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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

ADVANCE RESTRICTED REPORT

AN INVESTIGATION OF A THERMAL ICE-PREVENTION SYSTEM
FOR A C-46 CARGO AIRPLANE
IITI - DESCRIPTION OF THERMAL ICE-PREVENTION EQUIPMENT
FOR WINGS, EMPENNAGE, AND WINDSHIELD

By Alun R. Jones and Ray J. Spies, Jr.
SUMMARY

As a part of an investigation of a thermal ice-prevention
system for a Curtiss-Wright C-46 airplane, the equipment for
the wings, empennage, and windshield has been designed, con-
structed, and installed by the Ames Aeronautical Laboratory of
the National Advisory Committee for Aeronautics. The research
was undertaken in order to provide the C-46 airplane with pro-
tection from ice formations and to continue the general devel-
opment of thermal ice-prevention equipment.

This report is the third of a series on the 0-46 pro ject
and describes (1) the revisions to the wings, cmpennage, and
windshield for thermal ice prevention, (2) the temperature-and
Pressure-measurement equipment installed in the airplane for
the determination of the performance of the system, and (3)
the results of static-load structural tests of a spscimen of
the wiﬁg outer-panel leading edge which indicated that the
strength had not been impaired.

INTRODUCTION

This report is the third in a series on a comprehensive
investigation of a thermal ice-prevention system for a C-46
cargo airplane. The first two reports of the series are pre-
sented as references 1 and 2, The NACA has designed and in-
stalled satisfactory thermal ice-prevention svstems for the
Lockheed 12A airplane, the Consolidated XB-24F airvplane, and
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the Boeing B-17F airplane (references 3, 4, 5, and 6), and
thig investigation is a continuation of the development which
was initiated in those earlier researches.

A description of the construction and installation of
the thermal ice-prevention system specified in references 1
and 2 in a production model of the C-~-46 airplane, as well as
a degcription of the instrumentation installed to determine
the performance of that system, is presented in this report.
Also reported are the results of static-load tests of a por-
tion of the wing outer-panel leading edge which were conducted
to investigate the effect of the installation of the ice-pre-
vention system on the strength of the structure.

The investigation was undertaken at the Ames Aeronautical
Laboratorv of the NACA, Moffett Field, Calif., in cooperation
with, and at the request of, the Air Technical Service Command
of the U, S. Army Air Forces. The appreciation of the NACA
is extended to the Curtiss-Wright Corporation for the valuable
consulting and liaison services of Messrs. Harold Hirsch and
Francis Doyle, and for granting permission to publish the re-
sults of the structural tests which were performed by Curtiss-
Wright personnel on the wing specimen.

DESCRIPTION OF THERMAL ICE-PREVENTION EQUIPMENT

General

The C-46 airvlane (fig. 1) is a twin-engine low-wing
monoplane of the heavy cargo tyve powered by two Pratt and
Whitney Model R-2800-51 engines having a sea-level rating of
2000 horsepowser each.

The general arrangement of the airplane as revised for
thermal ice prevention is shown in figure 2. The ice-preven-
tion system is based upon the transfer of heat from the en~
gine exhaust gas to air wanich is then caused to flow along
the inner surface of any portion of the airplane for which
provtectioh is desired. 1In the application of this principle
to the C-46 airplane, the necessary heat is removed from the
exhaust gas by means of two exhaust-gas-to-air heat exchangers
installed in each nacelle, as shown in figure 2. The heated
air from the outboard exchangers is used to provide ice pro-
tection for the wing outer panels and tips. The inboard ex-
changers suvply heated air for heating of the cockpit and for
the prevention of ice formations on the wing inboard panels,
enmpennage, and windshield.
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The design of the thermal ice-prevention system as in-
stalled on the C-46 was based on flight conditions of maximum
range at 18,000 feet pressure altitude and 0° F ambient-air
temperature. An analysis of the heat requirements for the
wings, empennage, and windshield (reference 1) indicated that
the required capacity for each of the four exhaust-gas-~to-air
exchangers would be about 300,000 Btu per hour with an air-
f]og rate of 4130 pounds per hour and a temperature rise of
SO0 B,

Primary Heat Exchangers

The exhaust-gas-to-air heat exchangers installed on the
airplane are of the flat-plate cross-flow type and are shown
in figure 3. They were fabricated from sheets of Inconel
pressed into the required shape and welded together along the
edges. A% the forward end of the exchanger, all the plates
are welded together and also to the exhaust-gas inlet. At
the rear of the exchanger, however, the two outer plates are
not attached to the inner plates or to the gas outlet, thus
allowing the inner core to expand independent of the outer
cooler plates. The gas outlet is attached to the inner group
of plates. The plates, approximately 9 inches by 15 inches,
are assembled to form 17 air passages 0.21 inch wide and 16
exhaust-gas passages 0.28 inch wide. A more conmplete descrip-
tion of the exchanger, thc design analysis, and the results
of preliminary flight tests are presented in reference 2.

