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RELIMINARY REPORT ON FLIGHT TESTS OF AN
AIRPLANE EAVING EXHAUST-HEATED WINGS

By Lewis A. Rodert, William H. McAvoy., and
Lavrence A “Clotising

SUIARY

have been made with an airplane in icing con-
rder to test the effect of exhaust heat applied
as a means of preventing ice formations.
vention equipment, including an exhaust gas-
static head, hot-air-heated windshield, and
de-icer of recent design, were also tested.
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s were encountered in a raansge of air
10° to +2%2° ¥, which in certain in-
2 h rate ‘of ice formation. The use
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irplane wing resulted in success-
ing 2ll tests, and it is coancluded
method esents a practical means of ice pre-
The use of exhaust heating on the pitot-static
ented ice under all conditions and appeﬁrs to De
ctory solution %to the pitot-static head icing
hen applied jointly with exhaust wing heating
eated windshield nlso gave comnplete protection
ce or snow on the outside of the windshield and
the ingside, and is believed to revresent a2 prac-—
Qatisfﬂctory solution to the windshield-icing
Ice was removed from the horizontal stabiliger
'zfl atable de-icer under certain icing conditions,
under other icin® conditions the-ice was only
removed.
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INTRCDUCTION

Previous research on the prevention of ice on air-
eraft; references 1, 2, 3, and 4, and analvtic studies of
the possibilities of the ap bllcatlon of exhaust heat as a
means of nreventing the FTormation of ice on wvulnerabdle




parts of airplanes, led the NACA to the conelusion that a
fulle—scale tegt of exhaust-g2s wing heating and other
types of thermal ice—-prevention equipment should be con-
ducted in natural icing conditions. With the cooperation
of the Matériel Division of the Army Air Corps, altera=
tions were made on a Lockheed 12A transport airplane,

which ineluded provision for heating the wing with ex‘ aust
Zas from the engines and for heating the windshield with
Aot airs

Inasmruch as the tests were to be made in natural ic-

&

v
ing conditions, ice-nrevention egquivpment was provided for
other vulnerable parts of the airplane. An exhaust-heated
pitot=static head, alcohol-distriouting aoparatus for the
propellers, zair preheating fer the engine carburetors, a
windshield wiper, an electricallyx heated pitot-static head,
and an inflatable de-icer on the horizontal stabilizer were
installed,
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s reported here were conditcted along the

n the regiong of San Francisco, Call*or nia,
n, and Tacomay, Waghington. The total flying
rplane for the period covered by this report
s, of which 15 hpurg were in icineg conditions.
searches for icin% eonditions in these areas
omn cooperation with the Weather Bureaw, the
cel. Seetion  of the Air Corps at Moffett  Fiedd,
operators in the Northern Pacific Coastal re=
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EQUIPHMENT

The Lockheed 12A ai
search was conducted, wa
Thitney 450~horsepower Was
10-inch diameter constant
were neated by passing al
gas through tubes alonzg %the
sdZe sl T llne’ qguantity of 'exh:
wing was controlled from the

e
r

jg. 1), in which the re=
ed~with two Pratt and
or en%ines, and 8=foot
propellers. The wings
rt of the engines?! exhaust
de of the w n” leading
o n
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lots?! cocgplt. Thc exhaust
gas was ‘dischorged from th g tube ot the wing-%ip
joint into a tip saroud, a o1
Figures .2, +d; 4gand 6 gndnd-7 lshow

s
heating gystem in the wing

m there to the atmosphere,
details of the exhaust
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In order to assist the transfer of heat from the ex~

