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Submitted for recognition as an American National Standard

MEASURING AIRCRAFT GAS TURBINE ENGINE
" FINE FUEL FILTER ELEMENT PERFORMANCE - -

1. PURPOSE: | Variation in filter element testing methods and réquirements make
comparison of results difficult. In order to minimize these pnoblems, this
ARP descriibes standard filtration ratings and test procedures. | Both
manufacturer and customer will have a common means to. specify, [control, and
evaluate [filter elements. M

2. SCOPE:

2.1 This ARP| delineates two complementary filter-element performance ratings and
correspoBding test procedures. It is intended for the noncleanable
(disposaple), fine fuel filter elements used in aviation gas tlurbine engine
systems. N7 S T

" 2.2 Filter Ellement Performance Ratings: -

(A

.2.1 Filter] Element Dirt Capacity: The weight of test contaminant added to the
f11ter element test circuit under specified conditions requijred to produce
a prescribed- differential pressure. This value should: be uded only for
compariing elements having similar filtration efficiencies. |

.2.2 Filter Element<Efficiency: -

~N

N

.2.2.1 Filter element efficiency .is the capability of a filter element to
retgin ‘contaminant particles. Efficiency is expressed in|terms of a
filYration ratio. The filtration ratio compares the number of particles
larger than a given size entering a filter element to the number of
particles larger than the same size leaving the filter element.

2.2.2.2 The techm‘ques specified in this recommended practice -allow measurement
of filtration ratios up to 5,000 between 2-and 25 micrometers.

SAE Technical Board Rules provide that: “This report is published by SAE to advance the stdte of technical and engineering sciences.
The use of this report is entirely voluntary, and its applicability and suitability for any particular use, including any patent infringement
arising therefrom, is the sole responsibility of the user.” R

. SAE reviews each technical report atleast every five years at which time it may be reaffirmed, revised, or cancelled. SAE invites your
’ written comments and suggestions. .

Copyright 1987 Society of Automotive Engineers, Inc. ' Printed in U.S.A,
All rights reserved. :
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2.3 Filter element performance ratings can be adversely effected by harsh
operating environments. Filter elements should, therefore, be
subjected to procedures simulating these harsh operat1ng conditions
prior to performance testing., Conditioning is the term covering these
simulated operating procedures. This ARP does not cover conditioning
requirements. They should be determined by the user and reported by
the testing agency.

3, APPLICABLE DOCUMENTS: The following documents, of the issue in effect
on the date specified form a part of this recommended practice.

3.1 Military Specifications:

MIL-E-5007 Engines, Aircraft, Turbojet and Turbofan, General
: Specification for

MIL-H-5606 Hydraulic Fluid, Petroleum Base; Aircraft, Missile|, and
Ordnance

MIL-T-5624 Turbine Fuel, Aviation, Grades JP-4 @and JP-5

MIL-F-81836 Filter and Disposable Element, Fluid Pressure, Hydraulic, 3
: Micron Absolute

3.2 Society Of Automotive Engineers Publications:

SAE ARP 24 Aerospace Recommended Practice - Determination Of Hydraulic
Pressure Drop

SAE MAP 749 Aerospace Recommended Practice - Aircraft Turbine Engine-
Fuel System Component Endurance Test (Contaminated Fuel)

SAE ARP 185 Aerospace-Recommended Practice - Procedure for the
Determination of Particulate Contamination in Hydraulic
Fluids by the Control Filter Gravimetric Procedure
3.3 International Organization For Standardization Publications:

IS0 4021 Hydraulic Fluid Power - Particulate Contamination Analysis
Extraction eg_F;ﬁ+d_5amp¢es_£pem—k+ﬂes—e£—an—9petat1ng

System

IS0 4402 Hydraulic Fluid Power - Calibration of Liquid Automatic
Particle-count Instruments - Method Using Air Cleaner Fine
Test Dust Contaminant

3.4 American National Standards Institute Publications:

ANSI/B93,31 Multi-pass Method for Evaluating the Filtration Performance
of a Fine Hydraulic Fluid Power Filter Element
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3.5 American

Society For Testing § Materials Publications:

ASTM D-971 Test Method for Interfacial Tension of 0i1 Against Water by

The Ring Method

ASTM D-1744 Water in Liquid Petroleum Products by Karl Fischer Reagent

4. GLOSSARY:
4.1 Terms:

g8 = th
mu

C = th
ca

F]_ = th
- fi

F2 = th
ci
ef

co
el

Gz = th
Cco
'te

UX = th
g1
el

Dx = th
gi

- Test Method For

filtration ratio obtained usﬁng AC Fine Test Dust .under

tipass test cond1t1ons

percent of accountab1e contamvnant obta1ned jnJthe d
acity test validation.