The heat-exchanger installation is shown in figure 4.
The forward end of the exchangers was rigidly attached to the
engine mount by a yoke~type clamp; therefore, a universal
Joint was required between the exhaust~gas collector rings
and the heat exchangers to compensate for relative motion be-
tween the collector rings and engine mounts. The exchangers
were supvorted at the rear end with a channel-and-lug arrange-
ment which allowed the exchanger inner plates and exhaust
outlets to exvand rearward for about 1/4 inch. The revised
collector ring and the exchangcr supports for the right out-

board installation are shown in figure 5. The air-inlet
scoops and outlets attach directly to the exchangers, as
shown in figures 4 and 6. Valves for the purpose of direct-

ing the heated air to the ice-prevention system or discharg-
ing it to the free stream were installed immediately after
the exchanger air outlets. The discharge valves and outlets
were fabricated from stainless steel as a precautionary meas-
ure in the event of exchanger failure, The heated-air ducts
from the discharge valves to the leading edge of the wing
were fabricated of aluminum and, in the case of both sides
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of the left nacelle, were formed as venturi meters in order
to provide means for evaluating the rate of air flow.

The shrouding of the exchanger installation is shown in
figures 7, 8, and 9. The entire exchanger assembly up to the
wing leading edge is covercd by a single fairing containing
outlets for the exhaust-gas and heatcd-air discharge. A
cooling-air svstem for the universal ball Jjoint was incorpor-
ated in the design in order to prolong the service life of
the joint. This system is shown diagrammatically fnlifl gune 7
and consists of a shroud around the inner side of the ball
joint forming a l-inch annular space, between the shroud and
the joint, through which cooling air is circulated. The
cooling-air inlet scoop and discharge are formed from one
piece and are shown in the completed installation (fige. 7

and 9/,
Heated-Air-Distribution System

The heated-air-distribution system is shown in figure 2.
No blowers are installed in the primary-air system, the cir-
culation of the air depending upon the ram availadble at the
exchanger air inlets and the pressure conditions at the dis-
chargze locations. In the case of the outboard exchangers,
the air is admitted to the wing outer-panel ice-prevention
system at a point just outboard from the nacelle. For single-
engine operation of either engine, the heated air can be di-
vided between the right- and left-wing outer-panel systems by
operation of crossover valves located as shown in figure 2.

In the case of the inboard exchangers, the heated air
passes through the leading edges of the inboard panels in 6~
inch-diameter ducts to a common junction on the left side of
the fuselage. A portion of the air is diverted from the ducts
in the inboard panels to supply the inboard-panel leading-edge
jce-prevention system, From the junction in the fuselage, the
heated air is directed forward through a 4-inch duct to the
secondary heat-exchanger installation in the airplane nose and
aft through a 6-inch duct to the empennage. The straight por-
tions of the distribution ducts were formed from 0.020-inch-
thick 24S0 alclad aluminum alloy, and the elbows were formed
from 0,032-inch-thick 3S aluminum alloy. All of the foregoing
ducts, with the exception of the inboard-panel duct, were
thermally insulated with a layer of 1/32-inch-thick asbestos
paper and a layer of l-inch-thick material of the rock-wool
type. The ducts were then covered with aircraft linen.

Several valves, usually of the butterfly type, were
located throughout the heated-air supply system in order to
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control the distridbution of the air flow. The locations of
some of these valves are shown in figure 2 and the remainder
will appear in subsequent figures. The means of valve con-
trol will be discussed later in the report.

Wings

A typical section of the wing outer-panel leading edge
as revised for thermal ice prevention is shown in figure 10.
In order to promote the transfer of heat from the internal
air to the airfoil skin, the air is caused to circulate
against the inner face of the skin by the application of a
double-skin system. The inner skin extends rearward from
the leading edge to the 10-percent-chord point, and is cor-
rugated in such a manner that a series of chordwise air pas-
sages are formed between the inner and outer skin. The
heated air enters the chordwise passages through a gap at
the leading edge between the upper and lower segments of cor-
rugated inner skin.

