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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

In hydraulic fluid power systems, one of the functions of the hydraulic fluid is to separate and lubricate
the moving parts of components. The presence of solid particulate contamination produces wear,
resulting in loss of efficiency, reduced component life and subsequent unreliability.

A hydraulic filter is provided to control the number of particles circulating within the system to a level
that is commensurate with the degree of sensitivity of the components to contaminants and the level of
reliability required by the users.
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Hydraulic fluid power — Multi-pass method of evaluating
filtration performance of a filter element under cyclic flow

conditions

1 Scope

This|document specifies:

a) A multi-pass filtration performance test under cyclic flow conditions with contifiteus ¢
injection for hydraulic fluid power filter elements.

b) A procedure for determining the contaminant capacity, particulate femoval and
ressure characteristics.

c) test currently applicable to hydraulic fluid power filter elementsthat exhibit an averg
atio greater than or equal to 75 for particle sizes <25 pm(c),~and a final test syste
ravimetric level of less than 200 mg/L. It is necessary to determine by validation the 1
ates and the lower particle size limit that can be used intest facilities.

d) test using ISO 12103-1 A3 medium test dust contaminant and a test fluid.

This|document provides a test procedure that yields reproducible test data for appraising t

ontaminant

differential

ge filtration
m reservoir
ange of flow

he filtration

perfgrmance of a hydraulic fluid power filter element'without influence of electrostatic chalrge.

Thisdocument is applicable to three test conditions:
— BBase upstream gravimetric level of 3. mg/L;
— BBase upstream gravimetric level(of10 mg/L;

— Base upstream gravimetricdevel of 15 mg/L.

2 ormative references

The following docunients are referred to in the text in such a way that some or all of t
consfitutes requirements of this document. For dated references, only the edition cited
unddted referenges, the latest edition of the referenced document (including any amendme

ISO 4160, Petroleum products — Corrosiveness to copper — Copper strip test

heir content
applies. For
hts) applies.

termination

[SO 4942, Hydraulic fluid power — Filter elements — Verification of fabrication integrity and dé

£ioar 1 Jolo] s
Ofth Jirost vuovitc pulrit

[SO 3722, Hydraulic fluid power — Fluid sample containers — Qualifying and controlling cleaning methods

[SO 3968, Hydraulic fluid power — Filters — Evaluation of differential pressure versus flow

ISO 4021, Hydraulic fluid power — Particulate contamination analysis — Extraction of fluid s
lines of an operating system

amples from

[SO 4405, Hydraulic fluid power — Fluid contamination — Determination of particulate contamination by

the gravimetric method

ISO 11171, Hydraulic fluid power — Calibration of automatic particle counters for liquids
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ISO 11943:2021, Hydraulic fluid power — Online automatic particle-counting systems for liquids —

Methods of c
ISO 12103-1

3 Terms

alibration and validation

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

and definitions

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

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

[SO Onl

IEC Eleq

3.1

contaminal
m;
mass of spe(

pressure

3.2
differentia
difference b
conditions

Note 1 to ent

3.3
clean assen
difference b

housing containing a clean filter element

3.4
clean elemq
differential
differential [

3.5
final assem
assembly di
and the tern

3.6

housing differential pressure

differential

ne browsing platform: available at https://www.iso.org/obp

tropedia: available at https://www.electropedia.org/

1t mass injected

ific particulate contaminant injected into the test circuit to obtain the)terminal differe

pressure
etween the tested component inlet and outlet pressures{as measured under the speq

Fy: See Figure 1 for a graphical depiction of differential'pressure terms.

hbly differential pressure
etween the tested component inlet andyoutlet pressures as measured with a clean

ent differential pressure
pressure of the clean elemient calculated as the difference between the clean assg
ressure (3.3) and the housing differential pressure (3.6)

bly differential pressure
fferential pressure at the end of a test, equal to the sum of the housing differential pre
hinal element/differential pressure

pressure of the filter housing without an element

ntial

ified

filter

mbly

sure

3.7

terminal element differential pressure
maximum differential pressure across the filter element as designated by the manufacturer to limit

useful perfo

3.8

rmance

rest conductivity
electrical conductivity at the initial instant of current measurement after a DC voltage is impressed

between ele

ctrodes

Note 1 to entry: Rest conductivity is the reciprocal of the resistance of uncharged fluid in the absence of ionic
depletion or polarization.
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3.9

retained capacity

Mg

mass of specific particulate contaminant effectively retained by the filter element when terminal
element differential pressure is reached

3.10

cyclic flow

change of flow from the specified rated flow rate to 25 % of rated flow rate at a specified frequency and
waveform

1
3
Key
differential pressure (AP))

testtimeor conmtamimant massinjected
final assembly differential pressure (end of test)
terminal element differential pressure

clean element differential pressure at q, .4

housing differential pressure at g,

NN U1 N

clean assembly differential pressure at q, 54

Figure 1 — Differential pressure conventions for multi-pass test under cyclic flow conditions

©1S0 2022 - All rights reserved 3
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4 Symbols
Table 1 — Symbols
Symbol Unit Description
Zu . particles per millilitre |overall average upstream count of particles larger than size x
Zd . particles per millilitre overall average downstream count of particles larger than size x
Oly(c) - filtration ratio at particle size x (ISO 11171 calibration)
Xx(C
o _ filtration ratio at particle size x and time interval ¢
_X(C) - average filtration ratio at particle size x (ISO 11171 calibration)
a :
litres per second rise and fall ramp flow rate acceleration
squared
Ch milligrams per litre |average base upstream gravimetric level
Ci» milligrams per litre |desired base upstream gravimetric level
G milligrams per litre |average injection gravimetric level
c milligrams per litre |desired injection gravimetric level
1
Cgo milligrams per litre |test reservoir gravimetric level at 809)assembly differential pressyre
grams mass of contaminant needed for injection
R grams estimated filter element contarhinant capacity (mass injected)
m; grams contaminant mass injected
mp grams contaminant mass injected at element differential pressure
mg grams retained capacity
N - number of counts:in specific time period
Ny xi particles per millilitre |number of.upstream particles larger than size x at count i
Ny xi particles per millilitre |number ofdownstream particles larger than size x at count i
N particles per millilitre |aveFage upstream count of particles larger than size x at time interal
u,x,t
244! t
N particles per millilitre-, |2Verage downstream count of particles larger than size x at time
doxt interval t
p Pa or kPa (bay) Pressure
AP Pa or kPay(bhar) differential pressure
q litres perminute test flow rate
q litees,per minute average test flow rate
Qmin litres per minute minimum test flow rate (25 % of gy, )
Gmax litres per minute maximum test flow rate
44 litres per minute discarded downstream sample flow rate
q; litres per minute average injection flow rate
qf litres per minute desired injection flow rate
1
qu litres per minute discarded upstream sample flow rate
t minutes test time
tor minutes predicted test time
te minutes final test time

2 The subscript (c) signifies that the filtration ratio, Oy(c) and the average filtration ratio, (YX(C), are determined in

accordance with the method in this document using automatic particle counters calibrated in accordance with ISO 11171.