haust duct and the distribution of this heat over the sur-—




feece. of. the  wing, air, was taken.in throuvegh. arpert: on.the
wing leading edge near the engine nacelle and passed along
a8 circuitous route within the wing. After entering the
leading~¢édge port, the air was passed along the space
formed by the outside of the exhaust tube and. the inside
of the wing leading edge. After having been heated, as a
result of passage along the leading edge of the wing, the
alr Wasg. run Jinto.the after-porkion. of the.wing and:fimally
discharged through louvers in the upper surface about 30
percent of the chord length ahead of the trailing edge.
The quantity of air which was passed through the wing was
controllable from the pilots' cockpit. Figures &, 9, 10,
and 11 show details of the air circulation system. The
air-discharge louvers on the upper surface of the wing

and the exhaust discharge at the wing tip are shown in
figure 12, The heat was distributed over the span between
the engine nacelles and the tips. Temperatures of the ex-
haust gas, gas duct, wing structure, wing skin, and circu-
lated air were measured in flight by thermocounles. Pres-—
sures within the exhaust-duct system were measured at five
points along the exhaust tube and manifold. Instruments
and equipment for making the temperature and pressure
measurements are shown in the airplane cabin in figure 13,

Heated air for the pilot's windshield was taken from
the exhaust air heater of the right engine., The heated
air was piped to a manifold at the windshield leading edge,
Details of the air-duct system for the windshield are
shown in figures 14 and 15. A control for the flow of
heated air through the windshield was located in the pi-
lots!' cockpit. The windshield was composed of two panes

ot i%-inch safety glass, spaccd % inch apart. Heated air

flowing between the two glass pancs was intended to pre-
vent the formation of ice on the exterior and of frost on
the interior. The exhaust-wing heating system and hot-
air heating system for the windshield with the necessary
test apparatus =dded about 150 pounds to the weight of the
airplane,

Protection against the formation of ice on the pro-
peller blades was provided by the distribution of alcokol
from a tube on each blade extcnding from the hub along
the blade leading edge. The tubes, which were made of
rubber, were lashed to the propeller blade near the stag-
nation pressure line. The propeller anti-icing fluid -tube
and attachment are shown in figure 16.




Additional protection of the pilot's windshield was
sought through the use of a rotating windshield wiper.
Alcohol was discharged from the hub of the wiper which was
intended to prevent the formation of ice over the disk
swoept by the rotating blade: A wiew of the windshield
wiper is shown in figure 17,

Protection against ice oa the pitot-static heads was
obtained by €lectric heating on the gervice head and by
exhaust heating on a head develoned by the laboratory for
use in these tests. The exhaust-heated head is shown at-
tached to the wing tip in figure 1%. The strut was 13
inches in diameter and 2% inches in length., Exhaust gas
from the tip shroud was ducted through a tube along the 2
center of the boom out and against the pitot—-static head,
then back along the annular space between the central and
outer tubes to the wing-tip shroud. The power necessary
for the exhgust eireunlation was obtained from the kinetic
energy of the gas in the tip shroud.,

The leading edge of the horizontal stabilizer was
equipped with a Goodrich inflatable de-icer. The de-icer
was a two-lobe type and was designed with a rubber flap
extending from the de-icer to the rear edge of the fairing
strips. The de-~icer installation is shown in figure 19.

No provision was made for the prevention or removal
of ice from the wertical fins, propeller svinner, co-
pilot's windshield, antenna wires and struts, oil cooling
air-inlet scoop, and the wing leading edge between the en-
gine nacelles and the fuselage,

TESTING MZTHODS

On the basis of wedther forecasts from the U. S.
Weather Bureau and the Weather Station of the U. S. Air
Corps at Moffett Field, California, flights were scheduled
to coincide with atmospheric conditions in which ice would
form. Duriing the flights in ieing conditions, notations
based on visual observations and instrument readings were
made., Attemnts were made during each icing flight to ma-
neuver the airnlane out of the clouds in order that photo-
graphs of various parts of the airnlane could be.madse,

The heating equipment for the wings, pnitot-static
head, and windshield was started prior to encountering ice
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durinsg some flights, while in others heating was not start
ed until after one=~cighth inch or more had formed on the
leading edge of exposed parts. 4 small telltale strut wa

mounted on the right wing on which ice was allowed to form.
Photographs of the wing and of ice on the strut were made

4
to show in a visual manner the ice protection which was
Provided for the wing by the heating systemn.

