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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
electrotechnical standardization.

The proce@lures used to develop this document and those intended for its further maintenance
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed forj
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

In rotating machinery applications, the filtering systems, 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 is often described as “erosion”, “fouling” and “hot corrosion” where salt and other corrosive
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iction of efficiency of the systems. Itis important to understand that air filter devices.in s
located in various environmental conditions. The range of climate and particulatecenta
/ wide, ranging from deserts to humid rain forests to arctic environments. The requit
e filter systems are obviously different depending on where they will be operating.

29461 (all parts) has based the performance of the air intake filter sySte€ms not only t
t collection but also particulate efficiency in a size range that is considéred to be the p
h for these applications. Both ultra-fine and fine particles, as well-as larger particles
Kidered when evaluating turbine fouling. In typical outdoor airy, ultra-fine and fine part
range from 0,01 pm to 1 um contribute to > 99 % of the numbép concentration and to >

face contamination. The majority of the mass normally comes from larger particles (>1,0

bo-machinery filters comprise a wide range of products from filters for very coarse [
rs for very fine, sub-micron particles. The range ofiproducts varies from depth to surf:
ems, which can be regenerated e.g. by pulse cleaning. The filters and the systems have tg
ide temperature and humidity range, very low.to very high dust concentration and 1
ss. The shape of products existing today can be‘of many different types and have differen
h as droplet separators, coalescing products, filter pads, metal filters, inertial filters,
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Ficles are known as potential problems. Other particulate matters can also cause |significant

h systems
mination is
ements on

pon heavy
roblematic
should be
icles in the
D0 % of the

pum).

articles to
ce loading
withstand
mechanical
t functions
filter cells,

filters, panel-type, cleanable and depth-loading filter cartridges and pleated media sulrface filter

29461 (all parts) provides a way-to compare these products in a similar way and
eria are important for air filter intake systems for rotary machinery performance
aim is to compare different\filters and filter types with respect to the operating con
lly will be used in. For instance, if a filter or a filter system is meant to operate in an exf
Ly environment, the real-particulate efficiency of such a filter cannot be predicted becau
ling of the filter plays-an important role. A further part of ISO 29461 will address the pe
eanable and surfacéloading filters. Filters in turbo-machinery applications can also face
rating conditiéns such as high air flow rates or water and salt ingress. Further parts of
address the'performance of filters under such harsh conditions.
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Scope

5 document specifies methods and procedures for determining the static performance of
filters used in air intake filter systems for rotary machinery such as stationary ga
pressors and other stationary internal combustion engines. It applies to airfilters with aj
5 % or more for the MPPS (EPA and HEPA filters) which are tested according to ISO 2946
filters with a lower efficiency which are tested according to ISO 16890 (all parts). The |
Cribed in both ISO 16890 (all parts) and ISO 29463 (all parts) are applied and exteng
ument to air filters which operate at flow rates within the range 0,24 m3/s (850 m
b m3/s (8 500 m3/h).

icfilter systems normally use multiple stages of coarse,fire and optional EPA or HEPA filte
rotect the machinery. The scope of this document includes methods for performance
vidual filter elements. It does not include methods.for the direct measurement of the pe
ntire systems as installed in service except in cases where they can meet the qualificat
the test assembly. Nevertheless, cumulative filter efficiencies of multistage systems of
be calculated by using the methods describéd in ISO 16890-1.

5 document refers to static (barrier) filter systems but can also be applied to other filte
ems in appropriate circumstances,for example to evaluate the initial efficiency of cle
face loading filters.

performance results obtained in accordance with this document cannot be quantitativ
themselves) to predict performance in service with regard to efficiency and lifetime.

Normative references

following do€umients are referred to in the text in such a way that some or all of th
Ktitutes requirements of this document. For dated references, only the edition cited 4
ated references, the latest edition of the referenced document (including any amendmen

15957~Test dusts for evaluating air cleaning equipment

particulate
5 turbines,
h efficiency
(all parts)
brocedures
led by this
3/h) up to

I elements
testing of
rformance
on criteria
fine filters

types and
hnable and

ely applied

bir content
pplies. For
[s) applies.

ISO

16890 (all parts), — Ajr filters for general ventilation

[SO 29463 (all parts), — High efficiency filters and filter media for removing particles from air

ISO

3

29464, Cleaning of air and other gases — Terminology

Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 29464 and the following

app

ly.

