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Aircraft Engine Fuel Pump Cavitation Endurance Test

RATIONALE

ARP492C has been reaffirmed to comply with the SAE five-year review policy.

1.1 This SAE Aerogpace Recommended Practice (ARP) defines procedures fordesting gircraft
engine fuel pumps for the purpose of determining their resistance to deterioration, ng steady
state endurance test, while receiving MIL-T-5624 Grade JP-4 fuel as achomogenoug mixture

ed as a ratio of vapor volume to liguid volume (V/L).

1.2 The procedure fecommended herein is based on experiance gathered by a number jof
laboratories conducting component qualification tests to MIL-E-5009, currently MIL-E-5007. It is

a uniform reproducible steady state test condition for fuel pump( cavitation

d by various military engine specifications.

1.3 This test is NOT intended to establish altitudé; climb rate, starting, or other trangient| performance

ad.
1.4 PURPOSE:
1.4.1 This procedure is intended to'apply to all pumps downstream of engine inlel.

1.4.2 The procedurg will be defined in terms of recommended test setups and recommefded testing
methods.

143 Two rnslhodq of determining V/L are provided.

CAUTION: Operation at low line velocities may result in nonhomogeneous flows and cause
erratic or incorrect readings.
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1.4.3.1 Method | - V/L Meter: When using this method, the vapor-to-liquid ratio is sensed in a
measuring section installed in inlet line upstream of the pump as shown in Figure 1. The
vapor-to-liquid ratio is assumed to be the indicated volume flow rate vapor-to-liquid ratio and
is read out as V/L on a meter dial.

1.4.3.2 Method Il - V/L Calculation: This method assumes that an equilibrium mass flow rate of
dissolved air evolves from the flowing air saturated liquid fuel in accordance with Henry's Law
for solution of gases in liquids. The volume flow rate vapor-to-liquid ratio is then calculated
from the mass flows in accordance with Dalton’s Law of Partial Pressures, the Perfect Gas
Law and the liquid fuel thermal expansion behavior. The necessary calculations are
described in Appendix A.

CAUTION: At low pump inlet pressures and/or high fuel temperatures, special care must be
taken 10 obfain accurate readings of the testda e V/L calculation.
As can be seen from the V/L equation in Appendix A, a primary factor in the V/L
calculation is the ratio of two pressure differentials measuréed dufing the test. If
these pressure differential are small, as is the case when.the tarnk pressure.P,
(and, therefore, the pump inlet pressure Py) is closetothe absolute true vapor
pressure of the fuel, Pyvp, even small errors in the measurements will cause
large errors in the calculated value of V/L. A godd practice in this connection
would be the inclusion of note(s) on the test §heet calling attentipn to data points
taken at low values of (P+-Prvp) together with the attendant estimjated possible
error in the calculated V/L resulting from measurement errors.

1.4.3.3 Recommended V/L Meters: Recommended V/L meters are listed in Appendik B.

1.5 Within this dpcument the term “pump inlet” shall define the fuel inlet port of the c¢mplete system
to be tested.| If lines or other components are’placed upstream of the inlet of the[actual pumping
component iy specific test requirement, stich as to provide an engine inlet, they ghall be part of
the completg system to be tested.

2. APPLICABLE DOCUMENTS:

The following publications form-a part of this specification to the extent specified hgrein. The latest
issue of SAE publications-shall apply. In the event of conflict between the text of this specification
and the refereices cited herein, the text of this specification takes precedence. Ngthing in this
specification, However,“supersedes applicable iaws and regulations unless a specifjc exemption
has been obtajned.
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2.1

SAE Publications:

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

AlIR1326 Aircraft Fuel System Vapor-Liquid Ratio Parameter
ARP4024 Aircraft Engine Fuel Pump Net Positive Suction Pressure Performance Test (For low
inlet pressure conditions which maintain the fuel in liquid form rather than a mixture of
gas and liquid
ARP4026 (DRAFT) Aircraft Engine Fuel Pump Special Fuels Cavitation Endurance and Net
Positive Suction Pressure Performance Tests (For fuels other than MIL-T-5624
GRADE JP-4 fuel)
ARP4028 Aircraft Engine Fuel Pump Two Phase (Slugging Flow) Inlet Performance Test (For
when the gas and liquid mixture is NOT a homogenous solution)

EQUIREMENTS:

, Grade JP-4

erature:

a. T,in supply tank: £1 °F (0.5 °C) of T, at the pump inlet
b. T,atpump inlet: In accordance with the specific test requirement

ure:

uel surface in supply tank: In accordance with the specific test req

irement

b. P, at pump inlet: Depressed below P, as required to produce the required V/L

c. P;at pump discharge: In accordance with the specific test requirement,

3. GENERAL R
3.1 Fuel:

MIL-T-5624

3.1.1 Fuel Tem

3.1.2 Fuel Pre

a. Pyat{

be the

3.1.3 Fuel Flow

test requi

3.2 Inlet V/L Cg

In accordar]

engine fuel system pressure required for the specified metered flo

. System discharge and pump bypass flows shall be in accordance
ements.

ndition;

ce with the specific test requirements.

hich typically will

with the specified

3.3 Duration of Endurance Test:

In accordance with the specific test requirements.
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3.4 Pump Speed:

In accordance with the specific test requirement and, in general, will be an intermediate rated
speed for the pump application.

4. DETAIL REQUIREMENTS:

4.1 Test Setup:

The equipment should be in accordance with Figure 1 subject to the limitations provided herein.

411
4111

41.1.2

4113

4.1.2

inherent

Fuel Tanks:

Shape gfthetank s optionat:

Insulatign of the tank is optional. During cavitation test, the temperature’diff¢rence between

T; and T2 should not exceed 1 °F (0.5 °C).

The minimum quantity of fuel shall be a volume equivalent to the system dis¢harge flow for
2 min plus 15 gal (57 L). The maximum quantity of fuel shallbe a volume equivalent to the

system

ischarge flow for 5 min plus 15 gal (67 L). The system discharge flgw shall be as

defined |py 3.1.3. The tank volume shall be at least 1.1.times the fuel volume.

4.1.3 Downstregm Test Equipment:

4.1.31

4.1.3.2

41.3.3

4.1.4 Additional Test Equipment: Ty
may be placed in the test system as required other than in the inlet line.

A pump|bypass line and valving may be provided as necessary to control sy:
flow in § manner consistent with.the' pump/control installation for the applica

Any other elements of the engine fuel system downstream of the pump whic
on the qump inlet conditions should be simulated.

Care should be taken:to assure that the tank return flow is returned below th
and dods not interfere with the tank to inlet line flow. The tank return point s
isolated|as possible from the tank to inlet connection and under no condition

ressure Loss: The pressure loss from P16’ P, should not exceed 2(in
the test flgw rate with the inlet line throttle valve(s) fully open.

(50 mm) Hg at

tem discharge
le engine.

h have an effect
e fuel surface

houid be as
closer than

dy described,
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4.2 General Pro

4.2.1

cedure for Testing:

Test setup should conform to 4.1.

4.2.2 Preparation for Test:

4221

Prior to cavitation endurance testing, check the leakage of the fuel system from the supply

tank to the test system as follows: Without operating the test pump, depress tank pressure to
estimated pump inlet pressure required for the cavitation test or lower, then close the vacuum
supply line and observe tank pressure. A recommended rate of pressure increase is 0.4 in
(10 mm) Hg/h to 0.6 in (15 mm) Hg/h maximum. Repair leaks as required. This check may
be made with a slave pump in place of the test pump providing the pump inlet connection that
must be disconnected for installing the test unit provides a positive seal and that steps are

taken to[as sure that the test pump or components do nof intfroduce new fue] system leaks.

4222

4223

above t€
fuel surf
4.2.2.4 With the
the spee

4.22.5 Adjustth
throttlin
valve o

made wi

In the hgating cycle, the test pump may be used for circulating fuel. The ra
to the fupl mass in the tank should not exceed 4 °F (2 °C) per minute. A re
temperajure during the heating cycle should be maintained and included wit
At no time during the heating cycle should the tank fuel temperature exceed

The pump or component to be tested shall have fluid passed through it.at fl
contamination level and time period as required by the specific test require
setting df any cavitation test conditions. This precontamination may be perfq
setup sgparate from the V/L test setup.

st temperature. Gradually, over a 10 min period, reduce the tank pr
hce to the specified value.

d, flow and discharge pressure conditions for the test.

e inlet throttle valve(s) to obtain the desired V/L ratio. When using {
configuration, adjustvalves A and B uniformly to maintain approxin
ning. Any further-adjustments to maintain the desired inlet pressur
h the upstream valve, A. Obtain an initial fuel sample for RVP dete

4.2.3 Enduranc

4.2.3.1

Operate|the test system at the required conditions for the required time peric
test condlitions within the following limits during the entire endurance period.

Testing:

a. Ty: ¥3°F (1.5°C)
b. Ty-Tz: #1°F (0.5 °C)

s

s and
ents prior to

brmed on a test

of heat addition
rd of fuel

the test data.