Spanwise distribution of the heated air is obtained by
means of a duect formed by the installation of a spanwise
baffle extending from the upper to the lower corrugated skins
and located at approximately 5.5 percent chord. One of the
factors influencing the location of the baffle was the fact
that the wing main ribs terminatcd at about 5.5 percent chord
and the leading-edge loads were carried br nose ribs forward

of that point. The overlapping of the existing main and nose-

rib webs precluded the installation of a continuous baffle
and, also, the nose-rib webs prohibited spanwise flow of the
heated air. The revised desizn, therefore, incorporated a
new set of nose ribs desizned to provide a spanwise air pas-
sage and a continuous baffle which was easily fabricated and
installed. The nose-ridb loading is transmitted to the main
ribs, or to intermediate nose-rid stiffeners located between
the main ribs, through an extruded angle-and-bolt arrangement
on each side of the baffle.

The left-wing outer-panel leading edge with the inner
corrugated skin and revised nose ribs installed is shown in
figure 1l1. The nose ribs are located as follows: one at
wing station 11, 15 inches apart from stations 22 to 232,
30 inches apart from stations 232 to 292, and none outboard
of station 292, (For wing station locations, see fig. 2.)

A rear view of the baffle plate installed in the wing
leading edge is shown in figure 12. The L-shape stiffeners
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shown are located behind the intermediate nose ribs and at-
tach to the spanwise hat-section member located on the upper
surface of the wing (fig. 1C). The stiffeners shown midway
between the L sections are also located bekind nose ribs and
are attached to the wing main ribs as shown in figure 13.
The extruded ansle bolted through the baffle plate to an
identical angle on the nose rib, and the end of the corru-
gated inner skin, beveled to provide a larger exit area, may
also be seen in figure 13.

The necessity for the addition of the nose-rib liner
(fig. 10) to the system was indicated in tests in which air
was blown into the revised leading edsge before attachment to
the wing. The tests, discussed in reference 1, showed that
the nose liner was reouired in order to obtain a spanwise
distribution of the heated air which conformed to the distri-

bution found necessary by the design analysis. The nose
liner extends spanwise from wing station 11 to the last nose-
rib location, station 292. Heated air for the corrugation

passages leaves the nose-liner duct through l-inch-diameter
holes spaced avproximately 4 inches apart on the top and bdot-
tom surface of the liner near the baffle plate (fig. 10).
The air then passes through a plenum region between the nose
liner and corrugated skin and into the chordwise passages
through the leading-edge gap. The l-inch holes in the nose
liner were located near the baffle rather than at the lead-
ing edge mainly because of installation difficulties exper-
ienced in slipving the liner into position. A view of the
nose liner installed in the leading edge of the right wing
is shown in figure 14.

After leaving the corrugation passages, the heated air
circulates throughout the wing interior, passing through re-
inforced holes in the spar webs, and is discharged through
the aileron and flap slots.

The revisions to the wing tips are shown in figure 15.
The type of leading-cdge construction is similar to that em-
ployed in the case of the wing outer panel with the exception
that the corrugated inner skin is reviaced by a dimpled type
which is more adaptable to the double-contour forming neces-
sary in the wing-tip revisions. The baffle plates in the
wing outer panel and tip are located at the same chord sta-
tion at the tip Jjoint, thus extending the spanwise distribu-
tion duct to the extreme end of the wing tip.

The thermal ice-prevention system for the leading edge
of the. inboard panels is shown in figure 16. The corrugated
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inner skin, in this case, extends in a continuous sheet from
5 percent chord on the wing lower surface to 10 percent chord
on the upper surface. The heated air for the system is ob-
tained from the supply ducts from the inboard exchangers
through the installation of slide valves on the upper surface
of the ducts. The heated air is caused to flow through the
corrugation passages, from bottom to top, bv surrounding the
supply duct with a baffle. The web of the inboard-panel
front spar is highly stressed and therefore no holes were cut
for circulation of the heated air through the interior of the
wing. The air returns to the free stream through existing
openings in the structure. The inboard-panel leading-edge
skin, with corrugzated inner skin attached, is shown during
installation on the wing in figure 17. The supply duct from
the left inboard exchanger and the angles with which the baf-
fle is attached to the ribs can also be seen in figure 17.

