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kn' inveetigation hae been conducted with alcohol’
used in cothnction with a windshield wiper as a means
of affording protection against ice formation on the
windshiolds of ailrcraft when operating in inclement
weathor. ZFlight tests conducted in a Lockheed 12A air-
plane- under éimulated icing conditions established the
most oconomical floy rate of lsopropyl alcohol to provide
adequato 1ce prevention. The optimum location and sisze
of thé alcohol—distribution tube and orifices were de—
terminod for the. specific -installation investigated, ‘A
procedure by which economical and offoctive distribution
can boe obtalned was developed and is presented,

,;Nrnonucrxoy_.

Alcohol has been utiliszed, for the paet eeveral
yearn, to protect thie windshields of alrecraft from-ice -
formntionq diring flight in 1nc1ement weether, Qwing to )
the- opacity of alcohql streams.it has been found desir-:-
able to yse a windshield ‘wiper.in. conjunction with-the
alcohol “to maintain eatiefaqtory vieidllity. Although-~
this method of windshield protection has been used rather
extensively, little .or no 1pformation relative to aid
optimun arrangement of such -8 eystﬁm has been reported

"Ph'e “irivestigation reported herein hae been conducted
at the request of the Bureau of Aeronautics, Navy Depart—
ment, to determine the most economlcal flow rate of
isopropyl alcohol required to afford adequate 1lce protec—
tion, to determine the optimum size and location

" :
- WAATOIR G
3 1176 01403 0994



of tho erdfices used to distribute the aléohol, and .to
fermulate a procedure by which the aircraff. designer
ceuld readily establish an ecopémical and effective
design. .- ; —
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The test equipment used in thie inveetigation was
installed 4n “the Lockheed 12A airplane shown in figure 1.
A Morquetto Metal Propducts Company windshiold wiper,
Modol 3145E-1," sweeping a windshipli..ares ef 0.835
square foet, was installed ex the pilot's windshield as
shown 1n figuro 2, The spead of the ‘windshield—wiper
blado was centrolled )by a O.6—ohm, l5—ampere, variabdble
reslstor which was installed in the metor circuit to
supplemont the conventlienal twe—spdsd centrel switch,

A schematic diagram of the alcehol—distribution - . -
systom usod is presonted in figure 3. The selenoid punmnp,
Marquotte Metal Products Gempany Model 300, was used ta
punp the isoPropyl alcohol from a.tank, threugh 1/4—inch—
outside~diameter aluminum—alley tubing. to the distri— -~ .
bution tube -lecated either en .the windslileld er on the -
blado ef the windshield wipor. Contrel 'ef the alcohel
flow rate te the distridbution tube was effected by a’
valve 1ecated in the supply tubing. . :

Icing cenditiens were simulated by spraying wat er
inte the alr stream while flying at altitudos at.which
tho anbient—air, temperaturo was bolew the froezing peint.
The wator spray was ebtained by pumping water threugh
two spray nozzles, "lecated at the nese of the fuselago
(fig. 1), which were adjusted to deliver-a finely divided
spray., Tho resultant water spray, at the altitudos at
which the flight tests wero cenducted, producod icing at
a rate cemparable with a medorate freesing rain.

The tanks and pumps, which formod a part ef -the
wat er—~spray and alcohol—distributilen systems, wore in—
stalled in tho forward baggage compartment ‘'ef the air—
plane (fig. 4). ) :
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Preliminary tests’ -consisting of tuft surveys in
flight tb determine. the. 'direction of ailr £10Ww over the
windshield, were conducted as the First step in the de—
terminatiqn of the optimum location for the alcohoL—
distribpution' tube ahd the ‘optimum g1ze” and arrangement
of the erifices in the distridbution tube.. A typical
exanple of a tuft survey a&s taken on the copilot's wind—
shield is--shown in.figure 6. The tufte’ weFe mounted on ..
the copilot!s windshield so that the pilot's view would
not be further obstructed. During further tests with the
water spraying on thé bilot's windshield, the flow pat—
tern was noted to’ be nimilar to that shown in figure 5.

After determining the direction of air flow over
the windshield in flight by means of* the tuft surveys,
the major portion of the investigation was conducted on
the ground using a blower properly directed to simulate
actual flight air—-flow conditions. By this expedient,
it was possible to test a great number of variations to
the alcohol-—-distribution tube and 1ts orifices more
econonically and expeditiously than would have been pos—
8ible in flight. Tubes which exhlbited satisfactory
distribution characteristics in the ground tests were
flight—tested at low altitude and, i1f the distribution
characteristics were still satisfactory, further flight
testing under simulated icing conditions was conducted.
The tuft photograph and alcohol—distribution tests were
made at an altitude of 5000 feet and an indicated air-—
speed of ‘150 .miles per hour. -At altlitudes over 15,000
feet, tho airplane was not capable of flying at 'an indi-—
catod airspeed of 150 miles per hour. 4s a result, the
tests ,in simulated icing conditions at thoso altitudes
were conducgted at adi indicated airspeed of 130 miles per
hour, The final tests of the distribution tube located
on the wiper blade were conducted at an altitude of
12,300 feet at which an 1nd1cated ‘airspeed of 148 miles
per hour was obtained.

