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the filtration performance of fine lube filter elements, commonly util
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1.1 Introduct|on:
on of results
jard filtration
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to specify

in filter element testing methods and requirements make comparis
n order to minimize these problems;:this document describes stan
nd test procedures. Both manufacturer and customer will have a cq
, control, and evaluate filter eléments.

1.2 Filter Elefment Performance Ratings:

ement to

1.2.1 FilterE
remove
determ
size. T

ement Efficiency: kilter element efficiency is the ability of a filter el
(and retain) coptaminant particles from the fluid stream. This prog
nes the particle‘removal efficiency of the filter element as a functio
he particle removal efficiencies for the various patrticle size ranges

edure
h of particle
are expressed

as filtration ratioS;\termed Beta Ratios. The filtration ratio at a specified particle size X',
designated By;is the ratio of the number of particles larger than the specified size
entering the filter element, U,, to the number of particles larger than the same size
leaving|the filter element, D,: arn

(Eq.1)

Filtration Ratio at particle size 'x' = Bx = Uy /Dy

The techniques specified in this document allow measurement of filtration ratios up to
1,000 (99.9% particle removal efficiency) for the particle size range 4 um(c) to 25 um(c),
as defined in ISO 11171.
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mass of test contaminant introduced into the filter element test system dur

1.2.2 Multi-Pass Filter Element Dirt Capacity: The multi-pass filter element dirt capacity is the

ing the

filtration efficiency test to produce the prescribed terminal filter element differential

pressure. This value should be used only for comparing filter elements ha
filtration efficiencies

ving similar

It should be noted that the most commonly specified dirt capacity for lube filter elements
utilized in aerospace lubrication systems is the MIL-F-8815 dirt capacity, MIL-F-8815

(paragraph 4.7.2.6). In this dirt capacity test, contaminant is added in disc
'slugs’, i TSt ; i
immediately upstream of the test filter, via a 'slug’ addition valve, at fixedir
every 4 minutes) during the test. The filter element differential pressure is
minute$ after each contaminant 'slug' addition. The total mass of contamit
achieve the prescribed terminal filter element differential pressurée-is report

Due to the extensive experience with the MIL-F-8815 dirt'‘capacity test, an
extensive amount of dirt capacity test data that has heen generated with th
continued use of the test is recommended for aerospace lubricant filter ele
However, recently, several filter element specifieations for helicopter trans
lubrication systems, APU lubrication systems; as well as other aerospace

system
capacit
the diff
tests w|

1.3 Test Con

Historica

v, defined above, should be determined as described in this docum
prences in the two dirt capacity.tests, the dirt capacities determined
Il be different.

taminant and Particle Counter Calibration:

ly, AC Fine TestDust was the test contaminant specified for the m

perform

with ISO|4402. Replacement test dusts for the AC Test Dusts, no longer av
been spqcified by(ISO (ISO 12103-1). The corresponding ISO Test Dust for
Dust is I$O Fing Test Dust (designated ISO 12103-A2).

In additign;1SO has also specified a calibration procedure ISO 11171 for au

rete increments,
st contaminant,
itervals (usually
recorded 2

nant added to
ed as the dirt

i the

is test, the
ments.
mission
ubrication

5, have specified the multi-pass dirt;capacity. In such cases the multi-pass dirt

ent. Due to
from the two

ilti-pass filter

nce test, and the“calibration of automatic particle counters was in accordance

ailable, have
AC Fine Test

fomatic

particle counters to replace the ISO 4402 (1991) calibration procedure which utilized AC
Fine Test Dust. The ISO 11171 procedure uses ISO Medium Test Dust, designated 1SO
12103-A3, instead of AC Fine Test Dust. A reference lot of ISO Medium Test Dust, NIST
SRM 2806, is the primary standard for automatic particle counter calibration. The
definition of particle sizes per the ISO 11171 calibration procedure differs very significantly
from the particle sizes defined in ISO 4402. In order to distinguish the particle sizes
defined in ISO 11171, they are designated as um(c) or micrometer(c), the (c) indicating
NIST certified sizes.
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1.3 (Continued):

Both the change in test contaminant, from AC Fine Test Dust to ISO Fine Test Dust (ISO
12103-A2), and the change in automatic particle counter calibration, from ISO 4402 to 1ISO
11171, have been incorporated in this document.