» Empennage

The general arrangement of the thermal ice-prevention
equipment in the emvennage of the C-46 airplane is shown in
figure 18, Distribution of the heated air between the sta-
bilizer and the fin, and between the right and left sides of
the stabiligzer, is controlled by adjustment of the three but-
terfly valves shown in fizure 18.

The revisions to the stabilizer and the fin leading
edges are identical and a typical section is shown in figure
19, The design -is similar to that employed in the case of
the wing outer panel. The corrugated inner skin extends
rearward to 10 percent of the airfoil chord and the corruga-
tion passages are identical to those in the wing. A rear
view of the baffle plate and corrugated inner skin for the
stabilizer leading edge is shown in figure 20, The complete-
ly revised leading edge prior to installation on the stabi-
lizer is shown in figure 21, After leaving the leading-edge
region, the heated air circulates through the stabilizer or
fin interior and is discharged at the elevator or rudder
slot. The dimvled-skin and continuous-baffle type of con-
struction ' employed in the wing-tip revisions was also uti-
lized in the case of the stabilizer and fin tips (figs. 15
and 18). The modified leading edge of the fin'tip is shown
in figure 22 during construction. The baffle has been bent
away from its attachment angles in order to show a larger
portion of the dimpled skin and the air gav at the leading
edge. The revised leading edge prior to installation on the
fin is shown in figure 23,
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Secondary Heat Exchanger and Windshield

A secondary heat exchanger was installed in the nose of
the airplane to provide heated air for cockpit and windshield
heating as shown in figure 24, A schematic drawing indicat-
ing the flow of air through the installation is presented in
flienre 25. Secondary air was nsed for the heating medium in
preference to primary air in order to minimize the possibil-
ity of carbon-monoxide poisoning of the flight crew. The
secondary exchanger is of the all-~aluminum, flat-tube tyve
similar to current intercooler designs. The design analysis
of the windshield-heating requirements (reference 1) indicated
that the secondary air would not have sufficient heat capacity
for windshield protection,and therefore provision was made to
dlscharge the vprimary air from the secondary exchanger over
the outer surface of the windshield for additional heating.
This was accomplished by attaciing a secondary skin to the
fuselage surface immediately forward of the windshield. The
gap between the fuselage and secondary skins is about 1/4
inch. Primary air from the secondary exchanger is introduced
into this space through slots in the fuselage skin and is dis-
charged at the base of the windshield through an opening 1/4
inch by 58 inches along the lower edge of the windshield. An
additional vortion of the primary air is bypassed around the
exchanger and employed to heat the regions surrounding the
secondary-air inlet and passing light. The secondary air
enters the system at the airplane nose and, by means of the
valves located immediately behind the exchanger, the pilot
and copilot can control the mixture temperature of the cock-
pit ventilating 2ir. When windshield heating is desired, the
heated secondary air from the exchanger can be directed to
the blower by operation of the two valves shown in section
A-A of figure 25.

The internal thermal ice-vrevention system for the wind-
shield is shown in figure 26. The installation for each side
of the windshield consists of an inner removable panel spaced
3/16 inch from the existing outer panel and an air-distribdu-
tion duct along the bottom of the windshield. After passing
through the gap between the inner and outer vanels, the
heated air is discharged into the cockpit at the top of the
inner panel. Previous experience with similar air-heated-
windshield installations has shown that ice tends to form on
the unheated center post and extend over the windshield area.
In the present design, therefore, heating of the center Dost
was provided by the installation of a removable channel whi
formed a chamber for circulation of the heated air as shown

in  figure. 26.
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Controls

The valves for the operation and regulation of the ther-
mal ice-prevention system will be discussed in the order of
(1) those controllable in flight, and (2) those adjusted on
the ground and fixed for flight. The four &ischarge valves
at the exchanger air outlets are operated by electric motors
which are controllable from the cocknit. The motors are lo-
cated inside the nacelles adjacent to the valves and the two
are connected by a short linkage mechanism throusgh a cut-out
in the nacelle skin. The control motor installed in the out-
board side of the left nacelle is shown in figure 27. The
rated torque capacity of the motors is 70 inch-pounds. A
circuit diagram for the installation of the motors is pre-
sented in figure 28, Operation of the switch labeled "heat
to wing" and "discharge" in the figure causes the motor to
drive the valve from one position to the other. The motor is
stopped at each limit of the valve travel Dby a 1imit switch
mechanism attached to the valve arm. The green and amber
lights shown in figure 28 indicate the position of the dis-
charge valve, amber designating the discharge condition. The
control motors as supplied by the manufacturer were equipped
with high-temperature override units, but these devices were
not connected into the system for the preliminary performance
tests. The discharge-valve control-motor panel, as installed
in the cockpit of the airplane, is shown in figure 29.

