INTERNATIONAL STANDARD

INTERNATIONAL ORGANIZATION FOR STANDARDIZATION
ORGANISATION INTERNATIONALE DE NORMALISATION
MEXXAYHAPOAHAR OPTAHU3ALUMA NO CTAHOAPTU3ALNNU

ISO
5011

First edition
1988-12-15

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

Séparateurs aérauliques placés & I'entrée des moteurs a combustior interne et des
compresseurs — Essai de rendement

Reference number
ISO 5011 :1988 (E)


https://standardsiso.com/api/?name=366036d4db8c6fc547026fdd6e0854e5

ISO 5011 : 1988 (E)

Foreword

ISO (the Internatjonal Organization for Standardization) is a worldwide federation of

national standar

bodies (ISO member bodies). The work of preparing International

Standards is norfnally 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 r¢presented on that committee. International organizations, govern-
mental and non-governmental, in liaison with 1SO, also take part in the work. ISO

collaborates clos:
matters of electrg

Draft Internation3

ly with the International Electrotechnical Commission (IEC) on all
technical standardization.

| Standards adopted by the technical committees are circulated to

the member bodigs for approval before their acceptance as International Standards by

the ISO Council.

They are approved in accordance with ISO procedures requiring at

least 75 % appropal by the member bodies voting.

International Standard 1SO 5011 was prepared by Technical Committée 1SO/TC 22,

Road vehicles.

Users should notg that all International Standards undergo revision from time to time
and that any reference made herein to any other Interpational Standard implies its

latest edition, un

ess otherwise stated.

© International Organization for Standardization, 1988 ©

Printed in Switzerl

and



https://standardsiso.com/api/?name=366036d4db8c6fc547026fdd6e0854e5

ISO 5011 : 1988 (E)

Contents
Page
1 Scopeandfieldofapplication............ ... ..~ e 1
2 References............ ..o 0N 1
3 Definitionsandunits. ........... ... G N e 1
4 Measurementaccuracy ........ i 1
5 Testmaterialsand testconditions............................|......... 1
Section one: Automotive air'cleaner test procedure ...........|[....... .. 3
6 Dry-type air cleaner test procedure for automotive applications. .. .| ......... 3
6.1 General AN . 3
6.2 Testequipment ........... ... 3
6.3" ‘Restriction and pressuredroptest........................\......... 4
6.4 Efficiencytest.......... . ... .. ... 4
6.5 Capacitytest................... .. .. i 5
6.6 Filter element pressurecollapsetest ............................ ... 5
6.7 Variableairflowtest ................... ... .. ... . 5
6.8 Presentationofdata ........ ... ...... ... .. . ... ... ... ... 6
Section two : Industrial air cleaner testprocedure..............|....... .. 7
7 Dry-type air cleaner test procedure for industrial applications .....|[......... 7
7.1 General ... 7
7.2 Testequipment ... 7
7.3 Restrictionand pressuredroptest........................ ... .. ... .. 7
7.4 Initialefficiencytest........... ... . ... 7
7.5 Fulllife efficiencyand capacitytest. ................ ... .. ... ... ..... 8
7.6 Presentationofdata ............. ... ... . .. ... 9
7.7 Scavenged air cleaner performancetest............... ... .. ..., .. ... 9
7.8 Precleaner performancetest .................... ... ... 10


https://standardsiso.com/api/?name=366036d4db8c6fc547026fdd6e0854e5

1ISO 5011 : 1988 (E)

Page
8 Oil bath air cleaner test procedure for industrial applications ................ 10
8.1 General ... ... 10
8.2 10
8.3 1
8.4 1
8.5 1
8.6 Recovdry test 1
8.7 Presenfationofdata........... ..ottt 1"
Annexes
A Definitionsahd Units . ... ..ottt 12
B Testdust..|....coiiiiii i G 14
C TestequIPMBNT ...ttt 15
D Report sheet on performance testing air cleaner equipment 1SO. 5011
Section onef AUtOMOLIVE . .. ..o oiiie e T 20
E Report sheet on performance testing air cleaner equipment ISO 5011
Sectiontwol: Industrial . .......... ... lon 21
F Presentatior] of results — Air cleanerresistance . .%....................... 22
G Presentatior] of results — Air cleanercapacity .).”. . ............. .ol 23
H Air flow and|resistance corrections to §tandard conditions ................. 24



https://standardsiso.com/api/?name=366036d4db8c6fc547026fdd6e0854e5

»
o

1
]
-—

-—t
—
i

Inlet air cleaning equipment for internal combustion

engines and compressors —

Performance testing

1 Scope

The purpose
specify unifg
performance]
comparison

The basic pd
air flow resti]

dust capacit

parameters.

This International Standard applies to air cleaners used on in-
stion engines and compressors, and is subdivided

ternal comby
into two sec

Section g

Section t

2 Referd

ISO 789-8, A
Engine air cl

ISO 5167, M

plates, nozzi
section cond

3 Definit

See annex A

bf air cleaners.

ions:

nces

baner.)

ions and_ units

and field of application

of this internationai Standard is to estabiish and
rm test procedures, conditions, equipment, and a
report to permit the direct laboratory performance

rformance characteristics of greatest interest are
ction or pressure drop, dust collection efficiency,
, and oil carry-over on oil bath air cleaners. This
test code therefore deals with the measurement of these

ne: Automotive air cleaner test procedure

o : Industrial air cleaner test procedure

gricultural tractors — Test progedures — Part 8:

Jeasurement of fluid flow’ by means of orifice
es and venturi tubes\inserted in circular cross-
uits running full.

4.3 Measure temperature within 0,5 °C(of t?l-e actual value.

4.4 Measure mass within 1 % of the actu
where noted.

4.5 Measure relative humidity with an
+2 % R.H.

4.6 Measure barometric pressure within 3 m

4.7 The_measurement equipment shall b
regular intervals to ensure the required accura

5*.Test materials and test conditig
5.1 Test dust

5.1.1 Grade

al value except

accuracy of

bar.

 calibrated at
Cy.

ns

The test dust shall be of two grades labelled fine and coarse.

The chemical analysis and the particle size d
conform to annex B.