4 © IS0 2022 - All rights reserved
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Table 1 (continued)
Symbol Unit Description
tp minutes test time at element differential pressure
tp seconds fall ramp time
tr seconds rise ramp time
t’ seconds predicted test time
Vie litres final measured injection system volume
Vi litres initial measured injection system volume
Woin litres minimum required operating injection system volume
Vi litres final measured filter test system volume
Vv, litres minimum validated injection system volume
x|, Xy micrometres particle sizes
Kint micrometres interpolated particle size
a2  The subscript (c) signifies that the filtration ratio, Ox(c) and the average filtnation ratio, &X(c), are fletermined in
accorjdance with the method in this document using automatic particle counters calibrated in accordance with 1SO 11171.

5 General procedure

5.1 | Setup and maintain apparatus in accordance with, Clauses 6 and 7.
5.2 | Validate equipment in accordance with Clause'8.

5.3 | Run all tests in accordance with Clausés$9, 10 and 11.

5.4 | Analyse test data in accordance-with Clause 12.

5.5 | Present data from Clauses™¥; 11 and 12 in accordance with the requirements of Clause 13.

6 Test equipment

6.1 | Calibrated -fimer, a digital or mechanical stopwatch calibrated by a facility meeting the
requjrements of ISO/IEC 17025.

6.2 | Autematic particle counter(s) (APC), calibrated in accordance with ISO 11171.

6.3 ISO medinm toct duct (ISO MTPD) (G4 accnae daneca vanith I1CN 12103 1 A2 yandiiinn 0o dust)’ dried

TOUITNICTUTUTIT CCOTUUS T (IOU I T T ) (i aCtToTrTanictvv ot 1oY T, 1o oo tt ot

at 110 °C to 150 °C for not less than 1 h for quantities less than 200 g. For use in the test system, mix the
test dust into the test fluid, mechanically agitate, then disperse ultrasonically in an ultrasonic bath that
has a power density of 3 000 W/m? to 10 000 W/m?2.

For quantities greater than 200 g, dry for at least 30 min per additional 100 g. For use in the test system,
mix the test dust into the test fluid, mechanically agitate, then disperse ultrasonically with a power
density of 3 000 W/m2 to 10 000 W/m?2,

NOTE1 This dustis commercially available. For availability of ISO medium test dust, contact the ISO Central
Secretariat or member bodies of ISO.

6.4 Online particle counting system (if necessary) with optional dilution system that has been
validated in accordance with ISO 11943.

© IS0 2022 - All rights reserved 5
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6.5 Sample bottles, containing less than 20 particles larger than 6 pm(c) per millilitre of bottle
volume, qualified in accordance with ISO 3722, to collect samples for gravimetric analyses.

6.6 Petroleum base test fluid, with properties as specified in Annex A.

NOTE1  The use of this hydraulic fluid ensures greater reproducibility of results and is based upon current
practices, other accepted filter standards and its world-wide availability.

NOTE 2  The addition of an anti-static agent to this test fluid can affect the test results.

6.7 Filter performance test circuit, composed of a filter test system and a contaminant injection
system.

6.7.1 Filter test system, consisting of:

a) a resernvoir, pump, fluid conditioning apparatus and instrumentation that®are capable of
accomnjodating the range of flow rates, pressures and volumes required by-the procedurg and
capable|of meeting the validation requirements of Clause 8;

b) aclean-pp filter capable of providing an initial system contamination levehas specified in Table 3;

c) a configuration that is relatively insensitive to the intended contdaminant level and capahle of
meeting the validation requirements of Clause 8;

d) a configuration that does not alter the test contaminantparticle size distribution over the
anticipgted test duration and that is capable of meeting the yalidation requirements of Clause|3;

e) pressurg taps in accordance with the requirements of 1SO 3968;

f) fluid sgmpling sections upstream and downstréam of the test filter, in accordance with the
requirements of SO 4021;

g) cyclicflpw bypass line equipped with an autematically controlled shut-off valve (e.g., an electrigally-
actuated ball valve or poppet type valve.or alternative system (e.g., direct drive), which have |been
shown fto be satisfactory for this application) capable of producing the required flow rate cy¢le at
the designated frequency.

NOTE Far typical configurations.tlrat have proved to be satisfactory, see the filter test system design guide
in Annex B.

6.7.2 Confaminant injéction system, consisting of:

a) a resenvoir, pump, fluid conditioning apparatus and instrumentation that are capable of
accomnjodating=the range of flow rates, pressures and volumes required by the procedurg and
capable|of meeting the validation requirements of Clause 8;

b a Corlfi' nEation thot 1o walativgnlyy tncnnmoitin 0 +ha b dnd o~ ot 1ol o d nnnql-le Of
UIT ALIUIT UITAat 19 l\'lu\-lv\'ly ITITOCITIOILIV U AR\ g CITOU ITIILUITUC U LUIITUAdITIIIIIaIIT 1o voerl dItu \.rul.l(.ll.,

meeting the validation requirements of Clause 8;

c) a configuration that does not alter the test contaminant particle size distribution over the
anticipated test duration and capable of meeting the validation requirements of Clause 8;

d) afluid sampling section in accordance with the requirements of ISO 4021.

NOTE For typical configurations that have proved to be satisfactory, see the contaminant injection system
design guide in Annex B.

6.8 Membrane filters and associated equipment, suitable for conducting gravimetric
contamination analysis in accordance with ISO 4405.

6 © IS0 2022 - All rights reserved
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7.1 Use and maintain instrument accuracy and test conditions within the limits given in Table 2.

Table 2 — Instrument accuracy and test condition variation

Test parameter SI unit Instrument accu- Allowed _tes_t condition
racy () of reading variation (%)

Conductivity pS/m 10 % 1500 pS/m = 500 pS/m
Differential pressure Pa or kPa (bar) 5% —
Base|upstream gravimetric level mg/L — 10, %
Injedtion flow rate mL/min 2% 59
Test flow rate L/min 2% 59
APC kensor and dilution flow rates mL/min 1,5 % 3 %2
Kinematic viscosity P mm?2/s 2% 1 mmf/s
Masd g 0,1 mg —
Temperature °C 1°C 2 °C|¢
Time S 0,1's —
Injedtion system volume L 2°% —
Filtef test system volume L 2% 59

a

b

C

1 mm?2/s=1cSt

Or as required to guarantee the viscosity tolerance.

