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1. EURPOSE

1.1 The purpose of this Aerospace Recommended Practice is to provide a tool for evaluating
methods proposed for cleaning service-contaminated filter elements, The procedure set
forth is particularly applicable to the cleaning of metallic filter elements, where the
expense of replacement often makes cleanability a desirable consideration, This pro-
cedure is applicable only to the evaluation of cleaning methods proposed for removal of
service dirt. It is not applicable fo cleaning methods for built-in dirt, LOX cleaning,
etc.

1.2 This ARP presents a procedure for evaluating filter element cleaning methods with re-
spect to contaminant removal and filter element degradation, and.d procedure for
checking dyrability of cleaning equipment, A referee cleaning m@éthod|is algo included,

2.

2.1 The effectiyeness of a proposed filter element cleaning/method is determined by evaluat-
ing the effeptiveness of contaminant removal of the proposed method and degradation in
performande of the filter element after cleaning., The durability of the cleaning system,
where applicable, should be checked before findal adoption of any system.

2.2 Effeotiveneps of contaminant removal is determined by subjecting a known dirty filter
element to the cleaning procedure being evaluated and then adding artificial contaminant
to the filten element, A comparison-of the amount of artificial contaminant retained to
the amount |of contaminant a known clean filter element will retain is al measure of ef-
fectiveness|of contaminant removal,

2.3 Beoause of the comparatiye-difficulty of obtaining service-dirtied filter elements, a pre-
liminary sdqreening procedure using only artificial contaminant is inclyded, It readily
eliminates fhose cleaning methods which have little effectiveness.

2.4 Tilter element degradation is checked by subjecting a filter element to|the cleaning
procedure f|time to elapse in
order to permit-any-eorros ae bake-pla : : e—a-filter element
fatigue test.

2.5 Durability is verified by performing an endurance test on the cleaning equipment.

2.6 A discussion of the considerations upon which this ARP is based may be found in section
9(

3. EQUIPMENT

3.1 Equipment for the cleaning procedure being evaluated, including all reagents, solvents,
eto.

3.2 Bubble point test equipment, as shown in Figure 1, or equivalent,

’1,,‘:);{ i _ﬂ;,w
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3.2.1 Solox* 190 bubble point fluid (or equivalent) - as required.

3,3 Dirt eapae'ity test equipment, as shown in Figure2.

3,8.1 Standardized' Fine Air Cleaner Test Dust (avaiiable from AC Spark Plug Division,
GeneraI Motors Corp.) or other specified contaminant, as requ1red (see 4.3 and 5. 5).

3.4 Flow Fat1gue test equ1pment (see 6.4).

3.5 Amphtt

4. PROCEDIURE FOR PRELIMINARY SCREENING OF FILTER ELEME

'de,, pH, temperature and/ or other measuring equipment, a

5 required (see 7.2).
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11ter element should be subjected to a bubble pointtest as fq

shown in Figure 1. Fluid level is maintained 1/2 inch abov
f the test element. The air pressuré within the element is
pall increments and the element is\slowly rotated 360 degre
pressure increment. The area'of greatest porosity is detd
pserving the first bubble on the surface of the element, and

lement is recorded.
‘is.r'the Initial Bubble Point. This value should be recorded
parison with future test results. -Dry the element before pe

urther tests

an fllter element should then be installed in a housing in a t
gure 2. Measure the pressure drop across the filter assen
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to
b the
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pmeter reading in inches of water at which this bubble emitg from

for
rform-

st stand plumbed
hbly .

4.3 'Wh11e it q

dirt capacity of the

filter assembly as prescr1bed in the filter detail spec1f1cat1on, or in accordance with
the filter manufacturer's recommended procedure, if a specification does not exist.
(Dirt capacity is defined as the amount of a specified standard contaminant which must

" be added to a filter to cause the pressure drop to reach a certain specified value below

relief valve cracking pressure.

If a filter relief valve is incorporated in the test -

stand, it should preferably be blocked for this test. ) The dirt capacity measured at
~ this time is the Actual Dirt Capacity, abbreviated ADC (see Table I for a list of de-
finitions of abbreviations). .

