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1. PURPOSE

1.1 This recommended practice defines procedures for testing aircraft engixie fuel pumpé"fbr the
purpose of determining their resistance to deterioration, during endurance test, while handling
a specified mi iqui i to liguid volume.

1.2 The proceflure recommended herein is based on experience gathered by a number of laboratories
conducting component qualification tests to MIL-E~-5009, currently MIL-E=5007. [It.is intended
to producq a uniform reproducible steady state test condition for fuel pump cavitation testing as
required Hy various military engine specifications.

1.3 This test §s not intended to establish altitude or climb rate perforfance of the article tested.

1.4 Refei‘éﬁce SAE AIR 1326, ;'A[RCRAFT FUEL SYSTEM VAPOR-LIQUID RATIO RARAMETER"
2. SCOPE ‘
2.1 This pfocedﬁre is intended to aﬁply-to all pumps downstream’ ofi engine inlet.

2.2 The proceflure will be defined in terms of recommended test ééfups and recommended testing '
methods. '

2.8 Two meth¢ds of determining V/L are'provided.

2.3.1 Method I|- V/L Meter: When using this method, the vapor-to-liquid ratio is senlsed in a
measuripg section installedin‘inlet line upstream of the pump as shown in Fig. 1. The _
g vapor~torliquid ratio is agsymed to be the indicated volume flow rate vapor-to-ljquid ratio
and is rdad out as V/L on-a meter dial.

2.3.2 Method If -~ V/L Caleulation: This method assumes that an equilibrium mass flow rate of
dissolved air evelves from the flowing air saturated liquid fuel in accordance with Henry's
Law for polution of gases in liquids. The volume flow rate vapor-to-liquid ratio|is then
] calculatddfrom the mass flows in accordance with Dalton's Law of Partial Pressures, the
Perfect (Gas L.aw and the liquid Tuel 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 to obtain accurate readings of the test data that enter the 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 measured during the test. If these pressure differentjals are
small, as is the case when the tank pressure P. (and, therefore, the pump inlet pressure Py)
is close to the absolute true vapor pressure of 11;he fuel, Ppyp, even-small errors in the
measurements will cause large errors in the calculated value of V/L. A good practice in this
connection would be the inclusion of note(s) on the test sheet calling attention to data points
téken at low values of (P1~Pyyp) together with the attendant estimated possible error in the
calculated V/L resulting from measurement errors.
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¥ 2:3.3 Recommended V/L Meters: Recémmend_gd_V/L meters are listed in Appendix B. .

2.4 Within this document the term "pump inlet" shall define the fuel inlet port of the complete system
g to be tested. If lines or other components are placed upstream of the inlet of the actual pumping

component by specific test requirement, such as to provide an engine inlet, they shall be part of -

the complete system to be tested.
3. GENERAL REQUIREMENTS
3.1 Fuel: MIL~T-5624, Grade JP-4

3.1.1 Fuel Temperature:

T ip Lupply tank: + 1°F (0.5°C) of T, at the pump inlet.
T, at pump inlet: In accordance with the épeciﬁp test requirexﬁent. ¢
3.1.2 Fuel Hressure:
‘ P1 at fuel surface in supply tank: In accordanée with the spegific test fequire neht.
<P2 at p)ump inlet: ' Depressed below 151 ‘as required to produce tﬁe reqﬁired V/L.

P3 at pump discharge: In accordance with the specific test requirement, which typically
"~ will be the engine fuel system pressure required for the specified meterpd flow.

3.1.3 Fuel Flow: System discharge and pump bypass. flows shall be in accordance with the specified
§ - test refjuirements. = - ' . : .

g 3.2 Inlet V/L Condition: In accordance with the specific test requirement.

¢ 3.3 Duration of Endurance Test: In accordance with the specific test requirement.

3.4 Pump Speed: In accordance-with the specific test requirement and, in general, will be an inter-
mediate [rated speed for.the pump application. :

4. DETAIL REQUIREMENTS

4.1 Test Setyp: Thé equipment should be in abcordance with Figure 1 subject to the limitations
provided|therein. '

4.1.1 Fuel Tank:
4.1.1.1 Shape of the tank is optional.

4.1.1.2 Insulation of the tank is optional. During cavitation test, the temperaﬁlre difference between
g T, and T, should not exceed 1°F (0.5°C). ‘

4.1.1.3 The minimum quantity of fuel shall be a volume equivalent to the system discharge flow for
2 min. plus 15 gal (57 L). The maximum quantity of fuel shall be a volume equivalent to the
system discharge flow for 5 min. plus 15 gal (57 L). The system discharge flow shall be as
defined by 3.1.3. The tank volume shall be at least 1.1 times the fuel volume.



https://saenorm.com/api/?name=c62f9e8050f5febf90ea07377551c109

) ARP 492B

4.1.2 Inherent Pressure Loss: The pressure loss from Pj to Pg should not exceed 2 in. (50 mm) Hg at the

test flow rate with the inlet line throttle valve(s) fully open.