Sensor flow variation to be included in the overall 10 % allowéd\between sensors.

7.2 | Maintain specific test parameters within the limits given in Table 3, depending|on the test
condjiition being conducted.
Table 3 — Test condition values
Filter test condition
Parameter — — —
Condition 1 Condition 2 Conglition 3
Initigl contamination level fov filter test Less than 1 % of the minimum level specified in ISO[11943:2021,
systém Table C.2 measured at the smallest particle size to be counted.
Initigl contaminationgvel for injection Less than 1 % of injection gravimetric level.
systém
Baselupstreamrgravimetric level, based on
the gveragesestflow rate while cycling, § 2 (3£0,3) mg/L (10 +1,0) mg/L (15 £ 1,5) mg/L
Minimum of five sizes selected to cover the presumgd filter
Recdnifaended particle sizes to be counted P |performance range from o, ) =2 to o) =1000. [[ypical sizes

are: (4,5,6,7,8,10,12, 14, 20, 25, 30) um(c).

Sampling and counting method

Online automatic particle counting

Cyclic flow rate conditions

From qp,.x t0 qnin atafrequency of 0,1 Hz (6 cycles/min) in
accordance with the waveform specified in Figure 2.

a

b

When comparing test results between two filters, the base upstream gravimetric level and the wave form shall be the
same.

Particle sizes where « is low (@ = 2, 10..) can be unobtainable for fine filters, and particle sizes where « is high
(x=200,1000) can be unobtainable for coarser filters.

© IS0 2022 - All rights reserved
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8 Filter performance test circuit validation procedures

8.1 General

These validation procedures reveal the effectiveness of the filter performance test circuit to maintain
contaminant entrainment and prevent contaminant size modification.

8.2 Filter test system validation

8.2.1

Install a conduit in place of the filter housing during validation. The conduit shall be selected so

thatis prod

NOTE A

8.2.2 Vali

rate (g, )
The minimuy|

8.2.3 Vali

8.2.4 Adjy
such that it
minimum of

I

ces the maximum differential pressure expected during testing.

orifice with a 60° inlet and outlet is recommended.

lation shall be performed at the cyclic flow rate that includes the lowest minimum test]
hnd highest maximum test flow rate (g, ) at which the filter test systemnis to be open

m test flow rate shall be 25 % of the maximum test flow rate.
late the cyclic flow at 0,1 Hz (6 cycles/min), unless otherwise specified.

st the total fluid volume of the filter test system (exclusive of the clean-up filter cij
is numerically within the range of 25 % to 50 % of theimaximum volume flow rate, w
5L.

It is recommended that the system be validated with a fluid:volume numerically equal to 50 % d

maximum t¢
test volume

NOTE

8.2.5 Vali
ISO 11943 W

pst volume flow rate for flow rates less than oftequal to 60 L/min, or 25 % of the maxi
flow rate for flow rates greater than 60 L/min.

This is the ratio of volume to flow rate required by the filter test procedure (see 10.3.4).

late the online particle counting system and dilution systems, if used, in accordance
hile the filter test system is under cyclic flow conditions.

8.2.6 Estdblish a background fluid contamination level that is less than that specified in Table 3.

8.2.7 Cont
gravimetric

8.2.8 Veri
particle cou

8.2.9 C(irc

aminate the system-fluid for each test condition (1, 2, or 3) to be used to the base upst
level as shownin-Table 3, using ISO 12103-1, A3 medium test dust.

fy that theflow rate through each particle counting sensor is equal to the value used fd
hter calibration and is within the limits of Table 2.

flow
ated.

cuit)
ith a

f the
mum

with

feam

r the

ulate the fluid in the test system for 60 min, conducting continuous online automatic

particle counts from the upstream sampling section for a period of 60 min. Sample flow from this
section shall not be interrupted for the duration of the validation. If dilution is used, the fluid that has
passed through the sensor shall not be returned to the reservoir.

8.2.10 Record cumulative online particle counts at equal time intervals not to exceed 1 min for the
duration of the 60-min test at the particle sizes shown in Table 3.

8.2.11 Accept the validation only if:

a) the online particle counting system and dilution system were successfully validated in accordance
with ISO 11943; and

© IS0 2022 - All rights reserved
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the particle count obtained for a given size at each sample interval does not deviate more than

15 % from the average particle count from all sample intervals for that size; and

the average of all cumulative particle counts per millilitre are within the range of acceptable counts

shown in ISO 11943.

8.3 Contaminant injection system validation

8.3.1 Validate the contaminant injection system at the maximum gravimetric level, maximum
injection system volume, minimum injection flow rate, and for a length of time required to deplete the

Com}’\lﬂfﬂ 'I'ICQ]’\]D Un]nmn

8.3.7
and tequired fluid volume consistent with the configuration of that system.

NOTH
validation procedure. Alteration of these procedures requires revalidation of the system.

8.3.3

8.3.4
flow
rate.

8.3.5

8.3.6
120 min or at least four equal intervals depending upon the depletion rate of the system.

8.3.7

8.3.9
This

8.3.9

a)

b)

9

Prepare the contaminant injection system to contain the required amount of\test (

All ancillary procedures used in preparation of the contaminant injection.system becor

Add the test dust to the contaminant injection system and cigculate for a minimum

Start the timer and initiate injection flow from the contaniinant injection system, cd
externally from the system. Obtain an initial sample at€his point and measure the in

Maintain the injection flow rate within + 5 % ©fthe desired injection flow rate.

Obtain samples of the injection flow, atd measure the injection flow rate at 30

Analyse the gravimetric level of\edch sample obtained in 8.3.6 in accordance with |

is the minimum validatiofi volume, V,

Accept the validatien only if:

determined i’8:3.1 and the variation between samples does not exceed +5 % of the me

the injection flow rate at each sample point is within 5% of the selected validatid
(8.3.1};and the variation between sample flow rates does not exceed +5 % of the avera

ontaminant

he part of the

of 15 min.

llecting this
jection flow

60, 90 and

50 4405.

Measure the volume fluid\remaining in the injection system at the end of the valjdation test.

the gravimetriclevel of each sample obtained in 8.3.6 is within +10 % of the gravimetric level

an; and

n flow rate
ge; and

thevolume of fluid remaining in the injection system, V,, (8.3.8) plus the quantity [aver:

ige injection

flow rate (12.11) times total injection time (8.3.6)] is within £10 % of the initial volume (8.3.2).

