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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards

bodie
throu

s (ISO member bodies). The work of preparing International Standards is normally carried out
gh 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.

.0‘.__ C ed to develop this documen 1 hose intended for i (1€ [1]

intenance are

descrfbed in the ISO/IEC Directives, Part 1. In particular, the different approval criterian¢eded for the

Any t
const

ent types of ISO documents should be noted. This document was drafted in aceorddnce with the

ion is drawn to the possibility that some of the elements of this document'may be the subject of

rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
htent rights identified during the development of the document will be'in the Introdyction and/or
e [SO list of patent declarations received (see www.iso.org/patents).

Fade name used in this document is information given for thie convenience of users pnd does not
tute an endorsement.

For an explanation of the voluntary nature of standards;'the meaning of ISO specific terms and

expre
Worlg
iso/fa

ssions related to conformity assessment, as well as information about ISO's adhgrence to the
Trade Organization (WTO) principles in the Teghitical Barriers to Trade (TBT) see www.iso.org/
reword.html.

This flocument was prepared by Technical Committee ISO/TC 22, Road vehicles, Subcominittee SC 34,

Propu

Ision, powertrain and powertrain fluids,

This fourth edition cancels and replaces.the third edition (ISO 5011:2014), which has been technically

revisq
to the

— a

— T

|
(%)

— a

bd. It also incorporates the Amehdment [SO 5011:2014/Amd.1:2018. The main changes compared
previous edition are as follows:

Hded a validation procedure for verifying efficiency measurements;
bvised recommended.JSO dust injector table;

Hded formula ferprecleaner efficiency method;

bmoved requirement for secondary element collapse test;

dded Anhéx H (Penetration sensitivity);

ddeda new dust injector.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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INTERNATIONAL STANDARD ISO 5011:2020(E)

Inlet air cleaning equipment for internal combustion
engines and compressors — Performance testing

1 Scope

This document establishes and specifies uniform test procedures, conditions, equipment and a

perfo mancereporttopermitthe directlaboratorv performance comparisonof air cleaners
) T T ' :

The basic performance characteristics of greatest interest are air flow restrictien, or differential
presspre, dust collection efficiency, dust capacity and oil carry-over on oil bath air|cleaners. This test
code therefore deals with the measurement of these parameters.

This Hocument is applicable to air cleaners used on internal combustion‘éngines and |[compressors
generjlly used in automotive and industrial applications.

2 Normative references

The fpllowing documents are referred to in the text in suchia way that some or all of their content
constjtutes requirements of this document. For dated references, only the edition cited applies. For
undafed references, the latest edition of the referenced doctiment (including any amendménts) applies.

ISO 5[L67-1, Measurement of fluid flow by means of pressure differential devices inserted in dircular cross-
section conduits running full — Part 1: General prin¢iples and requirements

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

3 Terms, definitions and symbols
For the purposes of this document, the following terms and definitions apply.
ISO apd IEC maintain terminélogical databases for use in standardization at the following pddresses:

— [$0 Online browsing-platform: available at https://www.iso.org/obp

]

EC Electropedija:javailable at http://www.electropedia.org/

3.1 |Terms.and definitions

3.1.1
air filter

air cleaner

device which removes particles suspended in the intake air as it is drawn into the engine

3.1.2
filter element
replaceable part of the air filter (3.1.1), consisting of the filter material and carrying frame

3.1.3

secondary element

air cleaner (3.1.1) element fitted downstream of the primary element for the purpose of providing the
engine with protection against dust in the event of

a) certain types of primary element failure, or

b) dustbeing present during the removal of the primary element for servicing

© IS0 2020 - All rights reserved 1
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3.14

020(E)

unit under test
either a single air cleaner (3.1.1) element or a complete air cleaner assembly

3.1.5

single-stage air cleaner
air cleaner (3.1.1) which does not incorporate a separate precleaner (3.1.7)

3.1.6

multistage air cleaner
air cleaner (3.1.1) consisting of two or more stages, the first usually being a precleaner (3.1.7), followed

by one or m

re filter elements (3.1.2)

Note 1 to entr
secondary elen

3.1.7
precleaner
device usual
the filter elen

3.1.8
test air flow
measure of t

Note 1 to entr]

3.19
rated air flo
flow rate spe

Note 1 to entr]

3.1.10

y: If two elements are used, the first is called the primary element and the second one is ¢all
hent (3.1.3).

y using inertial or centrifugal means to remove a portion of the test@dust prior to reg
nent (3.1.2)

he quantity of air drawn through the air cleaner (3.1.1) outlét per unit time

y: The flow rate is expressed in cubic metres per minute eorrected to standard conditions.

W
cified by the user or manufacturer

y: It may be used as the test air flow (3.1.8):

scavenged air flow

measure of t
Note 1 to entr]

3.1.11
static press

pressure in g
holes drilled

Note 1 to entr
liquid manom
treatedasap

he quantity of air used to remeve the collected dust from a precleaner (3.1.7)

y: It is expressed as a percentage of the test air flow (3.1.8).

ire
duct, at the observed air flow rate, measured by connecting a pressure gauge to a h
in the wall.ofithe duct

y: In the-tests specified in this document, a static pressure is measured by a manometer (us
eter) as-a negative pressure difference against the atmospheric pressure and in the formula
psitive value.

ed the

ching

ole or

hally a
this is

3.1.12
restriction

static pressure (3.1.11) measured immediately downstream of the unit under test (3.1.4)

3.1.13
differential

pressure

difference in static pressure (3.1.11) measured immediately upstream and downstream of the unit under

test (3.1.4)

© IS0 2020 - All rights reserved
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3.1.14
pressure loss
measure of the loss of energy caused by an air cleaner (3.1.1) at the observed air flow rate

Note 1 to entry: It is expressed as the differential pressure (3.1.13) corrected for any difference in the dynamic

head at the measuring points.
Note 2 to entry: For further information, see Annex A.

3.1.15
absolute filter

filter downstream of the unit under test (3.1.4) that retains the contaminant passed by the unit under test

test terminal condition
condition, relating to an air cleaner (3.1.1), the occuttrence of which signifies the end of the

Note 1 to entry: A test terminal condition may be, for example, any one of the following: the restr
or thq differential pressure (3.1.13) reaches a specified or agreed terminal value; the dust-remo
(3.1.16) or some other performance parameter:falls to a specified or agreed value; oil carry-over (3

a dust{pot becomes filled.

3.1.20
autompotive application
air clganer (3.1.1) generally u§edfor internal combustion engines in passenger cars

3.1.2

indugtrial application

air cl¢aner (3.1.1) generally used for internal combustion engines in heavy-duty trucks,
equipment and agricultural tractors

3.2 |Symbols

t conditions

jed terminal

test
iction (3.1.12)

ving efficiency
.1.18) occurs;

construction

The fpltowing applied units, according to ISO 80000-1, are used.

Name Symbol Unit

Density p kg/m3
Differential pressure Apq Pa
Mass m g
Mass flow rate qm kg/min
Pressure p Pa
Pressure loss Ap, Pa
Restriction Ap, Pa
Temperature T °C
Time t S

© IS0 2020 - All rights reserved
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4 Measu

Name Symbol Unit
Velocity v m/s
Volume flow rate ay m3/min

rement accuracy and standard conditions

4.1 Measurement accuracy and precision

Measure the air flow rate to within +2 % of the actual value, except for the variable air flow test when

accuracy ma

Measure the
within 1 % o

Measure the

Measure the

with the excq

Measure the

Measure the

The measure

Follow Anne

4.2 Stand

All airflow n

See Annex G

5 Testm

5.1 Test dust

5.1.1 Grad

The test dus

to agreemen

distribution
In the absen

— for singl

a2 0/

£
/70 Ul

dla son ozt ool £l sralic floca: fatheo ol b o ol o o0 oo
crrCTIra Aot varaCor e TICTTOVY T atCtrT ougir crrCCreartCT

OC—=Z

NAZ

differential pressure and restriction to within 25 Pa for pressure readings up-to-1
If reading for higher pressures.

temperature to within 0,5 °C of the actual value.

mass to within 0,1 g with the exception of absolute filter mass to be easured at 0,01
bption of the feeder mass to be measured at 1 %.

relative humidity (RH) with an accuracy of #2 % RH.
barometric pressure to within 0,3 kPa.
ment equipment shall be calibrated at regular intervals to ensure the required accur

k H to determine the reporting precision of yourefficiency measurement.

ard conditions

easurements shall be corrected to a.standard condition of 20 °C at 101,3 kPa.

hterials and test conditions

e

L to be u§ed shall be 1SO 12103-1, A.2 (ISO fine) or ISO 12103-1, A.4 (ISO coarse), st
k between the filter manufacturer and client. The chemical analysis and the particl
shall donform to I1SO 12103-1.