' flow rate (Titers/minute) through. the f11ter element
ter element efficiency testing.

rate (11iters/minute) of 1nJect1on'f1ow.from the cont
cuit to the filter element test ¢ircuit during filten
iciency testing. :

upstream gravimetric 1eve1 (m1111grams/11ter) of
taminant in the filter element test circuit during fi
ment efficiency testing.

gravimetric level (m1111grams/i1ter)'of cOntam1hant
taminant injection circuit fluid for filter element e
ting.- : .

irt

during

aminant
element

1ter

in the
fficiency

total number of particles per unit voiumetgreater than a

en size<Ix) upstream of the filter element dur1ng fil
ment efficiency testing.

total number of particles per unit volume greater th

ter

an a

en size (x) downstream of the filter element during f

element efficiency testing.

ilter

r = the predicted test time (minutes) of the filter element
efficiency test. A

Vi = the filter element eff1c1ency test contam1nant injection
circuit fluid volume (liters).

Vo = the’fi1ter element test circuit fluid volume (1iters) used
during filter element efficiency testing.
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e
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1

the total weight (grams) of contaminant added to the test circuit
during dirt capacity validation procedures.- '

the weight (grams) of contaminant collected on the cleanup filter
element in the dirt capacity validation procedure.

u

the weight (grams) of contaminant washed from the cleanup filter
element during degreasing, plus the weight (grams) of contaminant
remaining in the cleanup filter housing, in the dirt capacity
validation procedure.

u

the weight (grams) of remaining suspended contaminant in the test
flpid found during dirt capacity validation procedures,

n

the estimated weight (grams) of AC Fine Test Dust requited for
the test filter element to reach the terminal differentijal
pressure during the filter element efficiency test.

the required amount of contaminant (grams) %o be added to the
coptaminant injection circuit to achieve-the desired upgtream
gravimetric level in the filter element test circuit duning

filter element efficiency testing.

thp required amount of contaminant.(grams) to be added to the
filter element test circuit to achieve the target upstrdam

grpvimetric level required to validate the filter element test
circuit during filter element efficiency testing.

= coptaminant particle size (micrometers).

4.2 Conversipns: The units-milligrams per gallon used in the dirt capacity
validatipn cleanup procedure may be converted to milligrams pgr liter

5.

5.1 Test Flujdss

by multiplying by 0126417,
GENERAL TEST CONDITIONS:

5.1.1 The fluid used for dirt capacity testing shall contorm to JP-4 fuel

per MIL-T-5624, The JP-4 fuel is to have an interfacial tension
(IFT) of 30 + 3 dynes/centimeter per ASTM D-971. The fuel
interfacial tension shall be maintained throughout the test. IFT
testing should occur at the beginning and end of each test and at
other times not to exceed two hours. It is recommended that a
Fuller's Earth filter be utilized for maintaining interfacial surface
tension, since this has been shown to give reproducible results. The
fuel shall be saturated but contain no free water as determined by
the Karl Fischer method per ASTM D-1744,
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5.1.2 The fluid used for filter element efficiency testing shall conform to

MIL-H-5606. This fluid is readily available, internationally
acceptable, and has been proven to give repeatable results.

5.2 Test Fluid Temperature:

5.2.1

5.2.2

5.3

The temperature of the Jtest fluid for the dirt capac1ty test shall be
maintained at 85°F + 5° (29°C + 3°)., -

The temperature of the test fluid for the filter e]ement efficiency
test shall be maintained at 100°F + 2° (38°C +1°%),

Cleanup Filter: The cleanup filter elements used dur1ng testipg and

5.4

for initjal cleaning of test fluids shall have a minimum efficfiency of

99.5 grpvimetric using 50 AC Fine Test Dust and 50 APM\F-9 beads per
MIL-F-81836. Filter elements meeting this efficiency will conlt ,
sized pafticles which can affect both the particle counts.at two (2)
microns and the f11ter e1ement s dirt capacity..