Summary of information required prior to testing a filter element

The following information shall be established before submitting a particular filter element to the test
specified in this document:

a)
b)

c)

fabrication integrity test pressure (in accordance with 1SO 2942);
filter element maximum test flow (g, ) as determined by the manufacturer;

terminal element differential pressure;
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d) presum

e) presum

:2022(E)

ed particle size values for specific filtration ratios;

ed value of the filter element capacity (mass injected) (m, )

10 Preliminary test preparation

10.1 Test filter assembly

10.1.1 Ensure that test fluid cannot bypass the filter element in the housing to be evaluated.

10.1.2 Subj
The elemen
pressure.

10.1.3 Whd
the test filtd

NOTE 1
NOTE2 If
integrity tesf
perhaps, una

have been ob

NOTE3 If
should be cor

10.2 Contd

10.2.1 Calc

qz[q_m

10.2.2 Sele

time, t’, cal
test flow rat

10.2.3 Pre(
condition 1,

100

’

ect the test filter element to a fabrication integrity test in accordance with ISO| 4
- shall be disqualified from further testing if it fails to exhibit at least the desjgnated

re applicable, allow the fluid to evaporate from the test filter element hefore installing
r housing.

The test fluid specified in Annex A can be used for fabrication integrity testing.

the element is not readily accessible, as in the case of a spin-On configuration, the fabrid

can be conducted following the multi-pass test, with the element removed. However, a low
Cceptable first bubble point value determined in such a case dees not mean that such a value ¥
tained if the fabrication integrity test had been conducted before the multi-pass test.

the tested element fails the fabrication integrity test<¢hen the corresponding cyclic flow r¢
sidered invalid, since there is no evidence that the element would have initially passed the tes|

iminant injection system

ulate the average test flow rate (g.)cusing Formula (1):

|

rt a desired base upstream gravimetric level (ci)) from Table 3 such that the predicteq

rulated using Fopmula (2) is preferably in the range of 1 h to 3 h, based on the simple av{
e q, calculated using Formula (1).

X + Amin

2

2, or 39s'maintained.

1942,
test

yitin

ation
and,
vould

sults
It.

M

| test
brage

licted test times of less than 1 h or longer than 3 h are acceptable as long as the selected test

pxme

Cp X(7

where q (flo

NOTE
elementis no

10

w rate) is calculated using Formula (1).

t supplied by the filter manufacturer.

(2)

A second filter element is tested for capacity analysis if the value of the estimated capacity of the test
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10.2.4 Calculate the minimum required operating injection system volume that is compatible with the
predicted test time, t’, and a desired value for the injection flow using Formula (3):

Vin =(1,.2x¢'xq;)+V, (3)

The volume calculated using Formula (3) ensures a sufficient quantity of contaminated fluid to load
the test filter element plus 20 % for adequate circulation throughout the test. Larger injection system
volumes may be used.

Avalue for the injection flow rate (q; ) of 0,25 L/min is commonly used and ensures that the downstream

sample flow expelled from the filter test system does not significantly influence the test repults. Lower
or higher injection flow rates may be used provided that the base upstream gravimdtric level is
maintained.

10.2{5 Calculate the desired gravimetric level (c;) of the injection system flyid‘using Formula (4):

e xXq

(=bd (4)
4di

10.2}6 Adjust the total initial volume, V;;, of the contaminantinjection system (measuref at the test

temperature) to the value calculated in 10.2.4 and recordthe result on the report sheet given in
Table C.3.

10.2{7 Calculate the mass of contaminant needed<for the contaminant injection system (m) using

Formula (5):

_C;XVii
~ 1000

~
~

(5)

10.2{8 Prior to the addition of the ISO 12103-1, A3 medium test dust to the contamingnt injection
system, verify that the background fluid contamination level is less than specified in Table 3.

10.2|9 Prepare the contaminant injection system to contain the quantity of fluid, V};, and ]SO 12103-1,

A3 medium test dust (1)) (see 10.2.7) using the same procedure that was used for the coptamination
injection system validation (see 8.2).

10.2{10 Adjust the injection flow rate at a stabilized temperature to within +5 % |of the value
seledted in 10:2.3 and maintain that value throughout the test. Record the injection flow] rate on the
repoft shéet'given in Table C.3. During setup, return the injection system sampling flow difrectly to the
injection reservoir.

10.3 Filter test system

10.3.1 Install the filter housing (without test element) in the filter test system and thoroughly bleed off
air.

10.3.2 Itis recommended that the rest conductivity of the test fluid should be checked and maintained
in the range of 1 500 pS/m * 500 pS/m (see ASTM D-4308). This can be accomplished by the addition of
an anti-static agent. The addition of an anti-static agent can affect the test results. Use of an anti-static
agent that has a date code older than 18 months is not recommended.
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10.3.3 Circulate the fluid in the filter test system at maximum test flow rate and at a test temperature
such that the fluid viscosity is maintained at 15 mm?/s + 1,0 mm?/s; record the temperature and
differential pressure of the empty filter housing in accordance with ISO 3968.

10.3.4 Adjust the total fluid volume of the filter test system (exclusive of the clean-up filter circuit)
such that its value in litres is numerically between 25 % and 50 % of the designated maximum test flow
rate through the filter, in L/min, with a minimum of 5 L.

10.3.5 If the designated maximum test volume flow rate is less than or equal to 60 L/min, it is
recommended that the filter test system fluid volume be numerically equal to 50 % of the maximum
test volumeflowrate—Hthedestgmated maximumnrtestvolunmre flow ratetsgreaterthamr 66-+/min, it is
recommendgd that the filter test system fluid volume be numerically equal to 25 % of the maximum
test volume|flow rate.

10.3.6 Repeatable test results require that the system volume be maintained constant.The spegified
range of rafios between the test system fluid volume and the test volume flow rdtefrom 1:4 tp 1:2
minimizes the physical size of the system reservoir as well as the quantity of test.fldid required, yhile
maximizing|the mixing conditions in the reservoir.

10.3.7 Establish a fluid background contamination level less than that specified in Table 3.

10.3.8 Effeftuate online automatic particle counting by:

a) Adjusting the upstream sampling flow rate to a value compatible with the sampling procgdure
used and the downstream sampling flow rate to withiix5 % of the injection flow rate. Maintain
uninterfupted flow from both sampling points duringthe entire test.

b) Adjusting the upstream and downstream dilution flow rates if required for online automatic
particlel counting, so that at the end of testing;-the flow rates and concentrations at the particle
counters are compatible with the instrument requirements; and the upstream and downstfeam
sensor flow rates should be set and maintained at the values, and within the limits, specifipd in
8.2.8 and Table 2.

c) Returning the undiluted and unfiltered sampling flow upstream of the test filter directly to th¢ test
reservojr; if the upstream sampleis diluted or filtered for online automatic particle counting, the
diluted pr filtered fluid shouldjbe collected outside of the filter test system. If the upstream sample
flow is diluted or filtered,~the downstream sample flow rate to be discarded should be reduced
by a value equal to theaipstream sample flow that is collected outside the system. This is to gssist
in maintaining a constant system volume that should be kept within +5 % of the initial system
volume

d) The updtream‘and downstream dilution flow rates should be equal to the values chosen in 10.3.8 b
within fhedimits shown in Table 2.

e) Sensor flowTate outd be
the limits shown in Table 2.