5.1.2 Preparation

Before using the test dust, a quantity sufficig
test requirements shall be mixed in a sealed
minimum of 15 min. This test dust shall then b
stant mass at a temperature of 105 + 5 °C. Th
then be allowed to become acclimatized to 3
under the prevailing test conditions.

NOTE — To ensure a constant rate of dust feed
feeders, it may be found necessary to heat the dust

istribution shall

nt to cover the
container for a
b dried to a con-
e test dust shall
constant mass

with some dust
prior to being fed

to the injector

4 Measurement accuracy

4.1 Measure air flow rate within +2 % of the actual value ex-
cept for the variable air flow test when accuracy may be +2 %
of the maximum value of the cyclic flow rate through the

cleaner.

4.2 Measure pressure drop and restriction within 0,25 mbar

of the actual

value.

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 mm2/s for oil carry-over and restriction/pressure drop

tests;

1) At present at the stage of draft. ISO 789-8 is referenced only for when ISO 5011 is applied to performance testing of agricultural tractors.
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330 mm?2/s for efficiency and capacity tests, including an oil
carry-over test after capacity test.

5.3 Absolute filter materials

5.3.1 Filter media

The absolute filter shall consist of fibreglass media with a
minimum thickness of 12,7 mm and a minimum density of
9,5 kg/m3.1) The fibre diameter shall be 0,76 to 1,27 um and
the moisture absorption shall be less than 1 % by mass after
exposure of 50 °C and 95 % relative humidity for 96 h. The

where
A is the mass increase of upstream absolute filter;
B is the mass increase of downstream absolute filter.

The absolute filter efficiency should be a minimum of 99 % for
the contaminant presented to it.

5.4 Absolute filter mass

filter shall be installed with nap side facing upstream in an air-
tight holder thaf adequately supports the media. The face
velocity shall notlexceed =0,8 m/s to maintain media integrity.

To reduce any stibsequent errors in the measurements caused
by losses of fibrgs or materials, the absolute filter shall be sub-
ject to a flow of ft least 110 % of the rated flow of ambient air
for 15 min beforg the test weighings.

5.3.2 Validatign of absolute filter media efficiency
5.3.2.1 Arrangg¢ two absolute filters in tandem.

5.3.2.2 Perfornj a filter efficiency test and determine the mass
increase of each [absolute filter according to the test procedure
given in 6.4.3 or|7.5.2.

Absolute filtef efficiency = x 100 % ()

A+ B

The absolute filter shall be weighed, to the nearest|0,01 g after
the mass has stabilized and while in a ventilated oven at
105 + 5 °C.

NOTE — If stabilization cannot be determined, a minimum time of 4 h
is required.

5.5 Temperature and humidity

All tests shall be condUcted with air entering the air|cleaner at a
temperature of /223\£ 5 °C. Tests shall be conducted in a
relative humidity ‘of (65 +15) %, the permissible |variation at
each weighing,stage throughout each single test bejng £ 2 %.

NOTE ~\The test results of an air cleaner may be affiected by the
relative ‘humidity of the air passing through it and the redults of other-
wise\identical tests carried out near the two extremes of the permitted
range of relative humidity may not be directly comparable.

1) A suitable material is commercially available. Details may be obtained from the secretariat of ISO/TC 22 or from the ISO Central Secretariat.
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Section one: Automotive air cleaner test procedure

6 Dry-type air cleaner test procedure for
automotive applications

This section covers dry-type air cleaners generally used in
automotive applications, e.g. for internal combustion engines
in passenger cars. In the case of oil bath air cleaners, use pro-
cedure according to clause 8.

The maximum attainable dust feed rate should therefore be

determined prior to the dust feed/injector syst
for tests.

em being used

NOTE — Injector nozzles are subject to natural erosion. Therefore, it is
recommended to use a design with replaceable parts.

6.2.1.4 Use an inlet tube conforming to figure

6.1 Geneljal

Performance [tests shall be performed on a complete air cleaner
assembly or gn a single air cleaner element; tests on a complete
air cleaner asfembly are preferred. The tests shall consist of an
air flow restriction/pressure drop test, an efficiency test and a
capacity test| In addition a pressure collapse test shall be per-
formed on the air filter element.

6.2 Test quipment

6.2.1 Typicdl arrangements to determine resistance to air
flow, dust cgpacity, dust removal characteristics and rupture
collapse chargcteristics are shown in annex C, figures 2, 6, 7, 8,
9 and 11.

6.2.1.1 Use|a dust feeder which when used with the dust in-
jector in figure 3 is capable of metering dust over the range of
delivery rates|required. This dust feed system shall not change
the primary particle size distribution of the contaminant. The air
feed pressureg shall be 1 bar?),

The dust feedl system shall be validated as follows :

a) Charde the dust feeder with a pre-weighed amount of
test dust.

b) Simultaneously start dust feed\system and timer.

c) At 5 min intervals, determine the mass of dust dis-
pensed. Continue mass determinations of dust increments
for 30 min.

d) Adijust dust feeder until the average delivery rate is
within 5 % of therdesired rate and the deviation in delivery
rate from the’average is not more than 5 %.

4. The dust in-

jector and infet tube shall be positioned In such & way that there

is no loss of dust.

6.2.1.5 Use a manometer or othér differd
measuring device with the specifiéd accuracy.

6.2.1.6 For air cleaner assembly testing, use
set-up agreed upon by mantfacturer and user

ntial pressure-

a housing and
conforming to

figure 11. For air filter, element testing, use a ftest set-up and

shroud conforming 0 figures 2 and 5 or an

prrangement as

shown in figures®’or 7. Where the test equipmient is as shown
in figure 6, the'dust is fed into the chamber and, to ensure that
it does not adhere to the walls and is evenly Histributed, dry

compressed air jets on flexible tubing should be

provided in the

test chamber, arranged to agitate any dust thajt settles out.

When using compressed air for agitating dus
taken not to eject any dust out of the chamber,

, care shall be
To ensure that

no dust is ejected from the chamber, a negative pressure

should be maintained between the chambd
mosphere.