) kPa,

g and

acy.

hbject

le size

€ Of an agTeeIent on the aust:

e-stage filters, use ISO fine test dust, and

— for multistage filters, use ISO coarse test dust.

5.1.2 Preparation

Before using the test dust, a quantity sufficient to cover the test requirements shall be mixed to
ensure that no stratification / clumping has occurred. The test dust shall then be allowed to become

acclimatised

NOTE

to a constant mass under the prevailing test conditions.

dust prior to being acclimated to the environment.

To ensure a constant rate of dust feed with some dust feeders, it can be found necessary to heat the

© IS0 2020 - All rights reserved
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5.2 Test oil for oil bath air cleaners

The oil used for testing oil bath air cleaners shall be that specified by the filter manufacturer and agreed
by the user for use at the appropriate ambient temperature. If an oil is not specified, the test oil shall be
a heavy-duty oil and the viscosity at the temperature of the test shall be adjusted as follows:

— 85 mm?/s for oil carry-over and restriction/differential pressure tests;

— 330 mm?/s for efficiency and capacity tests, including an oil carry-over test after the capacity test.

5.3 Absolute filter materials

5.3.1| Filter media

The gbsolute filter may consist of fibreglass media with a minimum thickness of 12,/ mm and a
minimhum density of 9,5 kg/m3 1. The fibre diameter shall be 0,76 pm to 1,27%um and the moisture
absorption should be less than 1 % by mass after exposure to 50 °C and 95 %(relative humidity for 96 h.
The dbsolute filter media shall be installed with nap side facing upstream, in an airtight holder that
adequately supports the media. The face velocity shall not exceed appfeximately 0,8 m/¢ to maintain
medig integrity.

As anlalternative, a non-woven filter media with the efficiency des¢ribed in 5.3.2 may be used.

To reduce any subsequent errors in the measurements caused by losses of fibres or materials, the
absolfite filter shall be subject to a flow of at least 110 % of'the rated flow of ambient air foj a minimum
of 5 min before the first (new) test weighing.

NOTE The use of an absolute filter with a backing will minimize fibre loss.

5.3.2| Validation of absolute filter media efficiency, E,

Arrarjge two absolute filters in tandem.Perform a filter efficiency test and determine the npass increase
of eadh absolute filter according to thé test procedure given in 6.4.3 or 7.5.2:

Amy,
E|, =——x100 @8]
Am, +Amyg
where
E}, is the absolute filter efficiency, expressed as a percentage;

Am, is theéymass increase of the upstream absolute filter;

Ampgc s the mass increase of the downstream absolute filter.

Th 1. 4 L3l £L: 2 1 111 M s £00-0/ £ 41 . s . PR | t t
€ apsorute ricer CITICITIIC y STTUUIU UT 4 THHIIHITUIIT U 7777770 TUT UIT CULILA I PpT TS TIILTU O 1t

5.4 Absolute filter mass

The absolute filter shall be weighed, to the nearest 0,01 g, after the mass has stabilized. Weight
stabilization may be achieved by storage in a ventilated oven at a constant temperature of 105 °C £ 5 °C.
The absolute filter shall be weighed inside the oven. Alternatively, air conditioned following 5.5 may
be drawn through the absolute filter for 15 min and then the filter is weighed. Evaluate conditioning
method per 5.4.1.

1) A suitable material is commercially available. Details may be obtained from the secretariat of ISO/TC 22.

© IS0 2020 - All rights reserved 5
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5.4.1 Validation of the absolute filter weighing method

Using the method of choice, the absolute pad weight method shall be performed once each day for three

days and eva

luate results per Annex H.

5.5 Temperature and humidity

All tests shall be conducted with air entering the air cleaner at a temperature of 23 °C £ 5 °C. Tests shall
be conducted at a relative humidity of (55 = 15) %, the permissible variation at each weighing stage

throughout e

ach single test being +2 %.

gh it

The test resy
and the resu
relative hum|
range of tem

6 Test pr

6.1 Gener

Performance
element; test
restriction/d
collapse test

6.2 Teste

6.2.1 Typi
characteristi

Use a dust f§
metering du
primary parf
The heavy-d

The dust feedl system shall be validated as follows.

fidity may not be directly comparable. The tests should be conducted within the natr

CITC T CTO eIV C IO I Tor oy o citc— ot pPoo Ity ot

ts of otherwise identical tests carried out near the two extremes of the permitted ta

cIre-orT TS

perature and humidity possible.

ocedure for dry-type air cleaners for automotive applications

al

s on a complete air cleaner assembly are preferred. Thé/tésts shall consist of an ai
ifferential pressure test, an efficiency test and a capacity test. In addition, a pre
shall be performed on the air filter element.

quipment

al arrangements to determine resistance to air flow, dust capacity, dust re
Cs and rupture collapse characteristics are shown in Annex B, Figures B.1 and B.6 to B|

nge of
bwest

tests shall be performed on a complete air cleaner assemply or on a single air cleaner

" flow
ssure

moval
11.

beder which when used with the dust injector in Figures B.2, B.3 and B.18 is cap

icle size distribution of thelfcontaminant. The air feed pressure shall be 100 kPa mini
Lty injector pressure shallbe a gauge pressure of 280 kPa minimum.

he dust feeder,with a pre-weighed amount of test dust.
eously startthe dust feed system and timer.

intervals, determine the mass of dust dispensed. Continue mass determinations o
htsfor 30 min.

bl
5t over the range of delivery rates required. This dust feed system shall not chan}s‘ the

e of

um.

f dust

a) Charget
b) Simultay
) At 5 mirn

increme
d) Adjustt

A L | gl 41 a1 b : L | i A V4 £ 41 | : | b
IT UUST ITTUCT UIILIT UIIT dVvEl dgT UCTIIVETL y T dlT 15 WILIIIT J 770 Ul LT UTSITTU Td4dlT dl

deviation in delivery rate from the average is not more than 5 %.

d the

6.2.2 Use a dust-transfer tube between the dust feeder and the injector of a size suitable to maintain
dust suspension. Sedimentation losses in the transfer tube should be avoided by having the tube as short
as possible and grounded.

© IS0 2020 - All rights reserved
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6.2.3 Use the dust injector described in Table 1 and shown in Figures B.2, B.3 and B.18.

Table 1 — Recommended ISO dust injectors (see Figures B.2 B.3 and B.18)
Dust feed rate per injector 0to5 510 26 26
(g/min)
Light-duty injector or ) -
Injector type Light-duty injector heavy-duty injectors Heavy-duty injectors

(AorB)

(AorB)

If an array of1n]ectors is used special care shall be taken to make sure the dust fed is dlstrlbuted evenly

between-e

ajrstream and

secon(d, to make sure the maximum or minimum feed rate for the 1n]ectors being usedisxnpt exceeded.

Wherje dust feed rates greater than this are required, more than one injector will have o be used. It
should be noted that the design of the system feeding test dust to the injector may affect this maximum
rate df dust feed. The maximum attainable dust feed rate should therefore bé.determined prior to the

dust feed/injector system being used for tests.