10.3.9 Adjust the particle counter thresholds to the values selected from Table 3.

11 Filter performance test

11.1 Install the filter element into its housing and subject the assembly to the specified test condition
and reaffirm the fluid level.
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11.2 Measure and record the clean assembly differential pressure. Calculate and record the clean
element differential pressure by subtracting the housing differential pressure measured in 10.3.3 from
the clean assembly differential pressure.

11.3 Calculate the final assembly differential pressure corresponding to the final element differential
pressure plus the housing differential pressure.

11.4 Measure and record the initial system contamination level using online particle counting from
upstream of the test filter element.

11.5[ Bypass the system clean-up filter if the upstream contamination level is Iess than-tRat specified
in Tdble 3. If the upstream contamination level is not less than specified in Table 3 then|continue to
utilize the clean-up filter until the upstream contamination level is less than that specified jn Table 3.

11.6| Obtain a sample from the contaminant injection system. Label it “Initial injection |gravimetric
sample”.

11.7| Measure and verify the injection flow rate. Continuous measurement of the injection flow rate is
requjred throughout the test to ensure the flow rate is maintained within the specified tolgrances.

11.8| Operate the cycling valve in the test system to generatéand repeat the flow rate cy¢le shown in
Figure 2.

Y

qmax

Qmin

X fest time-(tY
Y testflowrate (q)

Figure 2 — Waveform for multi-pass test under cyclic flow conditions

Up to ¢ . < 120 L/min the rise and fall ramp time should be <0,2 s. From g, > 120 L/min the rise and
fall ramp flow rate acceleration (a) should be >75 L/s2. Ramp time should be calculated using

Formula (6)

tR,F — 9max ~ 9min (6)
60xa
NOTE During validation of the test stand, a pressure reading can be used to confirm rise and fall timing as

measured by the flow meters.
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11.9 Initiate the filter test as follows:
a) allow the injection flow to enter the filter test system reservoir;
b) startthe timer;

c) divert the downstream sample flow from the test system to maintain a constant system volume
within a tolerance of +5 % [see 10.3.8, a)].

11.10Conduct and record online particle counts on the upstream and downstream fluid at equal time
intervals of either 30 s, 40 s, 50 s or 60 s (not to exceed 60 s) until the differential pressure across the

filter assemply-atmmaximumrtest-flow ratehas-increased-to-thetermimat-vatrecatcutated-imr+4H3. In
addition:

a) the flow rate and dilution ratio shall be controlled and recorded to calculate the exactlamoynt of
test fluid that is passed through the sensor for each count;

b) a mininmpum counting volume of 10 mL shall be used to obtain statistically significant data.|Care
should be taken to use online dilution as required to avoid exceeding the ¢oincidence limit qf the
automatic particle counter as determined in accordance with ISO 11171.

11.11Recorf the assembly differential pressure twice per flow cycle:once just before the flow| rate
rises and again just before the flow rate falls. Continuous differential\pressure measurements usiing a
differential pressure transducer are recommended for this purpose.

11.12Extra¢t a sample for gravimetric analysis from upstre@imn of the test filter when the assembly
differential pressure has reached 80 % of the final assembly differential pressure.

11.13Conclyde the test at the final assembly differential pressure at the maximum test flow rafte as
follows:

a) record the final test time;
b) divert the injection flow from the filter test system;
c) stop thg flow rate cycle;

d) stop flo to the test filter.
11.14Measyre and record¢he’final volume in the filter test system as V¢ .

11.15Measyre and récprd the final injection system volume as Vj;.

11.160btain thefluid sample for determining the final injection gravimetric level from the contam{nant
injection system

11.17 Check that no visual evidence of filter element damage has occurred as a result of performing this
test. Although the installation and test procedures are checked for qualification prior to testing, it is
advisable to check when interpreting the results that the test has been performed satisfactorily.

12 Calculations

12.1 Establish 10 reporting times equal to 10 %, 20 %, 30 %... 100 % of the final test time and record
these times on the report sheet in Table C.3.
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12.2 Calculate the assembly differential pressure corresponding to each reporting time by conducting
alinear interpolation between the nearest measured differential pressures prior to and after that time.
For the 100 %-time point, use the final assembly differential pressure.

12.3 Calculate and record on the report sheet in Table C.3 the element differential pressures
corresponding to each of the reporting times by subtracting the housing differential pressure from
each respective assembly differential pressure.

12.4 For each particle count obtained during the test (11.10), calculate the cumulative particle count
per millilitre at each size by dividing the raw counts obtained by the counted volume and adjusting for

b | dn . L |
any @rutIorr; T usca:

12.5| Calculate average upstream and downstream particle counts at each particlersize, x|, for each of
the 10 reporting times, ¢, using Formulae (7) and (8) and the specific instruction$in"this Jubclause, a)
throyigh d).

n
(7 Z i:lNu X ’i

fi, === (7
n
n
— Z i_lNd,X,i
Ny, == (8)
X, n
where
n is the number of particle counts started insthe specific reporting time period.

a) Delete the first three (3) particle counts corresponding to test times of 1 min, 2 min anF 3 min.

INOTE1 These data deletions areto eliminate potentially erroneous particle counts obtalined prior to

dystem stabilization.

b) FKor the first reporting(time (10 %), using Formulae (7) and (8), average the upstream and
ownstream particlecounts obtained in 12.4 for all the particle counts that were startgd before the
irst reporting timé{with the exception of the first three deleted in 12.5 a)]. Record these average
alues on the repopt sheet in Table C.3.

OTE 2  Ifithe total test time is less than 30 min, it is possible to have no data for the 10 % rejporting time;
in this casgé,the entries are left blank.

c) For thesecond reporting time (20 %), average the upstream and downstream counts|obtained in
| 24 for all the particle counts that were started after the first reporting time and beforg the second

4o 43 n J 41 ] 4] el P TolaloC
ITPUItIIg LT NCLUTU LT ST dvEl dgt vAdIUuTS UII'tIIT T TPULTSIITTU TN 1TdUIT U, J.

d) For the third through tenth reporting times (30 % to 100 %), repeat 12,5 °C) in a similar manner
using only the counts that were started in each reporting interval. Record these average values on
the report sheet in Table C.3.