5 °F (2.5 °C)
essure above the

inlet line throttle valve(s) open‘wide, with the fuel temperature mainfained, establish

he two valve inlet
ately the same

2 should be
mination.

d. Maintain the
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4.2.3.1

4232

4.2.3.3

4.2.3.4

4235

(Continued):

—F@m™oae

P,: £0.1in (2.5 mm) Hg

P;: As required to maintain the required V/L

V/L at Pump Inlet: Maintain at the required level or higher
Absolute Fuel RVP: 2 psi (13.8 kPa) minimum

System Discharge Flow: +10%, -0, or as specified

Bypass Flow: As required to maintain system discharge flow
Pump Discharge Pressure: +4%, -0, or as specified

Test fuel may be emptied and replaced as necessary to maintain test conditions.

The following data should be recorded at intervals not exceeding 1 h.

—T@To oo TR

Inlef fuel temperature and pressure T, and P;

Tank pressure above fuel {(in (mm) Hg abs.) P, and fuel temperatureT,
Pump discharge temperature and pressures Tzand P;

System discharge flow

Time of day

Pump speed

Bar¢ometer

Bypass flow, plus any other flow(s) supplied by the’‘pump which have an
pump inlet conditions should be recorded

The follpwing additional data shall be recorded initially and at least every 12
is used ffor V/L determination. RVP checks shall also be made when Method | is used to
assure that the fuel RVP does not fall below the required minimum.

a.
b.
c.

For Me

RVR of fuel
Distjllation test at 5% and 15% points
Spegific gravity

5. SUGGESTEID TESTING TECHNIQUES:

5.1 Insulation df the tank and lines may be necessary to provide temperature stabili

5.2 Adjustment

effect on the

h when Method |l

hod Il testing, Calculation of vapor liquid ratio shall be according to Appendix A.

Y.

mstead of by

readjusting the setting on the upstream throttle valves. Systemn discharge flow must be
maintained within specified limits.
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5.3 The inlet side of the test system must be reasonably airtight to minimize fuel weathering as a
result of vapor loss entrained in the air through flow to the vacuum system and to assure
accurate test resuits.

5.4 A test tank with adjustable elevation will provide flexibility for meeting the requirements of test fuel
volume and fuel level elevation.

5.5 A plastic gage line may be used to connect the P, pressure gage instead of the gage trap shown
in Figure 1 to observe fuel level allowing for fluid head correction.

5.6 The fuel line must be arranged to avoid either separated or slugging type flow. Transparent
piping may be used for viewing sections. The inlet line, including the infet throttle valve(s), should
be substantially the same size as the engine inlet. Any transition in line size should be gradual.

5.7 V/L determination by the Method Il calculation assumes equilibrium conditions bpth in the tank
and at the epgine inlet and the change in equilibrium conditions accounts forthe evolution of
air/vapor. The application of line loss in the throttle valve(s) should be as gradual as possible to
minimize logal low pressure regions that could cause evolution of air/Vapor that would not be
either reabsprbed or accounted for at the engine inlet.

5.8 A cooling arrangement may be added to the vacuum systemdine to allow the condensation and
return of vapor to the fuel tank.

5.9 It may be ngcessary to avoid a horizontal V/L meter sensing element installation|where inside
diameter differences between the sensing element.and inlet line can allow vapol to be trapped
within the sensing element. Tilting the V/L metersensing element; e.g., 15°, from horizontal may
be necessafy to prevent erroneous readings due to retained vapor.

5.10 If using Mgthod Il to calculate V/L, the calculated value of the V/L must be up dated as the TVP
degrades,|i.e., the fuel “weathers”during the test.

5.11 It may be dlesirable to take RVP.samples at intervals of 8 h or less in the initia| portion of the
endurancg test to establish-the change in RVP versus time to assure that the dalculated V/L is
maintained at the specified-value.

PREPARED BY SAE SUBCOMMITTEE AE-5B, ENGINE RELATED COMPONENTS
& AIRFRAME MOUNTED PUMPS
OF COMMITTEE AE-5, AEROSPACE FUEL, OIL & OXIDIZER SYSTEMS

PREPARED BY SAE AE-5B AIRCRAFT AND ENGINE FUEL AND LUBRICANT SYS COMPONENTS
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A.1 Introduction:

APPENDIX A
CALCULATION OF V/L RATIO

A.1.1 The V/L ratio (vapor volume to liquid volume ratio) at the inlet of the pump may be determined
by calculation as outlined below. A uniform method of determining V/L ratio is needed to insure
repeatable results for tests performed in various laboratories. Because of the possible )
differences in the assumptions and approximations that might be used in such calculations, the
procedure for determining V/L ratio is completely outlined and each step must be strictly

followed.