5.5 Test Houping:

Pressure| Measurements: Pressure measurements dre to.be performed in
accordante. with SAE ARP 24, ,

5.5.1

5.5.2

5.6 Test Hardware:

The service filter housing shall be used whenever possible, pnd it
shall be installed in a normal service attitude. If this housing

contaips a by-pass valve, it should be blocked and tested for zero
Teakage at twice the normal cracking pressure. ,

If a service filter. housing is not available, the test housipg shall
duplicate the inside configuration, including size, direction and
Tocatipn of the inlet and outlet flow ports used in the serviice
filter housing. The volume beyond the ends of the filter element can
vary *|107% of the corresponding volumes of the actual housipg.

5,6.1

5.6.2

5.6.3

Vesselp, conduits, reservoirs and fittings shall be se1ecte with
smooth| contours, no pockets, and shall be properly oriented Ito
prevent contaminant entrapment.

A11 lines shall be sized to maximize turbulent flow throughout the
system, ,

Reservo1rs shall be constructed with smooth con1ca1 bottoms that have
an included angle of not more than 90 degrees.
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5.6,4 Fluids entering the reservoir shall be diffused, as discussed in ~

5.6.5

ANSI/B93.31,

Diffusion should take place below.the reservoi

surface in order to eliminate the formation of air bubbles.
air bubbles could adversely affect automatic particle counter

readings.

r fluid
These

Reservoir diffusion can also aide contaminant dispersion.

A11 component parts of the dirt capacity test stand shall be
electrically grounded to insure static electricity is discharged to

National and Tocal fire and explosion safety standards should
be observed when using JP-4 fuel for testing.

earth,

.7 Particle Count1ng
to deterpine—th

5.8

particle

Cleanup I

On- 11ne automat1c part1c1e counters sha11

in the f1u1d of the f11ter'e1ement eff1c1ency test

o

D

11ter Element Weighing: Dry the cleanup filter. elemg

6. D

oven at
temperat
gram., P
desiccate
until tw
of the t

IRT CAPA

160° + 10°F (71° + 6°C) for one (1) hour and desiccate
ire.  Weigh cTeanup filter element to an accuracy of 4
Jace element in oven at 160°F for an additional 15 min

to room temperature, and weigh again: “Repeat this p
h successive weights are within + 0.1.gram or + 17 the
ptal contaminant added, whichever is greater.

CITY TEST:

6.1

6.1.1

6.1.2

6.2

The dirt
several
capacity

The co
MIL-E-

In ord
flow r
volume
This w
Timite

capacity test is to be performed accord1ng to SAE MAP
nodifications., A d1agram of the major components of 1
test apparatus is given as Figure 1.

5007, or as otherwise specified.
or to insure (repeatable resuTts, the ratio of the test
hte to the_tontaminant reservoir (and optional bypass

must be greater than 0.2 for a 20 minute, or longer,

 to 2 percent.

ntaminant used shall_be in accordance with Table X of

be used

inant

nt in an

to room
0.1
utes,
rocedure
weight

749 with
he dirt

element
Toop)
test.

i11 insure the maximum error for Dirt Capacity measurgment is

Dirt Cap

acity Validation Procedure:

6.2.1 Validation Method:

6.2.1.1 Preclean the test fluid, using the system cleanup filter, to a

maximum contaminant level of 3 mg/gal.

shal

The contamination
1 be determined by SAE ARP 785 procedures.

Tevel
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6.2.1.2

.2.1.3
2.1.4
2.1.5-
.2,1.6

2.1.7
.2.1.8

.2.1.9

.2.1.10
.2,1.11

.2,1.,12

Install a free flow dummy element into the test housing per 5,5,
The 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 support core, the dummy element shall be provided with a core
havinyg a minimur: open area equal to twice the filter element outlet
area and a d1ameter approx1mat1ng the inside d1ameter of the media

pack

A new cleanup filter element per 5.3 shall be weighed per'5.8.

Install cleanup filter element in system.