12.6 Calculate the filtration ratios (, ; ), using Formula (9), corresponding to each of the 10 reporting
times by dividing the average upstream particle count by the average downstream particle count at
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each particle size, x, corresponding to that respective reporting time. Record the results on the report
sheet in Table C.3 to three significant digits (i.e.; 1,75; 20,1; 324; 45 600).

u,x,t
o

(9)

xt =
Nd,x,t

Particle counts shall be averaged, and average filtration ratios (a values) are to be calculated from these
average counts. Under no circumstances shall the a values be averaged.

12.7 Calculate the overall test average upstream and downstream partlcle counts, usmg Formulae (10)
and (11), b f the
10 reporting

(10)

(11)

12.8 Calcul

, by dividing
particle coy
significant

Ox(c) =1

NOTE

document, us
then average

shall the a vallues be averaged.

12.9 Condy
the contami
nearest 0,1
c;, of the g

grav1metr1c

e 10 reporting time intervals from 10 % to 100 %.

ate the overall average filtration ratios, &X(C) , using’Formula (12), at each particle size X(c)

Feam
hree

the overall test average upstream particle counts by the overall test average downst
nts at each particle size. Record the results on the report sheet in Table C.3 to f
igits.

(12)

The subscript (c) signifies thatthe filtration ratio, &X(c), was determined in accordance with this

ing particle counters calibnated in accordance with ISO 11171. Particle counts shall be aver
filtration ratios (« valués) are to be calculated from these average counts. Under no circumst

aged,
hnces

from
o the
evel,
ff the

ct a gravimetrie analysis in accordance with ISO 4405 on the two samples extracted
nant injection system (11.6 and 11.15). Report the gravimetric contamination results
mg/L onnthe report sheet in Table C.3. Calculate the average injection gravimetric

ravimetric levels of the two injection system samples, and accept the test only i

levetof each injection system sample is within +5 % of c;.

If ¢; differs from the selected value ci) (from 10.2.5) by more than 5 %, repeat the gravimetric analyses.

If the recheck differs more than 5 %, itis recommended that the contaminant injection system validation
procedure in 8.3 be repeated.

12.10Conduct three gravimetric analyses in accordance with ISO 4405 on the 80 % upstream sample
(see 11.12) and record the average of these analyses as the final system gravimetric level. Report the
gravimetric contamination results to the nearest 0,1 mg/L on the report sheet in Table C.3.

NOTE The final sample is taken at the 80 % point because it often overlaps the end of the test.
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12.11Calculate and record on the report sheet in Table C.3, using Formula (13), the average injection
flow rate (g; ):

Accept the test only if this value is within +5 % of the value selected in 10.2.2.

(13)

12.12 Calculate and record on the report sheet in Table C.3, using Formula (14), the average base
upstream gravimetric level, ¢},.

(14)

4 _CiXq;
[( b= —
q
Accept the test only if this value is equal to the base upstream gravimetric level chosen from Table 3.

13 Data presentation

131
Pres
Tabl¢ C.3. It is recommended that the layout of the report sheet be used as shown. Havg
record of all physical values pertaining to the test.

13.2
valug¢ obtained on the report sheet in Table C.3.

13.3
resu

Formula (16) subtraets from the mass of ISO medium test dustinjected (in accordance with
A3 njedium test\dust):

3)

Report the minimum information for filter elements evaluated-in accordance with thi
ent all test and calculation results as outlined in Annex €.and included in the rep

Using Formula (15), calculate the filter element.¢ontaminant mass injected (m;), an

b GiXqi Xt
! 1000

Using Formula (16), calculate the'filter element contaminant retained capacity (mg

t to the nearest two significant digits and report the value obtained on the report sheet
C80 +Eb
_ q th X[ ]
_ - cgoxVir  dgxtex(cgo—cp)
mg =m; — ~ -
1000 1000 1000

the weight of contaminant remaining in the test system at the end of the test;

s document.
ort sheet in
available a

d report the

(15)

), round the
in Table C.3.

(16)

S0 12103-1,

dr-estimate of the amount of contaminant permanently extracted from the system

through the

filter downstream sampling tap (the term [cg, —c, | 1s a conservative estimate of the
level downstream of the test filter); and

an estimate of the amount of contaminant extracted from the upstream sample flow

C80 +Eb

permanently discarded from the test system. The term is an estimate of

upstream gravimetric level. If the upstream sample flow is recycled and not discarded,
is applied without the final term.

gravimetric

(qy) thatis
the average

the formula

13.4 Report the values of the gravimetric levels obtained in 12.9 and 12.10 on the report sheet in
Table C.3.
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13.5 Using Formula (17), calculate the contaminant mass injected at the element differential pressure
(mp), record the value on the report sheet in Table C.3 and plot on linear coordinates (see Figure C.1) for
the element differential pressure versus ISO 12103-1, A3 medium test dust contaminant mass added.

mp

B c_ixq_ixtf

1000

(17)

13.6 Plot using semi-log (log linear) coordinates the average a value versus particle size, x, with «
values on the log scale with @ = 100 000 as the highest value plotted (see the example in Figure C.2).

NOTE
plotted as o

13.7 Calcul
average filtg
connecting |

For many filters, particle size values for each of the above a ratios cannot be obtained by interpol

In these cas
or greater t}
least two or
To calculate

falls betwed
sizes o, a

than 100 00,

(x1 1

nen aX(C) values equal to Inrnity (1.e. Zero downstream particle countj are recorded, the¢

¢) =100 000.

—~

ate and record on the report sheet in Table C.3 the particle size values correspondi

boints on the semi-log a versus particle size plot. Do not extrapolate.

s, the unobtainable values should be noted as either less than‘thé minimum size cog
han the maximum size counted, whichever is appropriate. Values should be reported {
more consecutive filtration ratios from the above values.

the interpolated particle size, x pm(c), for a specified filtration ratio, Oly(c)o where the

n two of the points from the plot in 13.6 (corresponding to filtration ratios and pa
nd o, and particle sizes x; and x, respectively), use Formula (18). For a values gr

[0, use the value of 100 000 for « in Formula (18):

RY )Xlog(ax(c) /axl )

X=

Plot on sem
time, with tl

13.8 Ploto
pressure, w

14 Identi

Use the folld
this documd

“Method fo

-log (log linear) coordinates averdge a values, &, for each particle size versus percen
e values on the log scale (see.the example in Figure C.3).

n log-log coordinates average « values, &, for each particle size versus element differg
th the a values on the ordinate (see the example in Figure C.4).

fication statement (reference to this document)

wing stdtement in reports, catalogues and sales literature when electing to conform
nt:

I (determining filtration performance of a hydraulic filter element under cyclic

are

hg to

ation ratios of 2, 10, 75, 100, 200, and 1 000 using interpolation of straight-line segments

tion.
nted
or at

ralue

"ticle
bater

(18)

[ test

ntial

with

flow

conditions comnforms to 1S6-23369, Hydrautic flufd power — Mutti-pass method of evatuating fiit

performance of a filter element under cyclic flow conditions”.