*Qbtainable from U S, Iudustria.l Chemicals Division, National Distillers Corp.
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Figure 1. Typical Schematic Diagi'é,m for Air Bubble Test
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4.4
variables

4.5
cDc.

4.6

._5..'

are at their minimum acceptable value (see section 7),

Measure the dirt capacity of the filter, following the procédure described in 4. 3.
dirt capacity measq.red at this time is called the Cleaned Dirt Capacity, abbreviated

Clean the filter element by the method being evaluated, insuring that all process

The

If the cleaning method used in 4.4, is satisfactory, CDC will be at least 90% of ADC.

If the CDC is lower, the element is not clean, and either the cleanmg method being

evaluatedp

be undamj
carded as

4.7 The filtex]

The Initial Bubble Point should be recorded and should ret vary signi

value meg
whichevert

4,8 The proce
cleaning ¢
day. CD(
10 cycles
of repetit
carded as

4.9 The filten

4.10 Cleaning 1

screening

4.11 If the pr

o)
cleaning {qui_pment, chemical reagents, or other process variables w

to change| ‘evaluation of the process should show that suitable limits

[ at the end of 10 cycles should . be at least 85% of ADC. If (

methods which-have demonstrated satisfactory performance

ged and CDC is lower than 90% of ADC the cleamng metho
ineffective.

element should be degreased and the procedure of 4.1 shoy

sured in 4.1. A change of more than + 10%or + 0.25 inch
is greater, is a significant change. \

dure of paragraphs 4.2 through 4.7.should be repeated unti
ycles have been completed. No more than one cycle should

is less than 85% of ADC, the.cleaning method being evaluat
vely cleaning dirty filter.elements to ""as new' condition an|

unsatisfactory.

element should thén be subjected to the procedure of sectid

should be-confirmed in accordance with section 5.

osed cleaning method is partially or principally dependent

ment is found to
d should be dis-

1d be repeated.
ficantly from the
of water column,

| a total of 10
be performed per
CDC at the end of
2d is not capable
1 should be dis-

n 6.

in the preceding

pn operation of
thich are subject

bn all governing

variables

are in effect.

section 7 for further information.

5'

"Test or analysis as appropriate should be conducted. See

PROCEDURE FOR EVALUATING EFFECTIVENESS OF FILTER ELEMEN I CLEANING

METHODS ON SERVICE -DIRTIED ELEMENTS

5.1
service.

‘The following procedure is 1ntended only for use with filter elements returned from

It is suggested that the procedure of section 4 be used to screen proposed

5.2

cleaning methods.

The following data should be submitted with all elements returned from field service for
evaluation. Elements should be separately tagged or marked for identification.
Similar information should be given for non-aircraft applications.
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— Differential Pressure Gage
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*To be left closed unless otherwise directed in the filter detail gppcification

Nominal Absolute Absolute Rating of Clean-up Filter, Microns
Rating Rating

of Filter of Filtex

under Test, under Test, - - —
Microns Microns Preferred Acceptable

2 15 3

5 18 and up 3

10 25 and up 3 15

17 to 14 33 and 110 15 25

over 74 over 110 25 70 .

Figure 2. Typical Setup for Dirt Capacity Tests

T e
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5.2.1
9.2.2
5.2.3
5.2.4
5.2,5

5.2.6

5,2.7

5.2.8

5.3

5.4

5.5
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Table I. Definition of Abbreviations

Abbreviation Meaning Reference Paragraph
ADC Actual Dirt Capacity 4.3, 5.12
CDC Cleaned Dirt Capacity 4.5, 5.8
EDC Estimated Dirt Capacity 5.3
RIDC Residual Dirt (‘apanify 5.5

Type or model aircraft or other vehicle on which used, arnd seriall number, if known.
Fluid gervice (e.g., MIL~H-5606, Skydrol 500, JP5; ‘compressed air, etc.).
Number of hours of operation.

Estimgted number of hours of ground serviee (if possible).
Locatipn in system (e.g., primary hydraulic reservoir filter, etel.).

Any abnormal operating conditions or system failures during operating period (e.g.,
overhdating hydraulic systeim, main pump failure, etc.).

Climaflic conditions and‘season in which Opérated (e.g., arctic, winter, etc.).
Any other factors which may be of significance.