[SO and IEC maintain terminology databases for use in standardization at the following addresses:

[SO Online browsing platform: available at https://www.iso.org/obp
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3.1
EPA filter

IEC Electropedia: available at http://www.electropedia.org/

efficient particulate air filter
filters with performance complying with requirements of filter class ISO T10 to ISO T12 as per this

document
Note 1 to en

3.2

try: EPA filters cannot be and shall not be leak tested.

initial grapimetricarrestance

Ajpo

ratio of thg mass of a standard test dust retained by the filter to the mass of dust fed after thefirst 1

of dust loa

Noteltoe

4 Symb
For the apy

ry: This measure is expressed as a weight percentage.

ols and abbreviated terms

lication of this document, the following symbols and abbreviated terms apply:

ePM

X, min

Minimum efficiency value withx =1 um, 2,5 pm or 10 um of the conditioned filter elemg
% (see ISO 16890-1)

ent,

ePM,

Efficiency with x =1 pm, 2,5 um or 10 um, % (see\[SO 16890-1)

MPPS

Most penetrating particle size

5 Testil

Filters wit
according
ISO 16890
Table 1.

NOTE I

HEPA filter
to ISO 294
the referey
with geom
test methd
applied. Al

1g and classification of filter efficiencies

h an efficiency of 85 % or more for‘the MPPS (EPA and HEPA filters) shall be tes
fo ISO 29463 (all parts), while filtéps with a lower efficiency shall be tested accordin
(all parts). Filters are classified inygroups and classes based on their efficiency as define

or the classification of ISO-ePM; and ISO ePM, s filters only the ePM values are used.

X, min

s (class T13) shall bé individually tested and their efficiency determined at MPPS accorg
b3-5. Filters shall béindividually leak tested according to ISO 29463-4 where, in additio
ce leak scan method, four alternate methods for leak testing are allowed. For HEPA fil
ptries which(donot allow a scan testing, like e.g. cartridges or V-bank filters, the oil thry
d or one-ofthe other suitable (non-scanning) methods described in ISO 29463-4 car
ernate norms used for leak testing should be clearly identified on the filter and certificati

In order t

deviationsTand extensions to the test rig defined by ISO 16890-2 and ISO 29463-5, respectively,

extent the volume flow rate and the range of filter geometries (e.g. cylindrical filte

ted
b to
d in

ling
h to
fers
ead

be
bns.

br's),

are

described below.

The test rig consists of several square duct sections with typical 610 mm x 610 mm nominal inner
dimensions except for the section where the filter is installed. This section has nominal inner
dimensions between 616 mm and 622 mm. The length of this duct section shall be at least 1,1 times
the length of the filter, with a minimum length of 1 m as shown in Figure 1 (for more details on the test
rig see ISO 16890-2). The filter shall be within the section and shall not protrude out of this section,
either upstream or downstream. The test duct may need to have larger dimensions in cases when very
large filters or integrated filter-system-element are to be tested. In those cases, other dimensions are
allowed as long as the qualification procedures described in ISO 16890-2 are fulfilled. An example of a
special (large) filter transition can be seen in Figures 2 and 3.

© ISO 2021 - All rights reserved
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Table 1 — Filter classification

ISO 29461-1:2021(E)

Class Group 1(28 s:;}ti)g ISO 16890 (all parts)
cfficioncy | P | PMasun | ePMy | TR BTN
ISO T1 20 % < A;gp < 50 %
ISO T2 >250%
IS0 T3 Coarse >70 %
1SO. T4 > 85 %
ISO|T5 ePM,, >50 %
ISO|T6 ePM, >50 %
ISOQT7 250 %
1S0[ T8 ePM, >70 %
ISOQT9 285%
ISO[T10 =285 %
ISO|T11 EPA 295 %
ISOIT12 299,5%
ISO|T13 HEPA 29995 %
In dase of circular cartridges, the test setup (mounting of.the filters in the test duct) shall pe as close
to the real application as possible. In cases of large cylinders, a mounting plate with an add]tional hole
for the air inlet/outlet can be sufficient (see Figure 4).dn terms of much smaller cylinders anj additional

tramsition could be inserted in the duct (see Figure3). This shall however be analysed spegifically for

eac
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filter to be-tésted
filter length
Dutt section length (<1 000 mm and/or 1,1 x L).
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h construction, taking into consideration paossible jetting effect that can affect the ve¢locity and
bsol concentration in the test duct cross section.
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Key
L filter length

Figure 2 — Example of a filter section with transition for special filter constructions

Dimensionsjin millimdtres
0610 0610

k

Ly

[

a) Mounting filter smaller than the test duct  b)>Mounting filter larger than the test dug

Key
L; length pf the transition duct

W width ¢f the filter element to be tested
a  angle of maximum 7°

Figure 3 — Details of transition ducts for mounting filters
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6 Determination of the air flow resistance versus the mass of test dust captured