The change in test contaminant and the particle counter calibration procedure will lead to
multi-pass filter performance test results that are significantly different from test results
obtained previously with AC Fine Test Dust and ISO 4402 calibration. It is necessary for

users to
capacity
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fest data with data generated per the present procedure, and when
hent efficiency and dirt capacity results from the current procedure
ion requirements for filter element efficiency and dirt capagity. Al
5 the impact of the change in test dusts and automatic particle cour
tory filter performance and filter ratings.

ment Conditioning:

ents. Filter elements should, therefore;bé’subjected to procedures
sh operating conditions prior to performance testing. Conditioning
these procedures. This document does not cover conditioning req
uld be determined by the user and reported by the testing agency.
5 recommended filter element*eonditioning methods for gas turbine
n filter elements. The methods discussed in AIR1666 can also be
utilized in other aerospace'lubrication systems.
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2.1 SAE Publications:

2.2

2.3

Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

ARP24

ARP785

Determination of Hydraulic Pressure Drop

Procedure for the Determination of Particulate Contamination in
Hydraulic Fluids by the Control Filter Gravimetric Procedure

AIR1666

ARP1827

AIR5455

Military §pecifications:

Performance Testing of Lubricant Filter Elements Ulilized in Aircraft
Power and Propulsion Lubrication Systems

Measuring Aircraft Gas Turbine Engine Fine Fuel Filtar Element
Performance

Impact of Changes in Test Dust Contaminants and Particle Counter
Calibration on Laboratory Filter Element Performance|and Fluid
Cleanliness Classes

Availablg from DODSSP, Subscription Services Desk, Building 4D, 700 Robbins Avenue,

Philadelghia, PA 19111-5094.

MIL-PRR-23699

MIL-PRH-81836

MIL-F-8815

Internatignal\Organization for Standardization Publications:

Lubricating Qil;;Aircraft Turbine Engine, Synthetic Bage

Filter and Disposable Element, Fluid Pressure, Hydraglic, 3 Micron
Absoliite

Filter and Filter Elements, Fluid Pressure, Hydraulic Ljne, 15 Micron
Absolute and 5 Micron Absolute, Type Il Systems General
Specification for

Available from International Organization for Standardization, Case Postal 56, CH-1211

Geneva, Switzerland.

ISO 4021

ISO 4402

Hydraulic fluid power — Particulate contamination analysis —
Extraction of fluid samples from lines of an operating system

Hydraulic fluid power — Calibration of automatic-count Instruments
for particles suspended in liquids — Method using classified AC Fine
Test Dust contaminant
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2.3 (Continued):

ISO 11171 Hydraulic fluid power — Calibration of automatic particle counters for
liquids
ISO 11943 Hydraulic fluid power — On-line automatic particle-counting systems
for liquids — Methods of calibration and validation
ISO 12103-1 Road vehicles — Test dust for filter evaluation — Part I: Arizona test
aust
ISO 16889 Hydraulic fluid power filters — Multi-pass method-for eyaluating
filtration performance of a filter element
2.4 National |nstitute of Standards and Technology Publications:
Availablg from National Institute of Standards and Technology, Gaithersburg, MD 20899.
NIST SRM 2806 National Institute of Standards‘and Technology - Standard
Reference Material 2806 -\Medium Test Dust (MTD) in Hydraulic
Fluid, (1997)
3. GLOSSAR)Y OF TERMS:
B = [the filtration ratio obtained.dsing ISO Fine Test Dust (ISO 12103-AR) under multi-

Q1 =
Q: =

Qza =

pass test conditions
the required flow rate (liters/minute) through the filter element

the required.rate (liters/minute) of injection flow from the contaming
system to.the filter element test system

the calculated average rate of injection flow from the contaminant i
systém to the filter element test system

nt injection

hjection

Gl =

Gia =

the required upstream gravimetric level (milligrams/liter) of contami
filter element test system

nant in the

the actual, average upstream gravimetric level (milligrams/liter) of contaminant in

the filter element test system

the required gravimetric level (milligrams/liter) of contaminant in the contaminant

injection system fluid



https://saenorm.com/api/?name=2bd85bd0e84b55f43f7b3e68ae02d9af

SAE ARP5454

3. (Continued):