Obtain an estimate from the filter element manufacturer of the typigal dirt holding
capacity| of production units when tested in a system conforming to Figure 2. This is
the Estimated Dirt Capamty and will be referred to as EDC throug out this procedure,
An aver : :

EDC (see Table I for deflmtlons of abbrev1at10ns)

Install a service-dirtied filter element in a housing in a test stand plumbed as in
Figure 2. Measure the pressure drop across the filter assembly.

While it is still installed in the test stand of Figure 2, measure the dirt capacity of the
filter assembly as prescribed in the filter detail specification, or in accordance with
the filter manufacturer's recommended procedure, if a specification does not exist.
(Dirt capacity is defined as the amount of a specified standard contaminant which must
be added to a filter to cause the pressure drop to reach a certain specified value below
relief valve cracking pressure., If a filter relief valve is incorporated in the test
stand, it should preferably be blocked for this test.) The dirt capacity measured at
this time is the Residual Dirt Capacity, abbreviated RDC.
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Any element with an RDC more than 60% of the EDC should be considered too clean to
provide a satisfactory specimen for evaluation of cleaning methods. These elements
will be readily cleaned by most cleaning methods, and can serve only to eliminate the
most ineffectual of these methods.

Clean the filter element by the method being evaluated, insuring that all process vari-
ables are at their minimum acceptable value (see section 7).

Measure the dirt capacity of the filter, following the procedure described in 6.5. The
dirt capacity measured at thig time is called the Cleaned Dirt Capacity, abbreviated
CDCl :

If the cleaning method used in 5.7 is satisfactory, CDC will be at Teast 856% of EDC.

If the GDC ig lower, the element is not clean, and either the cleaning method being
evaluated 1s [ineffective, or an abnormal condition may exist.’Also check to insure that
filter elements have not been damaged by differential pressure in such § way that dirt
capacity is veduced. For instance, the pleats of poorly<supported corrygated elements
may have be¢n found collapsed so that the flow space was eliminated on [the downstream
gide of each pleat, This increases the pressure drop and reduces (oftem markedly) the
dirt capacityl.

Measure and record the Initial Bubble Poini of the filter element, followying the pro-

cedure ouflined in 4.1, If the bubble poiit is below the requirement for|
this indicates an oversized hole in the filter element, If there is an ovg
the data obtained in paragraphs 5.7 through 5,9 indicate that the filter ¢
is unsatisfagtory, the overgized hole may be ignored, However, if thex
sized hole, gnd the dafa obfained in paragraphs 5,7 through 5.9 indicate
cleaning method (i.e., a CDC at least 85% of EDC), part of the high CDQ
the hole. THe filter element should therefore be repaired to meet the b
quirements for a new filter, If the extent of repair required is less tha
effective filter area, the repaired filter element should be retested com
the procedurie of &7, If the extent of repair required exceeds 10% of 1

a new filter,
rgized hole, and
leaning method
e is an over-
a satisfactory
may be due to
libble point re-
h 10% of the
mencing with
e effective

filter area, the filter element should be discarded and the procedure of

section 5 should

he performe 7 ew otement.

If an element fails in 5.8, other cleaning methods should be attempted.

Satisfactory

performance by another method usually indicates that the first method was ineffective

and that an abnormal condition was not present.

If the filter element cannot be cleaned by any other method, the procedure of section 8
should be attempted as a control, Note that this method will destroy aluminum and
other materials affected by caustic soda, so that filter elements containing these mate-
rials will be damaged if subjeoted to this procedure, After completion of this pro-
cedure, the dirt capacity test of 6.5 should be rerun,
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5. 13 The procedure of section 8, followed by a dirt capacity test, may be run to corroborate

the EDC and establish the Actual Dirt Capacity (ADC) of the filter.

method w

5.14
-~ element.

5,15
cleaning
change, ¢
ables are:
for furthe

If the pro
sections ¢
procedury
cleaning ¢
6.

5.16

6. PROCEDU]

If the prof

ill produce a CDC of at least 85% of the ADC.