Attaj

Add
belt
minu

Allo
cont

Obtaj

valve

Stop
filt
solv
betw

filt

We
du
cl
is

0b

pe
by

(g

da

HT-reqﬁfreﬂ—system—f+ow retes
required amount of contaminant (W1) to the reservoir’u
feed system per SAE MAP 749 at the rate of one (1) gr
Le of contaminant per GPM of test system flow.

f]ow to cont1nue for- an add1t1ona1 ten m1nutes after
minant feed has been completed.

n a one (1) liter (approximate) sample of f1uid<from
h A, ’

1ow through the. c1eanup f11ter e]ement -Remove clea
br element, thoroughly rinsewith prefiltered degreasi
ent, and dhy to a constant weight per 5.8. The differ
pen this weight and-the original dry weight of the cle
oy e1ement per 6.2.1.3Cfs denoted W2 (grams)

ring degreasing as well as any contaminant remaining i
ranup filter housing per SAE ARP 785. This contaminan
identified.as’' W3 (grams).

tain a gravimetric analysis of the sample taken in ste
* SAE<ARP 785, Convert this result into grams/liter.
the wolume of the test system fluid (1iters) to obtai
rams) . '

sing a
am per

sampling

hup
ng
ence
gnup -

|gh all contam1nant washed off the c1eanup filter element

n the
t weight

p 6.2.1.8
‘Multiply
n Wa

Calculate percent accountable contaminant using the following
formula:

.2.2 Validation Requirement:

c" Wo + W3 + Mg
B W1

X 100

The test setup is considered validated if the

percent of accountable contaminant (C) is between 95 and 100,

.3 Dirt Capacity Test Procedures:

.3.1 Test Method:
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6.3.1.1 Preclean the fluid as described in 6.2.1.1,

6.3.1.2 In
6.3.1.3 In

stall the test filter element into the test housing.

stall a new cleanup filter per 5.3,

6.3.1.4 Open valves upstream and downstream of the filter and set rated flow

th
di

rough the test filter. Measure and record the test fi

fferential pressure,

1ter element

6.3.1,5 Add contaminant at the appropriate rate per SAE MAP 746 and start

timer.

For example, the required contaminant addition rate (grams per

minute) equals the specified contaminant concentration level (grams

pe
pe

6.3.1.6 Re
te
di
30

6.3.2, Test

r minute).

Fferential pressure and time (minutes) shallbe recor
-minute intervals,

Data Reporting:

6.3.2.1 Th
sh
€0

6.3.2.2 Repo
adde
pres

7. FILTER EL

e results of dirt capacity testing’should be presented
pwing differential pressure across the filter element
ntaminant weight added (grams)y

rt the "Dirt Capacity" asCthe amount of contaminant, i
i into the test stand to.reach the terminal differenti
gure across the test filter element.

EMENT EFFICIENCY TEST:

7.1 General:

7.1.1 Thisp
value

rocedure{determines a filtration ratio designated the
[8y). ~The formula for determining the filtration rati

(o=

 gallon) times the required flow rate through the filter (gallons

rord testing time (minutes) at 20, 40, 60, 80 and 100 percent of the
5t filter terminal differential pressure. Additionally, test filter

ed at

as a curve
(psid) versus

n grams,
al

Beta
os is:

Filtration Ratio = By =

P

5 15

7.1.2 The filter element efficiency test is to be performed per the

ing procedures. A schematic diagram of the filter element test
t is shown in Figure 2. The contaminant used shall be Air

r Fine Test Dust per IS0 4402,

follow
circui
Cleane
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7.1.3 The target upstream gravimetric level (Gy) in milTigrams per liter
is defined as the desired contaminant weight per unit volume of fluid
in the filter element test circuit challenging the upstream side of

the test filter element.

The target upstream gravimetric level shall

not normally be less than 3 mg/l nor more than 10 mg/l in order to

achieve a sufficient number of particles challenging the filter while
minimizing saturation and dilution errors for the automat1c particle

counters.

7.1.4

The

The target gravimetric level shall be se]ected from 3, 5, or 10 mg/1
to obtain (if possible) a test time of 30-120 minutes.

predicted

test time (t) can be calculated by dividing the estimated weight of

AC Fin
pressu
the te

7.2 Contamin

Ee by the base upstream gravimetric 1eve1 (Gy) selecte

st element flow rate (Fy) per the following equation:
~ Wg X 1000
G X F1

ant InJect1on Circuit:

7.2.1 A tur

-contaminant injection circuit to the filter element test civ
a flow rate (Fp) of at Teast 0.25 liters per minute.