6.2.1.7 Use an outlet tube conforming to figu
section shall be the same as the air cleaner oy
non-uniform flow conditions caused by speci
special precautions may be required.

6.2.1.8 Use an air flow rate measuring systen
curacy described in 4.1.

r and the at-

e 4. The cross-
tlet. In case of
| outlet tubes,

having the ac-

Validate the air flow rate measuring system. The air flow meter
shall be of an acceptable design such as a calibrpted orifice and

manometer conforming to ISO 5167. The orifi

e unit shall be

permanently marked such that it can be identified after calibra-
tion. Corrections shall be made for variatiohs in absolute

pressure and temperature at the meter inlet and
shall be expressed in cubic metres per minuf

6.2.1.2 Use a dust transfer tube between the dust feeder and
the injector of a suitable size to maintain dust suspension.

6.2.1.3 Use the dust injector described in figure 3. The
specified injector has been shown satisfactorily to feed test
dust at rates up to 40 g/min. Where dust feed rates greater
than this are required, more than one injector will have to be
used.

Standard Conditions (see annex A, clause A.1.

the air flow rate
e corrected to
19).

6.2.1.9 Use an air flow rate control system capable of main-
taining the indicated flow rate within 1 % of the selected value

during steady-state and variable air flow operat

ion.

6.2.1.10 Use a biower/exhauster, for inducing air flow

It should be noted that the design of the system feeding test

dust to the inj

ector may affect this maximum rate of dust feed.

1) 1 bar = 102 kPa = 105Pa

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.


https://standardsiso.com/api/?name=366036d4db8c6fc547026fdd6e0854e5

1ISO 5011 : 1988 (E)

6.2.2 Requirements only if using absolute filter method

6.2.2.1 Use an oven capable of maintaining the temperature
for stabilizing absolute filter mass (see 5.4).

6.2.2.2 Use a balance mounted on the oven (balance pan in-
side oven) having the required accuracy for weighing absolute
filters (see 5.4).

6.3 Restriction and pressure drop test

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

c) initial efficiency determined after the addition of 20 g of
contaminant or the number of grams numerically equivalent
to 6 times the air flow in cubic metres per minute, which-
ever is greater.

6.4.3 Test procedure — Absolute filter method

6.3.1 The purppse of this test is to determine the restric-
tion/pressure drpp/pressure loss across the unit under test
which will result|when air is passed through under predeter-
mined conditions. Airflow restriction or pressure drop is
measured with a Elean filter element, or elements at five equally
spaced airflows Between 50 % and 150 % of rated air flow or

as agreed upon

etween the user and the manufacturer. This

data is presented in curve form.

6.3.2 Condition

the unit at the airflow at which the unit is

tested for at leas{ 15 min under temperature and humidity con-
ditions as specifjed in 5.5 until mass stabilization has been

reached.

6.3.3 Set up tedt stand as shown in figures 8 or 9 and 14 or 15.

Seal all joints to

6.3.4 Measure

brevent air leaks. Connect pressure taps.

pBnd record the restriction and the pressure

drop versus flow rate at approximately 50 %, 75 %, 100 %,

125 % and 150 9
user and manufa

b of rated air flow or as agreed upon between
Cturer.

6.3.6 Record agmbient temperature, pressure and  relative

humidity.

6.3.6 Correct rd
dard conditions i

6.3.7 For press
in annex A claus

6.3.8 Plot the r

6.4 Efficienc

corded restriction and pressure drop to stan-
h accordance with annex'H

re loss determinatiori,/use the formulae given
A.1.13.

bsults as shown in annex F or equivalent.

y test

. sed on the test Tlow, calculate the test dust feed
rate using a dust concentration of 1,0 g/m3 of @if; in special
cases (e.g. small filters) 0,25, and 0,5 g/m3 may b¢ allowed.

6.4.3.2 Condition unit under test according to 6.3|2, measure
and record the mass.

6.4.3.3 Weigh the absolute filter after the mass hap stabilized.

6.4.3.4 Set up test Stand as shown in figure 11 fof air cleaner
assemblies, or as,shown in figure 2, 6 or 7 for air filtgr elements.
Seal all joints to prevent air leakage.

6.4.3.5 Becord temperature and relative humidity

6.4.3.6 Prepare specified test dust according to 5.1 and weigh
out quantity required for test in a suitable test coptainer. For
full life efficiency tests, the quantity should be approximately
125 % of estimated capacity of unit under test. Recprd mass of
container and dust to nearest 0,1 g.

6.4.3.7 Start air flow through the test stand and] stabilize at
test flow rate. Record pressure drop.

6.4.3.8 Load dust feeder from dust container and|adjust feed
rate to inject dust at the concentration calculated in 6.4.3.1.
Reload dust feeder from dust container throughput test as
necessary.

6.4.3.9 At prescribed time intervals (a minimum of five points
is recommended), record pressure drop at tes{ flow and
elapsed test time.

6.4.1 The purpose of this test is to determine the retention

capabilities of the unit under test. This test can be conducted
with either constant or variable air flow and with coarse dust or
fine test dust. If desired, efficiency tests can be performed con-
currently with capacity tests (see 6.5). Determination of effi-
ciency at constant test air flow can be performed at the rated air
flow or any percentage thereof as agreed upon by the user and
manufacturer. Determination of efficiency at variable air flow
can be performed using variable air flow cycle according to 6.7.

6.4.2 Three types of efficiency tests can be performed:

a) full life efficiency determined when the terminal con-
dition, i.e. the terminating pressure drop, is reached;

6-4-3-10—Continue-test-unti-the-speeified-terminat-condition is

reached.
6.4.3.11 Record temperature and relative humidity.

6.4.3.12 The dust on the exterior surfaces of a cleaner
assembly or any which may have settled in the test
chamber/ducting on the inlet side of a test element shall be col-
lected carefully and transferred to the preweighed dust con-
tainer together with any dust remaining in the dust feeder.

6.4.3.13 Reweigh the dust container and subtract the result
from the mass recorded in 6.4.3.6. The difference is the mass of
dust fed to the unit under test.
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6.4.3.14 Carefuily remove the unit under test without losing
any dust. Note any evidence of seal leakage or unusual con-
ditions. Weigh, in grams, to within 1 % of the actual value. 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, 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 ab-
solute filter. Repeat 6.4.3.3 and determine the difference in
mass. This is the increase in mass of the absolute filter.

