3 m3/s
Refprence filter check 7.14 < 2 % particulate efficiency measurement (abpolute

value) shift in each size channel

7.1

6 Apparatus maintenance

Table 2 — Frequency of maintenance

Maintenance itent Subclause | Daily | Monthly | Bi-annu- |Annually| After any change
ally that might alter
perfoymance
TEST DUCT
Air|velocity-uniformity 7.2 K
Aerfosoluniformity 7.3 K
100 94efficieney-test FF X X
0 % efficiency test 7.8 X X
Pressure drop test 7.12 X X
INSTRUMENT
Dilution system 6.9,7.10 X X
A_erosol generator response 79 X X
time
Manometer calibration 7.12 X X
Particle counter - sizing 74 Xa X X
accuracy
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Table 2 (continued)

Maintenance item Subclause | Daily | Monthly | Bi-annu- |Annually| After any change
ally that might alter
performance
Particle counter - overload 76 X
test
Particle counter - zero test 7.5 X X
Dust feeder airflow rate 7.13 X X
ilter check Everv 2nd
Reference filt AL y <
week

(%]

NOTE Regular cleaning of all equipment should be undertaken so that the performance of the test system
maintained.

a [tisagopd practice to check the sizing accuracy of the particle counter on a regular basis, such as at the
start of evefy day or a new test. This quick calibration check will help the operator discover,potential measyre-
ment problems prior to running the filter test. By generating an aerosol of a known size ofjpelystyrene micr
spheres anjl verifying these particles appear in the corresponding size class(es) of thefOPC(s), the user can

quickly ver|fy the accuracy of the sizing capabilities of the equipment. Checks with pelystyrene micro sphergs
at the low and high ends of the particle size range(s) are especially meaningful.

8 Test materials

8.1 Testair

Room air ¢r outdoor air is used as the test air source. In‘the efficiency tests the air is filtered With
high efficigncy filters to obtain a test air free of background particles. The test conditions shall bg in
accordance with 6.1. The exhaust flow may be discharged outdoors, indoors or re-circulated. Filtrafion
of the exhaust flow is recommended when test aerosol and loading dust may be present.

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

8.2 Testlaerosol

All filters will be tested for particilate efficiency against DEHS particles from 0,3 pm to 3,0 um and for
gravimetric efficiency against ISO fine test dust.

8.2.1 DEHS test aerosol

Test liquid faerosol of DEHS (DiEthylHexylSebacate) produced by a Laskin nozzle arrangement is widlely
used in the testing of high efficiency filters. DEHS is the same as DES Di(2-ethylhexyl) Sebacat¢ or
Bis (2-ethylhexyl):Sebacate.

The DEHS|a€rosol shall be used undiluted and uncharged (no added charge or neutralization) pnd
introduced directly into the test rig. The aerodynamic, geometric and light scattering sizes are close to
each other when measured with optical particle counters.

DEHS/DES/DOS - formula:
C26H5004 or CH3(CH2)3CH(C2H5)CH200C(CH2)sCOOCH2CH(C2Hs)(CH2)3CH3

DEHS properties:
Density: 912 kg/m3 (57 Ib/ft3)
Melting point: 225K
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Boiling point: 529K
Flash point: >473 K
Vapour pressure: 1,9 uPa (1,9 x 10-6 Pa) at 273 K

Refractive index:

1,450 at 600 nm wavelength

Dynamic viscosity: 0,022 Pa-s to 0,024 Pa-s, CAS number 122-62-3

8.2 2—PAQ testacrgssl

Testaerosol of PAO (Polyalphaolefins, CAS number 68649-12-7) produced by a Laskin nozzlear
is also used for testing of high efficiency filters and can be used as an alternative to DEHS (IS
JISZ.8901:2006, JACA No.37-2001).

8.3| Loading dust

[SO|fine test dust is used for the loading of filters according to the test miethod in 9.5.

8.3]1 ISO fine loading dust (ISO 12103-A2)

The loading test dust “fine” is defined in ISO 12103-1, Road vehicles — Test dust for filter ey
Part 1: Arizona test dust, and consists mainly of silica particlés.

8.4 Final filter

The final filter captures any loading dust that paSses through the tested filter during the d
profedure. The final filter shall have a minimunrparticulate efficiency of >85 % with resped
DEHS particles and not gain or lose more than one gram, e.g. as a result of humidity vari

dur

ing one test cycle.

rangement
0 14644-3,

nluation —

ist loading
tto 0,4 pm
ations met

9 [Test procedure
The test method uses two aerosols to measure two different efficiency values (particle and gravimetric
effifiency). The “particulateefficiency” method uses DEHS or PAO as testaerosol and gives the particulate
effifiency in the range-0£.0,3 pm to 3,0 um. The “gravimetric efficiency” uses the loading flust as the
test aerosol and the-difference in mass of the final filter after 50 g of dust fed is used to cqlculate the
grayimetric efficiency. All filters shall be tested the same way; however, if a certain filter is determined
to be of low efficiency type (filters with initial particulate efficiency <35 % at 0,4 pm) it can ble tested up
to 375 Pa (1,5inch WG) instead of 625 Pa (2,5 inch WG) final test pressure drop.
Table 3 — Overview of test procedure
- - Fimal test pres-
Test method | Size range Test aerosol | Conditioning Load1(1f1igr ;ltussttemst(\;vo)steps sure drop
p-0g Pa (in WG)
Particulate |0,3 pm - DEHS Yes ISO fine (140 mg/m3) 625 (2,5)
efficiency 3,0 um (4,0 g/1000 ft3) [two steps]
Gravimetric |ISO 12103-A2 |ISO 12103-A2 Yes ISO fine (140 mg/m3) 375 (1,5)
efficiency (4,0 g/1000 ft3) [two steps]

This section describes the sampling sequence and data analysis procedures for sequential upstream-
downstream sampling with one particle counter. For dual particle counter systems with simultaneous
upstream-downstream sampling, the same procedures apply. The data quality requirements for single
and dual particle counter systems are identical.
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9.1 Preparation of filter to be tested

The filter shall be mounted in accordance with the manufacturer’s recommendations and after
equilibration with the test air weighted 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 filter, including any normal mounting frame, shall be sealed into the duct in a manner that
prevents leakages.

NOTE

This test method does not test the filter sealing mechanism.