Injectior nozzles are subject to natural erosion. Erosion may affect the distribution and ddlivery of test

contaminant. Therefore, it is recommended to use a design with replaceable parts.

6.2.4
such & way that there is a uniform dust distribution and no 10ss of dust.

6.2.5

6.2.6

user ¢onforming to Figure B.11. For air filter element testing, use a test set-up and shrou

Use an inlet tube conforming to Figure B.4. The dust injector and inlet tube shall be positioned in

Use a manometer or other differential-pressurenteasuring device with the specified accuracy.

For air cleaner assembly testing, use a hausing and set-up agreed upon by the manj&facturer and

conforming

to Figures B.1 and B.5 or an arrangement as‘shown in Figures B.6 or B.7. Where the test pquipment is
as shown in Figure B.6, the dust is fed.into the chamber and, to ensure that it does not gdhere to the
wallsfand is evenly distributed, dry compressed air jets on flexible tubing should be providged in the test

champer, arranged so to agitate any dust that settles out.

Whern

using compressed air for/agitating dust, care shall be taken not to eject any dufst out of the

champer. To ensure that no-dust is ejected from the chamber, a negative pressure should bg maintained

betw¢en the chamber and'the atmosphere.

6.2.7

Use an outlet tube conforming to Figure B.4. The cross-section shall be the same as the air cleaner

outlet. In the case.0f non-uniform flow conditions caused by special outlet tubes, special prefautions may

be required.

6.2.8| [Use'an air flow rate measuring system having the accuracy described in 4.1.

Validate the air flow rate measuring system. The air flow meter shall be of an acceptable design, such
as a calibrated orifice and manometer conforming to ISO 5167-1. The orifice unit shall be permanently
marked such that it can be identified after calibration. Corrections shall be made for variations in
absolute pressure and temperature at the meter inlet and the air flow rate shall be expressed in cubic

metres per minute corrected to standard conditions (see 4.2).

6.2.9 Use an air flow rate control system capable of maintaining the indicated flow rate to within 2 %

of the selected value during steady-state and variable air flow operation.

6.2.10 Use a blower/exhauster for inducing air flow through the system, which has adequate flow rate
and pressure characteristics for the filters to be tested. Pulsation of flow rate shall be so low that it is not

measurable by the flow rate measuring system.

© IS0 2020 - All rights reserved
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6.2.11 Grounding is required for all test apparatus to reduce the effects of static charges and to improve
the consistency of the test results. Grounding of metallic and non-metallic surfaces, housings, dust
transport tubes, injectors and associated hardware is recommended.

6.3 Restriction and differential pressure test

6.3.1 The purpose of this test is to determine the restriction/differential pressure/pressure loss
across the unit under test which will result when air is passed through under predetermined conditions.
Airflow restriction or differential pressure is measured with a clean filter element, or elements, at five
equally spaced airflows of between 50 % and 150 % of the rated air flow, or as agreed upon between the
user and mapufacturer,

6.3.2 ConJition the unit to the air flow at which the unit is tested for at least 15 min.undé¢r the
temperaturefand humidity conditions specified in 5.5.

6.3.3 Set up the test stand as shown in Figures B.8 or B.9 and Figures B.14 or B.¥5. Seal all joints to
prevent air lg¢aks. Connect pressure taps.

6.3.4 Meadqure and record the restriction and the differential pressure) versus the flow rate at
approximately 50 %, 75 %, 100 %, 125 % and 150 % of the rated air flow;0r as agreed upon between the
user and manufacturer.

6.3.5 Recofd the ambient temperature, barometric pressure andrelative humidity.

6.3.6  Corrg¢ct the recorded restriction and differential pressure to standard conditions in accorfance
with Annex (f, Formula (G.1).

6.3.7 For pressure loss determination, use the formiula given in Annex A.

6.3.8 Plot the results, for example as shown'in Annex E, Figure E.1 or equivalent.

6.4 Efficigncy test

6.4.1 Purpose

The purpose]of this test is‘to determine the retention capabilities of the unit under test. This teft can
be conducted with either'¢onstant or variable air flow and with coarse dust or fine test dust. If desired,
efficiency tepts can beyperformed concurrently with capacity tests (see 6.5). Determination ¢f the
efficiency at|constant test air flow can be performed at the rated air flow or any percentage thereof,
as agreed ugondy(the user and manufacturer. Determination of efficiency at variable air flow dan be
performed uping variable air flow cycle according to 6.7.

6.4.2 Types
Three types of efficiency tests can be performed, as follows:

a) full-life efficiency determined when the terminal condition, i.e. the terminating differential
pressure is reached;

b) incremental efficiency determined when, for example, 10 %, 25 % and 50 % of the terminating
differential pressure minus the initial differential pressure is reached;

c) initial efficiency determined after the addition of 20 g of contaminant or the number of grams
numerically equivalent to six times the air flow in cubic metres per minute, whichever is the
greater.
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6.4.3 Test procedure — Absolute filter method

6.4.3.1 Based on the test flow, calculate the test dust feed rate using a dust concentration of 1,0 g/m3 of
air; in special cases (e.g. small filters) 0,25 g/m3 or 0,5 g/m3 may be allowed.

6.4.3.2 Condition the unit under test according to 6.3.2, then measure and record the mass.

NOTE Conditioning of the absolute filter pad and air cleaner can be performed concurrently.

6.4.3.3 Weigh the absolute filter pad as specified in 5.4 and record mass before assembly within
absolutefilter hmlcing

6.4.314 Set up test stand as shown in Figure B.11 for air cleaner assemblies, or as shown |n Figure B.1,
B.6 o1t B.7 for air filter elements. Seal all joints to prevent air leakage.

6.4.3]5 Record the temperature, barometric pressure and relative humidity:

6.4.316 Prepare the specified test dust according to 5.1 and weigh out'the quantity requited for test in
a suitpble test container. For full-life efficiency tests, the quantity should be approximately [125 % of the
estimpted capacity of the unit under test. Record the mass of the eontainer and dust to the hearest 0,1 g.
Specified in 4.1.

6.4.3{7 Startthe air flow through the test stand and stabilize at the test flow rate. Record tHe differential
pressfire.

6.4.3]8 Load the dust feeder from the dust cofitainer and adjust the feed rate to injeqgt dust at the
concentration calculated in 6.4.3.1. Reload the dust feeder from the dust container throughqut the test as
necesgary.

6.4.319 At specified time intervals (ahinimum of five points is recommended), record the differential
presspire in accordance with Annex.A at the test flow and the elapsed test time.

6.4.3/10 Continue the test until the specified terminal condition is reached.
6.4.3]11 Record the temperature, barometric pressure and relative humidity.

6.4.3]12 The duston the exterior surfaces of a cleaner assembly or any which may have sett|ed in the test
champer/ducting on the inlet side of a test element shall be collected carefully and its weight recorded.
This dust shallthen be discarded due to potential change in distribution.

6.4.3[13/Reweigh the dust container and add the result to the weight recorded in 6.4.3.12.|Subtract this
sum from the mass recorded in 6.4.3.6. The difference is the mass of dust fed to the unit under test. The
mass of dust fed to the unit under test can be determined from weight loss of the dust feeder directly.

6.4.3.14 Carefully remove the unit under test without losing any dust. Note any evidence of seal leakage
or unusual conditions. Weigh the unit, per 4.1 in grams. The increase in mass of the unit under test is this
mass minus the mass determined in 6.4.3.2. In the full-life efficiency test [see 6.4.2 a)] this increase in
mass is the capacity of the unit under test.

