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INTRODUCTION

The conference on Aircraft Ice Prevention was organized by
the NACA to convey the Committeets latest research results to
those individuals and organizations responsible for the design,
development, and flight application of alrcraft: 1ce~prevention
equipment.

The technical discussions are reproduced herewith in the
same form in which they were presented so that distribution
might be prompt. The original presentations in this record are
- considered as complementary to, rather than as substitutes for,
the Committeefs system of complete and formal reports.

A ligt of the conferees is included.

NATTONAL ADVISCRY COMMITTEE
FOR AERONAUTICS
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REVIEW OF NACA RESEARCH ON THE
THERMAL ICE-PREVENTION SYSTEM
By Lewis A, Rodert

Flight Propulsion Research Laboratory

INTRODUCTION

When an unprotected airplane encounters lcing conditions, its
ugefulness is reduced because of the detrimental effects of 1ce on
performence,. dependability, end safety. The regearch of the NACA
on ice prevention has been directed to a very large. extent toward
the use of heat

A solution to & problem such as that presented by the forma-
tion of ice can usually be found, dbut the solution always involves
penalties. In order to Judge the relative importance of " penalties
and benefits connected with thermal ice prevention, 1t 1s neces-.
‘sary to understand the severity of the problem when no protection
is provided, One phase of the research hag therefore been con-
cerned with evaluating the changes in 1ift and drag of lifting .
surfaces, loss of thrust, unbalance of propellers, loss of vislon
through windshields, 1ncreased structural loads in external fit-
tings such as radio antennas, and structural damage -due to i¢e”
being thrown from propellers or shed from one part and striking
another, which occurs when an airplane 1s flown in icing conditions.

The research on the thermal system was concerned firat with
discovering heating arrangements for the verious vulnerable parts -
~of the airplane. 'Through thege arrangements heat could be deliv-

ered to the wings, the windshield, and the propeller., Upon dis-
~ covery of what appeared to be workable constructional arrangements
for heating these parts, the next concern was the quantity and.
distribution of the heat required

Inasmuch as the heat regquired is determined not by the con-’
figuration of the vulnerable part alone, but also by the nature
of* the icing cloud, the research also included & study of meteor-
ological conditiona :

The scope of the research has been to determine the detri-
mental effects of ice, to investigate means for applying heat to
the vulnerable parts, to establish deslign procedures for calcu-
lating the heat yequired, and to determine the cloud characterils-
tics which cause the ice, :
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. In the conduct of the research useful date has been obtained
that is applicable to the range of alrplane gpeeds, sizes, and
variations in form that exist or are apt to be found in the near
future.

Acknowledgment is made to the United Air Lines, Northwest
Airlines, and the Alir Materiel Command and the pilots of these
organizations for their contributions in meking possible the exten-
give flight operatlons 1n natural icing conditions.

PROCEDURES AND RESULTS

During the 1920's, flights with unprotected airplanes into
icing conditions demonstrated that a major problem existed and as
a result research on ice prevention by the NACA was started. The
neture of the problem was further evaluated by wind-tunnel and
flight research in which the effects on 1ift and drag on airfoils
were measured. Typlcal of these studles was one conducted in 1939
on the Lockheed 12A airplane (fig. 1), in which protuberances
intended to simulate ice were attached to a wing and the aero-
dynamic characteristics were measured. The simulated formation
gshown on the wing caused a reduction in CLm of 40 percent and

and increase in Cp of ‘the wing &t cruising speed of 450 percent

More recently, the effects on alrplane performance have been meas-
ured by the use of alrcraft with which flight may be safely made
into icing conditions, which is presented by Gough. Ice has been
observed to cause radio-antenna wires to bresk and a study of this
particular problem was made, the results of which are given by
Kepple, Ice thrown from propellers has penetrated %-inch plastic

windows and the sides of the airplane fuselages with sufficient
velocity to cause some damage on the interior of the craft (fig. 2),
Ice shed from the forward portions of the airplane has seriously
damaged the tail structure (fig. 2). The simple conclusion from
this evidence 1g that protection is reguired if operations into
icing conditions are to be attempted.

The use of heat as a means of preventing ice was initiated
prior to 1930 and reported by Theodorsen and Clay (reference 1).
Ice-tunnel and flight investigatlions using model wings and simulated
icing conditions were conducted (fig. 3). At this date, a material
such as 18-8 stainless steel was not available and therefore the
exhaust-air heat exchanger or other high-operating-temperature
equipment was not glven serious consideration., The early models
were heated with steam because it was thought that a practical
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system might be found with such & heating medium and because steam
provided a practical method, through the ‘meagurement of the rate of
precipitation, of determining the heat reguired. It was concluded
from this work that there was adequate heat in the engine exhaust

to protect the airplane wing against ice and that protectlion could
be obtained by heating about 10 percent of the leading edge of the
wing., - ,

In 1937 when the alr line operators had become more in need
of an answer to the ice problem and when better materials were
available, other heating means were examined.  Again; in the icing
tunnel and in flight, models were studied ‘

The trend toward all-metal construction and the possible use
of heated air or engine-exhaust gas In the wing structure required
investigation of various leading-edge heating arrangements (fig. 4).
The passage of exhaust through a tube within the wing leading edge
. and the passage of heated air within the wing were examined in the
flight model (fig. 5), Ice was permitted to form on this model
(fig. 6); the quantity of heat required to remove the ice wag
found to be less then that required to prevent the formation. of
ice. It wae also concluded from this investigation that less than
20 percent of the engine-exhaust heat would be required to prevent
ice on large alrcraft having the power-area ratios of 1937 period.
It was further concluded that by heating the leading-edge 10-percent
region to a temperature 100° F above the ambient-air temperaturs,
when flying in dry air, would supply sufficient heat to prevent 1ice
at the same airspeed. This has been the bagis of the dry-air
method of snalysis of heat requirements.