ISO 5011 : 1988 (E)

mass gain. Refer to 6.4.3.9 for restriction and time interval
data. Use the following formula to determine the mass gain
values:

Total time to end

Increase in mass of interval

atend of each =
time interval

Total increase
— X in mass of unit
Total time to end under test

of test

6.5.4 In the case of the terminal condition being the restric-
tion, it does not include the restriction added by the dust mix-
ing device and test shroud

6.4.3.16 Calculate the material balance of the test dust. This
value must be within the range of 0,98 to 1,02 to be a valid test.

Increase in mass
of unit under

Increase in mass
of absolute +

Material -

filter test
balance offtest = € es
dust Total mass of dust fed

6.4.3.17 Cglculate the efficiency by the following method:

Increase in mass of unit

. under test
Efficiency | . . x 100 % ... (2)
Increase in Increase in
mass of unit + mass of
under test absolute

filter

6.4.4 Test procedure — Direct weighing method

Where a suifable large, accurate balance is available it is!per-
missible to upe a direct weighing method of assessing.the' per-
formance of’Fhe unit under test. In such cases the'air cleaner
under test shall be tested according to the progedure in 6.4.3
omitting the [operations described in 6.4.3.3; .6:4.3.15; 6.4.3.16
and 6.4.3.17| Calculate the efficiency as follows:

Increase in mass

of unit under test

Efficiency | %100 % ... (3)

Total mass of dustfed

The test rep¢rt should indicate the method of efficiency deter-
mination usgd.

6.5 Capag¢ity)test

6.6 Filter element pressure collapse |test

6.6.1 The purpose of this testis to determing the ability of an
air filter element to withstand a specified differential pressure
and/or to determine the differential pressure dt which collapse
occurs.

6.6.2 Set up test stand to perform the basic dust capacity test
in accordance with figures 2, 6, 7 or 11. The glement from the
prior capacity or efficiency test or a new element can be used
for this test.

6.6.3" Increase air flow through stand and if| necessary, feed
dust at any convenient rate until the specified|pressure drop is
reached or until element collapse is indicated by a decrease in
pressure drop or increase in air flow.

6.6.4 Record maximum pressure drop attajned, reason for
terminating test and condition of element aftdr test.

6.7 Variable air flow test

6.7.1 As an option to the constant air flow tgst, a variable air
flow test can be carried out by using a varialjle air flow cycle
similar to figure 1.

6.7.2 In the case of oil bath air cleaners and large air cleaners
(e.g. flow rate > 5 m3/min), the duration of gvery partial flow
section may be 5 min instead of 1 min.

6.7.3 Based on the avarage test flow for the qycle being used,

6.5.1 The purpose of this test is to determine the total mass
gain of the unit under test at the terminating condition. This
test can be conducted with either constant or variable air flow
and with coarse or fine test dust contaminant. If desired,
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 test as
described in 6.4.3 or 6.4.4.

6.5.3 Assuming a constant ratio of elapsed time versus dust
feed of the test unit, record data, plot curve of restriction versus

T 4.3.1T. Dust feed rate should
remain constant.

6.7.4 All pressure drop determinations shall be made at max-
imum air flow.

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

After the end of each cycle the pressure drop shall be deter-
mined at the maximum flow. The efficiency shall be determined
at least after 3 cycles if the duration of partial flow section is
1 min. and after every cycle if the duration of partial flow sec-
tion is 5 min., and after the end of test.


https://standardsiso.com/api/?name=366036d4db8c6fc547026fdd6e0854e5

1SO 5011 : 1988 (E)

100
90
80
70
60
50
40
30
20
10

Test flow %

a -

framsapumen

P——

I

P——t—]

ot

——t—

6.8 Presentation of data

For presentation

pf data, use annex D, F and G or equivalent.

~1

9 10

Time, min

Figure 1 — Typical variable flow cycle (average flow 60 %)
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Section tw

7 Dry-type air cieaner test procedure for
industrial applications

This section covers air cleaners generally used in non-

automotive or industrial applications.

NOTE — Additional specific test procedures for air cleaners fitted to

on a0 o

agricuiturai tractors {see iSO 789-8) may be necessary.

ISO 5011 : 1988 (E)

dust is fed to the fiiter. if dust settiing occurs, then compressed
air jets may be used to re-entrain the test dust. Typical
examples of chambers are shown in figure 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 be-

P T T o

tween the chamber interior and the atmosphere.

7.1 General

7.1.1 Perfofmance tests shall be performed on a complete air
cleaner including precleaner, primary element, and secondary
element, if rEormaHy provided. The tests shall consist of an

airflow restriction/pressure drop test, an initial efficiency test
and a combiped efficiency and dust capacity test.

7.1.2 ltis dffficult, if not impossible, to select a test dust size
distribution gnd concentration which will be representative of
all service cqnditions. Therefore, based on primarily practical
considerations, the different types of air cleaners have been
classified as fo their most probable service conditions, and the
test dust grgde and concentration selected accordingly from
table 1.

Table 1 — Test dust and concentration

Air cleanegf type Test dust Concentration
Single sthge Coarse or fine 1g/m8
Multistage Coarse or fine 1 to 3\g/m3

7.2 Test quipment

7.2.1 Typical test arrangements_aré_shown in figures 12, 14
and 15.

7.2.2 The dpist feeding system shall be the same as described
in 6.2.1.1.

7.2.3 The dust/transfer tube and dust injector shall be the
same as desdribed in 6.2.1.2 and 6.2.1.3.

7.2.7 The outlet downstream piezometer,“tyibe shall be as
shown in figure 4: the inside diameter.of the outlet down-
stream piezometer tube shall be the same ad the air cleaner
outlet tube. In the case of non-uniform flow canditions caused
by special outlet tubes, special-precautions may be required.

7.2.8 The absolute filtér-shall comprise the nfaterial specified
in 5.3.

7.2.9 Use anair flow measuring system as described in
6.2.1.8, an airflow control system as described|in 6.2.1.9 and a
blower/exhauster as described in 6.2.1.10.