For the determination of the air flow resistance versus the mass of test dust captured, the procedures
described in ISO 16890-3 shall be applied. The synthetic loading dust as specified in ISO 15957 as
L2 shall be used as a loading dust for reporting results. Filters with particle removal efficiency
ePM;, < 50 % (ISO coarse according to ISO 16890-1) shall be loaded to a final resistance to air flow
of 375 Pa, while filters with a particle removal efficiency ePM;, = 50 % (fine filter groups ISO ePM,,
ISO ePM, 5 and ISO ePM; according to ISO 16890 (all parts)) and EPA and HEPA filters up to ISO 45H
according to ISO 29463-1 shall be loaded to a final resistance to air flow of 625 Pa. As additional data

4 © IS0 2021 - All rights reserved
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points, higher values for the final resistance to air flow can be defined between vendor and buyer for
information.

The first 100 g dust loading (or 15 Pa increase, whichever comes first) gives the initial gravimetric
arrestance; and the additional dust increments should give a smooth curve arrestance versus dust
loading up to the final resistance

7 Conditioning method to determine the minimum fractional test efficiency

Certain types of filter media rely on electrostatic effects to achieve high efficiencies at low resistance
to dirflow. Exposure to some types of challenge, such as combustion particles or other Ling particles,
can|inhibit such electrostatic effects with the result that filter performance suffers. Thetest procedure
desfribed in ISO 16890-4 and ISO 29463-5 provides techniques for identifying this type of|behaviour.
Thig procedure is used to determine whether the filter particulate efficiency is. dépendent on the
eledqtrostatic removal mechanism and to provide quantitative information_abo6ut the importance
of the electrostatic removal. Applying these procedures is a mandatory part.6f the filter festing and
clagsification of filters according to this document.

8 [Reporting

The one-page summary section of the performance report according to this document shall jnclude the
follpwing information:

— |General:

a) testing organization including name, locatien@hd contact information;
b) report number;

c) date of the report;

d) name of report supervisor;

e) test(s) requested by;

f) date when and how the'tested device (filter) was obtained.

— |[Manufacturer’s dataof the tested device:

g) manufacturer’s” name (or name of the marketing organization, if different| from the
manufactuner);

h) brand\and model name or number as marked on the tested device (full identificdtion of the
tested device); in case of HEPA filters, each filter shall be marked with an individuall identifier,
Which allows to link the filter element to the individual test report;

iJ~ description of the physical construction (e.g. pocket filter. number of pockets):

j) dimensions (width, height, depth);

k) type of medium, if possible or available the following shall be described:
— identification code (e.g. glass fibre type ABC123, inorganic fibre type 123ABC);
— neteffective filtering area as determined by the testing organization according to Annex A;
— in case of HEPA filters the MPPS of the filter medium as tested per ISO 29463-3;

1) additional information if needed;

m) a photo of the actual test device is highly recommended, but not required.

© IS0 2021 - All rights reserved 5
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— Test data:

n) testair flow rate;

0) number of the attached test report according to ISO 16890-2;

p) number of the attached test report according to ISO 16890-4;

q) number of the attached test report according to ISO 16890-3.

— Results:
r) inftial and final test pressure differential;
s) in(case of fine filters:
1)| efficiency values ePMy, ePM, 5 and ePMy, including uncertainties;
2)[ minimum efficiencies ePM; ;, and ePM; 5 ...\, including uncertainties;
t) infcase of EPA and HEPA filters: the efficiency to MPPS;
u) injcase of HEPA filters: the result of the leakage test according to [S0'29463-4;
v) injtial and average arrestance;
w) test dust capacity;
x) ISO filter class according to Table 1.
— Concluding statement:

y) THe results of this test relate only to the test device in the condition stated herein. [The
performance results cannot by themselyes be quantitatively applied to predict filtrafion

performance in all “real life” environments.

In the summary report, except for the efficiency to MPPS larger than 99 % for EPA and HEPA filters,the

results shalll be rounded to the nearest integer.

© ISO 2021 - All rights reserved
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Annex A
(normative)

Net area calculation

Thg information of the media area, provided by the filter manufacturer, s am/be d
megsurements and calculation and reported. The filter area shall be calculated according to
If the shape of the pockets/pleats deviates significantly from these schematic(drawings an
estimation to fit the standard shape should be made. This shall then be com ted in the re

A.2 Pocket filters \%O

Pocket filters typically consists (for a full module, 592 mm QQ mm face dimensions)

ofary

hecked by
this annex.
additional
port.

of a set of

pockets arranged vertically in a mounting frame (see Figure % To calculate the net area the following

profedure should be used:

N\
a) |Stretch each pocket in the airflow direction so tha&?@xpands to its full length (L).
b) |Measure the length of each pocket. \\S\

c) |Measure the shape of the pocket accordirﬁ\% Figure A.1 and Figure A.3.
d) |Calculate the net area for each pocket?\,O
e) |Sum the pocket net areas to the@&&i net area.

f) |Estimate the error in meas§\ement as tolerance range of the measured area.