GZA

Ux

Dx

TA
Tt
\%i
Va2
Var
Vam

W,

W,

W,

X

the calculated average base upstream gravimetric level (milligrams/liter) of

contaminant in the contaminant injection fluid

the total number of particles per unit volume greater than a given p
upstream of the filter element

the total number of particles per unit volume greater than a given p

article size 'x'

article size 'x'

downstream of the Tfiiter efement
the predicted test time (minutes) of the test

the actual, recorded test time

the timer value at the end of the test

the filter element test system fluid volume (liters)

the contaminant injection system fluid vélume (liters)

the contaminant injection system fluid volume (liters) at the conclug
the unusable fluid volume (liters) in the contaminant injection syste

the estimated mass (grams) of contaminant required for the test filt
reach the terminal filter-element differential pressure

the required amount of contaminant (grams) to be added to the cof
injection systenhi to achieve the desired base upstream gravimetric
the filter element test system

the required amount of contaminant (grams) to be added to the filte
system to achieve the target base upstream gravimetric level requi

ion of the test
m
er element to

taminant
level (Gy) in

r element test
red to validate

s £

Utor alamant tact ovctanm
TCTtCT CICTTCTICtIC ST Sy SteTit

contaminant particle size [um(c)] per ISO 11171 calibration

4. CONVERSIONS:

(Liters per minute) = 0.26420 x (Gallons per minute)
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5. TEST SET-UP AND HARDWARE:

A schematic diagram of the multi-pass test system is shown in Figure 1.

5.1 General Considerations:

51.1

51.2

5.1.3

514

515

5.1.6

5.2 Contamifant Injection System:

521

522

Vessels, conduits, reservoirs and fittings shall be selected with smooth contours, no
pockets, and shall be properly oriented to prevent contaminant entrapment.

All line§sha

Reservpirs shall be constructed with smooth conical bottoms that have an|included
angle df not more than 90 degrees.

Fluids ¢ntering the reservoir shall be diffused. Diffusion should take place|below the
reservdir fluid surface in order to eliminate the formation.of‘air bubbles. These air
bubbles could adversely affect automatic particle counterreadings. Reservoir diffusion
can alsp aide contaminant dispersion.

Pressufe Measurements: Pressure measurements are to be performed infaccordance
with ARP24.

Cleanup Filter: The efficiency of cleanup-filter elements used during testing and for
initial cleaning of test fluids shall conform to MIL-PRF-81836 specification.| Filter
elements meeting this efficiency will'control particles in the 4 um(c) size range which can
affect Hoth the particle counts and- the filter element dirt capacity.

A turbulent means should be provided for transferring fluid from the contaminant
injection system to/the filter element test system to yield a flow rate (Q,) ofl at least 0.25
liters pér minute.

The totplfluid volume (V,) of the contaminant injection system may be adjlisted by
Val’yin he level of the id in the reservoir and shall be fficient to cantalin the fluid
volume required by the following equation:

V2 = (1200 x Q2 X W1)/(G1 X Q1) + Vay (Eq.2)

NOTE: The injection fluid volume may be increased as needed by increasing the
amount of test dust proportionately.
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FIGURE|1 - Schematic of Typical Test Set-Up for Multi-Pass Filter Performgnce Test
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5.2.3 Before adding contaminant, the clean-up filter element (Item 4 on Figure 1) per 5.1.6
shall clean the contaminant injection system to the extent that particles greater than

4 micrometers(c) in size do not exceed 200 per milliliter. Gravimetric analysis of fluid
samples, taken from valve C (Figure 1), shall be less than 1% of the required gravimetric
level (G,) of the contaminant injection system fluid, defined by the following equation:

G2 = (G1 X Q1)/Q2

5.3 Filter Element Test System:

53.1

53.2

5.3.3

(Ea.3)

The tothl fluid volume (V,) of the filter element test system(exclusive of the
system) shall be numerically equal (to within £2%) to one-fourth thejrequir
element flow rate (Q,). This volume may be attained by adjusting.the rese
level. In some instances, where the filter element flow rate is low; this may
impractical, and a larger fluid volume may be utilized provide@d’supporting {
available to show that: (1) there is no settling of test contaminant within the
due to the low fluid turnover rate, and (2) the test results are not materially|
to the Ipwer fluid turnover rate. In general, a total fluiedsvolume (V1) of moré
of the required test flow rate (Q,) is not recommended.