7.3~ Restriction and pressure drop test

Test shall be performed according to 6.3.

7.4 Initial efficiency test
7.4.1 Test procedure — Absolute filter mgthod

7.4.1.1 Condition the unit to the air flow at which the unit is
tested for at least 15 min under temperature and humidity con-
ditions as specified in 5.5.

If desired, absolute filter pad and air cleaner cpnditioning can
be performed concurrently.

7.4.1.2 Weigh the absolute filter pad as spedified in 5.4 and
record mass before assembly within absolute filter housing.

7.4.1.3 Prepare test dust according to 5.1.1 df the fine grade
and weigh out a quantity equal to 11 g/m2 of primary element

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 4).

7.2.5 Rectangular or open face inlet: the same as 7.2.4 ex-
cept the overall length and placement of the piezometer shall be
24 and 16 times the hydraulic radius respectively (hydraulic
radius = area divided through 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

media area. Place the preweighed dust in the dust feeder.
7.4.1.4 |fitis practicable, weigh the complete unit under test.
7.4.1.5 Weigh dust feed system with dust and record mass.

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

7.4.1.7 Start dust feeder and adjust feed rate to maintain con-
tinuous injection of complete quantity of test dust over a period
of 30 min.
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7.4.1.8 Record temperature and relative humidity.

7.4.1.9 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 and calculate increase

in mass by comparison with mass recorded in 7.4.1.2.

7.4.1.10 Collect all dust which has settled on exterior surface,
test chamber or the inlet side of the test unit
dust to the dust feed system.

inlet ducting, or
and transfer this

7.4.1.11 Rewei
value, and calcul
by comparison
7.4.1.5.

7.4.1.12
test.

If it is

Ate mass of dust injected into the test cleaner
with initial mass of dust feed system from

practicable, reweigh the complete unit under

7.4.1.13 Calculjte the initial efficiency as follows:

Increase in mass
ass of

d st feg ~  Of absolute
Initial  _ filter x 100 % (4)
efficiency Mass of dust fed
7.4.1.14

plete unit under

If it wl;s practicable to weigh and reweigh the com-

st, efficiency may be calculated with formula

(2) in 6.4.3.17. Vplidation of test shall be carried out according

t0 6.4.3.16.

7.4.2 Test pro

Where a suitablg
missible to use a
ficiency. In such
according to thi
following changg

tedure — Direct weighing method

large, accurate balance is available, it(is per-
direct weighing method of assessing initial ef-
cases the air cleaner under test shall'be tested
e procedure detailed under_7.4)T with the
S :

a) Weigh tHe air cleaner under test"before and after the
test and recofd the increase in mass*of the test cleaner.

b) Disregard operations 7.41%2; 7.4.1.9 and 7.4.1.13.
c) Calculate|initial efficiency as follows:

Increase in mass

Initial of test unit

100-%

@

and test shroud. The test can be conducted with either con-
stant or variable air flow according to 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 con-
ditions as specified in 5.5. If desired, absolute fiiter pad and air
cleaner conditioning can be performed concurrently.

in 5.4 and

record mass before mounting it within absolutefilter housing
7.5.2.3 Prepare a sufficient quantity ofiest dust according to
5.2 of the selected grade and store in.a'suitable container in test

area to stabilize to constant mdss.” The amount of dust,
calculated according to the relevant concentratign specified
should be more than sufficiefit.to cover the expected duration
of the test. Record the mass.

7.5.2.4 [f itis practicable, weigh the complete unit under test
and record the mass.

7.5.25 Setup air cleaner as shown in figure 12| sealing all
connections to prevent air leakage, and maintain air|flow at test
flow rate.

7.5.2.6 Load dust feeder from dust container and|adjust feed
rate to coincide within the concentration specifigd in 7.1.2.
Reload the dust feeder from the dust container ag necessary
throughout the test.

7.5.2.7 Record temperature and relative humidity]

7.5.2.8 Record at least four intermediate values of the mass of
dust fed to the test unit (feed rate x time) and the ¢orrespond-
ing restriction/pressure drop at approximately uniform time
intervals.

7.5.2.9 Correct restriction/pressure drop/pressurg loss values
to standard conditions according to annex H and plot against
dust fed to the air cleaner as shown in annex F. Lapel ordinate
“restriction’” or “’pressure drop’’ or “pressure Idss”’ as ap-
propriate. (1

efficiency Mass of dust fed

7.5 Full life efficiency and capacity test

7.5.1 Air cleaner dust capacity is a function of air cleaner size,
airflow test, terminal condition and grade of test dust
employed. To permit a comparison between different air
cleaners, the dust capacity is, therefore, determined at test air
flow to the specified terminal condition with four intermediate
points. In the absence of such a specification, a restriction of
60 mbar should be used as the terminal condition.

In case of the terminating condition being the restriction, it
does not include the restriction added by the dust mixing duct

7.5.2.10 Continue the test until the specified terminal con-
dition is attained.

NOTE — Certain types of air cleaner, e.g. cyclone air cleaners, have no
limiting dust capacity. In such cases, the test shall not be stopped
before the cleaner has been fed with a sufficient quantity of dust for its
efficiency to be determined as accurately as required. The minimum
quantity shall be 50 g of dust.

7.5.2.11 Brush any observed dust on the downstream side of
the test unit onto the absolute filter. Carefully remove and
reweigh the absolute filter pad and determine the increase in
mass by comparison with mass recorded in 7.5.2.2.


https://standardsiso.com/api/?name=366036d4db8c6fc547026fdd6e0854e5

7.5.2.12 Collect all dust which has settled on exterior sur-
faces/ducting/test chamber or the inlet side of the test unit and
transfer this dust to the original dust container.

Transfer all unused dust in the dust feed device to the original
dust container and reweigh the container and dust. By subtrac-
tion of this mass from the mass recorded in 7.5.2.3, determine
the total mass of dust injected into the test unit.

7.5.2.13 |f it is practicable, reweigh the complete unit under
test.

ISO 5011 : 1988 (E)

necessary for the testing of air cleaners that are scavenged in
operation by a proportion of the air input that is bled off for this
purpose.