An effective cleaning

Satisfactory performance of a cleaning method cannot be proved by cleaning only one

" Because of the variety of conditions under which filter contamination occurs,
a large quantity of filters should be cleaned to establish a reliable method. See section
9 for further 1nformat10n

bauipment, chemical reagents, or other process variablesH
valuation of the process should show that suitable limits on

T mformatmn.

posed cleaning method has not previously béen screened by
L and 6, the filter element should be subjeocted to the proced
b of section 5 which has just been completed should be cons:
bycle. The filter element should thefi-be subjected to the p1

on operation of

which are subject to

all governing vari-

in effect. Test or analysis as appropmate should be conducted. See section 7

the procedures of
ure of 4,8. The
dered the first
ocedure of section

INTS DUE TO

CLEANING

Filter elq
in a plast]
4" in this

6.1

RE FOR EVALUATING DEGRADATION OF FILTER ELEME

mentg which have been’subjected to the procedure of sectio|
ic bag and stored{or 3 monthg. These elements are refert
procedure.

lot as ele
plastm b
"control

At the co
from the

6.2

ent 4, shouldbe subjected to the bubble point test of 4.1 3
g-and stored concurrently with element 4. - This element is
lement! throughout th1s procedure.

plet1on of the 3=month storage perlod the fllter elements

h 4 should be sealed

ed to as "element

A-brand new filter element, preferably manufactured in the same

nd then sealed in a
referred to as the

should be removed
ush, and care-

fully examined. Any evidence of deterioration found only on element 4 indicates that the
cleaning method utilized is harmful to filter elements and should be rejected. Deteriora-
tion common to both element 4 and the control element indicates that the storage condi-
tions were unsat1sfactory

6.3

The filter elements should be subjected to the bubble point test of 4.1.

The initial bubble

points should not vary significantly from the values measured immediately prior to
storage. A change of more than + 10% or 0. 25 inch of water column, whichever is
greater, is a significant change. "Any change of bubble point on element 4 only is evi-
dence of deterioration caused by the cleaning method.
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6.4 Both filter elements should be subjected to the flow fatigue test of the filter detail speci-
fication, If the filter detail specification does not include a flow fatigue test, a test pro-
cedure should be developed by the testing agency and the filter element manufacturer.

6.5 The filter elements should be subjected to the bubble point test of 4.1, Any evidence of
grogs failure found only on element 4 indicates either that the cleaning method causes
degradation of filter elements and should be rejected, or that the element was sensitized
to corrosion before cleaning., The failed element should be metallurgically examined to
determine the cause of failure and if sensitization is suspected, the procedure should be

repeated with

elements known to be sound,

6.5.1 A grogs fa:tlure is indicated by a large drop in Initial Bubble Poinf. | ¥
elements indicates that the element design was insufficient for the test

If there is
from the
of gsection
required b

7. PROCEDURE|

7.1 It is desirab
order to inst
procedure w
It may there
elements are
the viewpoin
congideratio

7.2 The prime ¢

formance of

measure the
ing procedux]

Since it is nd

v‘{swpoint of element degradation, Satisfactory performance

no evidence of failure, the cleaning method may be ‘consides

, and evaluation following the considerations-of section 7 s
fore final approval is granted to any cleaning method.

FOR EVALUATING CLEANING SYSTEM DURABITITY

le to perform quality control diregtly on filter elements afts
ire that elements have been properly cleaned. However, a

fore be necessary to control the cleaning process to insure
b obtained. In addition, eleaning equipment and control are

18 frequently encountered.

nilure of both
requirements,
red satisfactory
in the procedure
hould also be

b1 cleaning, in
quality control

th the desired degree of sengitivity may not be attainable o economical,

that clean filter
of interest from

5 of productivity and practicality. This section is a guide t¢ some of the

nsiderations. in process control are the durability and depe
cleaning systems, In order to evaluate both items, it is ne
performance of the cleaning system to check for deteriorat

the procedure

covered,

t posszble to descnbe all var1at10ns in cleamng systems i

es, felating to sonic and chemical cleaning systems may be

ndability of per-
cessary to
ion. The follow-
used.
this procedure,

I specifically

7.2.1 Chemical - The concentration, specific gravity, pH, temperature and other pertinent
characterigtics of chemical cleaning solutions should be measured and recorded as an
indication of consistency of performance,

' 7.2.2 Sonic ~ The following methods may he utilized to measure performance of sonic clean-
ing systems, They are listed in order of preference.
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7.2.2.1

7.2.2.2

- top to the bottom of the fluid in the tank should be placed in the pleaner at a specific

“shoyld be noted in any reports.