The totpl fluid volume of the filter test system:should be maintained to with
initial vplume (V,) during the filter element efficiency test. This can be acc
discarding fluid at a regulated flow rate via Valve D in Figure 1. The flow r
d via Valve D should be adjusted to be within £5% of the contamit
rate (Qp) in order to maintain a constant filter element test system volume
the initigl volume (V4), unless portions of the upstream or downstream san
any oniline dilution, to the automatic particle counters are discarded, or flu
into thg system from exterfial sources during on-line dilution. In this case,
the dis¢arded fluid via ¥alve D should be suitably adjusted so as to mainta
element test system volume to within £5% of the initial volume (V3).

Before jadding contaminant, the filter element test system shall be sufficier]

clean-up filter
pd filter
rvoir fluid
be
est data is
b test system
affected due
2 than one-half

n +5% of the
pmplished by

ate of fluid

hant injection flow
to within 5% of
ple flow, including
id is introduced
the flow rate of

in a constant filter

tly cleaned,

using g clean-up filter (Item 1 on Figure 1) per 5.1.6, so that particles in egch size range

do not exceed 5% of the expected downstream particle counts during the {

est.
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5.4 Particle Counting:

5.4.1 On-line automatic particle counting system and dilution system, per ISO 11943, shall be
used to determine the number and size distribution of the contaminant particles in the
fluid. The on-line dilution system is required to ensure that the particulate concentration
in the fluid sampled by the automatic particle counters does not exceed the saturation
limits specified by the automatic particle counter manufacturer.

The automatic particle counters, including the on-line dilution system, should be

validat

Turbulg
downst
automdg
system
counte
counte
Flow th
test cirg

5.4.2

5.4.3 Automd

approp

ream of the test filter element in order to provide fluid samplé flow t
tic particle counters (Items 2 and 3 in Figure 1). The design of the

rough the automatic particle counters may also.be returned to the f

itic particle counters should be calibrated in accordance with ISO 1

A

g for on-tine counting i accordance with 1ISO 11943:

nt sampling means, in accordance with ISO 4021, shall be located
shall be such as to minimize lag time in fluid flow to the ‘automatic
s. The portion of the sampling flow not passing through the autom

s may be returned to the filter element test circdit reservoir via a by

uit reservoir, or it may be discarded. Do notiinterrupt sample flow

iate particle sizes. The recommended particle sizes are given in T

TABLE 1 - Recommendéd-Particle Sizes to be Counted

upstream and
D the

sampling
particle

htic particle
-pass line.

lter element
Huring the test.

1171 for the
able 1.

Filter Rating Recommended ISO 11171 Particle §

bizes [um(c)]

For filter eldg

ments rated at Beta® Ratios

than 1000 bet]
25 micromete

greater 4 5 7 10 15
than 1000 betveen 4 micrometers(c) and

10 micrometefts(c)" per ISO 11171 calibration

For filter elgments rated\;at Beta Ratios

greater 7 10 15 20 25

lveen 10-micrometers(c) and
s(c) “per 1SO 11171 calibration

! Particle size

inclusive

6. MULTI-PASS TEST PROCEDURE:

6.1 General Considerations:

6.1.1 Test Fluids:The test fluid used shall conform to MIL-PRF-23699 specification, or shall be
as specified by the procuring agency.

6.1.2 Test Fluid Temperature: The temperature of the test fluid, during the test, shall be
maintained at 131 °F + 2 °F (55 °C = 1 °C) for MIL-PRF-23699, unless specified
otherwise.

-10 -
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6.1.3 Test Contaminant;

6.1.3.1

6.1.3.2

6.1.4 Test Hpusing and Free-Flow Dummy Elenient:

6.1.4.1

6.1.4.2

6.1.4.3

The test contaminant used shall be ISO Fine Test Dust per ISO 12103-A2, unless
specified otherwise.