6.4.3.15 Brush any observed dust on the downstream side of the test unit onto the absolute filter.
Carefully remove the absolute filter. Repeat step 6.4.3.3 per 4.1 and determine the difference in mass.
This is the increase in mass of the absolute filter.
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6.4.3.16 Calculate the material balance, B, of the test dust. For the test to be valid, this value shall be
within the range 0,98 to 1,02:

Am
B =

F +Amu

where
AmF is
Amu is
is

my

6.4.3.17 Cal

An

Amu ;

where the syj

6.4.4 Test

NOTE Th

The direct wj

can be contr

within 0,1 %

Where a suit

assessing the

according to

6.4.3.17. Caldg
Ee Amu
my

where the syj

The test repc

6.5 Capadity test

my

the increase in mass of the absolute filter;

the increase in mass of the unit under test;

(2)

the total mass of the dust fed.
culate the efficiency, E (expressed as a percentage), by the following method:

u

x100
I-AmF

mbols are as in Formula (2).

procedure — Direct weighing method
s method is a less precise efficiency determination than therabsolute filter method.

eighing method may be used for cumulative effi¢iency determination where the hur

hble large, accurate balance is availableésitis permissible to use a direct weighing met]}
performance of the unit under test-Insuch cases the air cleaner under test shall be 1
the procedure in 6.4.3 omitting-the operations described in 6.4.3.3, 6.4.3.15, 6.4.3.1

(3)

nidity

blled to within +1,0 % and the accuracy of theincrease in mass of the filter determined to

hod of
ested
6 and

ulate the efficiency, E (expressed-as a percentage), as follows:

x100

mbols are as in Eoxmula (2).

rt should indicate the method of efficiency determination used.

(4)

6.5.1 Thep

urpose of this test is to determine the total mass gain of the unit under test at the termipating

condition. This test can be conducted with either constant or variable air flow and with coarse or fine
test dust contaminant. If desired, the capacity determination can be performed concurrently with the
efficiency test (see 6.4).

6.5.2 Condition the unit according to 6.3.2. Perform the test as described in 6.4.3 or 6.4.4.

10
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6.5.3 Assuming a constant ratio of elapsed time versus dust feed of the test unit, record the data and
plot the curve of restriction versus mass gain, see reference plot in Annex F, Figure F1. Refer to 6.4.3.9 for
restriction and time interval data.

(5)

Determine the mass gain values as follows:
4
Amt =—><AmUT
by
where
1S the increase I mass at the end of eacit time mtervat;
t is the total time at the end of interval,;
t} is the total time at the end of test;
Amyy s the total increase in mass of the unit under test at the end of-test.

6.5.4
the re

6.6

6.6.1
differ

6.6.2
B.7 or
this t¢

6.6.3
until
differ

6.6.4
condi

6.7

6.7.1

In the case of the terminal condition being the restriction, tetminal condition sha
striction added by the dust mixing device and test shroud.

Filter element pressure collapse test

bntial pressure and/or to determine the differential pressure at which collapse occurs

Set up the test stand to perform the basic dust capacity test in accordance with Fi
B.11. Either the element from the prioricapacity or efficiency test or a new element c3
st.

Increase the air flow through the stand and, if necessary, the feed dust at any co1
he specified differential pressure is reached or until element collapse is indicated by
bntial pressure or increase-in air flow.

Record the maxiniim differential pressure attained, the reason for terminating the
Fion of the element after test.

Variable.air flow test

AS§ dn option to the constant air flow test, a variable air flow test can be carried o

I not include

The purpose of this test is to determine the ability-of an air filter element to withstand a specified

bure B.1, B.6,
n be used for

hvenient rate
h decrease in

test, and the

ut by using a

varialpleair flow cycle similar that shown in Figure 1.

6.7.2

In the case of oil bath air cleaners and large air cleaners (e.g. flow rate >5 m3/min),

of every partial flow section may be 5 min instead of 1 min.

the duration

6.7.3 Based on the average test flow for the cycle being used, calculate the dust feed rate as in 6.4.3.1.

The d

6.7.4

ust feed rate should remain constant.

All differential pressure determinations shall be made at maximum air flow.

6.7.5 Perform tests using variable air flow in place of the constant air flow, however, with the following
changes:

— after the end of each cycle the differential pressure shall be determined at the maximum flow, and
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— the efficiency shall be determined at least after three cycles if the duration of partial flow section is
1 min and after every cycle if the duration of partial flow section is 5 min, and after the end of test.

Y
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6.8 Prese

For the presg

7 Test prjocedure for dry-type air cleaners for industrial applications

7.1 Genel|

Performancsd
element, and
differential

It is difficult
representati
different typ
test dust gra
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@

Figure 1 — Typical variable flow cycle (averageflow 60 %)

ntation of data

ntation of data, see examples in Annexes C, E and'F or equivalent.

al

tests shall be performedton a complete air cleaner including precleaner, pr
secondary element, if normally provided. The tests shall consist of an airflow restri
ressure test, an initial éfficiency test, and a combined efficiency and dust capacity te

if not impossible,(to Select a test dust size distribution and concentration which w
e of all serviceCepnditions. Therefore, based on primarily practical consideration

e and coneenhtration selected accordingly from Table 2.

Table 2 — Test dust and concentration

mary
"tion/
St.

rill be
s, the

es of air cleangers have been classified as to their most probable service conditions, and the

7.2 Teste

Air cleaner type Test dust? Concentration
Single stage Coarse or fine 1g/m3
Multistage Coarse or fine 2g/m3

a2 Inaccordance with ISO 12103-1. See 5.1.1.

quipment

7.2.1 Typical test arrangements are shown in Figures B.12, B.14 and B.15.

7.2.2 The dust feeding system shall be the same as described in 6.2.1.

7.2.3 The dust transfer tube shall be the same as described in 6.2.2. Concerning the dust feed rate, see

also Table 1.

12
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7.2.4 Tubular air cleaner inlet: the cross-sectional area of the upstream piezometer tube shall be the
same as the air cleaner inlet (see Figure B.4).

7.2.5 Rectangular or open face inlet: the same as 7.2.4 except the overall length and placement of the
piezometer shall be a minimum of 6 times the hydraulic diameter on the inlet and 4 times the hydraulic
diameter on the outlet (hydraulic diameter = 4 times the area divided by perimeter).

7.2.6 The peripheral air inlet or stack type precleaners shall be tested in a chamber which ensures the
even distribution and delivery of test dust to the inlet of the unit. Care should be taken in the design of
the chamber to ensure that all the test dust is fed to the filter. If dust settling occurs, then compressed air
jets = i i in Figure B.13.

To enjsure that no dust is ejected, a negative pressure should be maintained between the chamber
interipr and the atmosphere.

7.2.7| The outlet downstream piezometer tube shall be as shown in Figure Bi4) The inside diameter of
the oyitlet downstream piezometer tube shall be the same as the air cleaner outlet tube. 1n the case of
non-yniform flow conditions caused by special outlet tubes, special precatitions may be reqiiired, such as
incregsing the inlet shroud length.

7.2.8| The absolute filter shall comprise the material specified in'5.3.

7.2.9| Use an air flow measuring system as described in 6.2.8, an air flow control system aq described in
6.2.9 and a blower/exhauster as described in 6.2.10.

7.2.10 Grounding is required of all test apparatus-te reduce the effects of static charges and to improve
consistency of the test results. Grounding of metallic and non-metallic surfaces, housings, dust transport
tubes| injectors and associated hardware is required.

7.3 |Restriction and differentialpressure test

Test ghall be performed accordingto 6.3.
7.4 [Initial efficiency testprocedure — Absolute filter method

7.4.1| Condition theCunit to the air flow at which the unit is tested for at least 15 mjn under the
température and humidity conditions specified in 5.5.

NOTE Conditioning of the absolute filter pad and air cleaner can be performed concurrently.

7.4.2| Weigh the absolute filter pad as specified in 5.4 and record the mass before assembly in the
absolpitefilter housing.

7.4.3 Prepare the test dust according to 5.1.1 and weigh out a quantity equal to 11 g/m? of the primary
element media area. Place the preweighed dust in the dust feeder.

7.4.4 Ifitis practicable, weigh the complete unit under test.

7.4.5 Weigh the dust feed system with the dust and record the mass.

7.4.6 Set up the air cleaner as shown in Figure B.12 or B.13, sealing all connections to prevent air
leakage, and maintain the air flow at the test flow rate.