7.2.2

shall
follo

NOTE:

7.2.3 Before

The total fluid volume (V7) of the contaminant injection ciy
_be adjusted by varying the level of the fluid in the reservg

lent means should be provided for transferr1ng f1u1d

e sufficient to contain the fluid volume requ1red by
ing equation:

_Ws X F2 X 1200
F1 XGp

Injectionsfluid volume may be increased as needed by 1
the amount of test dust proportionately. '

adding contaminant, the cleanup filter element (Ttem

tial
d times

from the
cuit to yield

cuit may
ir and
the

ncreasing

4ion

tem to the

Figure
extent

exceed 200 per milliliter.

2) per 5.3 shall clean the contaminant injection syst

ze do not

Gravimetric analysis of fluid samples,

taken from valve C, shall be less than two (2) percent of the
required gravimetric level (G2) of the contaminant injection

circui

t fluid, as shown by the fo]]ow1ng equat1on
Gy X F
Gy = 1 1
F2

7.3 Filter Element Test Circuit:
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7,3.1 The total fluid volume (V2 ) of the filter element test circuit
shall be numerically equal ( *+ 2 percent) to one-fourth the required
filter element flow rate value (F1). -This volume may be attained
by adjusting the reservoir fluid Tevel. The filter element test
circuit volume should be maintained within ten (10) percent of the
initial volume during the test.

7.3.2 Valve D as shown in Figure 2, is for adjusting the amount of fluid to
be discarded. Total fluid discarded must equal the contam1nant
injection flow rate.

7.3.3 Before adding contaminant, the f11ter e]ement test circuit shall be
sufficiently cl
exceed five percent of the actual downstream test values using a
cleanup filter (Item 1 on Figure 2) per 5.3,

7.3.4 Turbulent sampling means, in accordance with IS0 402%; shall be
located upstream and downstream of the test element dn orden to
provide fluid sample flow to the automatic particle counterg (Items 2
and 3 pn Figure 2) Flow to the automatic particle counterg shall be
high e ough to minimize lag time. The portionvof the sampling flow
not passing through the counters may be returned to the filter
- elementt test circuit reservoir via a bypass line. Flow thrqugh the
automaftic particle counters may also be<returned to the resegrvoir, or
it may| be discarded. Do not interrupt-sample flow during the test.

7.4 Filter Eflement Efficiency Validation Procedures:

7.4.1 The coptaminant used in the validation procedures is AC Fing Test
Dust per 7.1.2,

7.4.2 The papticle counters_are calibrated in accordance with ISO (4402 for
sizes given in Table A-using contaminant per 7.1,2.

7.4.3 Contaminant Injection Circuit Validation:

7. 4 3.1 Validate at.the maximum injection circuit volume (Vi) to he used
per [/.2.2 and the maximum contaminant injection circuit gnavimetric

levell (G2) specified per 7.2.3.

7.4.3.2 Preclean the injection fluid system per 7.2.3. then bypass the
cleanup filter Toop (Item 4 in Figure 2).

7.4.3,3 Dry the test contaminant per 7.1.2 at 2756°F + 256° (135°C + 14°) for
one (1) hour and desiccate to room temperature prior to weighing.

7.4.3.4 Calculate the required amount of contaminant (Wg) to be added to
the contaminant injection circuit per the following formula:

Gy XF1 XV
~ Fp X 1000
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| qlbf 7.4.3.5 Add the required quantity of contaminant (Wg) to the contaminant
injection circuit reservoir fluid and circulate for two (2) hours.

7.4.3.6 Extract fluid samples at 30, 60, 90 and 120 minutes. Analyze each
sample gravimetrically per SAE ARP 785, _

7.4.3.7 Validation Requirement: The gravimetric level of each sample taken
in 7,4.3.6 shall be within ten percent of the average of the four
samples and within five percent of required gravimetric level
(G2) per 7.2.3 for acceptable validation of the test stand
contaminant injection circuit.