Test Contaminant Concentration: The target base upstream gravimetric level (G
milligrams per liter) is defined as the desired test contaminant mass per unit fluid
volume ingressed into the filter element test system, upstream of the test filter element.
The target base upstream gravimetric level shall not normally be less than

2 mgffmor more tham L0 mg/tinm order 1o achieve a sufficientnumber of particles
challgnging the filter while minimizing saturation and dilution errors forthe automatic

partidle counters.

The target base upstream gravimetric level shall be selected, from 2, 3, §, or 10 mg/l to
obtain (if possible) a test time of 30 to 120 minutes. The predicted test time (t) can be
calcujated from the estimated mass of test contaminant-(W,) required toljachieve the
termipal filter element differential pressure, the basedupstream gravimetrjc level (G,)
selected, and the required test element flow rate (Q4), per the following equation:

= (1000 X W1)/(G1 x. Q1) (Eq.4)

The gervice filter housing shall be used whenever possible, and it shall ke installed in
a normal service attitude. If thishousing contains a by-pass valve, it shquld be
blocked and tested for zero I€éakage at twice the normal cracking pressure.

If a service filter housing.is not available, the test housing shall duplicate] the inside
configuration, including-size, direction and location of the inlet and outlet| flow ports
used|in the service'filter housing. The volume beyond the ends of the filter element
can vary up to_£10% of the corresponding volumes of the actual housing.

It is recommended that a free-flow dummy element be installed in the filter housing
when determining the differential pressure of the empty filter assembly (iLe., without the
filter i i I rns on the
measured filter element differential pressure. The free-flow dummy element shall be
the same as the test element without the filter media. If the test filter element is not
constructed with a rigid core, the dummy element shall be provided with a core having
a minimum open area equal to twice the filter element outlet area and a diameter
approximating the inside diameter of the media pack.

-11 -
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6.2 Contaminant Injection System Validation:

6.2.1 Validate at the maximum injection system volume (V) to be used per 5.2.2, the
maximum contaminant injection system gravimetric level (G,) specified per 5.2.3, the
minimum contaminant injection flow rate (Q,), and for a length of time required to deplete
the complete usable volume (V, — V3y) of the contaminant injection reservoir.

6.2.2
system

(Item 4 in Figure 1).

Pre-clean the contaminant injection fluid system per 5.2.3., then bypass the cleanup filter

6.2.3 Dry the

1 hour
6.2.4 Calculd
injectio
accord

6.2.5 Add thq

reservdg

6.2.6 Initiate
stabiliz

the inje

flow rate (Q.) for the duration of the validation. Obtain an initial sample at

measu
foram

Obtain
and 12
system

6.2.7

6.2.8 Analyz{

fest contaminant, speciiied N 6.1.3.1, at 2/5 °'F £ 25 "F(135 'C
And desiccate to room temperature prior to weighing.

te the required amount of contaminant (W,) to be added to‘the con
h system from the volume (V) per 5.2.2 and gravimetric level (G,)
ng to the following formula:

W2 = (V2 X Gg)/lOOO

 required quantity of contaminant (W) to the contaminant injection
ir fluid and circulate for a minimum of 3@ minutes.

injection flow from the contaminant(njection system, once the temg
bd (within £2 °F; £1 °C), collectingthis flow externally from the syst
ction flow rate at the stabilizedtemperature to within £5% of the de

e the injection flow rate(by"collecting the fluid in a calibrated measu
pasured duration of time not less than one-half minute.

samples of the injection flow and measure the injection flow rate at
D minutes or.atfour equal intervals, depending upon the depletion 1

e each sample from 6.2.7 gravimetrically in accordance with ARP78§

14 °C) for

faminant

per 5.2.3,

(Eq.5)

system

erature has
bm.  Maintain
sired injection
this point and
ring cylinder

30, 60, 90
ate of the

5.

6.2.9 Measu

e the volume of the injprfinn system at the end of the validation ted

t (Var).

-12 -
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6.2.10 Validation Requirements: The contaminant injection system shall be considered
validated only if the criteria listed below are met.

a. The gravimetric level of each sample, analyzed in 6.2.8, shall be within £5% of the
average of the samples, and within £10% of the required gravimetric level (G;) per

5.2.