© IS0 2020 - All rights reserved 13


https://standardsiso.com/api/?name=17fff7ecbe5a158cb5177ad68ac41624

ISO 5011:2020(E)

7.4.7 Start the dust feeder and adjust the feed rate to maintain continuous injection of the complete
quantity of test dust over a period of 30 min.

7.4.8 Record the temperature, barometric pressure and relative humidity.

7.4.9 Brush any observed dust on the downstream side of the test unit onto the absolute filter. Carefully
remove and reweigh the absolute filter pad as in 5.4. Calculate the increase in mass by comparison with
the mass recorded in 7.4.2.

7.4.10 Collect all dust which has settled on the exterior surface, inlet ducting or test chamber, or the
inlet side of ffretestunitandrecordthe-weight-Tthisdustshattthenbediscardeddtetopotentialchange
in distributign.

7.4.11 Rewgigh the dust feed system per 4.1, add the recorded weight from 7.4.10 and calculafe the
mass of dust]injected into the test cleaner by comparison with the initial mass of the-dust feed system
from 7.4.5.

7.4.12 Ifitis practicable, reweigh the complete unit under test.

7.4.13 Calcylate the initial efficiency, E; (expressed as a percentage), asfollows:

m, +Am
E =D F 100 (6)
I’HD

where the symbols are as in Formula (2).

7.4.14 If it Was practicable to weigh and reweigh the Complete unit under test, the efficiency njay be
calculated fr¢m Formula (3) in 6.4.3.17. Validation of‘the test shall be carried out according to 6.4.3.1

7.5 Full-life efficiency and capacity test

7.5.1 Air dleaner dust capacity

Air cleaner dust capacity is a fun¢tion of air cleaner size, airflow test, terminal condition, grade ¢f test
dust employ¢d and environmental conditions. To permit a comparison between different air cleaners,
the dust capqcity is, therefore_determined at test air flow to the specified terminal condition with four
intermediatq points. In the absence of such a specification, a restriction of 6 kPa should be used as the
terminal condition.

In the case of the tétminating condition being the restriction, it does not include the restriction added
by the dust mixing duct and test shroud. The test can be conducted with either constant or variable air
flow according®o 6.7.

7.5.2 Test procedure — Absolute filter method

7.5.2.1 Condition the unit to the air flow at which the unit is tested for at least 15 min under
temperature and humidity conditions as specified in 5.5.

NOTE Conditioning of the absolute filter pad and air cleaner can be performed concurrently.

7.5.2.2 Weigh the absolute filter pad as specified in 5.4 and record the mass before mounting it within
the absolute filter housing.

7.5.2.3 Prepare a sufficient quantity of test dust according to 5.1 of the selected grade and store in a
suitable container in the test area to stabilize to constant mass. The amount of dust, calculated according
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to the relevant concentration, specified should be more than sufficient to cover the expected duration of
the test. Record the mass.

7.5.2.

4 Ifitis practicable, weigh the complete unit under test and record the mass.

7.5.2.5 Set up air cleaner as shown in Figure B.12, sealing all connections to prevent air leakage, and
maintain the air flow at the test flow rate.

7.5.2.6 Load the dust feeder from the dust container and adjust the feed rate to coincide within
the concentration specified in Table 2. Reload the dust feeder from the dust container as necessary

throu

7.5.2

7.5.2

and the corresponding restriction/differential pressure at approximately uniform time inte

7.5.2
accor
“diffe

7.5.2
havin
clean
requi

7.5.2
Caref
with 1

7.5.2
side g
chang

of du
weigh

7.5.2

7.5.2

ghuut thetest:
7 Record the temperature, barometric pressure and relative humidity.

8 Record atleast four intermediate values of the mass of dust fed to the teést unit (fee

9 Correct the restriction/differential pressure/pressure loss values to standar
Hing to Annex G and plot them against dust fed to the air cleaner-Label the ordinate “r
rential pressure” or “pressure loss” as appropriate.

10 Continue the test until the specified terminal condition is attained. In the case o
b no limiting dust capacity, for example cyclone air ¢leaners, the test shall not be stopp
br has been fed with a sufficient quantity of dust.for its efficiency to be determined as
red. The minimum quantity shall be 50 g of dust

11 Brush any observed dust on the downstream side of the test unit onto the al
hlly remove and reweigh the absolute filter pad and determine the increase in mass by
he mass recorded in 7.5.2.2.

12 Collect all the dust which\has settled on exterior surfaces/ducting/test chambe
f the test unit and record(the weight. This dust shall be discarded after weighing du
e in distribution. Transfepall unused dust in the dust feed device to the original dust ¢

5t injected into-the test unit. The mass of dust fed to the unit under test can be dete
t loss of the dust feeder directly.

13 Ifitis'practicable, reweigh the complete unit under test.

14 Calculate the capacity, C, of the unit under test as follows:

1 rate x time)
rvals.

d conditions
pstriction” or

[ air cleaners
ed before the
accurately as

bsolute filter.
y comparison

r or the inlet
b to potential
ontainer and

reweé'hgh the container. Add thé weight of the container and the dust collected on the inlet sidle of the dust
unit and record. By subtraction of this mass from the mass recorded in 7.5.2.3, determine t

he total mass
rmined from

C

=my, —AmF

where

my

AmF

is the mass of dust fed;

is the increase in mass of the absolute filter.
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7.5.2.15 Calculate the full-life efficiency, E¢ (expressed as a percentage), as follows:

Eg

my, —Am
=—2—Fx100

my

where the symbols are as in Formula (7).

(8)

7.5.2.16 If it was practicable to weigh and reweigh the complete unit under test, the efficiency may be
calculated using Formula (3) in 6.4.3.17. Validation of the test shall be carried out according to 6.4.3.16.

7.5.3 Test
NOTE Th

The direct w{
be controlled

Where a suit
of assessing
according to

a) Weigh th
unit. Thi

b) Disregaf

c) Calculat

where
AmU is
my, is
The test repq

7.6 Prese

Data should

7.7 Scave

prnrpdnrn — Direct weighineg method
(=) (=]

s method is a less precise efficiency determination than the absolute filter method.

bighing method may be used for cumulative efficiency determination where thie himidi
to within £1,0 % and the accuracy of the mass increase of the filter determined within

ably large, accurate balance is available, it is permissible to use a direct weighing m
fapacity and accumulative efficiency. In such cases the air cleanerder test shall be f
the procedure detailed in 7.5.2 with the following changes.

e air cleaner under test before and after the test and recordthe increase in mass of th
s mass is the capacity of the unit under test.

d operations 7.5.2.2; 7.5.2.11; 7.5.2.14 and 7.5.2.15.

 the full-life efficiency, E¢ (expressed as a percentage ), as follows:

<100

fhe increase in mass of the unit under test;
the total mass of dust fed.

rt should indicate the-method of efficiency determination used.

htation of data

be presented as given in Annexes D, E and F or equivalents.

nged air cleaner performance test

Ly can
D,1 %.

ethod

ested

e test

(9)

7.7.1 General

This subclause describes those variations in the test procedures specified in this document that are
necessary for the testing of air cleaners that are scavenged in operation by a proportion of the air input

that is bled o

ff for this purpose.

The flow formula is as follows:

Ava =9yvB

16

Ty

(10)
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where

qya is the inlet air flow rate;
qyg is the cleaned air flow rate;

qyc is the scavenged air flow rate.

7.7.2 Additional equipment

A typjcal test arrangement is shown in Figure B.16 and shall comprise the following.

a)

b)

‘)
d)

7.7.3| Restriction and differential pressure test

The tgst shall be conducted in accordance with 6.3 with the following changes.

7.7.4| Full-life éfficiency and capacity test

7.7.4{1 Most of the air cleaners that are scavenged in operation by a proportion of the 4
is blef off for this purpose are comparatively large in size. The absolute filter test methoc
recommended.

nmaintaining it at a steady state during the whole test.