The tightness shall be checked by visual inspection and no visible leaks are acceptable. If for any reason,

dimension
of the sam
conditions

9.2 Initi
The value
airflow to
as measur
the press

5 do not allow testing of a filter under standard test conditions, assembly of two or more {1l
e type or model is permitted, provided no leaks occur in the resulting filter. The opera
of such accessory equipment shall be recorded.

al pressure drop

bf the initial pressure drop shall be recorded at 50 %, 75 %, 100 % and-1225 % of the rz
bstablish a curve of pressure drop as a function of the airflow rate./The airflow is repot
bd at the local conditions. If the air density is not between 1,16 kg/n13 and 1,24 kg/m3 {

u
correspontﬁ—s to standard air conditions: temperature 20 °C (68 °F), bagometric pressure 101,3 kPa

relative hu

9.3 Initi

The initial
iS measure

All filters t

9.3.1 Paj
The zero 9

If the zero
correction
not be alloy

The partic

calculated

E; =14

1

midity 50 %.

al particulate efficiency measurement

particulate efficiency of a new “untreated” filter shall be tested at rated airflow. The efficie
d according to 9.3.1.

psted shall also be tested according to 9.4:

‘ticulate efficiency test for filters oflow and medium efficiency (<85 % at at 0,4 pm)
efficiency test according to 7.8 shall be performed daily or before starting testing.

% efficiency test fails and*the limits are within requirements in 7.15, the correlation r|
shall be used to continde the test. If particulate efficiency is outside the limits, the test 5
ved.

hs follows:

Ng;
Ny ;iR;

where

fers
[ing

ted
ted
hen

e drop readings shall be corrected to an air density of 1,20 kg/m3 (see Annex D), which

and

ncy

htio
hall

1late efficiency Ei-for a given particle size range (between two particle diameters) shalll be

(8)

Rj i

Ngi i

Nu‘i 1

s the correlation ratio according to 7.11;

«:n

s the number of particles in the size range “i” downstream of filter;

«:n

s the number of particles in the size range “i” upstream of filter.

The initial particulate efficiency (Ep) data versus the size range diameters shall be presented in a table.
A graph may also be added. Such a graph must cover x-axis in logarithmic scale and a y-axis covering the
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0-100 % range. The size range diameter or the mean diameter d; is the geometric average of the lower

and upper border diameters in the size range “i”:

d, =./d,xd, 9)

where
di is the lower border diameter in the size range;

dy isthe upper border diameter in the size range.

The aerosol generator output is adjusted to generate a stable concentration of aerosolwitHin the OPC
coirfjcidence level requirements and such that the downstream count rate is sufficient for a gtatistically
valid result within an acceptable time scale.

The particulate efficiency measurement is done by a series of at least 13 cdunts of a minfimum 20 s
confucted successively upstream and downstream of the filter under test and'with a purge efore each
coupt, or with one intervening sample upstream or downstream withouteounting, in order o stabilize
the[concentration of particles in the transfer lines.

The counting cycle for size range "i” will then be as in Table 4.

“=y

Table 4 — Counting cycle for asize range “i

Count no. 1 2 3 4 5 6 7 8 9 10 11 nz 13
Upgtream Ny,1,i Ny,2,i Ny,3,i Ny, Ny,5,i Ny,6,i Ny,7i
Doynstream Ng,1,i Na,2,i Ng,3,i Nd,4,i Nq,5,i Nd.e,i

nn

Thd first single particulate efficiency E1 ; forsize range "i” shall be calculated as follows:

E, . =1- Nasi (10)
L (Ny,1,i+Ny2,i)R;
2
where
R;  isthe correlation ratio for size range “i” according to 7.11
The 13 measureniesits give six single efficiency (E1, .., Es i) results. The average efficiency [E; shall be

nn

calqulated for the size range "i” as follows:

E =E1,i+...+E6,i

i 5 (11)

Dual particle counter systems with simultaneous upstream and downstream sampling are also allowed.

In that case there will be an equal number of upstream and downstream counts. Formula (8) shall be
used instead of Formula (11). Here measurement no. 13, is not required (Ny,7i), see Table 4, since the
measurements upstream and downstream are measured at the same time.

__dLi (12)

9.3.2 Particulate efficiency test for filters of high efficiency (>85 % at 0,4 pm)

When testing filters with high initial efficiencies (above 85 % at 0,4 um) the procedure will be similar
to 9.3.1 but with another approach for counting statistics, and with the addition of the use of dilution
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equipment. In order to avoid coincidence errors in the particle counter and to get statistical good
accuracy of the measurement, a high number concentration of aerosol is needed. In comparison with a
standard filter with lower efficiencies a concentration of about 10 to 1 000 times higher (depending on
the particle counter performance) aerosol concentration will be needed.

For particulate efficiency measurement and calculation using dilution equipment with the dilution ratio
DR, the following procedure should be used:

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

The method is the same for filters tested against DEHS particles in size range 0,3 um to 3,0 pm. If the
zero % effifTency testails and the 11Mits are within requirements in 7.15, the CorTelation ratio COrrection
shall be used to continue the test. If efficiency is outside the limits, the test shall not be allowed.

The particplate efficiency E for a given particle size range (between two particle diameters) shall be
calculated ps follows:

N
E=1-}—94 13)
DRXN
where
Ng  is the number of particles in the size range “i” downstream of filter;
Ny  is the number of particles in the size range “i” upstream 6f'filter;
DR is the dilution ratio.
NV
DR=_}-real (14)
Ncounted

The initial particulate efficiency data versus theiparticle size shall be presented in a table. A graph may
be also added if required. Such graph must have x-axis in logarithmic scale while y-axis must cover|the
0 %-100 % range. The size range diameter er’the mean diameter dj is the geometric average of the lower

wsn,

and upper porder diameters in the size tange “i”:

d; =Jd} xd, 15)
where
di is the lower border diameter in the size range;

dy  is the upper border diameter in the size range.

The aerosdl‘génerator output is adjusted to generate a stable concentration of aerosol within the PPC
coincidence level requirements and such that the downstream count rate is sufficient for a statistically
valid result within an acceptable time scale. The upstream concentration should be diluted to an
acceptable degree so coincidence error on the upstream measurement will be within the requirements
of the OPC. The downstream particle concentration accuracy should be evaluated with applicable
counting statistics; see Clause 10 for counting statistics.