The crossover valves (fig. 2), the four valves at the
secondary heat-exchanger outlet (figs. 24 and 25), and the
windshield heated-air supply valve (fig. 25) are adjustable
in flight by means of push-pull cable controls. The cross-
over valve controls are located in the main cabin of the air-
plane and the remaining controls are within reach of the
pilot and copilot, All of the remaining valves of the system
are normally fixed prior to flight; although a few, such as
the inboard-nanel slide valves (fig. 16), can be adjusted in
Blfeht 1 f necesisary.

DESCRIPTION OF INSTRUMENTATION

Temperature- and pressure-measuring apparatus was in-
stalled in the thermal ice-prevention syvstem for the purpose
of determining the performance of the equipment., The princi-
pal factors to be measured and upon which the evaluation of
the performance is based may be taken as (1) weight rate of
heated-air flow to all parts of the svstem, (2) temperatures




NACA ARR No. 5A03%b 10

of the heated air, and (3) temperature rise of components of
the airplane exmosed to the heated air. The air-flow rates
are determined by venturi meters installed in the supply
dvcts and the temperatures are determined with thermocouples.

An index to the pressure-orificé and thermocouple loca-
tions for the entire thermal ice-prevention system is shown
in figure 30, and the specific locations are given in figures
3l to 38. The dash numbers following the thermocuple and
pressure—~orifice designations in figures 31 to 38 indicate
the type of mounting zs detailed in figure 39. The pressure-
orifice locations, for the most part, were confined to the
venturi meters, although a few orifices were located in the
air inlets of the left-nacelle heat exchangers, in the
exhaust-gas stack of the left outboard exchanger, and in the
secondary-exchanger windshield installation. The single
pressure orifice located in the exhaust stack immediately
forward of the left outboard sxchanger (fig. 31) was con-
nected to a manifold-pressure gage. All of the remaining
pressures, including reference total and static pressures
from a pitot-static head located beneath the airplane near
the nose, were connected to a glass-tube alcohol manometer
shown in figure 40,

All of the thermocouvles were of iron-constantan wire
with the exception of one exhaust-gas chromel-alumel thermo-
couple (designated Gl, fig. 31) located immediately forward
of the left outboard heat exchanger. The iron-constantan
thermocouples (about 200 in number) were connected to a
switching arrangement which provides manual or automatic
thermocouple selection. When the unit is operated manually,
the leads from the swithcing assembly are connected to a
temperature~indicating instrument and the operator selects
and observes the temperature of anvy one of the thermocouvples.
For automatic operation, tkre switching assembly is driven by
a small electric motor and the leads are connected to a re-
cording galvanometer. The temperatures are recorded as de-
mleieti'ons on @ 2.4-inch-wide roll of phot ographic film. The
switching unit consists of nine banks of 24 thermocouple
points each, and automatic operation is obtainable as follows:
(1) Record the 24 points of any one bank and then stop; (2)
record any one bank continuously; (3) record all nine banks
in order and then stop; and (4) racord all nine banks in or-
der continously. The temperature-seclecting and ~recording
unit is shown in figure 41. The calibrating panel shown be-
side the temperature recorder is used to impress a series of
constant known voltages on the recorder film for calibration
purposes. The chromel-alumel thermocouple was provided with
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leads at the observer's station which can be connected to an
indicating millivoltmeter or potentiometer.

The accuracy of the data obtained from the thermocouple
installation used to measure skin temperatures (tyvpe 1, fig.
39) has been difficult to establish. In order to compare the
data from this type of thermocouple with. a more delicate but
probably more accurate type of installation, eight special
thermocouples, designated as surface thermocouples, were in-
stalled at wing outer-panel station 1538 at the locations
shown in figure 34, The surface-type thermocouples were made
from 0.0C5-inch-diameter manganin and constantan wires which
were butt-welded together and then rolled to a flat strip
approximately 0.002 inch thick. The thin strip was then
placed on the outer surface of the airfoil skin with the
junction within 1/4 inch of the washer (type 1) installation.
Because the eight surface thermocouples were manganin-
constantan, they could not be added to the iron-constantan
recorder circuit and therefore they were connected to a
switch with a separate set of lead wires.