18

tion
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Base test fluid properties

A.1 Properties of mineral oil stock (Table A.1)

A.2

Table A.1 — Mineral oil stock properties

Parameter Value
Pour point -60 °C max.
Flash point with closed cup 82 °C min.
Acid or base number 0,10 mg KOH/g max.

Additive materials (Table A.2)

Table A.2 — Additive materials

Material

Value

Visc

sity/temperature coefficient improvers

Not to exceed 20 % (by mass)

Oxid|

htion inhibitors

Not to exceed 2 % (by mass)

Anti

wear agent (such as tricresyl phosphate)

(0,5+0,1) % (by mass) 2

Vhen tricresyl phosphate is used, limit the ortho-isomer content to a maximum of 1 % (by mass).

A3

Finished base test fluid properties (Table A.3)

Table A.3 — Finished base test fluid properties

Parameter Value
Viscosity at 40 °C (minimum) 13,2 mm?/s
Viscosity at 100 °E minimum) 4,9 mm?/s
Viscosity at -50-°C (maximum) 2 500 mm?2/s
Viscosity at=40 °C (maximum) 600 mm?2/s
Pour|point (maximum) -60°C
Flash point with closed cup (minimum) 82 °C
Acid or base number (maximum) 0,20 mg KOH/g
Rubber swell, standard synthetic rubber I 19 % to 30 %
Evaporation loss (maximum) 20 %
Copper strip corrosion (in accordance with ISO 2160) No. 2e
Water content (maximum) 100 pg/g
Steel-on-steel wear (average wear scar, maximum
diameter) L mm
Chlorine (maximum) 50 ug/g

© IS0 2022 - All rights reserved
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Table A.3 (continued)

Parameter

Value

Colour

Clear and transparent; the fluid shall contain red dye
in a proportion not greater than one part of dye per
10 000 parts of fluid (by mass) (used for identification
only).

A.4 Qualified test fluids

The followi

g fluids fulfil the requirements of A 3:

— MIL-PR

— AIR 3520

— NATOC
— DEF ST4

A.5 Rest

F-5606

pde H-515/520
AN 91-48.

conductivity

It is recominended that the test fluid rest conductivity be checked’ ahd maintained in the range of

1500 pS/m
of an anti-st

The use of a

hti-static additive having a date code of older than 18 months is not recommended.

+ 500 pS/m (see ASTM D4308 or ISO equivalent). This:¢an be accomplished by the addition
atic additive.

20
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Annex B
(informative)

Test system design guide

General

The
accej

This
of th

This
the e

B.2

B.2.

B.2.]

A cir
injec

B.2.]

Allli

B.2.]

Conrl

B.2.]

Line;s
are g

procedure described in this document requires a pre-test validation procedure to)dd
ptability of the equipment to perform the desired test.

annex provides basic guidance in constructing equipment that meets the validation r¢
s document.

annex provides only guidelines for construction and in no way guarantees successful

quipment.

Basic test system

I General guidelines

.1 Circuit diagram

cuit diagram of the basic test system, whichiconsists of the filter test system and the ¢
tion system, is shown in Figure B.1.

.2 Lines

hes should be sized to ensure turbulent mixing flow, and long straight runs should be §

.3 Connectors

ectors should not lrave internally exposed threads or lips that can trap contaminants.

.4 Lines and.connectors

and connectors should be arranged to eliminate dead flow zones. Where possible, v
referabte to horizontal.

termine the

pquirements

yalidation of

ontaminant

\wvoided.

ertical runs

B.2.]

.52 Valves

Ball valves are preferable to other types of valves as they do not trap contaminants and have a self-
cleaning action.

B.2.2 Filter test system

B.2.2.1 General

The filter test system consists of the elements described in B.2.2.2 through B.2.2.8.
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B.2.2.2 Reservoir

A reservoir constructed with a conical bottom displaying an included angle of not more than 90° with
the entering oil diffused below the fluid surface. This construction technique eliminates horizontal

surfaces tha

t promote contaminant settling.

The reservoir design pictured in Figure B.2 is a full cone and is useful for containing a desired fluid
volume in a system where height is critical. The reservoir design pictured in Figure B.3 is a cylinder
with a conical bottom and is useful for containing a desired fluid volume in a system where reservoir
diameter is critical.

Reservoir i

the

ability to diJ

A device fo
remains con

B.2.2.3 Sy

The system
the desired

The system
not to cause

The system
pumping me

NOTE1 Gd
Centrifugal a

The pump d
rate. The py
speed.

d

NOTEZ2 V

B.2.2.4

The system

shown in Taple 2.

To promote
for at least t

To promote
large filters

cluded ang]pc ofbetween 60° and 90° offerthe best balance of ease of construction an

criminate between the various fluid levels.

- monitoring the level of clean fluid in the test reservoir is used to check that-the
stant.

stem pump and drive

pump should be selected from a pump family that is relatively insensitive to contaming
bperating pressures.

pump should exhibit a relatively low flow-pulsation chagaeteristic (less than 10 %)
erroneous test results.

pump should not cause alteration of the test contamiinant distribution as a result
chanism.

ar pumps and some types of piston pumps have demonstrated capability in these resj
nd progressive cavity pumps have resulted in difficulties in complying with validation.

rive should be of the variable speed type-to provide the capability of adjusting the test]
mp drive should be relatively insensitive to changes in load so as to maintain a con

riable frequency AC drives and'BC'drives exhibit these desirable characteristics.

pan-up filter

clean-up filter should be capable of providing an initial system contamination ley

rapid clean-up, the filter should typically be finer than the filter to be tested and be
he maximum system flow rate.

economy, the filter should also possess a high contaminant capacity. The use of multiy
t6-achieve a low flow rate per unit area is desirable.

level

nt at

5O as

bf its

bects.

flow
stant

el as

sized

le or

B.2.2.5 Heat exchanger or heater

B.2.2.5.1 General

Depending upon system power capabilities, cooling or heating of the system fluid might be required:

B.2.2.5.2 Heat exchangers

A conventional shell and tube heat exchanger may be used. It is recommended that a vertical mounting
configuration with the oil entering the tube side from the bottom be used. This is to reduce the
possibility of particle sedimentation or capture in the heat exchanger.
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Either single or multi-pass heat exchangers have been successfully used.

Some data indicate that up to a 65 % loss in thermal transfer can occur when operating with the oil on
the tube side. Care should be taken to size the heat exchanger accordingly.

B.2.2.5.3 Other fluid cooling methods

Other cooling methods (e.g. double wall conduits and coils wrapped on the external surface of reservoirs
and pipes) have also proved satisfactory.