7.4.4 Filter| Element Test Circuit Validation:

7.4.4,1 Instpll a straight pipe in place of the filter e]ement'test housing,

7.4.4,2 Adjust the volume (Vo) of fluid in the filter elemént test
circuit per 7.3.1, Clean fluid to level required-in 7.3,3 by using
the ffilter element test circuit cleanup filter (Item 1 on Figure 2).

7.4.4,3 Adjust the filter element test circuit to.the required flow rate
(F1)| (+2%). Adjust the test circuit fltuvd temperature pen 5.2 as
measured-at the filter element housing inlet. '

7.4.4.4 Contaminant Addition:

" 7.4.4.4,1 Drly contaminant per 7.4.3.3:

7.4.4.4.2 Cdlculate the required-gmount of contaminant (W7) to be |added
to the filter element.test circuit reservoir per the folllowing
formula: ' ' C .
| Gy X V
1000

d the réquired quanfity of contaminant (W7) per 7.4.4/4.2 to
filter element test circuit reservoir to yield the Harget (3,

5, or10mg/1) base upstream gravimetric level of the test circuit

( s i i ilter

element test circuit for fifteen minutes prior to starting the

" particle counters.

7.4.4.4.3 A

7.4.4.5 With the automatic particle counters connected in-line, set
particle counter to count for 60-second intervals. Synchronize the
counting periods of the two automatic particle counters as closely
as possible. Size ranges to be counted are per Table A. Record 30
one-minute counts at each size range.

7.4.4.6 Validation Requirements: 'The filter element test circuit is only
valid if all the following apply:
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7.4.4,6,1 There is less than a ten percent difference between the
cumulative particle counts obtained from the upstream counter at
each 60-second counting interval in each size range and the
cumulative counts obtained from the downstream counter for the
same sized particles during the corresponding count interval.

7.4.4,6.2 The average particle counts obtained for a given size for the
first ten minutes do not deviate more than ten percent from the
average particle counts of that size from the last ten minutes
for each particle counter,

7.4,4,6,3 The average particle counts per milliliter for each size range is
within the appropriate interval given in Table B for each
particle counter,

7.5 Filter E}ement Efficiency Test Method:

7.5,1 Test Preparation:

7.5.1.1 Instpll the filter element test housing with-a flow-through dummy
filter element per 6.2.1.2 into the elemend® test circuit.

7.5.1.2 Adjubt the fluid volume of the filter element test circuif to the
requfred volume (Vo) per 7.3.1.

7.5.1,3 Adjupt the fluid volume (V1) of. the contaminant injection [circuit
per V.2.2.

7.5.1,4 Start filter element test circuit automatic particle counters.

7.5.1.,5 With|contaminant injectioh flow stopped to the filter element test
circhiit reservoir, circulate the fluid in both circuits through the
cleapup filter elements (Items 1 and 4 on Figure 2) until fthe
required cleanliness levels are attained per 7.2.3 and 7.3.3.

7.5.1.6 Record the differential pressure drop at rated flow across| the test
housjng with_the dummy element installed.

7.5,1,7 Bypass. the contaminant injection circuit cleanup filter elpment
(Item @ on Figure 2).

7.5.1,8 -The test contaminant per 7.1.2 shall be dried per 7.4.3.3 and
weighed per 7.4.3.4.

7.5.1.9 Add the required amount of contaminant (Wg) to the contaminant
injection circuit reservoir and allow mixing for 30 minutes to
throughly disperse the contaminant.

7.5.1,10 Stop filter element test circuit flow, Install the filter element
to be tested into the test housing, Readjust filter element test
circuit volume (Vo) per 7.3.1 as required.
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7.5.1,12

7.5.1.13°

circuit flow rate (F1) and temperature per 7.4.4.3,

Q 7.5.1 11 Restart adjust, maintain and record actua] filter e]ement test

Continue to circulate until required c]eanllness levels per 7.3.3
are once again achieved then bypass the f11ter e1ement test

c1rcu1t cleanup filter (Item 1 on F1gure 2).

Record the differential pressure drop at rated f1ow (Fq1)
the test housing with the test filter element installed.

7.5.2 Filter E1ement7Efficiencv Test Procedure:

7.5.2.1
7.5.2.2
7.5.2.3
7.5.2.4
@ 52
. 7.5.2.6

71.5.2.7

7.5.2.8

7.5.2.9

sizel range. These are the b]ank (contro]) counts.

injdction f1ow rate.