The particulate efficiency measurement is done by a series of at least 13 counts of a minimum 20 s
conducted successively upstream and downstream of the filter under test and with a purge before each
count, or with 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 5.
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«=yn
1

Table 5 — Counting cycle for a size range

Count no. 1 2 3 4 5 6 7 8 9 10 11 12 13
Upstream Ny,1,i Ny,2,i Ny,3,i Ny,4.i Ny,s5,i Ny,6,i Ny,7,i
Downstream Ng,1,i Na,2,i Ng,3,i Nd,4,i Nq,5,i Na,6,i

nn

The first single particulate efficiency E1 j for size range "i” shall be calculated as follows:

E, =1- Naa, (16)
1'1 DRX(NH'Ii-'-Nn?i)
2
Theg 95 % confidence level for the first single particulate efficiency E1 ; for size range "i"((accuracy 95 %)
shal|l be calculated as follows:
CLNg 1,
CLgi;=1- = (17)
! pRrx (CENuLi+Chnyz,)
2

wheére

“w=n
1

CLNg  is the number of particles in upper confidence limit of€he size range “i” downstfeam of

filter;

w:n

CLNy  is the number of particles in the lower confidence limit of the size range “i” upstiream of
filter.

CLgi  is the minimum average particulate efficiency (95 % confidence level)

Thd 13 measurements give six single efficiency*(E1 , ..., Ee,i) and (CLg1,j, .., C_LEe,,i) results for the mean as
well as for the upper confidence level. The‘average particulate efficiency E; shall be calculdted for the

nn

sizg range "i” as follows:

F - (El,i +.é.+E6'i) 18)

and| the minimum average)particulate efficiency (with 95 % confidence level), see 10.2.

 (CLgy; +-53 Clyg;)

CLy, = ) (19)

Dugdl particle'counter systems with simultaneous upstream and downstream sampling are algo allowed.

In that case there will be an equal number of upstream and downstream counts. Formula (40) shall be
useld astead of Formula (16). Here measurement no. 13 is not required (N, z;). see Table $, since the
measurements upstream and downstream are measured at the same time.

Equation for efficiency (dual particle counters):
Eyy=1-—Ol (20)

For the 95 % confidence level calculation Formula (21) replaces Formula (17):

CL :
Nd,1,i (21)

CLp i =1— — —NdLL
ELi DR X(CLyy 1)
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9.4 Conditioning test

Separate media (samples) of the same identity as the media in the filter used for the main test shall be
tested according to Annex A. Filters shall be tested against DEHS in size range 0,3 pm to 3,0 um.

9.5 Dustloading

9.5.1 Method for medium and high efficiency filters (initial particulate efficiency 235 % at 0,4 pm)

Filters with medium or high particulate efficiency (higher performance class) shall be tested according
to the follofving:

measufrement of initial DEHS efficiencies from 0,3 pm to 3,0 um for the filter (9.3.1);

measufrement of conditioned efficiency (Annex A) with DEHS aerosol in range 0,3 pm to 3,0 punj for

media

ep loading with ISO 12103-A2 dust (140 mg/m3) up to 625 Pa (2,5 inch WG) final test press
ccording to the loading procedure in 9.5.3 for filter;

two-st ure

drop a
test of[DEHS particulate efficiency after each dust loading-step according-to 9.5.4 for the filter;

determination of gravimetric efficiency according to the loading pfdcedure in 9.5.3.

9.5.2 Method for low efficiency filters (initial particulate efficiency <35 % at 0,4 pm)

vith
I be

h low initial particulate efficiency (<35 % at 0,4 pm) shall be tested according to 9.5.1 v
hg change: After loading up to 375 Pa (1,5 in WG)*final test pressure drop, the filters ma
b 625 Pa (2,5 inch WG) final test pressure drop for comparison purposes.

Filters wit
the followi
tested up t

9.5.3 Loading procedure

test
hed

m3
ons
ted,
tas

The test rig shall have a final filter installed.that is weighed prior to starting the test installed. The
filter is progressively loaded with the standdrdized test dust (ISO dust). Dust increments are weig
to 0,1 g and placed in the dust tray. The‘ISO fine dust shall be fed at a concentration of 140 mg
(4,0 g/1 0QO ft3) until final test pregsure drop is attained. Once dust loading is started, interrupt
in the airflbw may change the filter ¢haracteristics such as pressure drop. Once dust loading is star
the airflow| through the filter shall not be interrupted until the loading procedure is completed excef

required i1} this procedure (for'example: for the efficiency measurement at 50 grams).

The dust s
one measu

hall be loaded‘in two phases, starting with a 50 g dust load increment in order to allow
Fement of efficiency in between initial state and the fully loaded filter. The second efficie

for
ncy

should be measured after one dust-loading step of 50 g of ISO fine dust. At this point the measurenjent

of the grav|

imetricefficiency (Asp) is done. For the medium and high efficiency filters the pressure d

rop

shall be re¢orded at 375 Pa (1,5 in WG) for comparison purposes.

Before stoppimg dustfeeding; brushwiratever dust remmains i the feeder tray to the dust pickup tube so
that it is entrained in the duct airflow. Vibrate or rap the dust feeder tube for 30 s. The dust fed to the
filter could also be estimated by weighing the remaining dust in the feeder. With the test airflow on, re-
entrain any 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 least 0,5 g accuracy) to determine the amount of synthetic dust collected.
Any dust deposited in the duct between the filter and the final filter should be collected with a fine brush
and included in the final filter mass.
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The mass increase of the final filter indicates the mass of dust that has passed the test filter. The
gravimetric efficiency A during the dust loading shall be calculated as follows:

Asg =(1-mysg /msg )x100 [%] (22)

where

mypso is the mass of dust that has passed the filter (the mass gain of final filter and the dust in the
duct between the filter and the final filter) after 50 g of dust loading;

il £ — 1 . 1 £ PR | PRk | 1. d = a N
ITr5() 1S5 LT IS5 U UUSUITU UUTl'llly LT TIT ST UUST IUdULIIS OV 5.

The test dust capacity (TDC) for final test pressure drop is the difference between myrand

=

TDC = Mtot — M (23)

whgre
Mot is the total mass of dust fed up to the final test pressure drop;

m is the total mass of dust that has passed the filter thrgugh the full test (final test gressure
drop).

9.5i4 Efficiency of dust loaded filter
Theloaded efficiency shall be determined as follows.

a) |Particulate efficiency values shall be recorded after 50 g of ISO dust and after dust loadng the test
filter to the final test pressure drop.

b) |Gravimetric efficiency values shall\be recorded after dust loading the test filter to 50 g.

