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FOREWORD
Changes in this revision are format/editorial only.
INTRODUCTION

Windshield and sensor window washing systems generally consist of a fluid application system for
removal of insect debris, salt spray, and dust.

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

1. It has been shown by [trajectory analysis-and test that it is not feasible to deflect the average flying insect by meang 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.
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3. SYSTEM REQUIREMENTS:

3.1

3.2

3.3

3.3.1

3.3.2

Area To Be Cleared:

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.

Washed areas of sensor windows are determined by the geometry of the sensor scanning
requirements.

Operational Hnvelope:

The system should function in all normal aircraft attitudes at low altitude forall spgeds up to a limit
defined by vidion limitations. For commercial aircraft, FAR 25.103 statesian airspged of 1.6 Vg
Specific aircraft operational requirements may require adequate washing action also be provided

while the aircraft is parked on the ramp and during taxi.

Types and Intensity of Contaminants:

In general there are very little data available to establish specific design requirements for the
intensity of contaminant to be removed. It is recommended that during development testing
conservative simulations of the contaminant in quéestion be used.

With regard|to insects, reference 2 provides-some background information indigating that the
average density is one insect per 5000 ft3 (141.6 m3) between 200 and 500 ft (approximately

60 and 150 |m) above the ground, although certain insects, such as locust swarims, can exist at
much higher altitudes. Only 25% of.the insects are of the type which will create| appreciable
residue on the windshield, and include bees, wasps, moths, beetles, and hoppers. Paragraph
3.1.2.5 of MIL-E-38453A (reference 3) states: “The system performance shall he based on
encountering insects of honeybee size (120 mg) at a concentration of one per 20,000 ft3 (566 m3)”.
The larger insects, such«as the honeybee, are expected to make smears of 1 to| 2 inches?
(approximately 6.5 to-13 cm2) per strike in an elongated pattern consisting wholly of the viscera.
Tests have shown.that exoskeletons do not remain on the windshield.

Freshly killddcand frozen flies and bees have been used to reproduce the insect problem both by
inducing therm ftityai i frectly onto the
windshield just prior to testing. One technique is to use a small diameter blow gun using high
pressure air at one end.
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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 quantitative description, measure, or definition of the degree of washing effectiveness

which permits
system will v4
background (
windshield ar
Laboratory te
30 to 50 beeqd
provided the
intense lightir]

Photographic
experience.
involves dyndg

4. SYSTEM DESI
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g of insect smears.

documentation is of general value as a record for comparison of lak
However, it is limited for direct evaluation. since viewing through a wi
mic three-dimensional color vision.
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background information.
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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 t

han airstream effects alone at low airspeeds.
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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.

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

les.

Fluid flow tends to break into rivulets, especially when rain repellents have been applied to the

windshield prior to washing, tending to reduce washing effectiveness. This is offset, however, by
the fact that rain repellent has a slight benefit in the removal of insect smears.

4.1 (Continued):
C.
d.
fluid nozz
e.
4.2 Fluids:
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film, however
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id not leave a residue.

jents seriously degrade washing effectiveness of the solution with r¢

blutions of 50 - 70% ethyl alcohol indwater showed that insect remoy
en after repeated wash cycles. A his is believed to be due to the poo
bhol as compared with water and to the higher evaporation rates of
j reduction in fluid and surface temperature. The wash solution does
idue or splatter between_the thicker accumulations with resultant gg
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ht required to assure prevention of freezing of the 99.8% water solu
pn of washing effectiveness and increased volume of a reduced freq
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effectiveness

may not.suffer with the reduced freezing point solution. No compar
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removal of insect
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actorily in flight
ne detergent. This
e tests of
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bct proportion to the reduction in freezing point. Wind tunnel tests (feference 7 and 9)

al was incomplete
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alcohol and

, however, remove
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ystem complexity
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For salt sprayTemovatamixture of 50% waterand 50% atcohottras workedsatis!
aircraft. Salt removal requires considerably less fluid for removal due to its higher solubility in water.
Reference 5 discusses test work that supports this.

factorily on several

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 b

e considered.
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4.2 (Continued):

4.3

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

Quantity of Fluid:

For systems including insect removal as a requirement, the quantity of fluid found satisfactory falls in
the range of 0.04 to 0.12 gal/inch (approximately 0.06 to 0.18 I/cm) of windshield base to be cleared
per application. The derivation of flow requirements from laboratory or flight test may be referenced
either to gal/inch (I/cm) of windshield base per application or to gal/in2 (I/cm2) of window coverage

per application. No principle or empirical evidence exists at this time which would

the correct re
and other unk
(I/cm) of base
aircraft to and

For systems
(approximate
covers the ra

The quantity
multiplied by
system reser
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generally req
of the washer
minimizing eX

vhere salt deposit removal is the prime consideration values as low
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ther.