4.1.3 Downstream Test Equipment:

4.1.3.1

4.1.3.2

4.1.3.3

g

A pump bypass line @nd valving may be provided as necessary to control system discharge flow in
a manner consistent with the pump/control installation for the applicable engine. )

Any other elements of the engine fuel system downstream of the pump which have an effect on the
pump inlet conditions should be simulated. :

Care should be taken to assure that the tank return flow is returned below the fuel Jurface and does
not interferk with the tank to inlet line flow. The tank return point should be as)isdlated as possible
from the t

to inlet connection and under no condition closer than 6.0 in. (150 ‘M) to the tank to
inlet connedtion. :

4.1.4 Additional Test Equipment: All necessary devices for testing, other than already des¢ribed, may be

placed in the tpst system as required other than in the inlet line.

4.2 General Procedjire for Testing:

4.2,1 Test setup shquld conform to 4. 1.

4,2.2 Preparation fqr Test:

4.2.2.1

4.2.2.2

4.2.2.8

4.2.2.4

4.2.2.5

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

to the test gystem as follows: Without operating the test pump, depress tank presgure to esti-
mated pump inlet pressure required for the cavitation test or lower, then close thg vacuum sup-

ply line and observe tank pressure. A fecommended rate of pressure increase is 0.4 in. (10 mm)
Heg/h to 0.6 in. (15 mm) Hg/h maximum. Repair leaks as required. This check may be made with
a slave purhp in place of the test pump providing the pump inlet connection that mugt be disconnected
for installipg the test unit provides a positive seal and that steps are taken to assure that the test
pump or cqmponents do not/ntroduce new fuel system leaks.

The pump ¢r component t0 be tested shall have fluid passed through it at flows and|contamination
level and t{me period as required by the specific test requirements prior to setting of any cavita-
tion test cqnditions.> This precontamination may be performed on a test setup separate from the

V/L test s¢tup.

In the heating—eyeles st-purap-may-be-usedio i ating fiie ate of Heat addition to
the fuel mass in the t should not exceed 4 deg F (2 deg C) per minute. A record of fuel tem-
perature during the heating cycle should be maintained and included with the test data. At no
time during the heating cycle should the tank fuel temperature exceed 5°F (2.5°C) above test tem~
perature. Gradually, over a 10-minute period, reduce the tank pre'ssure above the fuel surface
to the specified value.

With the inlet line throttle valve(s) open wide, with the fuel temperature maintained, establish
the speed, flow and discharge pressure conditions for the test.

Adjust the inlet throttle valve(s) to obtain the desired V/L ratio. When using the two valve inlet
throttling configuration, adjust valves A and B uniformly to maintain approximately the same valve
opening. Any further adjustments to maintain the desired inlet pressure should be made with the
upstream valve, A. Obtain an initial fuel sample for RVP determination.
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4.2.3 Endurance Testing: , , : o

4.2.3.1
g

4.2.38.2

- 4.2.3.3

. 8. Barbmetér.

4.2.3.4
]

1. RVP .of fuel. ,
- 2. Distillation Test at 5% and 15% points.

9. Bypass ﬂow, plus any. other flow(s), supphed by the pump Wthh have an effect on the

"Method II is used for V/ L determlnatlon. RVP checks shall also be made When Method 1is

Operate the test system at the required conditions for the required time period. Maintain the
test conditions within the following limits during the entire endurance pemod

T, +38°F (1.5°C)

T,-T, *+1°F (0.5°C).

P, +0.1in. (2.5 mm) Hg

B As roquived-to-mmaintainth - tred-¥AE
2 . WWTICYUTIT V4

V/L at pump inlet: Maintain at the requifed level or highér.
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 spé&cified

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

['he followmg data should be recorded at mbervals not exceeding one hoyr. ‘ (’

F=x

. Inlet fuel temperature and pressure T2 and Pz.

W
=3

. Tank pressure ‘above ftel(in. (mm) ﬂg Abs.) P1 and fuel temperatur,
. Pump dis'ch‘arge temperature and presé:ures T, and P,.

4. System dxscharge ﬂow.

on

. V/L ratio: if Method Lis ‘used.

4. Time of day.

1.“Pump speed.

¢ pump inlet condmons should be recorded.
The following additional data shall be recorded initially and at least every 12 hours when

used to assure that the fuel RVP does not fall below the required minimum.

3. Specific gravity.

/— \-‘\
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SUGGESTED TESTING TECHNIQUES

tank and lines may be necessary to provide temperature stability.

For Method II testing, calculation of vapor liquid ratio shall be according to Appendix A.

Adjustments to inlet pressure may be made conveniently by very slight adjustments of flow instead of

of the setting on the upstream throttle valve.
cified limits.

System discharge flow must be main-

The inlet side of the best system must be reasonably alrtlght to minimize fuel weathermg as a result

adjustable elevation will provide flexibility for meeting the requiremenits
evel elevation.

A plastic gage life may be used to connect the Py pressure gage instead of the“gage trap

stantially the same size as the engine inlet.

ve fuel level allowing for fluid head correction.