Esplcially after dust loadings, there may be a release of particles (shedding of particles) downstream of
thelfilter, which will influence-particulate efficiency. To adjust for that dust migration the airflow shall
be :Eaintained through the(device for 20 min before testing particulate efficiency. A period ¢f less than
20 mpin is allowable if a re=entrainment of no more than 5 % is obtained in each of the particle gize ranges.

At are-entrainmentdnore than 5 %, the particle measurement can be done after adjusting the upstream
conpentration to.dhigher value in order to reduce the influence of particles from shedding. n that case
the[report shallviriclude a remark that the upstream concentration has been adjusted for release of
particles. (High concentrations upstream will reduce this problem.)

The particulate efficiency measurement is done in the same way as for initial particulatg efficiency
(9.3.1)-by a series of at least 13 counts of a minimum of 20 s conducted successively upqtream and

d o £ L£a1le | . i
ownrstream or tire et uiaer—test

10 Uncertainty calculation of the test results

10.1 Particulate efficiency for medium efficiency filters (initial particulate efficiency:
35<E=<85%at0,4 um)

The uncertainty on the average particulate 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 um, in accordance with ISO 2854:

E;=U<E;<E;+U (24)

1
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= 1

Ei=—>»E 25
"N ) (25)

U=t X 9 (26)
~(1-a/2) JN

v=N-1

(27)
EE)
s | LEFD 28)
N-1
where

Ei is the average particulate efficiency in size range “i”;

U is the uncertainty;

E is the calculated single value of the particulate efficiency irf\size range “i”

(E1, Ep, ...see 9.3.1);
v is the number of degrees of freedom;

t(1—a/2) is the student’s distribution, depending on the number of degrees of freedom v
(see Table 6);

N is the number of calculated single parti¢ulate efficiency values Ej;

is the standard deviation.

w=n

The uncertlainty is calculated for each size rangeé “i".

Table 6 — Student’s distribution according to 1SO 2854

S | Number of degrees Uncertainty
amples of freedom t x —L_
v=N-1 (1-e/2) =y
N
4 3 1,591
5 4 1,242
6 5 1,049
7 6 0,925
8 7 6;836
NOTE 95 % confidence level (@ = 0,05).

10.2 Particulate efficiency for high efficiency filters (initial particulate efficiency
>85 % at 0,4 pm)

The particle counting is subject to statistical variation. The smaller the number of events that are
counted, the lower the level of confidence. The level of confidence can be estimated by the use of Poisson
distribution. Table 7 gives limits for the two-sided 95 % confidence interval for a given number of events
using the Poisson distribution. Thus, if 5 particles are counted the table shows that 95 % of repeated
measurements of the same object would produce measuring rates between 1,6 and 11,7. For small counts
the limit values of the confidence interval are very unsymmetrical in terms of the number counted. For
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larger numbers the Poisson distribution turns into symmetrical normal distribution. In these cases the
95 % interval can be calculated by:

Ngso, =N

+1,96N /2

Where N is the number of particles counted.

(29)

Table 7 — Upper and lower limit of the 95 % confidence interval of a Poisson distribution for

particle numbers

No. of particles Lower confidence limit Upper confidence limit (b
N
0 0,0 3,7 -
1 0,1 56
4
2 0,2 72!
3 0,6 8,8,
4 1,0 1012
5 1,6 S
6 2,2 o 131
8 3,4 X 15,8
{ V
10 47 N 18,4
14 7,7 O 23,5
18 10,7 y\é‘\Q) 28,4
20 122 30,8
25 16,27 36,8
30 20,2 42,8
35 \.Q‘(\}‘ 24,4 48,7
40 O 286 54,5
45 AN 32,8 60,2
so0 AP 37,1 659
NS
55 () 41,4 71,6
66 458 77,2
<é§)6§ 50,2 82,9
PN 70 54,6 88,4
) 75 59,0 94,0
R 80 63,4 99,6
S 85 679 105.1
90 72,4 110,6
95 76,9 116,1
100 81,4 121,6
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The 95 % confidence level for the first single particulate efficiency E1 i for size range “i” (accuracy 95 %)
shall be calculated as follows:
CL -
Clgyi=1- — (30)
' prx (CENuLi ~Chnuz,i )
2
where
CLNg is the number of particles in upper confidence limit of the size range “i” downstream of
filter;
CLNu is the number of particles in the lower confidence limit of the size range “i” upstreanj of
filter;
CLg1i | isthe minimum average particulate efficiency (95 % confidence level).
The 13 mefasurements give six single particulate efficiency (Eq, ..., E6,i) and (CLRyy, ..., CLEe i) resplts
for the lower 95 % confidence level. The minimum average efficiency (with 95"% confidence leve]) is

calculated [in analogy with 9.3.2.

(CLgy;+...+CLggy )

C_LEI,i J 6

31)

In the case|of dual particle counters:

For the 95 Po confidence level calculation, Formula (32) replaces Formula (30):

CLyg1,i

CLgy;41-———NALL
FUTT DRXCLyy 14

32)

10.3 Grayimetric efficiency
sed
er. The maximum gravimetric efficiency that can be stated is 99 %. Higher values shall be
5 >99 %.

The gravinpetric efficiency is a value obtained from the measurement of the mass of dust that has pas
the test fil
reported a

11 Reporting

11.1 General

The test r¢
and any de

port.shall include an explanation of the test results and a description of the test met
viations from it. The type and identification number of the particle counter used shoul

reported, 3

s'well as the method of airflow rate measurement. The report shall include the following:

hod
be

the interpretation of test reports, as detailed in 11.2;

summary of the results;
measured efficiencies and their uncertainties;

data and results of airflow rate and test pressure drop measurements.

Test results shall be reported using the test report format presented in this standard. Figures 15 and
16 and Tables 9 to 13 comprise the complete test report and are examples of acceptable forms. Exact
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formats are not requested, but the report shall include all items shown. The legend of each table and

graph should preferably include the following:
— type of filter;

— the number of this standard;

— test number;

— testaerosol and loading dust;

— testairflow rate

11.2 Interpretation of test reports

Thip brief digest shall be included in the test reports and summary reports. This shall be incJuded after

thelissued report and shall be a one-page addition with the text sized to fill thepage.

