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JET BLAST WINDSHIELD RAIN issued 7-30-65
REMOVAL SYSTEMS FOR COMMERCIAL TRANSPORT AIRCRAFT _ Revised

1. INTRODUCTION

1.1 The purpose of this information report is to present factors which affect the design and
development of jet blast windshield rain removal systems for commercial transport
aircraft. A satisfactory analytical approach to the design of these systems has not yet

¢ * been developed. Although detailed performance data are available for some test con-
figurations, rain removal systems will generally be unique to specific aircraft. This,
then, requires a preliminary design for the system based on available empirical data to

g be fouoImm-mrmmmmmW
3 §§ 1.2 The general design objectives as to areas cleared and ﬂight veloeities are based on FAA
§3 M Civil Air| Regulation Part 4b (Reference 1). Rain intensities are also specified, based
!;E% g on statisfical data. Any rain removal system for a transport aircraft is a compromise
?é; g involving efficiency of rain removal under all operating conditions, ¢ost, weight, effect
3 3 » on. airplane performance, on operating procedures, reliability, and maintenance.
fﬁg 1.3 Design data on nozzle configuration, air flow, glass and interlayer temperatures are
%i §§ necessarfily general, as the rain removal system will be unique to each aircraft.
i3

1.4 Laboratgry tests with simulated rain and’air at flight velocity are most effective
developx%}:ltal tools for assuring an adequate system. Detailed information on laboratoryj

£ b
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testing ig available in WADC Technical Report 58-444, "Design Manual for Windshield
38 Jet Air Blast Rain and Ice Removal" (Reference 2).
%é? 2. DESIGN OBJECTIVES
5 2%
5535 2.1 Rain clegring should be-provided for the windshield panels directly forward of the pilot
ggg and co-pjilot. The system should be designed so that no single maliInction will result
a’s in a loss|of clearing on both windshields. The system should maintain a sufficient
3§§“~ g  portion of the windshield clear such that each pilot has adequate visjon along the flight
g;__ § path in all normal aircraft attitudes for all speeds up to 1.6V stall (Vsl) per CAR 4b. 351,
L Reco i ing the ined in ARP 580A
§§3§ (Reference 8). Clearing should also be provided during taxi and at speeds up to normal

5§‘§ enroute climbout speeds, although some reduction in cleared area may occur.

328
gégs Rain clearing should be available regardless of throttle setting. Clearance may be
il -3

achieved exclusively with the jet blast system, or with a combination of the jet blast
and a rain repellent fluid during the critical landing phase.
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2.2 The jet blast system should be designed for all rain intensities up to that classi-
fied as "heavy" rain., Heavy rain is defined in Table I as 0.59 in. /hr at a volume
median droplet size of 15600 microns, and the average probability of occurrence
in the United States is approximately one hour in 500 hr (volume median is that
value which divides the drop distribution into two equal parts on the basis of water

2.3

3.1

3.2

content),

The 0.59 in. /hr rain intengity is a good overall average value for opera-

tions throughout the continental U.S.; however, in certain climatic areas such as
the Eastern Gulf Coast, higher rain rates can be encountered. In order not to
compromise flight operations at such localities, the jet blast system should be
capable of providing a minimal clear area for rain rates up to 1.6 in./hr and a

volume median droplet size of 2300 mlcrons

Ther
windishield clearance which permits ""satisfactory visibility." T

as tq

Phot

evalyating system adequacy. A method ofrating visibility was d
rence 2 and may prove useful in evaluating data obtained undler various condi-

tiong.
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surfgce of the windshield with a protective wall of high velocity,

air.
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pgraphic documentation, of both laboratoxry and flight tests,

M DESIGN CONSIDERATIONS

The object of thejet blast is twofold:

(1)

inéoming raindrops.

Evaporate surface Wéter which penetrates the jet bla

2

Ul

At th
the ""cleared area' is not practical due to bleed air penalties.

Pousa oiead cgdoo 4 L od-To o ey nade o ol 3. P A £ Tt ad
PLUPRPVIIL LAl UL WU daly, LULLYIULWG PLTVUILILLIVIL UL UL UPIGL

¢ is no quantitative description, measure, or definition of the degree of
herefore, opinion

the adequacy of a particular system will vary widely with various pilots or
obsefrvers.

is a method of

eveloped in

last rain removal systems operate on the principle of blanketing the outside

high temperature

Preyént water impingement on the w1ndsh1e1d by deflecting

t.

impingement in
Near the nozzle,

a completely dry area will exist; however, impingement and subsequent evapora-
tion may result in the upper portions of the '‘cleared area."