Stant record1ng particle counts per Table A.. Setpcounting

intervals per 7.4, 4 5.

Oncel counts have stabilized, record five one- m1nute counts

While the 1nJect1on system continues rec1rcu1at1ng, co]]ec
(approximate) sample from Valve C. : .

across

at each

t 500-ml

Stanft flow from contaminant 1nJect1on system to the f11ter test

Colllect another 500-~m1 (approx1mate) samp]e of the contam1
injection fluid at completion of test. Also record the fj

When the requ1red d1fferent1a1 pressure across the test fi
element is reached, stop timer, stop fluid sampling flow,

the test f11ter element.

ate per

system. Ma1nta1n and record the requ1red 1nJect1on f]ow b
7.2.1.' -

Sta t test record1ng timer, _ ‘

Maintain the total volume (Vg) of f1u1d in the test system, as
des r1bed in 7.3.1 and 7.3.2, throughout the test. ' )
Obtdin automat1c,part1c1e counts cont1nuous1y, with one-minute
counting intervals,)throughout test. -If the predicted tegt time
per [7.1.4 is Tess than 20 minutes, the count1nq 1nterva1 g

red ced to one=half m1nute

hall be
minant
nal

1ter
stop

“injection flow fron the contam1nant c1rcu1t and stop f1ow through

7.5.2.10 Analyze grav1metr1ca11y (mg/1iter) per SAE ARP 785 the two samples

extracted from the contam1nant 1n3ect1on c1rcu1t (per paragraphs

7.5.2.3 and 7.5.2. 8).

7.6 Test Data Report1ng:

7.6.1 Calculations:
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7.6.1.1 cCalculate and record the average of the two gravimetric levels

7.6,1,2

7.6,1,3

7.6.1.4

7.6.1.,5

7.6.1.6

7.6,1,7

7.6.1.8

7.6.2 Data Presentation:

(Gg) (mg/liter) analyzed in 7.5.2.10. The gravimetric level of
each sample is to be within ten percent of this average for the

test to be valid.

Calculate and record the average contaminant injection circuit flow
rate (Fp) (1iters/minute) by using values recorded in 7.5.2.4,

and 7.5,2.8, This value must be within * 5 percent of the required
rate.

Calculate and record the base upstream gravimetric Tevel (Gj)
achieved during the test by multiplying the average injection
gravi i injection flow
rate| (Fo) (7.6.1.2) and dividing by the actual filter elenent
test| circuit flow rate per (F3) 7.5.1.11,

Average and record the upstream and downstream test. resulis taken
in 7.5.2.7 for each size range over the entire length of tlhe test
(from a clean filter to termination pressure drop).

Averpge and record the five one-minute upstream and downstiream
blank (control) counts taken in 7.5.2.2 for each size rande. Also
recopd the maximum downstream blank count at each size range.

The average upstream blank (control) counts shall be less [than one
percent of the average upstream results (Gj) per 7.6.1.3. | The
maximum downstream blank count -at each size range shall bg less
than| five percent of the actual average downstream test rgsults
recofrded in 7,6.1.4.

Calcyilate and record the-beta values (8y) at each particlg size
leve]l of Table A by.dividing the average upstream counts By the
average downstream(counts recorded in 7.6.1.4,

Calcilate the dnitial (clean) element differential pressure drop at
rated flow by<subtracting the tare value per 7.5.1.6 from |the
assembly value per 7.5.1.13.

7.6.2.1

7.6,2,2

7.6.2.3

7.6.2.4

The results of filter element efficiency testing should be plotted
on semi-log graph paper with the filtration ratio (Beta) plotted on
the Tog-scale and the particle size range (x), in micrometers,
plotted on the normal scale.

The filtration ratios for at least two sizes shall be reported to
define the filter element efficiency.

Report calibration procedure of automatic particle counters used
during the filter element efficiency test.

Report the initial (clean) differential pressure drop of the filter
element (net) at rated flow per 7.6.1.8,
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7.6.2.5 Figure 3 provides a standard form that may be used to present the

8.
8.1

8.2

8.3

8.4

8.5

filter element efficiency test data

dev1at1 ns are acceptable but shou]d’be reported.

