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Civil Air Regulations, Part 4b, paragraph 351 (b).

WADC Technical Report 58-444, “Design Manual for Windshield Jet Blast Rain and Ice Removal’
by Harry R. Meline and lvan D. Smith; Research, Inc., November 1958.

ARP580A, “Cockpit Visibility Requirements for Commercial Transport Aircraft.”
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The 0.59inch/hour rain intensity is a good overall average value for operations
continéntal U.S.; however, in certain climatic areas such as the Eastern Gulf Coast,
S can-be encountered. In order not to compromise flight operationg at such localities,
tem should be capable of providing a minimal clear area for rain rates up to

1.6 inch/hour and a volume median droplet size of 2300 microns. The probability of occurrence for
this higher rate is estimated as one hour in 500 hour in an area such as New Orleans (Reference 4).

There is no quantitative description, measure, or definition of the degree of windshield clearance
which permits “satisfactory visibility.” Therefore, opinion as to the adequacy of a particular system

will vary widely

with various pilots or observers.

Photographic documentation, of both laboratory and flight tests, is a method of evaluating system
adequacy. A method of rating visibility was developed in Reference 2 and may prove useful in
evaluating data obtained under various conditions.
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TABLE 1 - Precipitation Values’
(Air Density as at 0 C and 740 mm Press.)

Milligrams  Grains of
Velocity of Liquid Liquid
Precipitation Precipitation Droplet of Fall Water per Water per
Popu|ar Infnneify Infnncify Diameter Meter CubicMeter Cubic Feet
Name mm/hour in/hour mm per Second of Air of Air
Clear 0.00 -- 0.00 - 0.00 =
Fog Trace -- 0.01 0.003 6.0 0.002
Mist 0.05 0.002 0.10 0.25 55.5 0.024
Drizzle 0.25 0.01 0.20 0.75 92.6 0.04
Light
Rain 1.00 0.04 0.45 2.00 138.9 0.06
Moderate
Rain 4.00 0.16 1.0 4.00 277.8 0.12
Heavy
Rain 15.00 0.59 1.5 5.00 833.3 0.365
Excessive
Rain 40.0 1.6 2.1 6.00 1851.9 0.81
Cloudburst—99 40 3-0 700 4000 1.75
to to to to
1000 40.0 35,000 15.30

1 Humphreys, W. J., Physics of the Air, p. 280 (Table of Rain Drop Size and Fall for
Moderate Rain, 1 mm Diameter and ...)
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4. SYSTEM DESIGN CONSIDERATIONS:

4.1

4.2

4.3

4.4

441

Jet blast rain removal systems operate on the principle of blanketing the outside surface of the
windshield with a protective wall of high velocity, high temperature air. The object of the jet blast is

twofold:

(1) Prevent water impingement on the windshield by deflecting incoming raindrops.

(2) Evaporate
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Supply air for the typical jet blast rain removal §ystem used on current operationa

extracted from
rom. Specific ¢
and taxi. Engir
power. Similar
aircraft that usq
engines) will ng
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Nd subsequent evaporation may result in the upper poftions of the

/ air temperature, nozzle configuration, and nozZle air velocity. Cy
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with each specific airplane configuration and system design.
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Il exist; however,
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w rate for good visibility is a function of airspeed,‘windshield configuration, rain

rrent operational
of various

nozzle width, but
ence 2). These

the engine. Hence, airflow islat a premium and supply conditions g
onditions to be considered for design purposes are take-off, apprg
e bleed air temperature ' may vary from 150 F at idle to as high as
v, engine bleed pressures will be a minimum at idle and a maximu
direct engine bleed air from the main engines for rain removal, to
rmally be thesmest critical design point, as bleed air pressure and
Consideration*must also be given to protection of the glass for the
pnditions existing at the higher engine power settings. A pressure
nder some conditions to prevent excessive air flow at high engine

auxiliary power unit is installed, consideration may be given to its

| jet aircraft is

hange with engine
ach, touch-down,
880 F at take-off
m at take-off. For
Lichdown (idle
temperatures are
bleed temperature
limiting valve can
bower conditions.

se as the primary

or a supplemental source of air for the jet blast system. Factors to be considered are quantity of air
available, maximum air temperature and the additional provisions required for in flight operation of

the APU.

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

Where a row of orifice holes or nozzles is used, the nozzle spacing to diameter ratio should, in
general, be less than 1.7 in order to avoid streaks of rain between the individual nozzles.
Staggered row hole patterns have been used when larger nozzle areas are needed than a single
row will produce.
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443

4.4.4

445

Best clearing will be obtained with the nozzle air blast oriented parallel to the windshield surface.

This arrangement, however, produces maximum glass surface temperatures.

With a parallel nozzle--nozzle discharges parallel to the windshield surface--glass and interlayer

temperatures may be excessive at bleed temperatures in excess of approximate
temperature can be limited by means of heat exchangers; however, substantial
surface temperatures can be achieved, with a reduction in rain clearing perform
nozzle away from the glass 10 to 20 degrees. Surface water may enter the low
behind the til ' : ' itiom, i |

are required. | Another method of reducing windshield temperature is to provide-f
free stream ajir by the high velocity jet.

A variable deflector plate system has been used successfully, which*allows parg
bleed air temperature and pressure, but deflects the air stream away from the gl
at high tempgratures, thus avoiding the use of heat exchangers.

ly 450 F. Bleed air
reduction in glass
ance, by tilting the
pressure area
dynamic fences
br aspiration of the

llel flow at low
ass by 20 degrees

Nozzles are Jsually attached to primary fuselage structure.»Nozzles must be dgsigned to the

highest presgure and temperature that can result from asingle component failur
system. Insulation may be required between the nozzle and structure to prever
excessive hept to windshield frame and glass.

e in the pneumatic
t conduction of

4.5 Excessive temperature can be a major problemwith conventional combination glass and vinyl

4.5.1

4.6 Windshield cledred areas considered adequate may be different for taxi, touch-dg

4.7

4.8

temperatures

windshield modnting can influence.the glass breakage problem.

interlayer windghields. Experience with flat\glass windshields has shown that ma
220 F and maximum loeal\glass surface temperatures of 300 F w
bubbling or glags breakage. Associatedfactors such as airflow rate, temperature

Temperature [control may be achieved by system design, or by incorporation of
sensing overheat shut-off System.

conditions.

Ximum vinyl
Il not result in vinyl
change rate and

n temperature

wn, and approach

If electrically heated windshields are provided for anti-icing, antifogging, or bird-proofing,

consideration must be given to protecting the glass against temperature effects of
rain clearing and electrical windshield heating. Placement of interlayer temperatu

combined jet blast
re sensors for

control of the electrical heating system and/or the jet blast system may provide the required degree
of protection if proper consideration is given to location of hot spots due to variations in the

electrically conductive coating.

Consideration should be given to the effects of operation of the jet blast system on other

pneumatically powered systems, aircraft performance penalties and/or system op
such as deteriorations of bleed air supply pressure.

eration procedure
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