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Transparent Area Washing Systems for Aircraft

FOREWORD

Changes in this rgvision are format/editorial only.
INTRODUCTION

Windshield and sensor window washing systems generally consist of a fluid applicatign system for
removal of insect :iebris,1 salt spray, and dust.

Although approximate fluid quantities and flow rates for satisfactory system performarjce have been
established, the design and location of the distribution nozzles\will be unique to each pew aircraft
design. Ground and flight test programs will therefore be xequired following preliminary design of the
system to demongtrate system performance.

1. It has been shown by trajectory analysis and test that it is not feasible to deflect the average flying insect by means of mechanical deflectors
or jet blasts.
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1. SCOPE:

This information report presents data and recommendations pertaining to the design and development
of transparent area washing systems for aircraft.

2. REFERENCES:

1. ASB580A, “Pilot Visibility from the Flight Deck Design Objectives for Commercial Transport Aircraft,”
Society of Automotive Engineers Aerospace Standard, Revised 1 October 1968.

2. U.S. Department of Agriculture Technical Bulletins:
TB 1158, Callecting Insects by Airplane in Southern Texas, P. A. Glick; February|1957.

TB 1222, Cdllecting Insects by Airplane with Special Reference to Dispersal of the Potato
Leafhopper, |P. A. Glick, April 1960.

TB 1255, Airborne Movement of the Pink Bollworm and Other Arthropods, P. A. Glick and L. W.
Noble, November 1961.

3. MIL-E-38453A (USAF), dated 2 December 19712, “Environmental Control, Envirbonmental
Protection, and Engine Bleed Air Systems, Aircraft, General Specification for.”

4. ASTM D 1141-52, “Standard Specification for Substitute Ocean Water,” Reapprqved 1971.

5. H. R. Meling} D. H. Anderson,(E;A. Nelson, “Salt Spray Deposit Removal System,” Research
Incorporated, Hopkins, Minr,, under Navy Contract NOas 59-6025-C, Progress Reports No.
P4051-1 through P4051-5,.Dated January through May 1959.

6. J. D. Booker} E. Evans, “Flight Trials of a System for Clearing Insect Debris From an Aircraft
Windscreen|' Rayal Aircraft Establishment Technical Report No. 66013, January| 1966.

7. A. C. Durson, “Exterior Windshield Clearing Test,” General Dynamics/Convair, Report RT-63-038,
Dated 14 September 1964 (F-111 test).

8. MIL-1-18259 (Aer) dated 26 October 1954, “Installation of Window Anti-icing, De-greasing, and
Washing Systems, General Specification for.”

9. R. Celniker, “Analysis of Results of Windshield Washing and Rain Removal Development Test
Program, B-1 Air Vehicle,” B-1 Division, Rockwell International Corporation, Report NA-72-606,
31 July 1972.
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3. SYSTEM REQUIREMENTS:

3.1 Area To Be Cleared:

3.2

3.3

3.3.1

3.3.2

Washing of the windshield panels need be provided only for those panels directly forward of the pilot
and copilot. Washing systems should provide a minimum clear area satisfactory for the mission

requirements of the specific aircraft. AS580 (reference 1) as it applies to precipitation clearing may
be used as a guide.
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3.3.3 Salt spray has been a problem for aircraft flying over sea water at altitudes below 500 ft (152.4 m).
Rare cases of salt spray reaching an altitude of 2000 ft (609.6 m) have been reported.

Simulation of salt accumulation for system development purposes has been accomplished by
spraying several coatings of ocean water or a substitute on the test article until a heavy coating is
built up. ASTM specification D 1141-52 (reference 4) defines a simulation of average ocean water.

Reference 5 provides more background on salt spray removal.

3.4 Visibility:

There is no gqujantitative description, measure, or definition of the degree.¢f washing effectiveness
which permits [‘adequate visibility”. Therefore, opinion as to the adequacy of a paifticular washing
system will vary with various pilots and observers. Preliminary test data, using fing¢ images in the
background (newsprint), and using pilots for opinion, have shownthat about 30% of the forward
windshield arela may be covered with insect smears before washing is essential fof landing.
Laboratory tests with bee smears and a background sceng have shown that about
30 to 50 bees per ft* (320 to 535 bees per m?) may be tolerated before washing ig essential,
provided the pjlot is not looking toward the sun. Sunlight destroys viewing of distant objects by
intense lighting of insect smears.

