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1. SCOPE:
The test procedureapplies to the refueling manifold system connecting the receiver gircraft fuel tanks
to the refueling source fuel pump(s) for both ground and aerial refueling. The test procedure is
intended to verify that the limit value for surge pressure specified for the receiver fuel system is not
exceeded when refueling from a refueling source which meets the requirements of AS1284 (reference
2). This recommended practice is not directly applicable to surge pressure developed during
operation of an aircraft fuel system, such as initiating or stopping engine fuel feed or fuel transfer
within an aircraft, or the pressure surge produced when the fuel pumps are first started to fill an empty
fuel manifold.
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1.1
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Purpose:

The need for large fuel loads requires high refueling rates for both ground and aerial refueling to
minimize refueling time. Stopping the high refueling fuel velocity in a short period of time causes a
pressure in the refueling system (both aircraft systems and refueling equipment) higher than the
normal operating pressure. This higher pressure, called surge pressure, or water hammer, is
described in reference 1, section 3.10, “Fluid Transients.” The intensity of the surge pressure is
dependent upon the interaction between the aircraft refueling system and the refueling source
system. This document establishes a standard procedure for testing an aircraft refueling system
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3. CRITICAL PARAMETERS:

3.1 Refueling Source:

1. Refueling source pump(s) characteristics (pressure versus flow) measured at the inlet of the

2.

3.

4.

refueling nozzle or refueling coupling.

Pressure or flow regulator characteristics (if applicable).

Surge damper characteristics (if applicable).

Check valye characteristics (if applicable).

3.2 Receiver Airciaft:

1.

Pressure dlirop versus flow characteristics (including pressuredrop versus flow
source nogzle or coupling).

Shutoff or Jevel control valve characteristics (closuretime versus flow rate at be
and rate of flow area change during closure).

Surge damper characteristics (if applicable).
Pressure ¢r flow regulator characteristics (if applicable).

Check valye characteristics (if applicable).

of refueling

jinning of closure
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3.3 Combined System:

1. Length of combined refueling source piping and aircraft receiver system piping.

2. Pressure wave velocity through combined systems. The pressure wave velocity can be
estimated by the following equations which illustrate the relationship of the system parameters
and the material properties.

68.094
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s = Velocity of pressure waves, ft/second
V = Specific weight, Ibg/ft>
= Bulk modulus of fluid, Ibf/in2
= Pipe inside diameter, inch
= Modulus of elasticity of pipe, Ibf/in2
= Pipe wall thickness, inch

ne pressure wave velocity for a:compound system consisting of seve

pters in series, wall thicknesstand material can be estimated as follov
]'t
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4. SURGE PRESSURE DEFINITION:

Surge pressure is generally defined as a transient pressure rise or fall in fluid pressu

re, usually as a

result of operation of system valves. For receiver system testing, surge pressure limit is defined as the
total pressure anywhere within the receiver system consisting of the normal static fuel pressure, plus
the incremental pressure rise resulting from valve closure. The parameter of interest is the total

pressure in the system, and not the value for the normal and surge components of th

e total pressure.

References 4 and 5 use the term surge pressure or maximum surge pressure for the limit of total

pressure which pccurs when fuel flow is stopped or reduced within the system.

INSTRUMENTATION:

Quantity and Lgcation

Ire measurement points should be provided in the-system to charact
pressure wave in the system. A pressure measurement should{be’made just downs
pump(s) and at p point approximately midway between the flowcutoff instrumentatio
pump(s) instrumentation point(s). Additional pressure measurements should be add
considered criti¢al for the system. A pressure measurement should be made at the

side branch of the main flow line.

Sufficient press

Multiple pressure measurement points allow the-pressure wave to be identified and t
be verified as wgll as providing backup capability in case of pressure transducer failt

A pressure versus time trace obtained ffom a measurement point just upstream of a
will exhibit fewef pressure increase/decrease cycles during the valve closure than a
an instrumentatjon point closer toithe pumps. Slow closing shutoff valves may produ
pressure increage/decrease cy€le during the valve closure. Pressure measurements
of the shutoff vglve should exhibit the period of the pressure wave and produce seve
increase/decregse cycles-during the valve closure.

