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Considerations on Ice Formation in Aircraft Fuel Systems
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INTRODUCTION

Ice formation in aircraft fuel systems results from the presence of dissolved and undissolved water in the
fuel. Dissolved water or water in solution with petroleum fuels constitutes a relatively small part of the
total potential water in a particular system; the quantity dissolved being primarily dependent on fuel
temperature and the water solubility characteristics of the fuel. One condition of undissolved water is
entrained water such as, water particles suspended in the fuel as a result of mechanical agitation of free
water or conversion of dissolved water through temperature reduction. Another condition of undissolved
water is free water which may be introduced as a result of refueling or the settling of entrained water that
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from the fuel abovg.
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Pertinent considerations of these elements to reduce the icing hazard follow.
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1. SCOPE:
This document suggests and summarizes points that should be considered with respect to the
formation of ice in aircraft fuel systems. These summaries represent a cross-section of the opinions of
fuel system designers and users.

2. REFERENCES:

2.1 U.S. GovernmentPubtications:

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

MIL-E-5007
MIL-F-17874
MIL-F-38363
MIL-I-27686
MIL-I-27686E
MIL-J-5624F
MIL-T-5624H
MIL-T-5624J

3. FUEL CONDITIQNING REQUIREMENTS FOR GROUND HANDLING:
3.1 Undissolved Whter:
There should be no detectable undissolved water at fuel ambient temperature. The presence of less
than 5 parts pef million above that to saturate the particular fuel at the fuel ambient temperature is

considered to domply with-this requirement.

3.2 Solid Contaminant:

Should not excged 4.0 milligrams per gallon of fuel.

3.3 Control techniques should be used to insure continuous compliance with the requirements of 3.1 and
3.2 above at point of delivery to aircraft. Filtration to control the particulate contamination level of the
fuel, and water coalescing-type equipment to separate undissolved water from the fuel should be a
part of the fuel supply and/or ground handling equipment for effective fuel conditioning. Refer to
Appendix A for reference documents related to fuel cleanliness requirements and water detection
instruments.
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4. AIRFRAME AND ENGINE FUEL SYSTEM ICING INFLUENCES AND CONSIDERATIONS:

4.1 Aircraft Operational Conditions Tending to Favor Accumulation of Free Water to Retention Within the
Aircraft Fuel System:

4.1.1 Descent from

high altitude (condensation).

4.1.2 During cold weather operations, maintenance problems can exist below 32 °F (0 °C), without anti-
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4.1.3

Increase in fuel temperature tends to increase amount of dissolved water in the fuel. Decrease in

fuel temperature tends to release water from solution. Conditions which are conducive to water

release are:

- Servicing aircraft with relatively warm fuel with subsequent cooling.

- Prolonged fi

ight as altitude.

- Temperature cycling of fueled aircraft.

4.1.4 High ambient humidity (during flight and on ground).

4.1.5 Temperature

cycling of fueled aircraft on ground.
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4.1.6 Prolonged exposure to above conditions.

4.1.7

Improper aircraft water drainage procedures.

4.2 Design Features Which Tend to Minimize Icing Problem Within the Airframe and/or Engine Fuel
Systems:

4.2.1 Water Drainage Provisions:

42.1.1

42.1.2

42.1.3

42.1.4

4.2.2 Component g

42.2.1

4.2.2.2

4.2.2.3

42.2.4

4.2.2.4.1 Reliable a

Provisions
and proper

Provisions

Provisions

Prominent and clearly defined markings for ground maintenance.

Selection o
Developme)

Elimination
consistent

Mandatory

or other safety of flightfiazard. Generally, No. 8 mesh screen or coarser is nd

icing; howe
conditions,

hnd instructions for maximum water drainage in "at rest" attitude b
drainage procedures.

or adequate accessibility for ground maintenance.

or ease of operation for ground maintenance.

nd System Design:
appropriate non-ice adhering materials where possible.
nt of non-critical fuel servos and fuel control devices.

of unnecessary screens-and filters from the aircraft and engine fug
vith all other safety-offlight criteria.

use of by-pass around a screen or filter that clogging could result i

ver, this would depend on and should be demonstrated for the criti
such as-mission profile, fuel, water content and environment.

adequate design

| systems

n engine flameout
t subject to critical
cal operation

esign of by-pass element.

4.2.2.4.2 By-pass element located to prevent backwashing of sediment.

4.2.2.4.3 Multiple by-pass elements in principal filter. (Safety of flight consideration).

4.2.2.5

4.2.2.6

4.2.2.7

4.2.2.8

Impending by-pass or by-pass warning device on principal filter or screen for ground warning

and/or, if pr

actical, inflight warning.

Use of ice collecting protective devices.

Insulation provisions where practical.

Adequate access to interior of fuel tanks for inspection and cleaning.

-5-
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4.2.2.9

Incorporation of adequate water sump capacity with drainage provisions.

4.2.2.10 Ejector pumps to scavenge water from trapped areas in fuel tanks and disperse water to sump
areas for subsequent drainage operation on ground. Ejector pump usage to scavenge water and
disperse to fuel pumps for subsequent inter-tank fuel transfer or engine fuel feed is acceptable
with appropriate design for adequate maxing with fuel to prevent slugs of free water from
entering the engine feed system. (Currently large transport aircraft use this method of water

4.2.2.11 Single fuel

4.2.3

42.3.1

4.2.3.2

4.2.3.3

4.2.3.4

4.2.3.5

4.3 Contamination

43.1
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43.1.2

4.3.1.3
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r MIL-E-5007
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4.3.2 Water:

4.3.2.1 Amount: for aircraft and engine, use fuel conditioning procedure per MIL-F-17874 or
MIL-F-38363 as guide.

4.3.2.2 Qualification test: for system and components use fuel conditioned per MIL-F-17874 or
MIL-F-38363 as basis for negotiated test contingent on mission time, environment, etc.
applicable to model in question. For aircraft that operate normally with fuels containing anti-icing
additive bufare atfowed 1o operate withr aftermate or emergency fuets witifout additive with no
appropriatel operating temperature restrictions, qualification testing should bhe’lconducted for the
worst case j.e. with fuels not containing anti-icing additive. NOTE: Difficulty in reproducing test
results has peen experienced when handling large quantities of condijtioned fugl. One solution to
this problem could be not to recirculate the the fuel back to the tesktank and tp have better
control of cpnditioning fuel with water.

PREPARED UNDER THE JURISDICTION OF
SAE COMMITTEE AE-5, AEROSPACE FUEL, OIL & OXIDIZER SYSTEMS
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