RESULTS AND DISOUSSION

The neat which was supplied to the wing by the exhaust
duct along the leading edge successfully oprevented the for-
Wabv1on of Tee on all flients.  Figures 20, 21, and 22 show
photographs of the wing which were made during icing
fllzhts. Data which describe the conditions encountered
during the flights are shown with the photographs. When
icing conditions were encountered with air temperatures
below 0° ¥, a tendency for ice to form around the air in-
take on the wing leading edge was observed. Under
i s wing heating system was
ting caracity, thin sheets
v
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The temperature of the alumipum wi
critical points alonz the exhaust wi
not adbove 200° F in any case, and nof
case of the wing'®s primary structura
ma*n beam, The back pressure on the
flow of exhaust gas throuzh the wing was less than 2
*rcaes of water at all points in the aust manifold and
collector ring., No¢ effect on. the performance due to the

use of the exhaust wing heating system was observed.
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Important factors in the design of exhaust-heating
equipment, in-addition to the degree of ice protection
afforded, such as corrosion, thermal expansion, failures
resulting from vibration, and increased weight and cost
have been considered, After about 50 hours' flying time,
an inspection of the airplane indicated that while the
need for maintenance and repairs had been found, a remedy
for each defect was not difficult to discover.

The temperature rise of the exhaust-heated pitot~
static head above that of the ambient air was about 65°,
The head position and strut slhape employed were desirable
from the viewpoint of position error. At air speeds in
the vicinity of cruising - i.e., 140 miles per hour and
above, the correction for this type of head located at the
wing tip, is near zero. The prevention of ice on the head
by the use of exhaust heating, was entirely satisfactory.

The prevention of ice on the pilot's windshield is
illustrated in figure 24, in vhich the windshield is free
of ice. During several flights, lce was aliowed to feorm
before the heat was turned on and it was found that ice
could be removed as well as prevented, The windshield
wiper was unsatisfactory because of ice formations on the
blade, as seen through the windshield in figure 24, and
because of uneven alcohol distribution over the swept disk
of the wiper., The air stream lifted the wiper blade off
the glass over a part of the arc of rotation, and ice
formed on the glass over this region. It appears that
the windshield heating as employed in these tests is ade=
quate for protection against ice and frost.

Ice removal was only partially successful on the hor-
izontal stabilizer on which the inflatable de-icer had
been installed. It was observed that if the ice forma-
tion was hard and confined to the leading-edge region,
upon inflation of the lobes of the de-icer the ice would
break into many pieces and blow away. However, if the
ice extended rearward over the surface or was inclined to
have a soft consistency, the inflation of the lobes would
break the ice only slightly sand much of the ice would re-
main cn the wing leading edge. TFigures 25 and 26 show
the ice accretion remaining on the leading edge of the
stabilizer after the inflatable de-~icer had been operated
during one flight.,

No preeeptible propellex unbalance or loss in power
was experienced during the icing flights. It should bde




noted that althcugh anti--icing propeller eaquipment was

provided, the speed of the propellers on the test airplane
probably was sufficiently high that ice was thrown off ei-
ther by centrifugal force or melted by aerodynamic heating.

The formation of ice on an antennn wire and insulator
is shown in figure 27. Greater formations than those
shown in figure 27 were observed on several flights withe
out breakage of antenna wires or insulators, Stranded
stainless—steel antenna wires and rubber strain insulators

are used in the antenna system.

DISCUSSION OF TESTS IN ICING CCNDITIONS

The meteorological conditions during the icing flights
included various types of disturbances. Air temperatures
ranging from -10° to +320 F were recorded, the most severe
icing condition occuring at about 25° F. Rime and glaze
jce were observed on the unprotected parts of the airplane,
as well as combinations of rime and glaze ice, with the
combinations made complex in some tests by the addition of

SNOWe.