Required air flow rate for good visibility is a function of airspeed, windshield
configuration, rain intensity, supply air temperature, nozzle configuration, and
nozzle air velocity. Current operational aircraft use airflow rates from 20 to

over

60 1Ib/min. per panel.

Laboratory tests of various configurations show re-

latively poor clearing at airflow rates of 2 1b/min. /in. of nozzle width, but good
visibility has been obtained at ratés of 4.5 to 7 lb/min. /in. of width (Reference
These values will vary with each specific airplane configuration and system

design.

2).
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Supplydir for the typical jet blast rain removal system used on current opera-
tional jet aircraft is extracted from the engine. Hence, airflow is at a premium
and supply conditions change with engine rpm . Specific conditions to be con-
sidered for design purposes are take-off, approach, touch-down, and taxi. En-
gine bleed air temperature may vary from 150 F at idle to as high as 880 F at
take~off powsr, Similarly, engine bleed pressures will be a minimum at idle
and a maximum at take-off. For aircraft that use direct engine bleed air from
the main engines for rain removal, touchdown (idle engines) will normally be
the most critical design point, as bleed air pressure and temperatures are at a
minimum. Consideration must also be given to protection of the glass for the
bleed temperature and pressure conditions existing at the higher engme power
Settmgs AT e-limitinga . m N m N

to prevent excessive air ﬂow at h1gh engine power cond1t1ons

If a gas turbine auxiliary power unit is installed, consideration may be|given to
its use as the primary or a supplemental source of air for the jet blast|system.
Factors to he considered are quantity of air available, maximum air tempera-
ture and thel additional provisions required for in flight operation of the] APU.

Nozzle design will vary with windshield and fuselage configuration, but|will
usually congist of a plenum chamber and either al¢ontinuous or interrupted
slot, or a rpw of holes for discharge of air over the windshield. A continuous
slot normally gives better visibility for a given air flow,

Where a rpw of orifice holes or nozzles is used, the nozzle spacing t¢ diameter
ratio should, in general, be less than 1.7 in order to avoid streaks of rain be-

tween the jndividual nozzles. Staggered row hole patterns have been jised when
larger nozzle areas are needed.than a single row will produce.

Best clearfing will be obtained with the nozzle air blast oriented parallel to
the windshield surface. This arrangement, however, produces maximum glass
surface temperatures:

With a parallelhozzle--nozzle discharges parallel to the windshield qurface--
glass and jnferlayer temperatures may be excessive at bleed temperatures in
excess of approximately 450 I'. Bleed air temperature can be limited by means
of heat exchangers; however, substantial reduction in glass surface temperatures
can be achieved, with a reduction in rain clearing performance, by tilting the
nozzle away from the glass 10 to 20 deg. Surface water may enter the low pres-
sure area behind the tilted air stream. To prevent this condition, either
mechanical or aerodynamic fences are required. Another method of reducing
windshield temperature is to provide for asp1rat1on of the free stream air by

the high velocity jet.

A variable deflector plate system has been used successfully, which allows par-
allel flow at low bleed air temperature and pressure, but deflects the air stream
away from the glass by 20 deg at hlgh temperatures, thus avoiding the use of

heat exchangers. ‘
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3.4.5 Nozzles are usually attached to primary fuselage structure. Nozzles must be
designed to the highest pressure and temperature that can result from a single

3.6

component failure in the pneumatic system. Insulation may be required between

the nozzle and structure to prevent conduction of excessive heat to windshield
frame and glass.