3.

b. The injection flow rates, measured in 6.2.7, shall be within £5% of the average of the
injection flow rates, and within £5% of the required injection flow rate (Q,).

c. The
dur
timé

6.3 Filter Ele
6.3.1 Install g

6.3.2 Adjust
to the |
in Figu

6.3.3 Adjust
the test

6.3.4 Calculg
system

6.3.5 Drythe
(Ws) pe
upstres
contam

volume remaining in the injection system (V) plus the volume-of
ng the validation, calculated as: (average injection flow rate);x-totg
), is equal, within £10%, to the initial injection system volume (Vy).

ment Test System Validation:

A straight pipe in place of the filter element test housing.

he volume (Vy) of fluid in the filter element test system per 5.3.1. Q
bvel required in 5.3.3 by using the filter element test system clean-u

e 1).

he filter element test system to, the required flow rate (Q;) (to withirn
system fluid temperature per 6-:1.2.

te the required amount ©f)contaminant (W5) to be added to the filte
reservoir per the following formula:

W3 = (G]_ X V]_)/].OOO

test contaminant (6.1.3.1) per 6.2.3. Add the required quantity of g
r 6.3.4 to-the filter element test system reservoir to yield the target

fluid expelled
|l injection

lean the fluid
p filter (Item 1

+20%). Adjust

 element test

(Eq.6)

ontaminant
base

m gravimetric level (2, 3, 5, or 10 mg/l) of the test system (G;). Cir,

startin

the Irmr'rir‘lp counters

culate the

inantthrough the filter element test system for at least fifteen minu1es prior to

6.3.6 With the automatic particle counters connected on-line, set the particle sizes to the
required particle size ranges to be counted; recommended particle size ranges to be
counted are given in Table 1. Set the particle counter to count for either 30-second or
60-second intervals depending on the estimated test time (t) so as to obtain at least 35
particle counts during the filter efficiency test. However, the minimum volume of fluid
counted during each count should not be less than 10 ml. This will necessitate one-
minute counts for automatic particle counters with operating flow rates of 10 ml/minute.

-13 -
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6.3.6 (Contin

ued):

Monitor and verify that the flow rate through each automatic particle counter is equal to
the value used for the automatic particle counter calibration (ISO 11171) to within £3%.
Synchronize the counting periods of the two automatic particle counters as closely as

possible.

6.3.7 Circulate the fluid in the test system for 1 hour and record particle counts in each size
range (per 6.3.6) for both upstream and downstream particle counters.

6.3.8 Validat
only if g

a. The
inte
cou
cou

b. The
fron
par
aut
inte

c. The
for

on Requirements: The filter element test system shall be considerg
he criteria listed below are met.

cumulative particle count obtained for a given particlecsize for eac

nt over the validation duration for that particle size;.for each autom
nter.

re is less than a 10% difference between thecumulative particle cq
N the upstream automatic particle counterat each counting interval
icle size range and the cumulative particle count obtained from the
bmatic particle counter for the samezparticle size during the corresp
rval.

average particle count over,the validation duration for each patrticl
bach automatic particle counter, is within the acceptable range give

TABLE 2 - Validation Counts

d validated

N counting

rval does not deviate by more than 10% from the average cumulatiye particle

htic particle

unt obtained
in each

downstream
onding count

P Size range,
nin Table 2.

ISO 11171 Acteptable range of particle counts/ml greater than indicated
Particle particle size for ISO Fine Test Dust(ISO 12103-A2)
Size 2 mgll 3 mg/l 5 mg/l 10 mg/l
[um(c)] From To From To From To From To
4.0 5400 6600 8100 9900 13500 16500 27000 33000
5.0 2900 3600 4350 5350 7300 8950 14600 17900
7.0 880 1190 1350 1750 2300 2850 4650 5700
10.0 240 320 360 480 590 810 1250 1550
15.0 65 95 100 140 160 240 340 470
20.0 20 35 35 50 60 85 120 170
25.0" 9 15 15 25 25 40 50 75

! Particle size not required if it is not a recommended particle size in Table 1.
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6.4 Filter Element Efficiency Test Procedure:

eparation — Contaminant Injection System:

Adjust the fluid volume (V,) of the contaminant injection system per 5.2.2.