Data taken during severe icing conditions have been
confined to observations on the degree of ice protection
afforded by the different comnonents on the airplane. The
severe icing encountered was accompanied by violent turbu-
lence, snow—anderain static which stopped radio communica-
tion, and occasional dangerous electrical discharges. On
March 30, 1941, a series of cold and warm fronts crossed
the Pacific Coast in the viecinity of northern California,
which resulted in severe icing conditions. During this
disturbance the cloud structure was unbroken and extended
from 4000 feet to above 16,000 feet. Ice-prevention tests
were made at an altitude of between 9000 and 10,000 feet,
over whiech range the air temperature varied from 229 to
og0 F, The icing rate and the violence of the turbulence
increased steadily during the flight. About 5 minutes af-
ter severe icing conditions were encountered, the tests
were terminated because of dangerous flight conditions.
The airplane was struck by an electrical discharge which
melted the trailing edge of one propeller blade and the
edges of the airplane structure at several voints., The
length of time that the airplane was in the condition of
most rapid icing was sufficient to observe that the wing
and windshield heating system appeared to be adeqﬁate. In



this perticular storm the wing ice~prevention system was
operating on about 50 percont of the maximum aeating capac—
ity availables

COWCLUSIONS

l¢ Under all conditions of icing encounteored in the
zht teste, satisfactory protection against the forma-
ice on the wings of the Lockhecd 12A airplane was

.":‘
ained by the use of heat from the en3ine exhaust.

o A considoration of the weizght of exhaust wing-
heating equipnent, thac effects of the equipment on the per-
fornanece of the nirplane, and the probvlen of maintenance
of the equipment indicates that the use of exhaust-neated
wings has immediate practicesl possibiiities.

Z¢ The use of air heatinz on the pilot's windshield
and ex:kaust heating orn %the n1t0t~static head was found to
provide satisfactory protection azainst ice on these parts.
Ameg Aeronautical Ladboratory,

National Advisory Committee for Aeronautics,

Moffett Field, California.
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"~ NACA
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Figure 1. - Lockheed 12-A airplane. Alterations were made to a standard
commercial model which include provisions for heating the
wings with exhaust gas, and the windshield with heated air.

NACA
b i AAL-1168

Figure 12. - Three-quarter rear view of airplane, showing location
of air discharge louvers in the wing upper surface and
exhaust discharge at the wing tip.
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NACA Fige. 3,3
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Figure 2. - Exhaust tall pipe showing "Y" and valve systems. When the
valve over the normal discharge opening closes, a butterfly
valve in the elbow opens permitting the exhaust gas o
pass through the wing heating tube.

]

¥ NACA
8 AAL -1206
\

Figure 3. - Exhaust wing heating tube and wing leading edge shown
disassembled.



NACA Figs. 4,5

A-53

Figure 4. -

Exhaust wing heating tube in leading edge showing mounting
ring and spring.
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NACA
Z AL - 120
Figure 5. . g

Tip end of wing heating tube, shown disassembled with the
leading edge.




NACA Figs. 8,7
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Figure 6. - AAL =118
The wing tip and tip shroud. The exhaust discharges from
the opening at the left.

The normal exhaust discharge opening and clapper valve.
This valve is closed in varying degrees, depending on
the amount of wing heating desired.




NACA Figs. 8,9,10

A-53

Figure 8. - A view of the wing leading edge showing the air intake
port. The opening area of this port could be varied
during flight by a control located in the pilot's

cockpit.

NACA
AAL-IZI

- R
Figure 10. - Air outlet louvers, located on the upper wing surface.
Two were employed on each wing, each located about
5 inches ghead of the rear wing beam.




NACA

A-53

Figure 13.
Temperature

Figs. 11,13

Interior view of wing during construction.

airplane.