© IS0 2013 - All rights reserved
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The interpretation of test reports

This briefreview of the test procedures, including those for addressing the testing of electrostatically charged
filters, is provided for those unfamiliar with this ISO procedure. It is intended to assist in understanding and
interpreting the results in the test report/summary.

Many types of air filter rely on the effects of passive electrostatic charge on the fibres to achieve high
efficiencies, particularly in the initial stages of their working life. Environmental factors encountered in
service may affect the action of these electrostatic charges so that the initial particulate efficiency may

drop substantially afte

in efficienc;
operating |
and condit
performan
and there i

The report
charge effe
particulate
the charge

For reason
synthetic d
on its initiq

The partict
dust until t
value of 62,

Test dust cd
the propert
rankings m
determine

11.3 Sum

When appl
following i

Gener;
1) Te
2) D4

3) N4

"

jfe the efficiency may increase to equal or exceed the initial efficiency. The reported, untre

fe and indicates the level of efficiency reachable when the charge effect is completéely,remc
F not a compensating increase of the mechanical efficiency.

bd untreated and conditioned (discharged) efficiencies show the extent of the electrostatid
ct on initial performance. It should not be assumed that the measured conditioned (discha

pffect completely removed and with no compensating increase in meé¢hanical efficiency.

s of consistency filter efficiencies are measured using artificially generated dust cloud
ists with closely controlled particle size. The test dust selectedfor testing a given filter depd
[ filtration particulate efficiency with respect to 0,4 um liqgid-droplets

he resistance has risen to a value of 375 Pa in the caseof test of low efficiency filters, and up
b Pa for the medium and high efficiency filters.

pacities measured in this way should not be gssumed to simulate real life operating condition
ies of dusts encountered in service conditions vary very widely. Comparative performances
ay be established, but it should always be‘borne in mind it’s the actual conditions on site that
he in-service filter performance.

mary

jcable the one page summar'y section of the performance report (Figure 15) shall include
hformation:

al:
sting organization;
te of testy

me‘ofitest operator;

oned (discharged) efficiency shows the extent of the electrostatically charge effecton™inf

rged)
efficiency represents real life behaviour. It merely indicates the level of efficiency obtainable 1}ith

r an initial period of service. In many cases this is offset or countered by an increase

ally

5 of

nds

late efficiency measurements are repeated after the filter has been loaded with ISO fine loadling

to a

sas
and
will

the

4)
5)
6)

R

7)

OTT NUMDET;

Test requested by;
Name of supplier of device;
Date of receiving the device.

Manufacturer’s data of the tested device:

8) Description of the device;

9) Ty

pe, identification and marking;

10) Manufacturer of device;
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11) Physical description of construction (e.g. pocket filter, number of pockets);

12) Dimensions (actual width, height and depth. In case of cylindrical cartridges the inner and outer

diameter of the cartridge);
13) Type of media, if possible or available the following shall be described:
— Identification code (e.g. glass fibre type ABC123, inorganic fibre type 123ABC);

— Effective filtering area in device;

— Type and amount of dust adhesive on filter media if feasible
14) Photographs of the air entering and air leaving sides of the as received device;
15) Additional information as needed for proper filter identification.
— |Test data:
16) Test airflow rate;
17) Test air temperature, relative humidity and barometric pressure;
18) Type of loading dust and test aerosol;
19) Initial pressure drop and final test pressure drop;
20) Pressure drop curve versus airflow rate for cleanfilter;

21) Table of initial particulate efficiency, conditioned efficiency and dust loaded
the 0,4 pum, 0,6 um, 0,8 um and 1,2 pm-sizes. The conditioned filter efficiency is calcy

the initial filter particulate efficiencyand the difference in efficiency (AE¢) of the meq
from the conditioning procedure.’See Table 8.

Table 8 — Particulaté efficiency versus DEHS-particles, example values

particulate

efficiency versus particle size. For all filtérs the particulate efficiency measurement shall use

lated from
lia samples

Optical particle size
Particulate
efficiency 0,4 pm 0,6 pm 0,8 um 1,2 pm
Filter
Initial (Eo) 50+2 60 +2 70 + 2 80+2
Conditioned
26 50 60 79
(Eo - AE()
Dust loaded 60 + 2 75+ 2 85 + 2 90 + 2
(508g)
Media
Initial 54+2 63+2 72 +2 81+2
Conditioned 30+2 53+2 62+2 80 +2
AE¢ (Initial-Con-
ditioned) 24 10 10 1

22) Gravimetric efficiency
— Statement:

23) The results relate only to the tested item;

© IS0 2013 - All rights reserved
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24) 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 except for filters with
efficiencies >95 %. The efficiency result shall be reported with a two-digit accuracy of the penetration value.

11.4 Efficiency

In addition to the summary report, when applicable, results of the efficiency measurements shall be

reported both in tables and as graphs.

— Tableg:

1) Pdrticulate efficiency and uncertainty at each particle size after dust loading tonfinal
pressure drop (Table 9);

2) Pressure drop versus airflow for clean filter (Table 10);

3) Pressure drop and gravimetric efficiency (Table 11);

test

13).

4) P:[ticulate efficiency and pressure drop in the conditioning test (Annex#) (Table 12 and Table
— Grap

1) Injtial and dust loaded particulate efficiency (final test préssure drop) versus particle
(Flgure 16).

11.5 Pregsure drop and airflow rate

When applicable all required data and results of the@irflow rate and pressure drop measuremg

Kize

ents

throughouf the complete test shall be reported in table format. The pressure drop curve for the clean

filter is regorted in the summary section.

The airfloy shall be reported as measured whilé the pressure drops shall be corrected to an air den|
of 1,20 kg/m3 if required in accordance with.10.2. The corrections can be made as described in Anng

11.6 Marking

The filter shall be marked with @ type identifying marking. The following details shall be provided:
— Name,[trade mark or other means of identification of the manufacturer;

— Type and referencéqtumber of the filter;

— Numbé¢r of thisstandard;

— Flow rpte’at which the filter has been tested.

Sity
x D.

If the correct mounting cannot be deduced, marking is necessary for correct fitting in the test duct (e.g.

"top”, "direction of flow”).