7.7.1.2 The flow equation is as follows:
Ve =Va— Ve
where

V, s the inlet air flow;

V4

7.5.2.14 CLIcuIate the capacity of the unit under test as
follows:

Total mass of _ Increase in mass of (6)

Capacity dust fed absolute filter

7.5.2.15 Calculate the efficiency as follows:

Mass of Increase in mass
dust fed ~ ©f absolute
Full life filter o

I _ x 100 %
efficiency Mass of dust fed

7.5.2.16 If|it was practicable to weigh and reweigh the com-
plete unit under test, efficiency may be calculated with formula
(2) in 6.4.3.17. Validation of test shall be carried out according
t0 6.4.3.16.

7.5.3 Test|procedure — Direct weighing method

Where a suitably large, accurate balance is available, it-is.per-
missible to Yse a direct weighing method of assessing‘capacity
and accumulative efficiency. In such cases the air cleaner under
test shall beftested according to the procedure detailed in 7.5.2
with the follpwing changes:

a) Weigh the air cleaner under test ‘before and after the
test and [record the increase in /mass of the test unit. This
mass is the capacity of the unit under test.

b) Disr¢gard operations,75.2.2; 7.56.2.11; 7.5.2.14 and
7.56.2.15.

c) Calcylate efficiency as follows:

Increase in mass of unit

P 1 l = ekl
"B ot creanea—art Towy
Ve is the scavenged air flow.

7.7.2 Additional equipment

A typical test arrangement is'Shown in figure|16.

7.7.2.1 Exhauster
An exhauster shall be provided to handle the|scavenged flow

and shall be_capable of maintaining it at a stdady state during
the whole test.

7.7.2.2" Air flow meter

Ancair flow meter shall be provided to measure the scavenged
air flow rate having an accuracy in accordance with 4.1.

7.7.2.3 Pressure tapping

The pressure tappings used shall conform to figure 4.

7.7.2.4 Scavenged air filter

efficiency and capacity to protect the apparatup downstream of

A filter shall be provided in the scavenged air ’Fow of sufficient
it against the effects of the dust in the scavenged air flow.

7.7.3 Restriction and pressure drop test

The test shall be conducted in accordance with 6.3 with the
following changes::

a) The scavenged air flow shall be stdrted before the
cleaned air flow.

Full life unader test

efficiency — x 100 % ... (8)

Total mass of dust fed

7.6 Presentation of data

For presentation of data, use annexes E, F and G or equivalent.
7.7 Scavenged air cleaner performance test
7.7.1 General

7.7.1.1 This clause describes those variations in the test
procedures specified in this International Standard that are

b) The scavenged air flow shall preferably be stopped at
the same time as the cleaned air flow; it shall not be stopped
before the cleaned air flow.

c) Measurements shall be made with the scavenged air
flow adjusted to be a specified proportion of the cleaned air
flow (interaction between the scavenged air flow and the
cleaned air flow may require some re-adjustment to be made
to maintain this proportion).

7.7.4 Full life efficiency and capacity test

7.7.4.1 Most of the air cleaners that are scavenged in opera-
tion by a proportion of the air input that is bled off for this pur-
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pose are comparatively large in size. The absolute filter test
method is therefore recommended.

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 the user.

7.7.4.3 The test dust concentration shaii be that in the iniet air
flow.

7.7.4.4 The scavenged air flow shall

with respect to dust removal are to be made. For precleaners
that are scavenged see 7.7.

7.8.1.1 Automatic unloader valve

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

7.8.1.2 Dust cup

The dust shall not be emptied during the dust capacity tes

cleaned air flow.

7.7.45 The scdvenged air flow should preferably be stopped
at the same timejas the cleaned air flow; it shall not be stopped
before the cleangd air flow.

£L L oal i

7.7.4.6 The eff{ciency of the air cieaner shali
accordance with|formula (9) as follows:

e caiculated in

dy—d

Full life efficigncy = 2% 100 % ... (9)

dy
where

dy is the avgrage dust concentration at the inlet of the air
cleaner = M{/V,

d, is the avgrage dust concentration at the outlet of the air
cleaner = M3/ V,

in which
M, is thg mass of dust fed to the air cleaner;

M, is thgd mass of dust leaving the clean side ofthe air
cleaner;

V, is the]volume of air fed to the air_cleaner;

V, is thelvolume of air leaving:the/clean side of the air
cleaner,

7.7.4.7 The capfacity of the unit shall be calculated in accor-
dance with formfila (10) as follows:

Capacity = (TC tal Mass of

Cleaned air flow
dust)fed

Inlet air flow

e |
at least two-thirds full-Also,the-humberof-serdsings shall be

noted in the performance report.

NOTE — The user should be aware that the abave pro\isions ensure
optimum air cleaner performance and is advised to cdnsult the air
cleaner manufacturer for specific instructions or test pfocedures for
any given air cleaner installation.

7.8.2 Precleaner efficienCy
The precleaner efficiency)shall be determined during the dust
capacity test based ‘on the total mass of dust fed to the air
cleaner and either'the sum of the gain in mass of [the primary

and secondary.eléments and absolute filter, or the mass of dust
removed by the“precleaner.

7.8.3 Presentation of data

Forpresentation of data, use annexes E, F and G of equivalent.

8 Oil bath air cleaner test procedure| for
industrial application

8.1 General
Performance tests shall be performed on a complet¢ oil bath air
cleaner. The tests shall consist of a restriction/prgssure drop

test, an oil carry-over test, a combined capacity arld efficiency
test and a recovery test.

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

8.2.2 Test dusts, prepared according to 5.11, shall be used at
a—concentration-of-1-g/mi-aiHow—Eitherfire—er coarse test

— Increase in mass of absolute filter

... (10)

7.7.5 Presentation of data

For presentation of data, use annexes E, F and G or equivalent.

7.8 Precleaner 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

10

dust may be prascribed.