FPigure 11.

| NACA
KAL-1226 .

and pressure measuring equipment in Lockheed

The position
of the air discharge louvers are seen on the wing skin
attached to the back side as shown in this photograph.

12-A




A-53.

Figure 15. -

Air heated pilots windshield showing the hot air manifold
along the top of the fuselage and the leading edge of
Figure 1). the windshield.

Alr duct and valve leading to the windshield hot-air
manifold. This view is from the front end of the
fuselage at the baggage door.
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NACA Figs. 16,17

A-53

Figure 16.

Propeller anti-icing equipment. A rubber tube, conducting
alcohol, discharges on the blade near the stagnation
pressure line.

Figure 17.

Rotating windshield wiper mounted on pilot's windshield.




| NACA Fige. 18,19

Figure 18. -

The exhaust heated pitot static hesd.

Figure 19. -

Goodrich inflatable de-icers on the Lockheed 12-A tail
surfaces.
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NACA
AAL~1270~B

Figure 20. -

Ice formation on the tell-tale strut; wing and pitot-

static head protected from ice formation by the use
of exhaust heating.

Data: Airspeed, 140 m. p. h.; altitude, 10,000 to,
12,000 feet; Cumulus clouds; air temperature, 20 to
260 F.; air, moderately rough; rime ice formation;
estimated rate of icing, 7 inches/hour. The flight

was made In the vicinity of Moffett Field, Calif.

Figure 27. -

A view of the Lockheed tail surface and radio antenna
showing a formation on the wire resulting from a
light rime icing condition.

L8808 8314




Figure 21.

A photograph taken on an icing flight during which ice was prevented on the airglano
wing and pitot-static head by the use of exhaust heating. Ice on the tell-tale
trut §ives an indication of the nature_of the icing conditions.
Data: tA rspegd, lﬂoog.tp. hb;Fa}ttfude, 8,00 {o 3,500 fegt; Cumg}ug-ﬂimbgg flouds;
Eiﬁze?mBEEasHS% s ush;oeséimaﬁéd rgtemggeiggggy gotgezeigcﬁegoggr’hogg?s e fiigﬁ%e’

was made between Tacoma, Washington, and the Pacific Coast.
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NACA
AAL-1277

Figure 22. -

TegnpiRg “exnanstt tﬁ*ﬁew%ni%maglSﬁeofoi]éilegﬂ the"sErik ThoehY FOfepssusl FR8E.LTST Hhs

Da %: ¥ A£ i g °2L0 e itude, 8,000 to 8,50
(2}
; rspee f?uge, 2ge gltitu 2 Cpdd o) h5 % feetO{cYmulus and ougulgs stratus

ond D ro £
the¥8§§%£ ?aég?éﬁguntains %11@% Was mhde 1H the’9iain ty °St ﬁeggorg urezon,rgvgr
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Ice formation on the wing
nacelle and the fuselage
is given on figure 22.

leading edge between the engine |

The data for this flight
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NACA
AAL-1279
- Figure 24, - A view through the pilot's windshield during an icing flight. The glass ii free from E
lce on the exterior and frost on the inteFlor. Thé dat& for the light is given on i
figure 21. The low air temperatures produced frost on the co- ilot's windshield .
interior; ice forming on the exterior. Ice ls seen on the windshield wiper blade o
protruding to windward about an inch. -
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The inflatable
having been p

de-icer on the horizontal

laced in operation.

The photograph was taken during

The data for this i
the early part of the f1
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AAL-I1280

stabilizer of the Lockheed alrplane after

ght 1s found on figure 21.
ight.
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Figure 26. - A photograph of the
after the photogra
stabilizer leading

N

de-icer on the Lockheed tail
ph shown in figure 25,

edge throughout the flight.

NACA
AAL-128I

which was taken a few minutes

Residual ice remained on the

98 814
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