7.2.2.3

..;.11.==

One method of measuring the output of a sonic system is to measure the amplitude
of motion of the radiating surface. This value may range from 1 micron or less
for a typical 40 KC piezoelectric unit to 20 microns for a hyperintense proximal
unit. Some sonic cleaners come equipped with a device which continually measures
this amplitude, but most cleaners are not so equipped. For these units, a probe

is available which may be touched to the radiating surface and will read the ampli-
tude directly. Use of this probe is shown in Figure 3. Alternate measurement
procedures, such as microscopic, may be used where practical.

___N_QT_E Many sonic rﬂeéners have meters which measure the power or

' current input to the output stage of the generator. Thg read-
ing of these meters bears no relation to the actual'\amylitude

of motion of the transducer radiating surface. Unless|a sonic
cleaner is equipped with a meter which is cléarly labelled am-
plitude or calibrated in amplitude, the reading of any huilt-in
meters should be disregarded and external means used to check
performance,

An grosion test as described in ARP 599.will detect iarge degradation in perform-
ancg. A strip of aluminum foil approximately 1 inch wide and gxtending from the

position (near the center of the tank). The transducer is actuatpd for 60 seconds.
Thelfoil is then removed and examined. Erosion may be evalugted by comparison
with| foils from previous tests,” Figure 4 shows a typical foil sample. The same
thickness and grade of foil should be used for comparatwe tests. The thickness

If thie fluid used in the sonic cleaner attacks aluminum rapidly, |a beaker con-
taining water nia,y be placed in the tank and the foil placed in the¢ beaker. There
will |be little-of ho attenuation of sonic energy by this procedurg. Since eval-
uation is by:comparison with previous foils from the same setup, any effects will
cangel ouf¢ If attack of the aluminum by the fluid is slow, as wjth detergents, the
test|may be performed in the basic fluid. '

NOTE: The location of the beaker, if one is used, and the fluid height
in the beaker and in the tank must be identical for all tests.
Erosion is usually much more apparent in water solutions
than in solvents.

A test in which the temperature rise of the tank is measured as a function of time
will serve as an indication of system output. For this test, a thermometer is placed
in the tank at a known point, for instance in the center of the tank, approximately 2
inches from the bottom. The temperature of the fluid is noted and then the trans-
ducer is turned on for 30 minutes. Temperature is measured every 5 minutes. A
curve of temperature vs. time is plotted to verify that measurements fall very close
toa straight line, such as that shown in Figure 5. The acoustic power input to the

tank may then be calculated by the formula;
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TFigure 8. Probe Being Used to Measure Amplitude of Tank Sonic Cleaner
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p= 07mCp T
- t
P = power, watls

m.=
C = gpedific heat of fluid, cal/gm®
= femperature change, °C

t =time, minutes

AT

This formula assumes that no heat transfer into or out of the tank hag taken place.

mass of fluid in tank, gms

In practig

pe, the heat generated in the transducer, particularly in pigzoelectric trang-

ducers where no cooling is provided, will also be conducted into the|tank, causing
this figure fo be high. The calculations may be used for purpoges of

parison
uncontrol

All possible steps should be taken to minimize heat transfer into or put of the tank by

conductiy
should be
ture. Un
cooling 1

Wide var
if the gen
degradat]

Because
liable of
backs, th
ear, or f
are not ¢
the operd

day to day com~
f the same unit. They will not serve to compare different ynits because of
led heat transfer effects.

g or convection, Any pumping systems.should be turned off. A cover
placed over the tank, Fluid in the tank should initially be at room tempera=-
its with water cooled transducers should always be checked at the same
pte using water at a constant input temperature,

jations in heat rise measurements may be expected in practice. However,
eral trend of the measurements is downward, this is a definite indication of
on of the sonic system,

of uncertainties itiexperimental results, the heat rise test [is the least re~
the three proposed and is recommended as last choice. Degpite its draw-
s procedureis still more reliable than any attempt to judge decay by eye,
pel, sinecéthis procedure will be sensitive to changes in performance which
bvioug to-the senses, In the event that a decay in performance is sensed by
tor, the above procedure should be used to verify the performance level,

For corr

manufacturer should be asked to state the amphtude of the radlatmg surface and the
acoustic power output (not input) of the transducer in watts.