Photographic documentation is of general value as a record for comparison of labgratory and flight
experience. However, it is limited for directievaluation since viewing through a windshield by a pilot
involves dynarnic three-dimensional coler\vision.
4. SYSTEM DESIGN CONSIDERATIONS:
4.1 Washing Prindiples:

The principles|of washing‘are not completely understood. However, the following pbservations are
presented as backgreund information.

a. The washipg-fluid flows on to the contaminant and diffuses into the material, thus softening,
dissolving, and weakening Its structure and adherence characteristcs.

b. The airstream carries the washing liquid over the surface at a velocity determined by surface
drag. The liquid is believed to flow along with the surface streamlines except where initial
impingement forces or gravity forces determine otherwise. The drag or scrubbing effect
ultimately overcomes the adherence forces and removes the dissolved or softened contaminant
from the surface. Tests prove that higher air velocities will increase the fluid drag forces resulting
in easier removal. Washing has been successfully accomplished at airspeeds up to 650 mph
(290 m/s) (reference 9). The additional scrubbing imposed by a windshield wiper is more
effective than airstream effects alone at low airspeeds.
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4.1 (Continued):

C.

Diffusion and softening of insect smears is enhanced by temperature, thus injecting washing fluid

at 140° - 180 °F (60° - 82 °C) results in easier removal, especially at the lower airspeeds.

d. Evaporation of the washing fluid will take place resulting in loss of fluid temperature and
reduction of process effectiveness at distances over about 25 inches (63.5 cm) from the washing
fluid nozzles.
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For salt spray removal a mixture of 50% water and 50% alcohol has worked satisfactorily on several
aircraft. Salt removal requires considerably less fluid for removal due to its higher solubility in water.
Reference 5 discusses test work that supports this.

Other fluids that are considered either for their anti-freeze effect, nonflammability, or as specific
contaminant solvents must be carefully examined as to their compatibility with aircraft materials
which may be contacted by the fluids. The possibility of ingesting the overflow into ram scoops
should also be considered.
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4.2 (Continued):

4.3

Candidate fluids should be reviewed for any tendency to leave slow evaporating so
residues that may build up with repeated applications resulting in impairment of visi
of lines and nozzles.

Quantity of Fluid:
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For systems including insect removal as a requirement, the quantity of fluid found satisfactory falls in
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4.4 Methods of Application:

4.4.1 Distribution: The fluid should be applied to the windshield or window from one or more nozzles

located in such a manner that the airstream will carry the fluid over the critical vision areas.

If flight application without the aid of wipers is the primary consideration, a spray tube or several
nozzles spaced along the base of the windshield to cover the approximate width of area to be
cleared are recommended. Since the fluid will follow the streamlines, fluid may have to be
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4.4.2 Methods for Fluid Expulsion: A positive displacement pump or pressurized reservoir may be used
for propelling the fluid.

The pressurized reservoir requires a source of pressure such as engine bleed air. A simple on-off
valve can be used to control the fluid flow. Composite units that regulate reservoir pressure,
provide for venting the reservoir to ambient pressure when the system is shut off, and provide an
overpressure relief valve have been developed. Nominal reservoir pressures of 10 to 30 psig

(70 to 205 kPa) are satisfactory and provides protection against boiling at altitude.
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5.1 Ground Tests:

The prototype system can be tested in a static test rig. If inflight application of fluid is a system
requirement, the testing can be accomplished using the test rig in conjunction with a wind machine.
The testing should include a survey of system effectiveness throughout the operating envelope and
an appraisal of visibility deterioration during and after the washing operation. This type of test rig can
also be used to evaluate different fluids, various nozzle configurations, and quantity of fluid required
per wash cycle. Tests at velocities as high as 650 mph (290 m/s) have been accomplished

successfully w

ith ground test rigs (see reference 9).
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5.2 Flight Tests:

Adequacy of windshield and sensor window coverage and washing effectiveness should be
evaluated over the applicable speed and altitude envelope. Because of the limited supply of fluid
which can be carried aboard an aircraft, it may be necessary to determine the quantity required to
accomplish satisfactory cleaning during the specified flight duration. Other aspects of system
installation and operation which should be checked during the flight test phase are location and
number of nozzles, corrosion of adjacent skin panels, residues of cleaning fluid on the windshield,
satisfactory functioning of fluid quantity indicators, plugging of lines or nozzles duel to sludge or
residue, ease pf replenishing fluid, and the effects of spillage on other aircraft.components.

5.3 Demonstration:

The development test rig has been used successfully to reach agreement on the gdequacy of a

given windshigld or window washing system. Once agreement isteached on the performance of the
system on theftest rig, a correlation of this performance to thatander operational donditions in flight
can be limited [to fluid flow pattern and quantity of fluid applied per application.

PREPARED BY SAE COMMITTEE AC-9, AIRCRAFT ENVIRONMENTAL SYSTEMS
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