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FOREWORD

Two phase (slugging flow) is the condition at a fuel pump inlet where the inlet
conditions of the system (line loss, elevation changes (1ift), high points,
thermal changes, pressure drops, velocity changes, line size changes, etc) cause
the fuel to separate into 1iquid and vapor and arrive at the pump inlet in a
nonhomogeneous condition. This separated condition causes alternate periods of
total liquid (fuel) or total vapor (gas) to be presented to the pump for handling

in its role in the fuel system.
1. SCOPE:

1.1 This procedure is intended to apply to all engine or airframe mounted fuel
pumps and controls when required by the applicable specification. The
procedure recommends a recirculation system similar to ARP492 to control the
fuel properties affecting the fluid and its ability to "release™ fuel vapors
and dissolved air and have these "re-entrained or dissolved" during the fluid
recovery process back to the tank and the original starting conditions.

1.2 This SAE Aerospace Recommended Practice (ARP) defines procedures for testing
aircraft/engine fuel pumps for the purpose of:

. Determining two phase ("slugging flow") fnlet performance capability.

b. Determining the pump’s resistance to deterioration during an endurance
test with the operating conditions defined by the applicable
specification which includes two phase ("slugging flow") operation.

¢. Determining the effects that contaminated fuel operation may have had on
two phase ("slugging flow") inlet performance.
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1.3 The procedure recommended herein is intended to produce useful, reproducible,
steady state results.

1.4 This test is not intended to establish maximum starting altitude or rate of
climb performance of the pump.

1.5 This procedure defines recommended test setups, test procedures, and data
requirements for testing engine or airframe mounted fuel pumps or controls
with pumps for the purpose of determining "slugging flow" iniet performance
capability.

1.6 Purpose:

1.6.1 This ARP defines a procedure to conduct tests and evaluations of
aircraft/engine fuel pumps, and controls if applicable, for two phase flow
(i.e. "slugging flow"-alternating all vapor or all liquid) at the pump
inlet when such flow conditions exist due to aircraft fuel system design
and/or operating conditions (normal airframe boost system
failed/nonoperative for example) or a suction 1ift fuel system is employed.

1.6.2 This procedure is used to determine:

a. A pump performance envelope
b. The pump’s resistance to deterioration during endurance testing
c. The effect of contaminated fuel operation on the performance envelope

The two phase fuel flow will be specific alternating volumes of fuel vapor
(dissolved air and fuel vapor gases released from the fuel) and liquid fuel
expressed as a ratio of vapor-to-liquid (V/L).

2.  APPLICABLE DOCUMENTS:

The following publications form a part of this specification to the extent
specified herein. The latest issue of SAE publications shall apply. The
applicable issue of other publications shall be the issue in effect on the
date of the purchase order. In the event of conflict between the text of
this document and references cited herein, the test of this document takes
precedence. Nothing in this document, however, supersedes applicable laws
and regulations unless a specific exemption has been obtained.

2.1 SAE Publications:
Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.
ARP492 Aircraft Engine Fuel Pump Cavitation Endurance Test

AIR1326 Aircraft Fuel System Vapor Liquid Ratios Calculations
MAP749 Aircraft Engine Fuel System Component Endurance Test
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2.2 ASTM Publications:
Available from ASTM, 1916 Race Street, Philadelphia, PA 19103-1187.

ASTM D 86 Standard Method for Distillation of Petroleum Products

ASTM D 270 Sampling Petroleum and Petroleum Products

ASTM D 323 Vapor Pressure of Petroleum Products (Reid Method)

ASTM D 1298 Specific Gravity or API Gravity of Crude Petroleum and Liquid
Petroleum Products by the Hydrometer Method

ASTM D 3827 Air Solubility of Crude Petroleum and Liquid Petroleum Products

ASTM D 4057 Manual Sampling of Petroleum and Petroleum Products, Method for

2.3 U.S. Government Publications:

Available from DODSSP, Subscription Services Desk, Building 4D, 700 Robbins
Avenue, Philadelphia, PA 19111-5094.