Circulate the fluid in the contaminant injection system, without any contaminant

injection flow to the filter element test system reservoir, through the cleanup filter
element (Item 4 in Figure 1) until the required cleanliness level per 5.2.3 is attained.

Add the required amount of contaminant (W,) to the contaminant injectio

5s the contaminant injection system cleanup filter element (Iteni4 ¢

st contaminant specified in 6.1.3.1 shall be dried per 6.2.3'and we

voir and allow mixing for 30 minutes to thoroughly disperse the con
the contaminant injection system temperature has stabilized(withir]
), adjust the injection flow rate at stabilized temperature to within
ted value (Qy), returning the injection.flow directly to the injection s
voir during test set-up.

eparation — Filter Element Test-System:

PNt test system.

t the fluid volume,of the filter element test system to the required v

recording-particle counts with the automatic particle counters in the
ystemyper 6.3.6.

n Figure 1).
ighed per

n system

faminant.
+2 °F;

b% of the
ystem

Install the filter element test housing with a free-flow dummy element in the filter

blume (V1) per

filter element

late the fluid in the filter element test system through the cleanup filter element

(Item 1 in Figure 1) until the required cleanliness level per 5.3.3 is attained. Stop the
particle counters.

6.4.1 TestPr
6.4.1.1
6.4.1.2
6.4.1.3 Bypa
6.4.1.4 Thet
6.2.4
6.4.1.5
reser
6.4.1.6 Once
+1 °Q
selec|
reser
6.4.2 Test Pr
6.4.2.1
elem
6.4.2.2 Adjus
5.3.1
6.4.2.3 Start
test §
6.4.2.4 Circu
6.4.2.5

Establish, and record, the required test flow rate (Q:) and test temperature per 6.3.3 in

the filter element test system. Record the differential pressure drop across the test
housing with the free-flow dummy element installed at the above test conditions.

Calculate the terminal test filter assembly differential pressure as the sum of the
required terminal filter element differential pressure and the pressure drop across the
test housing with the free-flow dummy element installed, recorded above.
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6.4.2.6

Stop filter element test system flow. Install the filter element to be tested in the test

housing in place of the free-flow dummy element. Readjust filter element test system
volume (V;) per 5.3.1 as required.

6.4.2.7

temperature per 6.3.3.

6.4.2.8

test system per 6.3.6.

Restart, adjust, maintain and record the filter element test system flow rate (Q,) and

Start recording particle counts with the automatic particle counters in the filter element

6.4.2.9 Conti

then

6.4.2.10 Reco

temp
6.4.3 Filter E

6.4.3.1 Reco

range
6.4.3.2 Whilg
500 n

hue to circulate until required cleanliness levels per 5.3.3 are onee
hy-pass the filter element test system clean-up filter (Item 1 in.Figu

rd the differential pressure across the test filter assembly at rated fl
brature (6.3.3).

ement Efficiency Test:

rd five stabilized upstream and downstream“particle counts at each
. These are the blank (control) counts,

the contaminant injection system-continues re-circulating, collect &
Nl of injection system fluid sample from Valve C (Figure 1) to detern

injectjon gravimetric level.

6.4.3.3 Meas

6.4.3.4 Start
simu
Moni
the te
6.4.3.5 Main{
as ds

ure and verify the contamjnant injection flow rate (Q5).

flow from contamjnant injection system to the filter test system and
aneously start the-test recording timer. Record the initial injection

I
ror and maintain-the required injection flow rate (Q,), to within £5%,

St.

ain thie'total volume (V,) of fluid in the filter element test system (to
scribed in 5.3.2.

again achieved,
el).

pw (Q,) and

particle size

Ipproximately
hine the initial

flow rate.
throughout

within +59%)

6.4.3.6

Record automatic particle counts continuously, throughout the test, per 6.3.6, until the

measured differential pressure across the test filter assembly has increased to the
required terminal test filter assembly differential pressure calculated in 6.4.2.5.

On-line dilution (5.4.1) should be utilized, if required, to prevent automatic particle
counter saturation.

6.4.3.7

Record the differential pressure across the filter assembly in conjunction with the

particle counts, throughout the test. Continuous differential pressure measurements

using

a differential pressure transducer is recommended.
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