8.2.3 All tests shall be carried out with the air cleaner in a level
position unless otherwise specified by the user or the particular
section of the test procedure. Before the test the air cleaner
shall be prepared in the following manner.

a) Thoroughly wash and dry the air cleaner.

b) Fill the oil cup/reservoir to the indicated level with the
specified oil.

c) Allow air to flow through the cleaner at rated air flow
for 15 min.
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d) Stop

e) Refill

air flow or allow a draining period of 15 min.

the cup/reservoir with 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 12.

8.2.5 Air cleaners of the peripheral inlet type shall be tested in
a chamber which ensures the even distribution and delivery of
test dust to the iniet of the unit. Care shouid be taken in the

ISO 5011 : 1988 (E)

b) a test at increasing flow rates, starting at 80 % of the
rated flow and increasing in increments of 10 % of the rated
flow, to determine the air flow rate at which oil carry-over
occurs.

8.4.4 The testin 8.4.3 a) shall be conducted for a minimum of
60 min for each filter tested. The test in 8.4.3 b) shall be con-

ducted for at least 10 min at each flow rate

uweiec al east GL Talrnt 10VY 1awC.

8.4.5 At the end of the test at each flow rate, the air cleaner
outlet shall be examined for signs of oil carry-over using an

design of thd
the filter. If d
be used to
chambers arg
When using
taken not to
dust is ejects
tween the ch

8.26 All te
tailed in 5.5.

chamber to ensure that all the test dust is fed to
st settling occurs, then a compressed air jet may
re-entrain the test dust. Typical examples of

ok~
DHUVVIL T

n figure 13.

compressed air for agitating dust, care should be
pject dust out of the chamber. To ensure that no
d, a negative pressure should be maintained be-
pmber interior and the atmosphere.

5ts shall be carried out under the conditions de-

8.3 Restriction and pressure drop test

Tests shall b
changes.

a) Perfo
rate at mo
curs.

b) The a
across thd

8.4 Oil ca

8.4.1 Dust 4

8.4.2 Thecl
assembled, W

e performed according to 6.3 with the following

m the restriction/pressure drop test versus flow
re than 100 % only as long as no oil carry-over oc-

r flow shall be maintained until the pressure drop
air cleaner has stabilized.

[ry-over test

hall not be fed to the\Cleaner during this test.

paner, prepared.in-accordance with 8.2.3, shall be
eighed and-attached to the test rig. The room

temperature
mended oil s
ducted at a
manufacturer|

and humidity shall be recorded. The recom-
all bewsed for the test and the test shall be con-
mperature to be agreed between the user and

observation chamber with a target plate covered with a suitable
paper which turns transparent at the impactf, pil droplets (see
annex C, figure 17).

8.4.6 At the end of the test described‘in 8.4.3, the air cleaner
shall be removed and weighed agairtand the logs of oil by mass
shall be recorded.

8.4.7 If an oil bath air cleaner is to be or may bg operated in an
inclined position, the tests described in 8.4.3 shall be repeated
in full with the cleaner inclined at the angles apd directions in
which it may /e required to operate, with $uch additional
margins as may‘be agreed between the manufacturer and the
purchaser:

8.5_CFull life efficiency and capacity test

The dust capacity/efficiency characteristics |of oil bath air
cleaners shall be assessed by the methods destribed in 7.5 for
industrial air cleaners with the exceptions detdiled below. It is
essential, when testing oil bath cleaners, to ersure that no oil
carry-over occurs at the rated test air flow. Sigrfificant oil losses
of this kind will affect the masses recorded for the absolute
filter and/or unit under test, which will influenie the final test
results. The tests can be conducted with either constant or
variable air flow according to 6.7. The exceptipns in test pro-
cedures 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) At the end perform an oil carry-over test according to
8.4.3 b).

8.6 Recovery test

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

a) a test at a single flow rate, above the rated flow, as
agreed between the manufacturer and the purchaser, to
determine whether or not oil carry-over occurs at that flow
rate;

After-the-capaeity-test—drain-and-etean—the—unit under test to
the precise instructions recommended by the cleaner manufac-
turer and resume the test without dust feed for 20 min, noting
the restriction/pressure drop at 5 min intervals during this
period. The recovery capabilities of the test unit will be as-
sessed by comparison of these results with those obtained for a
new, unused test cleaner.

8.7 Presentation of data

For presentation of data, use annexes E, F and G or equivalent.

11
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Annex A

Definitions and units

A.1 Definitions

A.1.1 airfilter; air cleaner: Device which removes particles
suspended in the fresh charge as it is drawn into the engine.

A.1.13 pressure loss: Measure of the loss of energy caused
by an air cleaner at the observed air flow rate, expressed as the
pressure drop corrected for any difference in the dynamic head
at the measuring points.

A.1.2 filterel
sisting of the filt

A.1.3 unitun
a complete air cl

When pressure drop across an air cleaner has be

measured

bment : Replaceable part of the air filter, con-
br material and carrying frame.

Her test: Either a single air cleaner element or
baner assembly.

A.1.4 single Tage air cleaner: Air cleaner which does not

incorporate a se

A.1.5 multist
or more stages,

one or more filte
first shall be cal

arate preclea ner.

ge air cleaner: Air cleaner consisting of two
e first usually being a precleaner followed by
elements. If two elements are employed, the
d the primary element and the second one

shall be called the secondary element.

A.1.6 precleaner: Device usually employing inertial or cen-

trifugal means t

b remove a portion of the test dust prior to

reaching the filter element.

A.1.7 test air|
through the air ¢

flow : Measure of the quantity of air drawn
eaner outlet per unit time. The flow rate shall

be expressed in ¢ubic metres per minute corrected to standard

conditions.

A.1.8 rated a
manufacturer; it

A.1.9 scaven
employed to ren
pressed as a per

A.1.10 static
air flow rate, me

Ir flow: Flow rate specified-by /the user or
may be used as the test air flow.

ge air flow: Measure of the quantity of air
ove the collected dust from a precleaner, ex-
centage of testair flow.

pressure: ‘Pressure in a duct, at the observed
asured.by connecting a pressure gauge to a

hole or holes drilled4n_the wall of the duct.