Alir flow meter: an air flow meter shall be provided to measure the scavenged air floy
ah accuracy in accordance with 4.1.

ressure tappings: the pressure tappings used shall conform to Eigure B.4.

tavenged air filter: a filter shall be provided in the scavenged air flow of sufficient e
hpacity to protect the apparatus downstream of it against the effects of the dust in tl
r flow.

[ e )

Thhe test arrangement shall not use any vibration de¥ices in order to modify the test re

The scavenged air flow shall be started before the cleaned air flow.

Tlhe scavenged air flow shall preferably be stopped at the same time as the cleaned air
npt be stopped before the cleaned air flow.

the cleaned air flow (interaction between the scavenged air flow and the cleaned air f
re-adjustment to bémade to maintain this proportion).

Elxhauster: an exhauster shall be provided to handle the scavenged flow and shall e capable of

v rate having

fficiency and
he scavenged

sults.

flow; it shall

Measurements shall be made with the scavenged air flow adjusted to be a specified proportion of

low requires

ir input that
| is therefore

7.7.4.2 Unless otherwise specified, the scavenged air flow shall be maintained at a fixed proportion of
the cleaned air flow, as agreed between the manufacturer and user.

7.7.4.3 The test dust concentration shall be that in the inlet air flow.

7.7.4.4 The scavenged air flow shall be started before the cleaned air flow.

7.7.4.5 The scavenged air flow should preferably be stopped at the same time as the cleaned air flow. It
shall not be stopped before the cleaned air flow.
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7.7.4.6 The full-life efficiency, E; (expressed as a percentage), of the air cleaner shall be calculated as
follows:

dl d2
B, =——2x100 (11)
dl

where

d; 1isthe average dust concentration at the inlet of the air cleaner = m;/V;;

d, isthe average dust concentration at the outlet of the air cleaner = m,/V,;

in which
my is the mass of dust fed to the air cleaner;
m, is the mass of dust leaving the clean side of the air cleaner;
V, is the volume of air fed to the air cleaner (air flow corrected to standard-¢onditions);

V, 1isthe volume of air leaving the clean side of the air cleaner (air flow(oorrected to standarf
conditions).

7.7.4.7 Thg capacity, C, of the unit shall be calculated in accordance:with Formula (12) as follows

C= meqV_B —Amg, (12)
dya

where
qya isftheinletair flow rate;
qyg isfhe cleaned air flow rate;
mp  is fhe total mass of dust fedf

Amg is the increase in mass(©fjthe absolute filter.

7.7.5 Presentation of data

Data should be presentéd-as given in Annexes D, E and F or equivalents.

7.8 Precl¢aner’performance test

7.8.1 Precleaner dust removal

When testing with precleaners that employ either an automatic dust unloading valve or a dust cup, the
following provisions with respect to dust removal shall be made. For precleaners that are scavenged,
see 7.7.

a) Automatic unloader valve: for test purposes, a sealed jar or container may be substituted for the
unloader valve.

b) Dust cup: the dust shall not be emptied during the dust capacity test until at least two-thirds full.
Also, the number of servicing intervals shall be noted in the performance report.

The user should be aware that the above provisions ensure optimum air cleaner performance and it is
advisable to consult the air cleaner manufacturer for specific instructions or test procedures for any
given air cleaner installation.
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7.8.2 Precleaner efficiency

The precleaner efficiency is defined by the dust removed from the air stream prior to the primary filter
housing. Precleaner efficiency (E;) shall be determined during the dust capacity test, based on the
total mass of dust fed to the air cleaner and the sum of the gain in mass of the primary, secondary
elements, housing and the absolute filter. Calculate the precleaner full life efficiency, E; (expressed as a
percentage), as follows:

mpn —(Amy, +Am. +Am
P
my,

wherg

mMp  is the total mass of dust fed;
Amp  is the increase in mass of the, primary element and primary housing, if present;
Amg is the increase in mass of the secondary element, if present;

Amy  is the increase in mass of the absolute filter.

7.8.3| Presentation of data

Data $hould be presented as given in Annexes D, E and F or équivalents.
7.9 |Secondary element test procedure

7.9.1| General

The requirement for a secondary element is that it should block rapidly in the event of a leak occurring
in theg primary element, passing a minitnum of dust in the process. To evaluate this, a specific efficiency
test shall be performed. During normal;and correct operation of the air cleaning system, it is desirable
that fhe secondary element should not block during the lives of one or more primary [elements. To
evalupte this, a secondary elemefit\blocking test shall be performed. This may be carried ¢ut as part of
the fyll-life efficiency and capacity test as specified in 7.5.

7.9.2| Specific efficieney test

7.9.2{1 Preparation

Using the housing normally employed to retain the secondary elements, prepare a “dummy” primary
elemdnt, i.e. a complete element skeleton lacking only the media but including any swirl yane present.
Place|the‘secondary element and the dummy primary element into the housing.

7.9.2.2 Test procedure

7.9.2.2.1 The test shall be conducted in accordance with the full-life efficiency and capacity test given
in 7.5, but with the following specifications.

7.9.2.2.2 The terminating condition for dust feeding shall be a differential pressure across the housing
of 10 kPa or as agreed upon between the user and manufacturer.

7.9.2.2.3 The dust used shall be in accordance with 5.1.

7.9.2.2.4 The airflow shall be the full rated airflow as agreed between the customer and supplier.
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7.9.2.2.5 The test dust concentration shall be 0,1 g/m3 in the absence of customer requirements.

7.9.2.2.6 Where applicable, the requirements of 7.8.1 and 7.8.1 a) (pre-cleaner dust removal) shall be
adhered to. The precleaning efficiency will be different from normal during this test. However, should a
large reduction be noted, the reasons for this should be checked and any observations recorded.

7.9.3 Expression of results

Calculate the efficiency as in 7.5.2.15 or 7.5.3 ¢).

8 Test pllocedure for industrial appllcatlons of oil bath air cleaners

8.1 Generfal

Performance tests shall be performed on a complete oil bath air cleaner. The tests(shall consigt of a
restriction/differential pressure test, an oil carry-over test, a combined capacity and efficiency test,
and a recove}y test.

8.2 Test equipment and conditions
8.2.1 Test the oil in accordance with 5.2.

8.2.2 Test flusts prepared according to 5.1.2 shall be used at aggoncentration of 1 g/m3 air flow. Either
fine or coars¢ test dust may be specified.

8.2.3 All tgsts shall be carried out with the air cleanér at a level position unless otherwise spdcified
by the user pr by the particular clause of the test.procedure. Before the test, the air cleaner shfall be
prepared in lhe following manner:

a) thoroughly wash and dry the air cleaner;

b) fill the o}l cup/reservoir to the indicated level with the specified oil;
c) allow aiy to flow through the cleaner at the rated air flow for 15 min;
d) stop thefair flow or allow a.draining period of 15 min;

e) refill thg cup/reservoirwith oil to the specified level for the particular test.

8.2.4 A typical arrangement for testing oil bath air cleaners of the tubular inlet type is shown in
Figure B.12.

8.2.5 Air cteanersof-theperiplrerat-imtet-type—shalt-be-tested-imachamber-whichemsures—the even
distribution and delivery of test dust to the inlet of the unit. Care should be taken in the design of the
chamber to ensure that all the test dust is fed to the filter. If dust setting occurs, then a compressed air jet
may be used to re-entrain the test dust. Typical examples of chambers are shown in Figure B.13.

When using compressed air for agitating dust, care should be taken not to eject dust out of the chamber.
To ensure that no dust is ejected, a negative pressure should be maintained between the chamber
interior and the atmosphere.