The marking shall be as clearly visible and as durable as possible.
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1ISO 29461-1

Testing organization: ‘ Report #:

GENERAL

Test no.: Date of test: yyyy-mm-dd ‘ Supervisor:

Test requested by: Device receiving date: yyyy-mm-dd

Device supplied by:

DEVICE TESTED
Model: Manufacturer: Construction:
T\J/pn of media: Effective filfnring area: Actual filter dimensions. (lA/xHxI'))'
TEST DATA
Test airflow rate: Test air temp: | Test air relative humidity: Test aerosol: DEHS
% | Loading dust: ISO 12103-A2
RESULTS
Initial pressure drop: | Final test pressure | Aso (gravimetric Test dust Remark:
drop: efficiency at 50g): | capacity
Efficiency versus DEHS-particles
Particle_Size”
Efficiency 0,4 yum 0,6 um 0,8 um 1,2 pm
Filter
Initial (Eo) + & + +
Conditioned@ (Initial - AEc)
Dust loaded 50g + + + +
Dust loaded (final dp) + + + +
Media
Initial + + + +
Conditioned + + + +

AEc (Initial-Conditioned)
a  The conditioned filter efficiency is.calculated from the media test: conditioned efficiency (filter) = E, (filter) - AEc
b See the attached Interpretation(of Test Report.

Pressure vs. airflow

A
300
A
250
200 /ﬁ
150 4
100
50 _er]
e
l—@/”@/ -
0 0,25 0,5 0,75 1 1,25 1,5 1,75 2
B
Key
A pressure drop
B airflow

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

Figure 15 — Summary section of performance report
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Table 9 — Initial particulate efficiency and loaded particulate efficiency inclusive of uncertainty

ISO 29461-1, Initial and loaded efficiency incl. uncertainty

Air filter:

Test no.:

Test aerosol:

Air flow rate:

Report any

Particle size Efficiency
(pm) %
Pressure drop and dust fed Remark

Pa Pa Final Pa

Interval Mean (in WQG) (in WQG) (in WQG)
0Og 50g g
- + + +
- + + +
- + + +
- + + +
- + + ¥
- + + +
- + + +
- + + +
- + + +
- + + +

NOTE The uncertainty of the measured efficiencies is reported on a 95 % confidence level.

correction of efficiency based on release of particles from filter.

42
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Air filter.....cooeeeicnen
Initial and dust loaded particulate efficiency

[SO 29461-1

A100 _—L?L —/./;;l;:;l—f.!_——j

/]
. I
2Ry
Ai——-"‘*% /»/
|«
‘.—/—‘P/
0
0,1 1,0 10,0
B
Testno: oocevecereenn
Test aerosol: .....cccovvveevcrecneenen. Loading dust: .....ccccovvevvrererrnenccreerenenes
Airflow rate: .....ccoooevveiininnnnne. Final test pressure drop: ......ccocevrrnrsencderrinennns
Key
A Efficiency (%)
B Particle size (um)
——— Initial
+ - 50g
#-— Final pressure drop
-e-{— Conditioned
Figure 16 — Initial and dust loaded efficiencies
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Table 10 — Airflow

rate and pressure drop of clean filter

ISO 29461-1 - Airflow rate and pressure drop of clean filter

Air filter:

Test no.:

Airflow rate:

Date Airflow meter Filter
Te | psf Aps qm T | ¢ | pa p qv Ap | Ap120
°C kPa Pa kg/m3| °C | % kPa |kg/m3| m3/s Pa Pa
Clean filter Oy
yyyy-mm-dd D
< .
(aY
o
N
Clean filter pressure drop is proportional to (gy)", where n = \%U
(i\\ N
Symbols and units {\<(
Pa |Absolyte air pressure upstream of filter, kPa | T Temperatu\rQ%irflow meter, °C
pst |Airfloy meter static pressure, kPa p Air deng&@pstream of filter, kg/m3
gqm |Mass flow rate, kg/m3 Rel@;’k@ flumidity upstream of filter, %
qv |Airfloy rate at filter, m3/s Ap m’z}gured filter pressure drop, Pa
T |Tempejrature upstream of filter, °C Apf:\\gﬁ‘irflow meter differential pressure, Pa
4{@,2‘0 Filter pressure drop at nominal air density of
L 1,20 kg/m3, Pa
N
@ .
O
O
53
O
Q~
v
RS
R
S
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Table 11 — Pressure drop and Gravimetric efficiency after dust loading to final test pressure drop

ISO 29461-1 - Pressure drop and gravimetric efficiency after dust to final test pressure drop

Magss of final filter before dust increment, my .[(@

Air filter:
Test no.:
Type of loading dust:
Airflow rate:
Date Ap1 Am Miot Ap; my my Amgs mq A
Pa g g Pa g g g g %
M WG]J M WG]J .
yyyy-mm-dd (-\'\J
N4
yyyy-mm-dd \.q/

N
yyyy-mm-dd ~N
yyyly-mm-dd (\b‘\o

)
yyyy-mm-dd A 2%
yyyy-mm-dd K% )
. N©
Masks of tested device A\
N
Initial mass of tested device: /\<(
Finpl mass of tested device: . QV
Symbols and units &\§\
Grajvimetric efficiency, Aso [%] %) R
Dugt in duct after device, mq [g] A\}
Curpulative mass of dust fed to filter, mot [g] ’\Q)\
~S

Mass of final filter after dust increment, (n@.\fg]"

Dugtincrement, Am [g] C)\\

Mass gain of final filter, Amg¢r [g] k\’ .

Pressure drop before dust inc;@glt, Ap1 [Pa]

Pressure drop after dust ipq%rﬁent, Apy [Pa]
N\
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Table 12 — Particulate efficiency and pressure drop of untreated filter material

ISO 29461-1 - Efficiency and pressure drop of untreated filter material

Air filter:

Test no.:

Test aerosol:

Airflow rate:

Media velocity:

Size of material sample:

Particle size (um) Sample 1 | Sample 2 | Sample 3 | Sample 4 | Sample 5 Average
Fffir'ipnry (OA\)
Pressure drop
Interval Mean Pa (in WG) | Pa (in WG) | Pa (in WG) | Pa (in WG) | Pa (in WG) | Pa (in)WG)

- + + + + +

- + + + + +

- + + + + +

- + + + + +

- + + + + +

NOTE Th¢ uncertainty of the measured efficiencies is reported on a 95 % confidence level

Table 13 — Particulate efficiency and pressure drop of conditioned filter material

ISO 2946111 - Efficiency and pressure drop of treated filter material
Air filter:
Test no.: Test aerosol:

Airflow rat

v

Media velocity:

Size of matgrial sample:
Particle size (um) Sample 1 | Sample2 | Sample 3 | Sample 4 | Sample 5 Average
Efficiency (%)
Pressure drop
Interval Mean Pa (in WG)/| Pa (in WG) | Pa (in WG) | Pa (in WG) | Pa (in WG) | Pa (in WG)
- + + + + +
- + + + + +
- * * * * *
- + + + + +
- + + + + +
NOTE Th¢ uncertainty of the measured efficiencies is reported on a 95 % confidence level
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Annex A
(normative)

Conditioning test procedure

r‘nhnval

geIreTroar

A.1

Thip procedure is used to determine whether the filter particulate efficiency is dependent on the
eledtrostatic removal mechanism and to provide quantitative information about theimportance of the
eledtrostatic removal. This is accomplished by measuring the removal efficiency of‘an untrgated filter
material and the corresponding efficiency after the effect of the electrostatic removal mechanism has

beeh eliminated or inhibited.