bositively establish
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thus the gal/inch

tests or from one

as 0.003 gal/inch

y 0.045 I/cm) of windshield base per application.have been used supcessfully. This

he number of applications desired befween system refills will give t
oir.

id and application time mustbe kept to a minimum due to obscuring
d to minimize the weight-of-fluid and reservoir size. An excess flow
lired to allow for evaporation, distribution difficulties, and rivulet flow
fluid application is recommended to reduce the total volume of fluid
cess usage.

tion. This quantity
e capacity of the

) of vision during
of washing fluid is

Automatic timing
required by
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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
introduced along the center post as well as along the base in order that the desired area is covered
with fluid. Surface streamlines may be obtained in a wind tunnel using scale models and oil
injections at nozzle locations as an aid to determining flow direction. Injection of fluid into the
airstream at an angle will result in fluid trajectories quickly conforming with airflow direction, thus

aiming at a

If static gro
three-hole 1
area, one a

high spot on the windshield is not effective.

ind operation in conjunction with windshield wipers is the primary cg
ozzle configuration may be considered, with one hole aimed at the
med “high”, and one aimed “low”. Small angular tolerances are requ

nsideration, a
center of the wiper
ired to ensure that

the fluid streams will hit in the wiper area during system ground-operation. Hol¢ angles become

less critical
criticality of
increased.
increases.

The system
since forwa
added mea

Washing sy
differences
effort may
systems. W

salt removal due to similarity/of fluid composition and flow rates.

A means fo
and/or free

in flight, because the airstream helps to carry and distribute the fluig
nozzle hole angles, the height of the nozzle above the plane of the
However, the drag penalty and weight of the Rezzle go up rapidly ag

should be designed so that only oneiwindshield or window panel is
Fd vision is temporarily obscured during the washing cycle. This als
sure of redundancy in case of failure of one side.

n required nozzle configurations, and incompatibility of the two fluidg
roduce a fluid which'will accomplish both functions, eliminating the
ater/alcohol windshield anti-icing may possibly be used also as a w

[ purgingthie distribution lines may be required for some systems to
ring of the fluid in the lines.

. To reduce
Wwindshield can be
5 the nozzle height

washed at a time,
D provides an

stems should not share lines or nozzle holes with rain repellent systems, due to

. Further research
heed for separate
ashing system for

prevent clogging
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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.

4.5 General Desi

gn and System Installation Recommendations:

The design of the reservoir installation should take into account accessibility for ease of filling.

The need for
evaluated ba

The design o
after the was
provisions to
reservoir. Rq
is required w

Reference 8
4.6
It is recommd

in question tq
required per

include freezing situations to verifyxnon-breakage of lines and reservoirs, and sui

and cold-wedg

5. TESTING AND

5.1

Development:

Ground Tests:

quantity gauging as opposed to routine pre-flight “topping-off” ofthe
5ed on customer needs and procedures. Both approaches have be

f the system should be such that there will be no loss ofifléid during 1
hing system is turned off. The use of water requires heating, drain,
prevent frozen water from clogging lines and valves and bursting li
servoirs must be designed to include anti-burst‘and ice melting pro
nere reservoirs are not emptied between flights.

covers general requirements for the design and installation of washi

nded that laboratory ground.tests (see 5.1) be performed on the sps
determine the most suitable' nozzle configuration and the minimum
hpplication to provide the-desired cleansing effect. If water is used,
ther filling capabilities.

DEMONSTRATION:

The prototype

b System can be tested in a static test rig. If inflight application of flu

y

reservoir should be
bn used.

light maneuvers or
and surge
es and the
isions. Ice melting

ng systems.

pcific configuration
amount of fluid
testing should
able ice melting

id is a system

requirement, The testing can be accomplished using the testrig 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 with ground test rigs (see reference 9).
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5.2

5.3

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 due to sludge or
residue, ease of replenishing fluid, and the effects of spillage on other aircraft components.

Demonstration:

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

given windshield or window washing system. Once agreement is reached on the performance of the
system on the¢ test rig, a correlation of this performance to that under opérational conditions in flight
can be limiteq to fluid flow pattern and quantity of fluid applied per application.

PREPARED BY SAE COMMITTEE AC-9, AIRCRAFT ENVIRONMENTAL SYSTEMS
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