7.3 ENDURANCE TEST

7.3.1 Short Term Endurance Test - The following procedure should be conducted to deter-

mine the durability and dependability of cleaning systems.
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Figure 5. Typical Heat Rise Curve with Sample Calculation
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7.8.1.1 The cleaning system should be run a minimum of 4 weeks. If it is a sonic system,
the cleaning system should include operation of the transducer. In addition, the
unit should be run continuously overnight at least once each week, resulting in a
total operating time of not less than 56 hours per week. Electrical power, water,
ete, available for the equipment should be of no better quality than will be expected
in service. Line voltage variations, to be expected in any industrial plant, should
he present during test. Any unit into which a Line Voltage Regulator is not built,
but is furnished as a separate part, should be run without the regulator, since this
component will generally be omitted in field installations.

7.3.1.2 During t] y ; y s lenished or
replaced as required by the operating procedure, Concentration; , ete., for

chemical systems or amplitude, erosion, or heat rise, for sonic systems, should be
measurdd daily, both at the start and end of the operating period. $mall variations
may be jgnored. A steady change in any of these tests isindicative of a change in
performfnce,

7.3.1.3 Equipment which has no significant change in performance during this test should be
dependalle and durable in service, 'If equipment performance does|change during
this test] it is necesgsary to determine the minimum acceptable levgl of performance.
This level should be the same level at which the procedures of sections 4 and 5 were
conducted. If equipment changes in performance during this test and levels off at a
satisfactory level of performance, this equipment should also be copsidered de-
pendable. If equipment continues-to change in performance during this test and does
not show| any signs of leveling off,” or goes out of acceptable limits during the test
period, the dependability of the‘equipment is subject to question. Acceptability of
the equipment will then be gubject to an evaluation considering the gate of change of
performance, cause, anticipated usage, and cost of replacement paits.

performance ¢ ance fest of
7.3.1. Thesge characteristws should be ohecked e1ther contmuously or at periodic
intervals, depending on method of check and schedule of usage, to insure that satis-
factory performance limits are heing maintained,

8. REFEREE CHEMICAL CLEANING PROCEDURE FOR FILTER ELEMENTS WITHOUT
ALUMINUM PARTS

8.1 Degrease the filter element with petroleum ether, trichloroethylene, or other suitable
completely volatile solvent.

8.2 Dry the filter element.
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8.3 Boil in Turco 4008 cleaning fluid for 2 hours. The cleaner should be pre-filtered
through an absolute 25~micron or finer filter before use.

| CAUTION: a. A reflux condenser or other means for preventing
loss of water must be used.

b. Remove any aluminum parts from elements con-
taining integral relief valves.

8.4 Rinse by immersing in filtered wafer for 30 seconds or more; then dip in Turco WO1
cleaner peutralizer for 5 to 15 minutes.

8.5 Wash wiile immersed in a tank through which filtered water is’run for a minimum of
4 hours,

8.6 Dry element in clean, dust limited area, or by using warm filtered |air.

NOTE: [Lacking Turco 4008 cleaner, a 20% solution of reagent grade
austic soda may be used for a periodiof 6 hours. Howeved,
leaning may not be as effective. A\1:6 solution of nitric a¢id

ay then be used as a neutralizer; for a period of 3 to 5 minutes.

i the evaluation of
, may be developed
refore consider all
bility for use.

9.1.1.1 A filter element removes contaminant from a system by passing the system fluid
through pores, thus preventing particles larger than these pores from continuing
further into the system. As the filter operates, more and more of the pores will
become plugged by these particles until the few remaining unplugged pores provide
too much of a restriction to flow to permit continued operation of the system. In
order to return the filter to usable condition, it is necessary to remove the dirt
from these pores. The first criterion of evaluation of a filter element cleaning
system is the effectiveness with which it will remove actual system dirt from the
filter element pores.
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It has been found in laboratory tests that AC fine test dust, widely used as a
standard contaminant in filter evaluation, is much easier to clean from a filter
element than the dirt which is found in service. Therefore, a cleaning procedure
may effectively remove AC test dust and still be ineffective on filter elements
dirtied in field use. I¥or this reason, the cleaning method effectiveness is evaluated
in section 5 using only service-dirtied elements, It is important that only service-
dirtied elements he utilized in the procedure of section 5 if an effective cleaning
procedure is to be obtained,