5t be arranged to avoid either separated or slugging type flow. Transpa
viewing sections. The inlet line, including the inlet throttle valve(s),

ate test results.

of test fuel

shown in

rent piping

should be sub-
Any transition in line size should be gradual.

V/L determinatign by the Method IT calculation assumes eduilibrium conditions both in the tank and at

the engine inlet dnd the change in equilibrium conditions- @ecounts for the evolution of ain
application of ling loss in the throttle valve(s) should bé’as gradual as possible to minim]

that could cause evolution of air/vapor that would not be either reabsoi
e engine inlet.

tank.

ary to avoid a horizontal V/L meter sensing element installation where
pen the sensing element and inlet line can allow vapor to be trapped with
the V/L meter sensing element; e.g., 15 deg, from horizontal may be
s readings.due to retained vapor.

4.2.3.5
5.
5.1 Insulation of the
5.2
" ¢ by readjustment
tained within spe
5.3
#  of vapor loss entpain
5.4 A test tank with
volume and fuel
5.5
Figure I to obse
5.6 The fuel line mu
may be used for
5.7
pressure regiong
counted for at th
5.8 A cooling arrang
g  vapor to the fuel
5.9 It may be necess
g differences betw
element. Tilting
prevent erroneoy
7. NOTES
7.1 Marginal Indicia

/vapor. The
lze local low
rbed or ac~

ement may be added to thé vacuum system line to allow the condensation and return of

inside diameter
in the sensing
necessary to

The phi () symbol is used to indicate technical changes from the prev

ious issue of

this recommended practice.

PREPARED BY
SUBCOMMITTEE AE-~5B OF

SAE COMMITTEE AE-5, AEROSPACE FUEL, OIL & OXIDIZER SYSTEMS
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APPENDIX A: CALCULATION OF V/L RATIO
Al Introduction

Al.1 The V/L ratio (vapor volume to liguid 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 repeat—
able 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.

Al.2 This method is based upon the assumptlon that the fuel is 100% saturated W1th air as it leaves the fuel
tank and again 1 b : ealation determines
the amount of ajr released due to change of pressure on the fuel, in terms of a ratlo.

0%

Al1l.3 The physical properties of the fuel needed for the calculation are:
1. Distillation [according to Federal Test Method Standard Number 791 (latest revision), at 5% and 15%.
2. Reid vapor pressure according to Federal Test Method Standard Number 791 (latest revision).
.3. Specific grdvity according to Federal Test Method Standard Number 791 (latest revlsion).

A2  Step One.

A2.1 The first step ils to determine the slope of the distillation-temperature curve at the 10% point.

Slope = T15 - T_@_

10

Where T15 temperature °F (°C) at the 15% distillation point and T is temperature °F (°C) at the 5%

distillation point.

A3  Step Two.

A3.1 The next step if to determiiie the true vapor pressure at the pump inlet. This is baseq upon the Reid -
vapor pressurq of the test)fuel and the measured fuel temperature at the pump inlet during the test.
NACA Technichl Note8276 shall be used to determine true vapor pressure. For convenience, Chart
A-1 may be us¢d to.determine true vapor pressure when Step One results in a slope of{0° F (0°C)/%
to 8°F (4.4° C)[%«) For slopes beyond this range, or for more precise calculation, the procedure
for dewmlnmgmmmmmeﬂem‘w%—

A4 Step Three.

A4.1 The next step is the calculation of the air solubility coefficient. k = 2116(S G.)[1-~1.125 (S.G.)l.
e Where S G is the specific-gravity of the fuel at 60° F/60° F (15°C/15°C).-

A5  Step Four.
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A5.1  The next step is the calculation of the V/L ratio. : -

ENGLISH SYSTEM

P -P
V/L = 1. 54k P; - szrvp ;; 84i0 LoTt
Where Pl = absolute pressure at initial condition of fuel (tank), psi
P2 = absolute pressure at new condition of fuel (pump inlet),\pgi
P = absolute true vapor pressure of fuel at test tempeTature,

TVP psi, step 2
't = fuel temperature at the pump inlet, °F

k = is the solubility coefficient, step 3

g INTERNATIONAL SYSTEM

SN

v/Lk 27 [ T17 T2 £t 233
P2 - PTVP 98¢+ .13t
Whexe ]P1 = absolute pre§sure at initial condition of fuel (tank), kPa
P2 = absolute pressure at new condition of fuel (pump inlet), kPa
P = _absolute true vapor pressure of fuel at test temperature,
TVP ; =
kPa, step 2
t = test temperature at the pump inlet, °C-

- LXZ = is the solubility caefficient, step 3

A5.1.1 This formula assumes no change in temperature from the initial condition (tank) to the new con~
dition (engine inlet). '

~A5.1.2 This formula also provides no correction of vapor pressure due to vapor - liquid ratio. This cor-
rection may be neglected for values of V/L up to 1.0 (for higher values of V/L a correction may
be made by referring to formula I-18 of WADC Technical Report 55-422, Part 2).
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