Many types of air filter rely to different extents on the effects of passive, electrostatic chai
fibrees to achieve high efficiencies, particularly in the initial stages of theirworking life, at low
to alirflow. Exposure to some types of challenge, such as combustion particles, fine particles o

sery
afte

(“mlechanical efficiency”) as dust deposits build up to form a/dust cake. In the later stages o

life

The
init
the
Als
des
rep
the
Hen

A.2

A2,

Thd
eled

The
Nex
mu
on d

Fice may affect the action of these electric charges so that the jnitial efficiency may drop s

l;lb
r an initial period of service. In some cases this is offset grycountered by an increase i

the efficiency may increase to equal or exceed the initial efficiency.

procedure described here quantitatively shows the extent of the electrostatic charge ef
al performance on a sample of the filter medium:'It indicates the level of efficiency obta
charge effect completely removed and withno compensating increase in mechanical
, the influence of the converted three-dimensional filter structure is not covered by the|
Cribed here. It should not be assumed that the measured conditioned (discharged) efficie
resents real life behaviour. The chemiical treatment of a filter medium described below
structure of the fibre matrix or chemically affect the fibres or even fully destroy the filt
ce, the procedure described below may not be applicable to all types of filter media.

Test method for conditioning of filter material

1 Equipment

described procedure is based on a Standardized treatment with isopropanol (IPA) {
trostatic influence on filter particulate efficiency.

isoprepanol test is made by first measuring the particulate efficiency of untreated med
t, the\Samples are treated with IPA vapour (>99,9 % technical grade). If IPA is reused thg
tlremain above 99 9 %. After f11ter samples have been exposed to the IPA Vapour they

ges on the
resistance
F oil mistin
stantially
efficiency
f operating

fect on the
nable with
efficiency.
procedure
hcy always
may affect
er medium.

o evaluate

ja samples.
[PA purity
are placed

e particulate

eff1c1ency measurements are repeated To verify that sample is free from residual IPA the sample is
purged for 30 min with clean dry air and the particulate efficiency test is repeated.

The principle of the filter material test equipment is shown in Figure A.1. This system consists of a test
duct, a flow meter, a flow control valve, a (downstream) sampling tube and a manometer. The filter
sample to be tested is fixed to the test tube by means of a flange. The test tube also includes a mixing
section, which ensures a representative sampling downstream of the filter. The sampling tubes are
connected to the sampling system of the optical particle counter. Air and test aerosol could be taken
from the main duct system, which means that the normal aerosol generation system can be used.
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[N

9 4
Key
1 manomnfeter 7
2 testdugt 8
3  filter sgmple
4 mixingection 10
5 downsfiream sampling 11
6  flow mgter

The isopropanol vapour treatment is made using the system.§hown in Figure A.2. This system incly

flow control

fan

upstream sampling
upstream duct
aerosol

Figure A.1 — Filter material test equipment

a vessel for the isopropanol. The system also includes flat*perforated surfaces on which filter sam
are placed ffor drying. The drying of the filter samples should take place in a laboratory fume cupbo

Key

mg{ﬂm

L

\ -
P

5S);

des
bles
hrd.

filter sample

isopropanol vessel
fume cupboard

N U1 AW N

drying

48

efficiency measurement

isopropanol treatment

Figure A.2 — Principle of the isopropanol test system
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.2 Preparation of test samples

Aminimum of three media samples shall be tested. And the total surface of the samples mustbe 2600 cm?2.
Representative samples shall be supplied by the customer or selected from a second filter, identical
with the filter used in the main test. Samples from the filter shall be selected (e.g. by cutting) in such a
way that they represent the complete filter. The locations where media samples are to be cut shall be
randomized. If flat samples cannot be cut from the filter a small piece from the filter shall be cut out and
sealed into a frame fitting into the test system.

Each effective media sample area should be 2200 cm?2 (0,215 ft2) and must be 2100 cm?2 (0,1 075 ft2).

The media area samples could be extended to get more representative samples of the filter b

ut effective

medlia size shall be maximum 0,61 m x 0,61 m (24 in x 24 in).

A2

Thd
san
are

The

from upstream and downstream of the filter sample. The criteria“for test aerosol, size

par

A.2
Thd

A2

.3 Measurement of the filter medium efficiency

test is started by mounting the filter sample in the test equipment. The velgeity throug
pleisadjusted to be the same as the nominal media velocity used in the filter{using effecti
h). The filter sample pressure drop is measured.

particulate filtration efficiency of the sample is determined by measuring the particle con
Ficulate efficiency measurement are made according to the mainbody of this standard.

.4 Isopropanol vapour treatment test

isopropanol vapour exposure test is carried out as follows:

Initial particulate efficiency and pressure drop«walues of the filter samples are measure
Filter samples are treated (exposed) with:isopropanol vapour for 24 h, see A.2.5.

Filter samples are placed on a flat inett/surface for drying (this should take place in a
fume cupboard). To allow quick evaporation of the IPA the samples should be placed on a
surface surrounded by air.

Afteradryingperiod of 15 mify,.the particulate efficiency and pressure drop measurements a

After purging for 30 min with dry, clean air the particulate efficiency test is repeated fo
samples. If efficiencyhas changed more than +3 percentage points or the pressure drop h
by more than £5 PaA*0,2 in WG), all samples are purged for 30 min with clean air and r¢q

If the required accuracy above cannot be met, there shall be a clear remark in the repo|
requirementhas not been met and the reason for this.

5 Isepropanol vapour treatment method

h the filter
ve filtering

entrations
range and

laboratory
perforated

erepeated.