'On the basgis of these results, a full-scale application was
made on the Lockheed 12A airplane (fig. 7)., The design of this
equipment wag started in 1939 and the first flights in natural
icing conditions were made in the early part of 1941 from the NACA
laboratory at Moffett Field, California, The first Lockheed 12A
design employed an exhaust-gas tube within the wing leading edge.
The flights in natural-icing conditions confirmed in full scale
the results of earlier model research and provided the tool with
which the problem could be generally treated; that is, an airplane
wag provided that could be deliberstely and safely flown into
icing conditions. The ice, so to speak, had beén broken. An
exhaust tube in the wing did not have wide application and there-
fore invegtigations were started on air heating methods., The
arrangement shown in figure 4(E) was found to be satisfactory in.
these investigations, This led to the work on heat exchangers.
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4 number of heat-exchanger development projects  was started
by the NACA in industrial concerns in 1941 whereby it was hoped
that a satisfactory heated-air source would be found, Many firms
responded and several serviceable exchangers were produced. The -
tube-bundle type exchanger resulted from this activity (fig. 8).
The heat exchanger made possible several applications of the
thermal system to wartime airplanes, the experimental versions of
which were designed and constructed by the NACA. The B-24 was the
first of these projects (fig. 9). This craft used four tube-
bundle type exchangers to supply heated air to the wings, empennage,
and windshleld, Modifications were also made for the B-17 and
C~46 airplanes and the Lockheed 12A airplane was converted to the
heated-air system, The full-scale applications made during the war
demonsgtrated, through actual service, the practicability of the
thermal system.

The weight structural complication@ and maintenance aiffi-
culties of the %hermal gystem were indicated from the full-scale
applications., The thermal protection was found to add about 1 per-
cent of the gross weight. By careful design, cabin. heating might
also be obtained without further weight,

“The wing leading edge (fig. 10) was found to add some struc-
tural complications. Metallurgical and structural investigations
indicated no serlous penalty although flight tests with the (C-46
showed that some skin structure might have to be made thicker by
about 10 percent. The circulation of air through the heating sys-
tem caused a small loss in performence., The exhaust-heat exchang-
ers did not have a significant effect on engine power.

The heating of windshilelds was first examined in tunnel -and
flight models in 1938. Using a section of a Stinson airplane
windshield (fig. 11) and simulated icing conditions; data were
taken on the gquantity of heat required to prevent ice formations,
The windshields were heated by passing heated air between two
clogely spaced panes and by the uge of electric power. From these
studies 1t was concluded that about 1000 Btu per hour per square
foot would protect the windshield at airspeeds up to 150 miles per
hour. The results of thls research were later confirmed on the
Lockheed 12A and recently extended on the B-24 and C-46 airplanes,
a discugsion of which is presented by Holdaway.

The initial research on the heating of propellers was con=-
cerned with evaluating the effects of aerodynemic heating. The
National Research Council of Canada made the first full-scale
applications of the thermal system to propellers and demonstrated

m{
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that power for the heating could be provided by hub-type generators.
The topilc of propeller heating ils covered in geveral papers pro-
gented by Gray, Lewis, and Pesman. '

~‘While the dry-air method of determining the quantity of heat
required for ice protection has been useful as demonstrated by the
success of air regearch alrplanes, it has not been consldered
adequate, It was early recognized that the design should be based
on specified meteorological conditions and the guantity of heat as
calculated from the impingement rate and pattern when operating in
these conditions. A study was made by Kentrowitz (reference 2) of
the impingemeunt pattern in 1939 and by others since that date.
This work has recently been extended and is discussed by Bergrun.
The treatment of heat transfer from a wetted surface as examined
initially by Hardy (reference 3) has also been investigated for
the cages of the wing and windshield and these studies are presented
by Neel and Holdaway, respectively.

Obtaining data on the characteristics of an icing cloud has
been most difficult. Research on instruments whereby the liquid-
water content and droplet gize may be measured has been initiated
in our laboratories and sponsored at universities. Without exten-
give data on the problem that nature presents, the design of the
thermal system can only be approached in an empirlical manner,
During flights conducted the past several years, considerable
meteorological data heve been collected. The Weather Bureau has
collaborated with the NACA in this phase on the research by pro-
viding meteorologists and special services of their weather sta-
tiong in the areas of operation., The results of this work ls
presented in the following section by Lewis.

!  CONCLUSION

The results of NACA research on the thermal ice-prevention
system have shown that all entering surfaces of alrcraft intended
for all-weather operation must be protected and that protection
can be provided by the use of heat without significant penalties
to the usefulness of the alrplane. ’

-
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