8.2.6 All tests shall be carried out under the conditions detailed in 5.5.

Grounding is required for all test apparatus to reduce the effects of static charges and to improve
the consistency of the test results. Grounding of metallic and non-metallic surfaces, housings, dust
transport tubes, injectors and associated hardware is recommended.
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8.3 Restriction and differential pressure test
Tests shall be performed according to 6.3 with the following changes:

a) perform the restriction/differential pressure test versus flow rate at more than 100 % only as long
as no oil carry-over occurs;

b) the air flow shall be maintained until the differential pressure across the air cleaner has stabilized.

8.4 O0il carry-over test

8.4.1[ Dustshati mot be fed to the cleaner dquring this test.

8.4.2| The cleaner, prepared in accordance with 8.2.3, shall be assembled, weighed and attached to the
test rlg. The room temperature and humidity shall be recorded. The recommended oil shall be used for
the tept and the test shall be conducted at a temperature to be agreed between the user and manufacturer.

8.4.3| Each oil bath air cleaner tested in accordance with this clause shall be tested in on€ of two ways,
as agiteed between the manufacturer and the purchaser. The two ways<are as follows:

a) aftestatasingle flow rate, above the rated flow, as agreed betwéen the manufacturer and purchaser,
tp determine whether or not oil carry-over occurs at that flow rate;

b) altest at increasing flow rates, starting at 80 % of the vated flow and increasing in ihcrements of
D % of the rated flow, to determine the air flow rateat which oil carry-over occurs.

[uny

8.4.4| The testin 8.4.3 a) shall be conducted for anminimum of 60 min for each filter tested. The test in
8.4.3 p) shall be conducted for at least 10 min at each flow rate.

8.4.5| At the end of the test at each flow rate, the air cleaner outlet shall be examined fdr signs of oil
carryiover using an observation chamberwith a target plate covered with a suitable papeif which turns
transparent at the impact of oil droplets’(see Annex B, Figure B.17).

8.4.6| Atthe end of the test described in 8.4.3, the air cleaner shall be removed and weighled again and
the lofss of oil by mass shallbe'recorded.

8.4.7| If an oil bath dirycleaner is to be or may be operated in an inclined position, the tefts described
in 8.4.3 shall be repeated in full with the cleaner inclined at the angles and directions in which it may
be required to opgerate, with such additional margins as may be agreed between the manyfacturer and
purchaser.

8.5 |Eulllife efficiency and capacity test

The dust capacity/efficiency characteristics of oil bath air cleaners shall be assessed by the methods
described in 7.5 for industrial air cleaners with the exceptions detailed below. It is essential, when
testing oil bath cleaners, to ensure that no oil carry-over occurs at the rated test air flow. Significant oil
losses of this kind will affect the masses recorded for the absolute filter and/or unit under test, which
will influence the final test results. The tests may be conducted with either constant or variable air
flow according to 6.7. The exceptions in test procedures are the following.

a) Condition the unit under test according to 8.2.3. Measure and record the mass.
b) Use the test dust at the concentration detailed in 8.2.2.

c) Atthe end, perform an oil carry-over test according to 8.4.3 b).
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8.6 Recovery test

After the capacity test, drain and clean the unit under test to the precise instructions recommended
by the cleaner manufacturer and resume the test without dust feed for 20 min, noting the restriction/
differential pressure at 5 min intervals during this period. The recovery capabilities of the test unit will
be assessed by comparison of these results with those obtained for a new, unused test cleaner.

8.7 Presentation of data

Data should be presented as given in Annexes D, E and F or equivalents.
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Explanation of restriction, differential pressure and pressure loss

of an air cleaner

When differential pressure across a separator has been measured (p, — p, in Table A.1), a

ny difference

in thq cross-sectional area of the ducts at the upstream and downstream pressure tapping points shall
be taken into account in determining the pressure loss across the separator. The presqure loss, Ap,

acrosp the separator is given by the Formula (A.1):

Ap =Apg —Ap,

wherg¢ Ap, is the measured differential pressure.

2 2
Py vy PpVy

2 2

Ap,. =
wher¢

pl s the density of the air at the upstream pressiire tapping point;

pb is the density of the air at the downstreafipressure tapping point;

W, is the velocity of the air in the duct at:the upstream pressure tapping point;

W, is the velocity of the air in the-duct at the downstream pressure tapping point.

Wher] the upstream pressure is_équal to atmospheric and therefore only the static prg
downistream duct has been measured, the pressure loss across the air cleaner can be cal
the dynamic head, pyy,,, required to accelerate the air from rest to its velocity in the down
The j;essure loss Ap, across)the cleaner is then given by the Formula (A.3):

| =Ap, ~Pdyn

wherg¢ Ap,. = ps.iSthe restriction/static pressure at the downstream pressure tapping po

NOTE|1 | In.the tests specified in this document, a static pressure is measured by a manomete
liquid|manometer) as a negative pressure difference against the atmospheric pressure; in the fo

(A1)

(A.2)

ssure in the
culated from
stream duct.

(A.3)

nt.

" (usually as a
'mulae, this is

treated as'a positive value.
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Table A.1 — Illustration of restriction, differential pressure and pressure loss of an air cleaner

Term Air cleaner drawing air from
the atmosphere

Air cleaner drawing air
through an inlet duct

Explanation

Static pressure

Used to measure

upstream of air 121 restriction of inlet tube.
cleaner
Static pressure Used when no inlet tube.
downstream .
A Ap_= See F esB8 R9q
air cleaner x =4 e e o
o B.15.
=restriction
Differential Apyg=Ap.-py
pressure =p,-Dp;
Pressure loss Ap=Ap,—Ap,
— — v2)— Y7
Ap =Ap. =Pgyn =Py~ 3 (p2v3)~(pyvi)
=(p,—p1 )~ - 5
NOTE 2  Thjs document is written for tests conducted by pulling air through the unit under test. The prefsures
in the inlet afjd outlet tubes are below ambient. Restriction is reported as.a positive value. Therefore, for the
formulae in Thble A.1 to be correct, the gauge pressures p; and p, are assdmed to measure as positive yalues
when the pressure in the inlet and outlet tubes (upstream and downstream piezometers) is below ambient
pressure.
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Annex B
(normative)

Test equipment

See Figures B.1 to B.17.

bsolute filtex
r flow.meéter
r flow ‘control

Key

1 d
2 in
3 tg
4 o
5. p
6 a
7 a
8 a
9 e

1st injector (see Figures B.2,'B.3 and B.18)
let tube (see Figure B.4)

st shroud (see FiguréB.5)

itlet tube (see Figlize B.4)

Fessure measdring device

ThoreroteT

Figure B.1 — Filter element efficiency/capacity test set-up
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Key
1 airentry
2 dustentry
3 dust/air ¢xit

Figure B.2 — Light-duty dust injector
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Dimensions in millimetres

246,13
119,12
a
96,77
a 4
d:
[¥a}
1/4 NPT \L \U, N
AN <
1 WNZS Z = _{ I3 3
~
e ~
z
= X
e N g
2 S
S 5
Key

ajr entry
dpist entry
dpist/air exit
tybing erosion shield

sfainless-steel tubing of wall thickness 1,65 mm

sfainless-steel tubing of wall thickness 0,81 mm

tybing of diameter 9,53 mm that does not affecCt particle charge
Make from a 3/4 - 16 hexagonal HD bolt,

LI O U1 W

NOTE See Table 1.
Figure B.3 — Heavy-duty dust injector A

Dimensions|in millimetres

10

¢0

=20

a Outlet tube: 4D min; inlet tube: 6D min.

Figure B.4 — Inlet/outlet piezometer tube
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Key
1  diffusor spurface
2 sealing plate

3 unitunder test

Figure B.5 — Filter element test shroud

Key

1  dustinjector (see Figures B.2, B.3 and B.18) 6  absolute filter

2 dustchamber 7  air flow meter

3 unitunder test with diffusor (see Figure B.5) 8 air flow control

4 outlet tube (see Figure B.4) 9 exhauster

5 pressure measuring device 10 compressed air feed

11 compressed air feed flexible tubes

NOTE In this figure, a single air cleaner element is installed.