MIL-G-5572 Gasoline, Aviation, Grades 80/87, 100/130, 115/145
MIL-T-5624 Turbine Fuel, Aviation, Grades JP-4 and JP-5
MIL-T-83133 Turbine Fuel, Aviation, Kerosene Type, Grade JP-8

3. TECHNICAL REQUIREMENTS/CONSIDERATIONS:

The following requirements/considerations have been established as guidelines
to define a test circuit capable of generating the two phase flow phenomena.

3.1 The fluid is "preconditioned" MIL-T-5624, Grade JP-4, Reid Vapor Pressure
(RVP) between 2.0 and 3.0, saturated with dissolved air/fuel vapor. The
vapor must be "released" during the time increment required for the fuel to
go from the tank to the pump inlet. Saturated fuel can be obtained by
circulating the fuel while air is being released to bubble through the fluid.
ASTM D 3827 gives a method to ascertain the test fuel condition.

3.2 The fluid condition must be changed while in the Tine between the fuel tank
and the engine pump inlet. There can be no "artificially" introduced changes
which would not occur in the fuel system where the pump is being used.

3.3 The system achieves stable operation at a specified fuel tank pressure and
fuel temperature.

3.4 Fuel condition change between the tank and pump inlet can be accomplished by
and is limited to the following as shown by:

3.4.1 Figure 1: Decrease in the absolute pressure level of the fuel (inlet line
losses caused by geometry, elevation changes or altitude increases)
allowing vapor release as the pressure level approaches the true vapor
pressure (TVP) of the fuel. Calculation procedure per ARP492 used to
obtain representative data for fuel conditions noted.
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3.4.2 Fiqure 2: Relationship of TVP, V/L=0, and temperature, with RVP
correlation for JP-4 fuel, or a fuel with 10% distillation slope of
approximately 4.4 (ASTM D 86). An increase in the fuel temperature may
cause the TVP of the fuel to approach the fuel static pressure.

CAUTION: THIS FIGURE SHOULD ONLY BE USED FOR THE TEMPERATURE RANGE SHOWN
ON THE FIGURE AS LARGE ERRORS OCCUR AT OTHER TEMPERATURES.

This figure is reproduced from ARP492.

3.4.3 Figure 3 (Baker Fiow Plot): Change in the velocity distribution in the
inlet Tine to cause separation of the fuel and vapor by their
respective/relative velocities along the flow path. (Reference only)

These are distinguished into four major flow patterns:

Stratified flow (S)
Intermittent (I)
Annular (A)

Dispersed bubble (DB)

Qn o
e o s e

The definition of these flow patterns is as follows:

a. Stratified (S): Liquid flows at the bottom of the pipe with gas at the
top. The interface can be either smooth or wavy. Accordingly, the
basic stratified flow is subdivided into stratified smooth (SS) and
stratified wavy (SW) patterns.

b. Intermittent (I): In this flow pattern the inventory of liquid in the
pipe is nonuniformly distributed axially. Plugs or slugs of liquid
which fill the pipe are separated by gas zones which contain a
stratified liquid layer flowing along the bottom of the pipe. The
liquid may be aerated by small bubbles which are concentrated towards
the front of the 1liquid slug and the top of the pipe. The intermittent
pattern is usually subdivided into slug (SL) and elongated bubble (EB)
flow patterns but the distinction between them has not been clearly
defined in the past. The elongated bubble pattern is considered as the
limiting case of slug flow when the liquid slug is free of entrained
gas bubbles.

c. Annular (A): The liquid flows as a film around the pipe wall. A
Tiquid film surrounds a core of high velocity gas which may contain
entrained liquid droplets. The film at the bottom is normally thicker
than at the top depending on the flow rate of liquid and gas. At the
lowest gas rates at which transition to annular from slug flow is
observed, most of the liquid flows at the bottom of the pipe. The
upper walls are intermittently wet by large aerated, unstable waves
sweeping through the pipe. This is not slug flow which requires a
complete bridge of liquid nor is it fully developed annular flow which
requires a stable film over the entire pipe perimeter. Thus, it is
designated as the wavy annular (AW) pattern.
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ABSOLUTE TRUE VAPOR PRESSURE VS. FUEL TEMPERATURE
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