In all flights under similated 1cing conditlons, the
the alcohol flow rate 'was adjJusted until the minimum
flow rateé required to provide good visibility, was es—
tablished.. At. this minimum flow rate, the position of
the valve controlling the flow was noted and the actual
flow rate was subsequently determined on the ground by




retrieving the alcohol as it was pumpted through the
distribution tube under the same conditions as estab-
lished in flight, It is believed that the difference
betwveen the flow rate as meamsured. on the ground and the
actual flow rate in flight 1s negligidble, During the
progress of the investigation, it was found that better
control of the windshield—wiper speed was necessary than
was avallable with the original equipment. Therefore,.
the variable resistor was installed. in the windshield—"
wiper motor circéuit so that the wiper speéed as well as
the alcohol flow rate could be varied until the best re—
eults were obtained. .- !

Three locations of. the alcohol—distribution tube
were investigated. These locations were diagonally
alohg the center of the windshield, as shown in figure
63 vertically, as shown in .figure 7' and on the blade
of the windshield wiper, as shown in figure 8, In each
insbtance’, the location of the distridbution tube was up—
.stream from the wiped area. A%t pach location of the
_distribution tube, several orifice sizes .and arrange—
ments were investigated. :

- AGQURA.GY

. The measurement of’ the quantity of isoproPyl alco—
hol required for fice prevention-obtaindd in this in—
voastigatlion is subJeat to possible .error due to the use
of sinulated icing conditions., The results also are of
limited value due to the restricted velocity and air—
tenperature range at which the tests were conducted.
Sinulated icing tests are made in dry ambient air which
usuclly has a humidity below saturation and, therefore,.
more evaporative cooling occurs. In this respect, tests .
in sinulated icing conditions give conservative results.

Tho rate of icing produced.on the testing region
is made to conform to that of natural icing conditions,
according to the experience of the test persomnnel, since
the measurement of such factors has not yet been de—
veloped. Although the flight test personnel engaged in
this investigation has had experience in icing condi-
tions, this method is admittedly unsatisfactory since
it 1s subject to ‘error and because other investigators
cannot duplicate the test conditions.



Irrespective of the inaccuracles which are involved
‘in ainulated 1cing tests, 1t is bélleved that the in—
" formatién on’ &istribution preaénted hefein ig ‘reliadble
* and that more concluatve flow data probably cannot be
’Lébtained ahorb of operational uée .0f thé equipment

i, 'RESULES AWD nrgcvsszoq'

: .The mechanical arrangement ‘of- the diatribution
tubew; the flight -conditions inder ‘which the tests .were
canducted, the flow ‘rdte ‘of isopropy ‘alcohol required
for each—te&t condition, 'end genéral comments relative
to the operation and ice-protection characteristics of
each arrangement tested are presented in table I.

Visibility, through the windshield with the ald of
alcohol when the windshield wiper is in operation,"
depends upor the removal of the- ice and alsoc the optical
quelitles of the alcohol film. With visibility as the
criterion, the results of the investfgation indicated
that, for the tests conducted, the optimum location for
the alcohol—distridbution tube was on the upstream side
of the windahield—wiper blade, parallel to the face of
the windshield and approximately 1/4 inch from the wind—
shield (fig. 9). In this location, the most satisfactory
oporating conditions were obtalned with a l/B—inch-
outeide—~diameter distribution tube provided with six
orifices, drill size number 80, spaced approximately 1
ingh’ on centers. None of the number 80 drill—size ori—
fices clogged during the tésts," although undor service
conditions larger orifices may be required. A wind-

- shield—wviper speed of approximately 120 cyclgs per.
minute and an isopropyl—alcohol flow rate of 2.4 quarts
per hour were found most- sultable for this arrangemoent.
An -alcohol flow rate of 2,4 gquarts per hour, or a unit
flowv rate of 2.9 quarts per hour, square foot was suf-—
ficlient to afford adequaté protection against 1ce forma—
tionj howvever, a flow rate of 4.9 quarts of alcohol per
hour (or a unit flow' rate of 6.9 qt/hr, sq ft) was re—
quired .to removée ice- which had been allowed to form
prior to placing the eéquipment 1nto operation. ' The
area’ swopt by-the windshileld~wiper bladé was the only
portion of the windshield surface whiéh was consistently
protected by the alcohol. The results of a flight in
simulated icing conditions with the system dsacribed
.above in operation are - -shown in figure 10,