To be effective, a cleaning method should consistently remove all contaminants, of
any type [that may reasonably be encountered, from a filter clogged{o-close to the
maximumn differential pressure expected in service. There are sevieral possible
ways to Iheck efficiency of contaminant removal, It can be chiecked visually using a
microscope, but this is very tiring and time consuming, and’is very difficult with
the finer|filter elements. The next most obvious method ‘is to check pressure drop
before and after cleaning. Unfortunately, even though g pressure drop reduction
does indicate that some contaminant has been removed, it does not provide a suf-
ficiently [accurate indication of the amount of contaminant removed, [or of how much
contamirant is left, This is because the pressure drop of a filter element is ap-
proximafely inversely proportional to the diré capacity remaining in the filter ele-
ment. Thus, an element which is 25% plugged will only show about [L/3 higher pres-
sure drop across the filter medium than'a clean unit shows. This difference is
usually 1pss than 1 psi for most filtef elements, and is of the same jorder of magni-
tude as variations in pressure drop-between different filter elements of the same
design due to minor tolerances; etc. Furthermore, depending upon the method in
which a pressure drop test is instrumented, extraneous pressure vgriations may
completdly mask any changes due to contamination. Therefore, pr¢ssure drop can-
not be rdlied upon as actest of cleaning effectiveness for purposes of evaluation.

1t should| be noted that a properly instrumented pressure drop test may usually be
relied ugon to detect filters which are more than half dirty once a rgliable cleaning
proceduge hag been established. This does not apply to coarse filters, where a
visual check(is the preferred procedure,

A filter element has the ability to collect a certain amount of contaminant before it
will excessively limit flow, When a test of this ability is run under constant con-
ditions with a known contaminant, it is known as a Dirt Capacity Test, and the
amount of contaminant used in the test is known as the Dirt Capacity. In operation,
as a filter collects contaminant, the dirt capacity is used up. Cleaning of the filter
is the process of restoring the dirt capacity to essentially that of a new filter.
Therefore, the most realistic test of cleaning effectiveness is a Dirt Capacity Test.
This is also the most practical procedure since, as cited above, pressure drop
testing is not a satisfactory method.
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An illustration of the inadequacy of the pressure drop test as a

ARP 725

cleanliness in-

dicator is shown in Figure 6, which contains dirt capacity curves measured on fuel

filters returned from field service.

Note that the element with the highest as-

received pressure drop also has the highest dirt capacity. This case is typical of

coarse filters, but fine filters may behave similarly, to a less

9.1.2 Will the proposed cleaning method damage the filter element ?

9.1.2.1

9.1.2.2

9.2 In additjon fto the two questions stated above, certain other factors
in the eyaluation of any-cleaning procedure.
questions.

If a cleaning method alters the performance of a filter element

ion resistant materials, etec.
contain extremely small wires or bonding points'so that an am
that would be considered insignificant in more.bulky parts can
a filter element.

Unflortunately, the above phenomena are not always visible to t
mugpt therefore be utilized, It is also noted that time will be a
tizgtion and slight corrosion are.concerned, so that a waiting g
An lexample of the value of the waiting period is shown in Figuy
of this filter did not appear-until 2 to 3 months after the filter ¢
jected to the proposed cleahing procedure,

er extent.

, it is obviously not

ential danger and

In addition,
cleaning method may

distortion or heat treatment of parts, alloying, sensitizatjon of normally cor-
It should be recognized that many filter media

punt of corrosion
be quite serious in

he eye and a test
factor where sensi-
eriod is required.

e 7. The corrosion
plement was sub-

must be considered

Of major importance gre the following

9.2.1 Is the [filter element adversely affected in normal use, and is it cqpable of withstand-

ing use (assuming a satisfactory cleaning procedure) for = prmber
vals?

of service inter-
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Tigure 6, Dirt Capacity Curves for Fuel Filters Returned from Field Use
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