(po — pjin table 2), any difference in the cross’sdctional area
of the ducts at the upstream and downstream/presgure tapping
points must be taken into account in determining {he pressure
loss across the air cleaner. The pressure l0ss acrosd the cleaner
is given by the equation:

Apy = Apy — Ap;
where

Apy is the measured pressure drop

Qs ~ ov?
2 2

Apc =

in which
o is the density of the air;

vy, the velocity of the air in the duct at the upstream
pressure tapping point;

vy is the velocity of the air in the duct at the
downstream pressure tapping point.

When the upstream pressure is equal to atmosgpheric and
therefore only the static pressure in the downstregm duct has
been measured, the pressure loss across the air ciganer can be
calculated from the dynamic head required to accelerate the air
from rest to its velocity in the downstream duct. Tlhe pressure
loss across the cleaner is then given by the equatipn:

Ap, = Ap, - Pdynamic

In the tests specified In this International Standard, a static
pressure is measured by a manometer (usually a liquid
manometer) as a negative pressure difference against the at-
mospheric pressure and in the formulae is treated as a positive
value.

A.1.11 restriction: Static pressure measured immediately
downstream of the unit under test.

A.1.12 pressure drop: Difference in static pressure
measured immediately upstream and downstream of the unit
under test.

12

V2
_,,_ 2%
2 2
where
Ap, = p, is the restriction/static pressure at the down-

stream pressure tapping point;
o is the density of the air;

v, the velocity of the air at the downstream pressure tap-
ping point.
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Table 2 — lllustration of restriction, pressure drop and pressure loss of an air cleaner

Term Air cleaner drawing air Air cleaner drawing air
from the atmosphere through an inlet duct
Static pressure upstream
of air cleaner P
Restriction = Static pressure
Ap, = p, Ap. = p,

downstream of air cleaner

Apy = Ap, - p,
Pressure drop -

=Dy — D,
Apy = Ap, - Pdynamic Apy = Apy — Ap,
Pressure loss 2 2
Qs (o-v3) ~Nov))
=Py - 2 = (py — py) - 2
A.1.14 absolute filter: Filter downstream of the unit under — oil carry-over occurs;

test to retain|the contaminant passed by the unit under test.
— a dust.pot becomes filled.

A.1.15 efficiency: Ability of the air cleaner or the unit
under specifipd test conditions to remove contaminant. A.1.19 " standard condition: All air flow mdasurements are
tobie.corrected to a standard condition of 20 °C at 1 013 mbar.

A.1.16 capacity: Quantity of contaminant removed by the
unit under test in producing specified terminal conditions; e.g.
restriction, ofl carry-over.

A.2 Units
A.1.17 oil| carry-over: Appearance of oil at the.cleaner The following applied units, according to ISO [1000, are used :
outlet.
Symbol Unit
A.1.18 test terminal condition: Condition, relating to an flow v m3/min
air cleaner, the occurrence of which signifies the end of the velocity v m/s
test. density 0 kg/m3
A test terminpl condition may be,~for-éxample, any one of the mass flow rate 1 kg/min
following: pressure p bar?
) restriction Ap, mbar
— the resfriction or the\pressure drop reaches a specified or pressure drop Apy mbar
agreed value;
pressure loss Ap, mbar
— the dugt-remoying efficiency or some other performance area A m2
parameter| falls to a specified or agreed value; volume 14 m3

1) 1 bar = 105 Pa = 100 kPa; 1 mbar = 100 Pa

13
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Annex B

Test dust’”

B.1 Typical chemical analysis B.2.2 The particle size distribution by mass as measured by

See table 3.

Table 3 —Chemical-analysis of test dust

the Andreason method is given in table 5.

percentage by mass

Table 5 — Particle size distribution,Andreasgn method

Chemical Percentage of mass Size Fine grade Coarse grade
% Hm % o
Sio. 67 to 69 <125 — 9849 + 1,5
Fe, 0, 3t0 5 < 75 98 £ 849 + 55
Ai,0f 15 to 17 < 40 843 51 |+ 2
Cag 2to 4 < 20 67" +3 32 [+2
Mgd 0,5t01,5 < 10 49 +3 199 + 15
Total alkalis 3to 5 < 5 3b +3 10 [£1
Ignition|loss 2to 3 < 2 17,6 £ 25 —

B.2 Particld size distribution

B.2.1 The particle size distribution by mass as measured

with a Roller andlyser is given in table 4.

Table 4 — Particle size distribution, Rollér-\analyser
percentage by mass
Size Fine grade Coarse grade
Mm % %
Oto 5 39 +2 12 £ 2
5to 10 18 #@3 12 £ 3
10to 20 16+ 3 14 +3
20to 40 18 +3 23 +3
40 to 80 9+3 30 +3
80 to 200 — 9+3

1) This test dust is commercially available. Details may be obtained from the Secretariat of ISO/TC 22 or from the 1ISO Central Secretariat.

14
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Figure 5 — Filter element test shroud
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Figure 6 — Efficiency/capacity test set-up using a dust chamber

Unit under test with diffusor cone (see figurd 5)
Qutlet tube (see figure 4)
Pressure drop measuring device
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Dust injector (see figure 3)
Inlet tube (see figure 4)
Panel filter chamber
Outlet tube (see figure 4)
Pressure measuring device
Absolute filter

Air flow meter

Air flow control

Exhauster

Figure 7 — Panel filter element efficiency/capacity test set-up
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Figure § — Assembly restriction test set-up Figure 9 — Filter element restriction [test set-up
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Figure 10 — ldeal flow orifice
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L\ : ¢ 1 Dust injector (see figure 3)
. | 2 Inlet tube (see figure 4)
/L* 5 | 3 Unit under test
- | 4 Outlet tube (see figure 4)
T____\J ) -4 5 Pressure measuring device

Figure 11 — Assembly efficiency/capacity test set-up

Dust injector (see figure 3)
Inlet tube (see figure 4)
Unit under test

Outlet tube (see figure 4)
Pressure measuring device
Absolute filter

Air flow meter

Air flow control

Exhauster
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Figure 12 — Tubular inlet air cleaner efficiency/capacity test set-up
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Figure 13 — Non-tubular inlet air cleaner test chamber arrangement
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Figure 14 — Assembly pressure drop test set-up
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Figure 15 — Assembly restriction test set-up
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