Strain gages may be‘desired for installation on the fuel tube near the shutoff valve o

Brize the surge
ream of the

N point(s) and the
bd at any position
jead end of any

ne wave speed to
re.

flow cutoff valve
race taken from
Ce only one major

taken upstream
ral pressure

other critical
rs in the system

areas in the systemY This instrumentation would provide a backup if other transduce
are lost or are 0 fse; i
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5. (Continued):

Response

The instrumentation should have sufficient response to measure the pressure pulse resulting from
rapid valve closure. A rapid valve closure is when closure time T is equal to or less than 2L/Vs

(Reference 1)

Where L = pi

pe length from shutoff valve to refueling source pump

Vs = ef
A pressure tran
recommended
oscillograph wit
specified by ref¢
provide a good

Transducer Loc

Pressure transd
cavitation bubbl
pick-up point se
reduction. Verif
at 120 psig (83(
be suitable for t

PRETEST CALIBRATION:

Each refueling s

AS1284 (referemce 2). This«standard requires the use of a test system incorporating
es “withini@.5 seconds in a near linear manner.” AS1284 does not define “near linear

valve which clos
manner,” howeV

A tolerance or allowable deviation from linear is not specified.

ective pressure wave velocity

sducer of the strain gage type with a response in the order of 110 10
vith the pressure recorded in a continuous trace using a galvanometg
N a response time compatible with the pressure transducér.” This typ
brences 4 and 6. A minimum paper speed of 1 inch pensecond shou
Hisplay of the pressure trace.

Ation, Accuracy and Range

ucer entrance points should be located.tosminimize the effects of air
s or eddying turbulence. A pick-up point on the side of the line is rg
ection, consider the effects of closé/proximity to sharp bends or a lin
y, by static pressure calibration that the error of the transducer and re
kPa) is not greater than £1%.“The range of the pressure transduce
ne ultimate pressure rating.0f'the system.

ource to be usédjin testing a receiver system should be pretested in

er, itis.generally interpreted to mean a linear change of flow area wit

milliseconds is

r light beam type
b equipment is

Id be used to

n the system and
commended. In
e expansion or

corder measured
f/recorder should

accordance with
a test shutoff

) respect to time.

The flow arear

! s ) + T £ ol + + el oy 1 ! H ) Fa 't = !
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nterval is critical.

The flow area (or poppet/gate position) versus time of the test shutoff valve should be measured
during the pretest for all flow rates expected during the test to determine the extent of deviation from

the specified ne

ar linear closure.

With an actual refueling source or an accurate simulation of the refueling source(s) and a detailed
characterization of the test shutoff valve, the worst case refueling source need not be fabricated and
tested, however, this case can be evaluated analytically for effect on the receiver system. A transient
analysis technique using a digital simulation process has been developed which treats the fluid lines
with distributed parameters, applying the concepts of wave mechanics and including the effects of
nonlinear friction. The fluid line equations are solved with the help of the method of characteristics. A
Fuel Transient Analysis (FUELTRAN) computer program (reference 7) has been developed by the Air
Force using as a basis the Hydraulic Transient Analysis Program (HYTRAN) (reference 8).

-6-
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6. (Continued):

Using this approach to obtain a computer simulation match of the actual test condition, the computer
simulation of the refueling source can be modified to evaluate the effects of the worst case refueling

source.

Prior to conducting the surge test, the following stead state data should be measured on the test

hardware:

Pressure ve
refueling co

a.

Pressure dr
nozzle or re
and all likely

Flow area v{
level control
service. The
relation to th
duplicate thg

For fuel level co
response time s

TEST PROCED

Conduct pressu
condition for an
Each mode of ¢
tested to detern
data are obtaing
operating press
refueling source
pressure at the

receiver system

Fsus flow of the refueling source measured at the inlet to the refuelin
Ipling.

bp versus flow for the receiver system, including the pressufe drop of
tank open combinations.

brsus time during closure for each flow control valve in the receiver s
valves and system isolation valves) for flow/pressure ranges to be ¢
b pressure distribution across the poppet of afuel level control valve
e valve closure time, therefore, the testhardware preceding the valyv
 aircraft installation.

ntrol valves which have a surge-rélief feature, the cracking pressure
hould be determined.

URE:

re surge tests by establishing maximum stabilized fuel flow for the sp
ninimum of 10 seconds and then stopping the fuel flow by closing thg
osing the valves (primary and secondary solenoid, precheck activatio
ine the mast-critical (fastest) closure mode. Tests should be repeate
d for thetest condition. Maximum fuel flow is obtained by applying 1
Lire, Aormally 55 psig (380 kPa), to the inlet of the refueling connectid

) nozzle or

the refueling

ueling coupling. Data should be measured for each receiver fuel tank open singularly

ystem (both fuel
ncountered in

s critical in

e inlet should

and main poppet

ecified tank open
shutoff valve.

n, etc.) should be
d until repeatable
ated refueling

n. Actual

hardware may not have sufficient flow capacity to maintain rated re

s. Surge test results from an in

extrapolated to verify surge compatibility for higher capacity refueling sources.

Measure surge

pressure under the following conditions:

a. Each tank refueling individually - Close level control valve

b. All tanks refueling simultaneously - Close system isolation valve

sufficient capacity refueling source ca

eling operating
sure drop
nnot be
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