LESSONS LEARNED:

Deviations from the conditions stated in this ARP can aiter the results
obtained. If deviations are made they should be reported (e.g. -
alternative f]u1ds used).

A slurry injection system used in lieu of belt feeds per this ARP for
Dirt Capacity test1ng will result in a different dispersion of the
contaminant. This, in turn, may result in varying dirt capacijty values
for the [same filter,

It has been found that a diatomaceous Fu11er s Earth filteér pér 5.1.1 is the
easiest method of maintaining: the fuel IFT in the dirt capac11y test. Local

"The contlaminants required in 6.1.1 and 7.1.2 must receive proper care and

handling to insure repeatable test results. Thgy'shou1d be stored in
tightly [sealed containers to prevent humidity.incursion, Pri¢r to use, the
contaminants should be dried and mechanically st1rred This will prevent
agglome at1on and 1nsure a homogeneous m1xture ' '

The floW versus vo1ume ratio g1ven in®.1.2. is derﬁvéd,ffom he formula:

‘Flow of tdst element (gpm) R > (natural 10g of the maximump error allowed)

Volume upstrdam of element (gal.) o T1me of test (min.)

This formula may be used when the maximum perm1ss1b1e error i§ different
than 2 percent (0.02 in_the formula above) or the time to complete the test
is less [than 20 minutes. - Use of this formula insures rapid equilibrium of

- the upsfream contamination level, minimizing dirt capacity vafiations.

8.6

8.7

8.8

A-bypasg Toop between the pump and the dirt capac1ty test houging, which
returns [to a subsurface diffuser in the reservoir, has been fgund to

increasd dispersion of the contaminant in the reservoir. Thig loop also
aids in jadjusting the requ1red’f1ow rate to the test housing per 6.2,1.5.

This ARP allows measurement of f11ter e1ement eff1c1enc1es up to 99.98
percent by particle count. This is equivalent to one particle passing
through the filter element for every 5000 particles challenging it. This is

- reported as a filtration ratio (Beta value) of 5000 or gy = 5000,

The filter element efficiency procedure of this-ARP accomp11shes h1gh
sensitivity by incorporating the following:

8.8.1 Automatic particle counting

8.8.2

8.8.3 High efficiency cleanup filter'e1ement57 .

In-1ine sampling

8.8.4 Low control (blank) counts required at the start of testing
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8.9 The high sensitivity for filter element eff1c1ency obtained by this ARP has

the advantages to the user of:

8.9.1 High reliability of the test procedure for any filter element efficiency

8.9.2

8.9.3

8.10

8.11

8,12

8.13

(f11trat1on ratio) up to Beta =

microns

Significant filter element leakage can now be identified.

leakage
ranges.

5000 for particle sizes between 2 and 25
is insured.

One percent
means the maximum filtration ratio obtainable is 100 for all size

Filter element efficiencies for several particle sizes can be quantified
during oqne test.

Current
bubbles,
essentia
efficien
air entr

Data rep
particle
Quantita
greater
recommen

An appro
valve (V

sample may be used for comparative purposes to insure the targ

gravimet

Free flo
differen
pressure
element
in certa

utomatic particle counters cannot differentiate between air

water droplets, and contaminant particies. It is, therefore,
that the MIL-H-5606 test fluid used for the filter element

y tests be free of water and that precaut1ons be taken to prevent

pment (such as the diffusers recommended in’5.6.4).

rting is as required for each application. If appliclable, the
size at which the filtration ratio equals 5000 is deslignated the
jve Dirt Removal Rating. The filtration ratio for particles

han 2 micrometers is designated the Silt Control Ratipg. It is
ed that the Silt Control Rating-be reported if g2 > 2.

riate size sample can be taken from a turbulent upstream sampling
lve A in Figure 2) at the 80 percent level and analyged. This
ted upstream
ic Tevel has been achieved per 7.6.1.3.

dummy elements per 6.2.1.2 and 7.5.1.1 are recommended to prevent
ial pressure measurement errors due to hardware variations and
sensing port_locations. Without these dummy elements|, the clean
ifferential pressure may actually be a negative number when used
n filterlhousings.

PREPARED BY SAE COMMITTEE AE-5,
AEROSPACE FUEL, OIL & OXIDIZER SYSTEMS
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