‘The most satisfactory fixed distribution tube tested,
arrangement 6, was a vertically located 1/8—inch—outside—~
diamoter tube with two 0.040-inch—outside—diameter copper
tubes soldered into it. The 0,040-inch tubes extended in
a horizontal position,; parallel to the.-windshield, with
the onds cpproximately 1 inch c¢closer to the windshield-
wiper blade than were the orifices on other vertical
fixed-distridbution tubes. The ends .of ‘'the tubes were
pinched together to give an alcohol flow rate comparable
to two nunber 80 drill-size orifices with a similar
alcohol controi—valve setting. Ths 0.040-inch—outside—
diameter tubes, although useful in the conduct of the
tests, were found to be very fraglile and,- -therefere, not
suitatle for service installations. ' .

The speed of the windshicld—wiper- blade was found to
have & narked effect upon the alcohol distribution and
effoctiveness of the system. At rapld blade speeds the
alcohol was wined from the windshield surface too quickly
to protect the windshield ‘effectively oven at the great—
est ulcohol flow rates possible with the equipment.

Ice formdtiona on a fierfdistribution tube were ob—
served to alter the flow of alcohol aocross the windshield,
indicating that flow patterns eatabliahed in dry-air
flights are not-reliabdle. e .o

It was noted during simulated-icing flighta that ice
began to form on the -windshield at an ambient—air temper—
ature of 40° ¥, Consequently, a thermocouple was mounted
on the wiper blade 1/2 inch from the windshjeld to detor—
mine the refrigeration effect due to evaporation of the
alcohol—and~water -mixture. Roadings were taken during-
flight at 5000 feet altitude with the water—spray and
alcohol systems 1n operation., At an amdblent—alr tempera—
ture of 60° ¥, a temperature drop of 459 F due to evapo—
rativo cooling was measured. The possiblility of evapora—
tion cooling the water-—and-alcohol mixture in the alr
stroan bolow the freoezing point of the mixture should de
furthor investigated. The resecarch should be conducted
in natural icing conditions to determine the true effect
of alcohol and water aevaporation. The rofrigeration ef—
fect 1is oxpected to be less in natural icing conditions
than that measured in simulated conditions,

With the possibility of low temperaturcs at the wind—
shield, care should be takenr to insure that the rubber



used for the windshield—wiper ‘tiade is capable of retain—
ing its elasticity under such conditions,

. .:-Bhe alcohol syatems tedteod. were cspable ‘of affording
ico provoction to the wIndshield,and similaf systens
could bo installed on aircraft nOw in service.-with a min—
imun.;of alteration to the airplangj} however, alcohol as
a.mpans.of preventing ice on aircraft windehields is.not
as satisfactory as other systoms, notably double—glaszed
air~heatod panels, (See references 1 and 2.)

RECOMMENDED PROCEDURE AND DESIGH

Tho most satisfactory distribution tube of those in-
vestigzatcd was mounted oh the upstream side of the wind-
shicld—wiper bladej; however, it 1s possible that fixed
distribution tubes may be used to advantage on othor
windshlolds,

A design procodure to be followed for locating a
fixed distridbution tudbe 1is as follows!

l. Dotermine the direction of air flow ovor the wind—
shiold surface at the design airspeed and altitudo by
tuft surveys.

2. Install the windshield—~wiper and alcohol systoms,
providing mountings for the distridbution tude.

3. The orifices for any distribution tudbe should be
locatod upstream from the center of the area to be pro—
tected as determined by the tuft directions.

4., Tho design of the distridution tudo selected
should be tested in flight to adjust the position of tho
orificos to give the optimum alcohol distridbution.

5. Tho final design should be flight—tested in nat—
ural '‘or simulated icing conditions.

Amos Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Moffett FPleld, Calif.
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TABLE I.- CHARACTIRISTICS OF ALCOHOL-DISTRIBUTION TUBES USED IN CONJUNCTION WITH A WINDSHIELD WIPER
70 PREVENT ICI FORMATION ON THE WINDSHIELD OF THE LOCKHEED 12A AIRPLANE