" one of the
s changed
tested.

rt that this

Theallowed temperature range for the test container and the ambient air is +20 °C to +3|0 °C.

The container with IPA shall not be in direct contact with sunlight or any other heat radiation that

may alter the vapour characteristics significantly.

The ambient humidity shall be within 40-80 % RH.

Add IPA into containers to about 10 mm in depth. Well above the liquid surface, place a screen to

hold the sample media.

Place samples onto the screens and seal the containers.

The mixture of ambient (room) air and IPA (and vapour) in the container shall not interact with the

ambient air (proper seal).
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— After a period of 24 h, open the containers and prepare the media for particulate efficiency test
(see A.2.4).

Key

1 sample

2 [PA vapour
3 liquid IPA

[sopropangl vessel:

execat

holder

A.3 Exp

The averag
initial part

measured
samples sh
efficiency
not be read
untreated

Figure A.3 — Principle of the isopropanol container (vessel and1id)

pr (container with IPA);

with filter media.

ression of results

e efficiencies of the untreated and conditioned filter samples are calculated. The ave
iculate efficiency of the media samples is\compared with the initial particulate efficig
ht the entire filter. If these two efficienci€s differ more than 5 percentage points, more m¢

df the media samples until the twovalues differ less than 5 percentage points. If this goal
hed, a corresponding remark must be made in the test report. The average efficiencies of
hnd conditioned filter samples are reported together with the aerosol and size range. (DH

age

ncy
bdia
all be tested and the results included in the average calculation of the initial particulate
can

the
HS,

0,3 um to 3 um). The difference in particulate efficiency from the media tests (initial - conditioned)|are
calculated py:
AE¢ = ipitial media particulate efficiency (Eg) - conditioned media efficiency [%]
33)
This differgnce is thenfised to calculate the conditioned filter efficiency by:
conditipneddilter efficiency = Eg — AE¢ 34)
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Annex B
(informative)

Shedding from filter elements

The term “shedding” comprises three separate aspects of filter behaviour: re-entrainment of particles,

par ir‘]a baouncaan d !'313353 nf fibres OF narh'm.qua mattar from tha filtar matarial Coran A ')11 ofthese

cre-ooTTrce-otT o P cretrorte- ot e T T o T rrrc e ot e o o oI e oT

phenomena are likely to occur to some extent during the life cycle of an installed filter, espegially in dry
wedther conditions.

Litgrature about shedding and its effect on filter performances can be found  in Bibliography
refdrences(14] [16] [17] [18] [19] and.[20]

B.1 Shedding

B.1,1 Re-entrainment of particles

As the quantity of the arrested dust on the filter increases;\the following effects may |ead to re-
entrainment of already captured particles into the air streaf:

— |An incoming particle may impact on a captured partiele and re-entrain it into the air stream.

— | The air velocity in the channels through the medium will increase because of the spade occupied
by captured particles. Furthermore, the filter\medium may become compressed by th¢ increased
resistance to airflow thereby causing evenfurther increase in velocity in the air chgnnels. The
consequent increased fluid drag on depesited particles may re-entrain some of them.

— |Movements of the filter medium during operation cause re-arrangement of dust in the filfer medium
structure. This leads to an immediate re-entrainment of dust. Filter media movements cap be caused
by a variety of circumstances such as:

1) normal airflow through'the filter;

2) periodic (e.g. dailyj)'start/stop operation of the air conditioning plant;
3) varying airflew rates, caused by airflow control;

4) mechanical vibration, caused by the fan or other equipment.
Re-pntrainment of particles may be measured and quantified (see Bibliography referencesl3| andl4]).

Thip effect is more pronounced for low efficiency filters than for high efficiency filters.

B.1.2 Particle bounce

In an ideal filtration process, each particle would be permanently arrested at the first collision with
a filtering surface such as a fibre, or with an already captured particle. For small particles and low
air velocities, the energy of adhesion greatly exceeds the kinetic energy of the airborne particle in
the air stream, and once captured, such particles are very unlikely to be dislodged from the filter. As
particle size and air velocity increase, this is progressively less so; larger particles may “bounce” off a
fibre. Thereby they normally lose enough energy to be captured in a subsequent collision with a fibre.
However, if no contact with a fibre follows, the particle will be shed, i.e. discharged from the filter, which
will result in a corresponding reduction of efficiency for particles of this size range (see Bibliography
referencesll] andl2]).
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A measurement method to quantify this type of shedding is defined in ASHRAE 52.2:1999, using solid
KCI particles of relatively big size (>3 pm). Using liquid aerosol, the particle bounce effect cannot be
measured at all.

The particle bounce effect is more pronounced for low efficiency filters than for high efficiency filters.

B.1.3 Release of fibres or particulate matter from filter material

Some designs of filter include filter media either containing or generating loose fibres or particulate
matter from the filter design materials (e.g. binder). During constant volume filter operation, but

especially

during variable flow or start-stop operation, these materials can be lost into the air stream.

The extent]
stability in
the binder
however, t
compariso
dust burde

B.2 Test

Users sho
the user’s
such measi

The gravi

e
above des‘%ibed shedding effects only partly, if at all. However, any drop in the value of the gravime

efficiency
that shedd

The partic
none of th
aerosol. Mg
determine

hat the quantity of fibres or particulate matter shed in this way is normally 'negligibl
h with the total amount of dust penetrating through a filter loaded by typical environme
n (see Bibliography referencesls] andl[él).

)

of such shedding depends on the integrity of the media fibre structure and its rigidity.
the face of varying air velocities, as well as the stability of the filter design materials
which holds fibres together), throughout the operating life of the filter. It should|be no

ing of shedding effects

d be aware of the possibility of filters exhibiting shedding belaviour in practical use. F
oint of view it would be advantageous to detect any shedding behaviour of a filter. Hows
irements are not that easy to perform.

tric efficiency measurements for low efficiency filtersprescribed in this standard reflect

r resistance during the course of a filter loading test should be taken as a serious indica
ng may have occurred.

hlate efficiency results for higher efficiency'filters provided in this standard reflect norm|

bmbrane sampling downstream of filters and microscopic analyses of the membranes c
occurrence of this type of shedding, but such a method is not defined here.

and
e.g.

lted,

P in
htal

fom
Ver,

the
tric
fion

ally

e above described shedding effects, as‘the aerosol used for these filters is a liquid (DEHS)

uld
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