— O

@V

D

o

L

a) In construction b) Pocket flattened out

Key

H  height of the pocket, inlet side - flattened pocket

L length of pocket

y  difference in height on top (and bottom) along the length (L) of pocket

Figure A.1 — Pocket filter, area calculation
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Ai=2X
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Then the f¢
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Figure A.2 — Front view (left) and side view (right), pocket 1ilter

— ——

I

p—
S~

e N R T

bt height in construction
bt flattened out

Figure A.3 — Front viéw, pocket filter, flattened

(i) net area is calculated using Formula (A.1).
(HxL-yxL)

al.

rmula becomes:

(Hy /2 x &)

The total nlet area (i = 1to N) is calculated using Formula (A.3).

(h.1)

fal reasons, it is allowed to measure the pocket height at L/2, if the tapering is lifjear

(h.2)

N
Apor = ZA,-
i=1

where N is

the total number of pockets.

See Formulae (A.4) and (A.5) for a calculation example of the tolerance range.

H:+ 0,002 m (2 mm)

L: +0,003 m (3 mm)

(A.3)

© ISO 2021 - All rights reserved
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0,001 m (1 mm)
ALin=2[2x({H-0,002) x{L-0,003} - {y + 0,01} x {L - 0,002})],

A =2Z[2x({H+0,002) x {L+0,003} - {y - 0,01} x {L +0,002})];

Formula (A.6) shows the reported result.

A3

Pled

(tyr
and|

Anet = Atot (Amax' Amin)

(A4)

(A.5)

(A.6)

Pleated filters

ited filters are normally constructed by mini-pleat technology or with the separat

br pleating

ically aluminium, plastic or paper). Example of the different type of filters can be seen inf Figure A.4
Figure A.5. A pleated filter can consist of a pleated package that comprsises all filter media, or it

may be constructed out of several packages that are assembled into a corhplete filter. To mpasure and

caldqulate the net area of the filter, the following procedure is used:

a) |Measure the effective width (W) of the (each) filter pack (crosspleating direction).

b) [Measure the height (H) of the (each) air filter media pack. This can be difficult to measur¢ (practical
reasons). Instead of the height the pleat depth could bemeasured with, for instance, a §mall paper
strip or calliper device.

c) |The effective width (W) that shall be measured §hall not include sealant (potting) material that
cover the air filter media (where obviously no dit*can penetrate the filter media).

d) [Count the number of pleat tips within the efféctive length (pleat direction).

e) |In case of separator filter (rectangular‘pleat shape) measure the pleat tip width (¢).

f) |In case of mini-pleated filter (V-shaped pleat shape), t = 0.

g) |In the case of a filter consistingof several packages, the total sum of all packages is the tptal area of
the filter.

h) |Estimate the error immeasurement as tolerance range of the measured area.

The pleat (i) net effective area is calculated using Formula (A.7).

A; =2 x (HxW £ x W) (A.7)

The totalnetarea (i = 1 to N) is calculated using Formula (A.8).

N
A Wl

Aot = 2 4 (A.8)
i=1

where N is the total number of pleats.

See Formulae (A.9) to (A.12) for a calculation example of the tolerance range.

H: £ 0,001 m (1 mm)

W:+0,002 m (2 mm)

t: £0,000 5 m (0,5 mm)

© IS0 2021 - All rights reserved 9
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In case of mini-pleat filter:

A =2 [2 x ({H - 0,001) x {W - 0,002})], (A9)
A =2 [2x ({H+0,001) x {W+0,002}], (A.10)

In case of separator filter:

ALin=Z[2x({H-0,001} x {W-0,002} + {t- 0,000 5} x {W - 0,02})], (A.11)

A =F[2 % ({H + 0,001} x {W + 0,002} + {t + 0,000 5} x {W + 0,02})], (Al12)

Formula (A.13) shows the reported result in case of one pack filter.

net — 4 tot (Amax' Amin) (A 13)

Formula (A.14) shows the reported result in case of several pack filters.

Aror=3A Al14)

tot ()

where j is fhe number of packs (see Figure A.5).

10 © IS0 2021 - All rights reserved
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Figure A.4 — Pleated filter with one pack
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