= Test| Distri-| Tube Orifice|Num- | Orifice Indi-| Pres-|Ambi-|Isopropyl|Isopropyl
i num-| bution | size|.size ber location cated| sure |ent- [alcohol alcohol
i ber | tube 0.D.1deill |of air- | alti-|air [flow ratejunit flow Comments
H loca- |(in.)|number |ori- speed| tude temg. (qt/hr) | rate
' . tion (in.) |fices (mph)| (£t) |(°F (qt/br
8q fts
1 |Diag- |1/4 70 1 |Center of 130 |17,000| 22 6.8 8.1 With the system in operation, ice was prevented from forming on the
on 0.0280 tube windshield; however, when ice was allowed to accumulate it could not
) be removed. The amount of alcohol reocuired was considered excessive.
2 |Diag- |1/4 80 . 2 13 in. apart | 130 |15,000( 26 3.4 4.1 A thin film of ice remained on the windshield even at the maximum
onal 0.0135 center of alcohol flow rate obtainable for this arrangement. i
tube
3 |Diag- [1/4 [-—---—- 3 |3 in. apart |130 (15,000] a9 2.0 2.4 A thin film of ice remained on the windshield even at the maximum
on 0.008 center of alcohol flow rate obtainable for-this arrangement.
tube
4 |Verti- |1/4 |—-——— 4 (1 in. apart ———|————— -- 2.6 3.1 The air-flow pattern was disturbed due to the size of the distribu-
cal 0.008 centered on tion tube and the alcohol would not flow across the windshield.
windshield Simulated icing tests were not conducted.
5 |verti- [1/8 80 3 [3/4 in. apary 130 (14,100 28 3.4 4.1 A slight improvement in visibility over arrangement 2 was noted; how-
cal 0.0135 top hole 3 ever, a thin film of ice remained on the windshield even at the
- in. from bot- maximum alcohol flow rate obtainable for thie arrangement.
tom of wind-
shield
6 |Verti- |1/8 ]0.040 2 |1 in. apart | 130 |15,000| @28 3.3 3.9 With the windshield wiper operating, a slight improvement over
cal tubes top hole 3% arrangement 5 was noted. With the windshlield wiper inoperative, the
with ? z alcohol cleared the ice from the windshield more satisfactorily than
ends in. from bot- for arrangement 5, but a marked opacity of the alcohol stream was

pinched tom of wind- evidenced. This arrangement proved to be the most satisfactory
shield fixed-tube arrangement investigated.

7 |On the [1/8 80 2 |2 in. apart 130 (16,000 21 3.4 4.1 Two bands each approximately 3/4 inch wide, where the orifices dis-
wiper 0.0135 centered on charged onto the windshield, remained clear of ice. The remainder
blade wiper blade of the wiped area was coated with a thin film of ice; however,

' visibility with this arrangement was superior to that obtainad
! with all fixed-tube arrangements investigated.

8 |On the [1/8 [-—-=—- 4 (2 in. apart | 130 j16,300| 31 2.6 3.1 The results obtained with this arrangement were similar but inferior
wiper 0.008 centered on to those obtained with arrangement 7. The alcohol tended to dis-
blade wiper blade burse in the. air stream and one orifice clogged during the test.

. 9 |On the [1/8 |2 by --- [Centered on | --= |—=e—-- - -— -— The distribution of alcohol was unsatisfactory, since the pressure
| wiper 0.002 wiper blade available was insufficient to force the alcohol to the windshield
blade slot for this arrangement. Flight tests were not conducted.

10 |On the [1/8 80 4 1.in. apart 130 |15,000 28 6.8 8.1 The distribution of alcohol was not improved over the distribution
wiper 0.0135 centered 1/2 obtained with arrangement 7. The windshield-wiper control was
blade in. above added during these tests and slower wiper-blade speeds resulted in

center of increased visibility.
wiper

11 |On the [1/8 80 6 |1 in. apart | 148 [12,300| 24 2.4 2.9 The wiped area was uniformly protected at the low alcohol filow rate;

' wiper 0.0135 centered 1/2 to to however, it was necessary to use the high alcohol flow rate to re-
blade in. below 4.9 5.9 move ice which had been permitted to accumulate. This arrangement

center of was the most satisfactory of all arrangements tested. (See figs.
wiper 7, 9, and 10.)




Vﬂ

-

g

Figure 1.- The Lockheed 12A airplane, showing water spray nozzles on fuselage nose for
forming ice in flight on the windshield.
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NACA Figs. 2,4

Figure 2.- Windshield wiper as installed on the pilot's
windsnield of the Lockbeed 12A airplane.

Figure 4.- Water-spray and windshield alcohol-supply-system
equipment in the nose compartment of the Lockheed
12A airplane.




NACA Figs 3,9

DISTRISUTION TUBE ON
WIPER BLADE
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FIGURE 3- ARRANGEMENT OF ALCOHMOL ICE PREVENTION SYSTEM
IN THE LOCKHEED i2A AIRPLANE
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NACA Figs. 5,10

Figure 5.- Tufts indicating the direction of air flow over

. the windshield of the Lockheed 124 airplane in
flight at 150 miles per hour.

Figure 10.- Windshield of the Lockheed 12A airplane with

the distribution tube mounted on the windshield-
wiper blade and the alcohol system operating in simulated
icing condition.




NACA Figs. 6,7,8

Figure 6.-
Diagonal
location of
alcohol-
distribution
tube.

Figure 7.-
Vertical
location of
alcohol-
distribution
tube.

Figure 8.-
Alcohol-
distribution
tube mounted
on the wind-
shield-wiper
blade.
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