Figure B.6 — Efficiency/capacity test set-up using a dust chamber
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5
3

—_—

SO
ML

9

Key
1 d
2 1y
3 p
4 o
5.p
Key
u
0

—

q

1st injector (see Figures B.2, B.3 and B.18) absolute filter

let tube (see Figure B.4) air flow meter

hnel filter chamber air flow control

O© 0 N O

itlet tube (see Figure B.4) exhauster

Fessure measuring device

Figure B.7 — Set-up for panel filter element effiCiency/capacity test

?tt;ﬁ_]:'_

2
| 3

1 ©

hit under test
itlet tube (see Figure B.4)
striction measuring device

Figure B.8 — Set-up for restriction test
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a2
N
~_ 1
2
A
4 \3

Key

unit unddr test

1

2 nozzle (s¢e Figure B.10)

3 outlet tule (see Figure B.4)
4  restrictioh measuring device

Figure B.9 — Set-up for restriction test

®3 [0
I
| gy Q| o
| 4/3 p L
|
I

o0 2/3 0

Key
@D = @D in Figure B.4

Figure B.10 — Ideal flow nozzle
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1st injector (see Figures B.2, B.3 and B.18)

let tube (see Figure B.4)
hit under test

itlet tube (see Figure B.4)
Fessure measuring device

Figure B.11 — Set-up for efficiency/capacity test

e

B

1st injector (see Figtires B.2, B.3 and B.18)

1

let tube (see FiguneB.4)
hit under test

itlet tube'(see Figure B.4)
Fessufie-neasuring device

N
(@)

O 0 N O

0

absolute filter
air flow meter
air flow control
exhauster

7 8 9

Figure b.12 — Set-up Ior tubular air cleaner eiriciency/capacity test
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Higure B.13 — Arrangement for non-tubular inlet air cleaner test chamber

Key

1  dust/air gntry

T
p || |
I Jd .
=
4 1 2

Key
1 unitundeqr test
2 outlet tube (see Figure B.4)
3  differentipl pressure measuring device
4  inlet tube (see Figure B.4)

Figure B.14 — Set-up for differential pressure test

3

[\

Key

1 unitunder test

2 outlet tube (see Figure B.4)
3 restriction measuring device

Figure B.15 — Set-up for restriction test
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— |
el i o 5 o [ ]
—_— | —_—
|
— 3
N—T
- [T
o J
——{ oo
11 / S /
7 8 9 6
Key
1+2 |unitunder test 6  air flow cenfrol
1 precleaner, scavenged 7  scavenged’air duct
2 main cleaner 8  scavenged air duct filter
3 outlet tube (see Figure B.4) 9  seavenged air duct flow meter
4 absolute filter 10\ exhauster
5 air flow meter 11 restriction measuring device
Figure B.16 — Set-up for scavenged air cleaner efficiency/capacity test
4
=|———Z——|=
| | | T —
/ 3
/f ! ¢ 2
e —_—
|y
J
Key
1  unitunder test
2 observation chamber
3 target plate covered with paper
4  observation window
5 outlet to air exhauster

Figure B.17 — Oil carry-over test — Observation chamber
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C-C D-D
injector outer body,

ceramic ipsert
steel erosion’shield

assembled part

dust entry

air/dust exit

air entry

Or equivalent threads.
Thru hole.

Figure B.18 — Heavy duty dust injector B
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Annex C
(informative)

Report sheet on performance testing of air cleaner equipment
according to ISO 5011 — Automotive application

1.Testunit. Model/Type No

Manufjcturer:

Assemply:

Preclegner:

Filter dlement:

Dust cyip [I: /Unloader valve O:
Tubulgr inlet O: /Non-tubular inlet OJ:
Outlet

2. Tes§ conditions

Test dyst: fine OJ / coarse [J Batch No.:

Baromgtric pressure

- beforf test: kPa, after test! kPa
Tempefature
-befor¢ test: °C,, after test: °C

Relatiye humidity

-beforg test: %, after test: %
Rated {ir flow m3/min
Test aif flow: steady O /variable [T: m3/min
Appliefl method: Direct weighing méthod O Absolute filter method O

Test tefminal condition:

Dust Cpncentration: g/m3
Air feefd pressure: kPa

Numbdr of dust injectors used:

3. Tes{results Diagrams- see:

Restrigtion (at test air flow): kPa

Differdntial pressure¢atitest air flow) kPa

Pressufre loss (attesthair flow): kPa

Initial pfficieney (after dust fed): g %

Increnfental‘efficiency: at 10 % pressure diff. rise: %
at25-00-pressure-diffrise: %
at 50 % pressure diff. rise: %

Full-life efficiency: %

Precleaner efficiency: %

Capacity (at test terminal condition): g

4. General Comments

Date: Test conducted by:
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Annex D

(informative)

Report sheet on performance testing of air cleaner equipment
according to ISO 5011 — Industrial application

1.Test unit: Madel/Type Na -

Manufacturer:

Assembly:

Precleaner:

Primary elemenf:

Secondary elemg¢nt:

Dust cup O: Unloader valve O:

Tubular inlet O: Non-tubular inlet OJ:

Outlet:

2. Test conditiops

Test dust: fine O / coarse I Batch No.:

Test oil:

Barometric presgure

- before test: kPa, after test: kPa
Temperature

-before test: °C, after test: °C
Relative humidify

-before test: %, after test: %
Applied method Direct weighing method [ Absolute filter method OJ

Rated air flow: m3/min
Test air flow: steady O /variable O: m3/min
Scavenge air floyv: m3/min
Test terminal copdition:

SO dust injectoyf: O SO heavy duty dust injector: O

Dust concentratfon: g/m3
Air feed pressurf: kPa
Number of dust fnjectors used:

3. Testresults Diagrams- see:

Restriction (at t¢stairflow): kPa
Differential predsure{attestairflowd kPa
Pressure loss (at test air flow): kPa
Initial efficiency (after dust fed): g %
Full-life efficiency: %
Pre-cleaner efficiency: %
Capacity (at test terminal condition): g
Dust cup served: times
Oil carry-over: yes 0 no O atsingle flow rate: m3/min
0il carry-over (increasing flow rates) at flow rate: m3/min

36
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4. General Comments

Date:

Test conducted by:
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Annex E
(informative)

Presentation of results — Air cleaner restriction/differential
pressure versus flow

Key
X  airflow rate, m3/min
Y restriction/differential pressure/pressure loss, kPa

Figure E.1 — Air cleaner restriction vs. flow
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Annex F
(informative)

Presentation of results — Air cleaner capacity

Key
X dust capacity, g
Y restriction/differential pressure/pressure loss, kPa

Figure F.1 — Differential pressure vs. dust capacity
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Annex G
(normative)

Airflow and resistance corrections to standard conditions

Airflow restriction/differential pressure/pressure loss and dust capacity data shall be reported for
standard conditions of 20 °C and 1 01,3 kPa. The resistance, Ap, of the air cleaner can be represented

by the followfing expression:

Ap=K1y Ty +K2PCI]2/
where

K; isan empirical constant;

K, isarn empirical constant;

M is the dynamic viscosity, in millipascal seconds;
P is the air density, in kilograms per cubic metre;
qy is the volume flow rate, in cubic metres per minute;

q,, isthe mass flow rate, in kilograms per minute.

Substituting I for qy:

2
Ap=K m +K,p m
p p

Rearranging|terms gives:
PAP=K uq,, +I\(2qr2n

Thus by maiItaining the.ihass flow constant and limiting the variation in ambient temperature tq keep
the change i viscosity'small, pAp will remain constant. Therefore:

PoAPy =pAp

Apq =L ap
Po

where subscript 0 indicates standard conditions.
Observed restriction/differential pressure/pressure loss values shall therefore be corrected to

standard conditions by using the following formula:

p 293
Ap, =———X XAp..,or Ap;,or A G.1
Po= 1013 T1273 " Fr Pd P (6.1
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