Excessive temperature can be a major problem with conventional combination
glass and vinyl interlayer windshields. Experience with flat glass windshields
has shown that maximum vinyl temperatures of 220 F and maximum local glass
surface temperatures of 300 F will not result in vinyl bubbling or glass breakage.
Associated factors such as airflow rate, temperature change rate and windshield

mo

3.5.1 Temperature control may be achieved by system design; or by incorporation of

3.7

3.8

3.9

a

of

emperature sensing overheat shut-off system.

shield cleared areas considered adequate may be different
, and approach conditions.

ectrically heated windshields are provided for anti-icing, a

hture effects of combined jet blast rain clearing and electri
Ling, Placement of interlayer temperature sensors for cont

otection if proper consideration is given to location of hot
s in the electrically conductive coating.

tri;l heating system and/or the jet blast system may provide t

Congideration should be given to the effects of operation of the

on (
sys

ther pneumatically powered systems, aircraft performance
em operation procedure such as deteriorations of bleed air

que

drains should be provided to prevent trapping any rain wat

Duc
cle{ning solitions which might enter the system through the no
tly-soil the windshield surface when the system is operated,.

for taxi, touch-

ntifogging, or

-proofing, consideration must be given to protecting the glIss against tem~

al windshield

rol of the elec—

he required degree
spots due fo varia-

et blast system
penalties and/or
supply pressure.

er or airplane
zles and subse-

3.10 Noise generated by the jet blast should not be distracting or interfere with crew
# conversation in the cockpit. :

4.

DEVELOPMENT CONSIDERATIONS

4.1 Development tests are normally required for a new aircraft configuration, and
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are not, as yet, adequate to assure an effective system.
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4.2 Flight conditions may be simulated through the use of a rain tunnel. The test
model can be installed inside the tunnel or located at the end of a tunnel from which
the proper rain intensity and air velocity is discharged. Simulation of the forward

fuselage is necessary, that is, windshield panels, supporting frames and structure,
#  and a portion of the fuselage ahead of the windshield. A visual test pattern (target)

4.3

4.4

4.5

4.6

4.7

5.

and adequate lighting is necessary in determining clearing effectiveness.

Outlining

the cleared area on the windshield with a grease pencil or some other means will
assist in evaluating nozzle performance at various operating conditions.

Airflow over the windshields must be simulated at aircraft speeds up

to 1.6V .

Pressure distribution over the windshield should be duphcated also, as far as

practical.
in order tqg
windshield

Y 9 £ in the tunnel
prevent excessive droplet breakup and poor rain d1str1but1
. Flow straighteners may be required to control turbulenc

on on the

ay
)

Supply air|pressure and temperatures must simulate the maximum and minimum

bleed air levels anticipated in actual flight.

The design rain condition must be simulated, both as‘to intensity and
Rain dropsg can be simulated with high pressure water nozzles by adjy
pressure fo maintain the water velocity equal to’tunnel air speed. Os
a nozzle spray bar is one method of distributing the rain; however, th
rotation must be controlled to limit the differential velocity between 4
so that droplet breakup does not occur. ~The spray bar should be stre
minimize pir turbulence in the vicinity-of the nozzles. The tunnel (hs
rain rate, |or liquid water content, (¢an be measured by means of colls
positioned|in front of the windskield which drain the water into buretts
simulated |(vertical) rainfall intensity can then be calculated through ¢
the horizoptal rain rate by the ratio of the tunnel velocity over the frq
of the rain drop size being used. The rain drops can be photographed
median size determined by plotting a curve of geometric droplet diam
cumulativé percent-water on a volume basis. The liguid water conten
over the windshield’area should be maintained within a 2 to 1 ratio.

Development-problems will normally consist of obtaining adequate wis

drop size.
sting the
cillation of
e angle of
ir and water
amlined to
prizontal)
petion tubes
s, The
ivision of

e fall velocity

leter versus
t distribution

ndshield

cleared area at "touchdown'™ without excessive glass and interlayer temperatures

at high rpm (take-off and approach).

Performance should be documented by photographs at the.critical ope

rating condi-

tions in heavy rain. Performance should also be documented in rnoderate and

light rain for comparison with flight test data.

FLIGHT TEST EVALUATION

5.1 Taxi, take—-off, approach, and landing under actual rain conditions represent the

best appraisal of system performance.

Suitable documentation can be made in

terms of photographs of windshield clearing performance, plus rain intensity

from local weather bureau measurements in the area of operation.
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5.2 Heavy rain is difficult to find, due to its low occurrence frequency. However,
light and moderate rain is relatively easy to find. Tests in light and moderate ‘
rain may be satisfactory for evaluation if laboratory test data are available in
light, moderate and heavy rain to form a basis for extrapolation of flight test

results.

5.8 Flight in rain simulated by an aerial tanker is an alternate method of flight §
evaluation. However, steady state conditions under such a test are very difficult

to obtain,
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