B.2.2.5.4 Fluid heating

If re(I]uired, fluid heating can be accomplished by the use of heating tapes on externadl suIrfaces or by

using
B.2.2

B.2.7

Itis
the f
high

b a second heat exchanger with a high temperature fluid on the shell side.
.6 Regulation valves

.6.1 Bypass valve

pften convenient to incorporate a test filter bypass section (including a bypass valve)

b1 speed for low flow tests eliminating high flow ripples and drive overheating. Diaphr

pinch valves have proved suitable for bypassing the filter.

Ifaf

and lbe measured as part of the system volume.

B.2.2

This
requ
this J

B.2.2

This
isre
the t
pum
diapl

B.2.2
The

.6.2 Counter pressure regulation valve
optional downstream valve allows the-test filter to be tested under pressure that

red for online automatic particle counting. Ball, diaphragm, weir or pinch valves are
burpose.

.7 Cyclic flow bypass valve

quired to regulate thee flow bypassing the test filter. This valve controls the bypass of
bst filter at the specified cycle rate. Upstream of the test filter it should be connected

nragm, weir Qipinch valves with automatic actuation are suitable for this purpose.

.8 Flewmeter

Flowmeter should be located between the test filter and the downstream sampling

the t

na fla atn 1 thoa +nct cnctingy o d 40 i do o n o nrataction for +ha £l

Iter returning directly to the reservoir. This section allows/the’system pump to be o

cyclic flow bypass valve.section is the key to performing the cyclic flow multi-pass tes

b and the APCssampling port. The return pipe of the by-pass should go directly to th|

upstream of
perated at a
hgm, weir or

ilter bypass section is used, it should be included in“and active during the test systeqn validation

is generally
suitable for

t. The valve
luid around
between the
e tank. Ball,

bort to read
meter from

AOYAL Zlmalina
He+How-FateH—tietestSsectohiaha—+to PTrovIiaCTTontTraATrortT protCCoroTT 0T orrcT1ov

abrasive contaminant. Flowmeters in other locations can require correction for sampling flows that

may

not be measured. Turbine flow meters using sealed bearings have proven suitable.

B.2.3 Contaminant injection system

B.2.3.1 General

The contaminant injection system consists of the elements described in B.2.3.2 through B.2.
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B.2.3.2 Reservoir

Construction and design precautions are the same as for the test system reservoir described in B.2.2.2.

NOTE

Due to the large volume and high contaminant concentrations encountered, an auxiliary agitation

system for the contaminant injection reservoir is desirable, for example, stirrers, auxiliary circulation loops or
similar high energy input devices.

B.2.3.3 Pump

The high concentration of contamination in the test circuit makes the choice of the pump limited to

those with

s-have

been shown|
horizontal n

B.2.3.4 (I

The same cg
capacity is @

B.2.3.5 Hg
See B.2.2.5.
B.2.3.6 Flq

Any flowm
concentrati

pan-up filter

bwmeter

TIToTtIVIT

at exchangers

ﬁr\mv\]nl—n sepsitvibte r\l“-—n-um o]!!wvlnc‘ Ca nvaFlln'r\]
............ Y HEa

Aand
—eht e pF

vr\n-vnc‘c‘ltrn ﬁ"\‘1l‘|“1 RaVER 22t aY
Yo vJ PRI

bter used in the contaminant injection system should be compatible with the
n of abrasive particles.

to be acceptable. When using centrifugal pumps, vertical mounting with the inlet.doyn or
nounting with the discharge at the bottom have proven successful.

nsiderations as for the filter test system (see B.2.2.4) apply except that contaminant holding
f prime importance.

high

<
7 @
A
A se 5X
N2
8 5 3
1 11 012
(~n)
@) B
9 6 3
O N e
b N =/
10 X 1 0 X 1
4 APC
Key
1 reservoir 8  heat exchanger
2 pump 9 temperature sensor
3 testfilter 10 sampling valve
4  particle counting system 11 differential pressure indicator
5 regulating valve 12 pressure gauge
6  clean-up filter 13 cyclic flow bypass valve
7  flowmeter A contaminant injection system
B filter test system
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Figure B.1 — Circuit diagram of the basic test system
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90°
60

Figure B.2 — Full cone reservoir

°

90
60

Figure B.3 — Cylindrical reservoir with a conical bottom
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Annex C
(informative)

Example report, calculations and graphs

C.1 General

Annex C con
under cyclig

flow conditions.

C.2 Preliminary information

The informd

Table (

The test lab

Tabl¢

tion required prior to conducting the test (see Clause 9) is as shown(in) Table C.1.

.1 — Information required prior to conducting multi-passtest under cyclic flow|

tains examples of test data, calculations and graphs resulting from a typical multi<pas$ test

conditions
Parameter Value
Fabrication integrity pressure 1500 Pa
Maximum test flow rate (g4 ) 100 L/min
Terminal element differential pressure 400 kPa

Presumed filtration ratios

055((;) =4 and 0615(c) =75

Estimated filter element capacity (m, )

40g

pratory selected the test conditipnis’sshown in Table C.2.

e C.2 — Selected test conditions for multi-pass test under cyclic flow conditions

Parameter Value
Desired base upstream gravimetric level, ci, 10 mg/1
Desired injectionflow, g; 0,25 L/min
Particle ceuntsizes 5,10, 15, 20 and 30 um(c)
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Using Formula (1) gives:

=+ .
o[ttt (10425351

Using Formula (2) gives:

.+ 1000xm, _1000x40 _
coxg  10x62,5

Using Formula (3) gives:
! 1,2xt"xq{)+V, =(1,2x64x0,25)+8=27,2L

64 min

- =(
min

Using Formula (4) gives:
C._cha_10x615
==
q; 0,25
Using Formula (5) gives:

_c;xmi_2500x20_50
1000 1000

=2500mg /L

~
~

C.3 | Results of multi-pass test under cyclicflow conditions

The jmulti-pass test under cyclic flow conditiens was conducted with the above parameters. The
calcylated test results were determined as follows:

Using Formula (13) gives:
Vi=Vir 19,2-11,4

q; = =0,228 L/ min
ts 34,2
Using Formula (14) gives:
For this example, C_i: c;
1 ¢ xag.
4, = Ci X4 . 2500x0,228 —9mg/L

q 62,5
Using Formdula (15) gives:

. = S di Xty _ 2500%0,252%X3%,2
! 1000 1000

=21,5g

In order to calculate the retained capacity, the following parameters not reported on the report sheet
are required:

Discarded downstream sample flow rate, q4. 0,20 L/min;

Discarded upstream sample flow rate, q,,. 0,05 L/min;
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