A.1.2 This methy
the fuel ta
calculatior
terms of a

A.1.3 The physic

nk and again 100% saturated at the new condition at the inlet of the
determines the amount of air released due to change of pressure o
ratio.

tal properties of the fuel needed for the calculation are:

a. Distillafion according to Federal Test Method Standard Number 791 (latest

and 15

b. Reid v
revisio

%

n)

ppor pressure according to Federal Test Method Standard Number |

ith air as it leaves

bump. The
\ the fuel, in

revision), at 5%

r91 (latest

c. Specific gravity according to Federal TestMethod Standard Number 791 (latest revision)

A2 Step One:

A.2.1 The first sfep is to determine the slope of the distillation-temperature curve at t

where:

T15 =
T5 =

S|Dpe = 1-1_5_:....‘.-5_
10

femperature °F (°C) at the 15% distillation point
temperature °F (°C) at the 5% distillation point

e 10% point.

(Eq.A1)
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A.3 Step Two:

A.3.1 The next step is to determine the true vapor pressure (TVP) at the pump inlet. This is based
upon the Reid vapor pressure (RVP) of the test fuel and the measured fuel temperature at the
pump inlet during the test. NACA Technical Note 3276 (TN 3276) shall be used to determine
TVP. Figure A1 presents the equations from NACA TN 3276 and an iterative calculation
method which can be programmed for a computer. For convenience, Figure A2 and Table A1
may be used to determine TVP when Step 1 results in a slope of 0 °F (0 °C)/% to 8 °F
(4.4 °C)/%. The relationship for TVP versus temperature and RVP presented graphically in
Figure A2 may also be calculated from the equation shown in the upper left hand portion of this
figure. For slopes beyond 8 °F (4.4 °C)/%, or for more precise calculation, the procedure for
determining TVP per NACA TN 3276 presented in Figure A1 is recommended.

A.4 Step Three]

A.4.1 The next $tep is the calculation of the air solubility coefficient. k =.2116(S:G.)[1-1.125 (S5.G.)].
Where S.G. is the specific gravity of the fuel at 60 °F/60 °F (15 °C/15:C).

A5 Step Four:
A.5.1 The next gtep is the calculation of the V/L ratio.

a. English System:

V/L=154k| 1Pz (“‘460] (Eq.A2)
P, —Pris |\ 95.8+.07t

where
P; = absolute pressure atinitial condition of fuel (tank), psi
P, 4 absolute pressure at new condition of fuel (pump inlet), psi
P+rve 3 absolute TVP of fuel at test temperature, psi, step 2
t  =fuel temperature at the pump inlet, °F
k = the solubility coefficient, step 3
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EQUATION FOR CALCULATING TRUE VAPOR PRESSURE VS TEMPERATURE
FROM REID VAPOR PRESSURE PER NACA TN 3276
(NOTE: THIS METHOD OF CALCULATION REQUIRES ONE REITERATIVE
STEP TO SOLVE THESE EQUATIONS)

STEP (1) - CALCULATE TVP AT 100° AND 0 V/L - WPlOO\O

'I"~71='1C,0\0 = RVP + 0.0223*RVP + [(0.0119*RVP*S)/(1-0.0368*RVP) ]

WHERE: RVP = REID VAPOR PRESSURE (PSI)
S = DISTILLATION SLOPE AT 10% (%/°F)

STEP (2)—-—GALCULA@E—A—EUNG%49N—A?—%@QiF—&ND—9—¥¥£—-—ﬁI00\0

1 - {[‘TvploO\o)/‘1°-’(1'167199)](1/5'2533)}

0.00687917

2100\0

STEP (3)| - CALCULATE b FUNCTION (BY REITERATION)

b = 0.056 + { 262. /[(A 0.5

10080"7(By) F560.1) - [0.04%(5)
(a) Assume initially b, ='1. and calculate valud of b

{b) If calculated value of b - b, > 10(—10)

i ther
set bi = b and recalculate value of b

(c)| Repeat (a) and (b) until b - b, < 10¢71%)

STEP (4)| - CALCULATE A FUNCTION AT TEST TEMPERATURE - A

t

At = A].OO\O + b*(100 - t)

WHERE: t = TEMPERATURE AT TEST TEMPERATURE

STEP (5) - CALCULATE THE TVP AT THE TEST TEMPERATURE - TVP

t

- (x)
TVPt = 10.

WHERE: x = 1.167199 + 5.2553*[log(1-0.00687917*At)]

FIGURE A1 - Calculation of V/L Ratio (Equation for Calculating True Vapor Pressure Versus
Temperature from Reid Vapor Pressure Per NACA TN 3276
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