STRUCTURAL TESTS OF WING LEADING EDGE

General

The test specimen which was fabricated for the purmnose
of investigating the strength of the revised wing leading
edge 1s shown in figures 42, 43, 44, and 45, The leading-
edge contour of the specimen for the entire span was taken as
that existing at wing station 22 (chord = 191,7 in.) and may
be considered, with negligidble error, as an NACA 23017 pro-
file. The span of the specimen (60 in.) incorvorated three
main ribs and two intermediate ribs. After fabrication in
the shops of AAL, the specimen was tested at the Buffalo, N.Y.
Airport Plant of the Curtiss-Wright Corporation, Airplane
Division. The test data presented herein are revroduced from
a Curtiss-Wright report. The tests were conducted by Messrs.
J. Kline and M, J, Berman under the supervision of Mr., E, L.
Dashefsky, C-46 Structures Project Leader, and were made
available for inclusion in this report through the courtesy
of the Curtiss-Wright Corporation.

Test Procedure

The loads to be applied to the svecimen were determined
by adjusting the initial 1limit loading established for the
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Curtiss-Wright model 20 to meet the present requirements.

The initial loads were increased by a factor of 1.25 to ac-
count for an increase in gross weight from 40,000 to 50,000
pounds and by a factor of 1.3 to allow for reduced vield
strength in the structure as a result of elevated tempera-
tures. The revised limit loads were theraefore established as
1.25 x 1.3 = 1.63 times the 'initial limit loads. The ulti-.
mate loads were taken as 1.5 times the revised limit loads.
The results of these load calculations are summarized in
table I. The unit ultimate loads from table I were plotted
to give a curve of chordwise loading. The areas under the
curve were measured and centroids located from which the con-
centrated ultimate loading (shown in fig. 46 for 15 in. of
span) was established.

The loads were applied to the svecimen with the lever
and whiffletree arrangement shown in figures 47 and 48. The
steel mounting angles at the aft end of the specimen (fig.
42) were bolted to the test frame and all loads were applied
and indicated with the three turnbuckle-dynamometer systems
shown in figure 48. Upper-surface pull-points were located
at the center of each of the four rib bays, and the load was
distributed over four corrugations through a steel-channel
and wood-block installation as shown in figure 49. Distribu-
tion of the compression loads was effected with a steel-
channel and felted-board arrangement which may be seen in

figure 47.

Several Ames deflection dials were located around the
specimen at the points shown in figure 50. These dials were
attached to a wocd frame which in turn was secured to the two
steel channels at the rear of the specimen in order to mini-
mize errors caused by deflections of the test frame. The
loads were applied to the specimen in increments of 20 per-
cent of the revised limit loads. For each test configuration
initial loadings of 10 percent of the revised limit loads
were applied to the specimen and the readings of the deflec-
tion dials were recorded. These readings were arbitrarily
established as "zero" set. Subsequent to the application of
loadings equal to or greater than 60 bercent of the revised
limit loads, the loads were reduced to the arbitrarily chosen
loading of 10 percent of the revised 1limit loads and readings
of the deflection dials were again recorded. A4 comparison of
these readings with the gzero-set readings established the
set, or permanent deformation, produced by each load applica-
tion. Five different configurations of the specimen were
tested, the final form being completely without nose ribs as
shown in figure 51, The alterations to the specimen for seach

—
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test, the locations of the dial deflection gages, the test
results, and remarks are summarized in table II.

Comments

The deflections and sets for tesghts 1, 4. sand bBiare pre-
sented in figures 52, 53, and 54, respectively. The deflec-
tions for tests 2 and 3 were approximately the same as for
test 1 and are not presented. The test results indicate no
appreciable change in maximum deflection until all the nose
ribs were rcemoved for test 5. From a structural standpoint
the specimen was satisfactory in all tests since all deflec-
tion curves up to the limit load were straight lines, indicat-
ing that no yielding had taken place. The deflections of
test 5, however, might be unsatisfactory from aerodynamic con-
siderations. Of the five configurations tested, the nuunber 4
arrangement is recommended for future use, although consider-
ation should be given to the possible further weight reduction
to be obtained through the use of thinner sheet for the fabri-
cation of sonre parts of the systen.

Ames Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Moffett Field, Calif.
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TABLE I.- DETERMINATION OF ULTIMATE UNIT LOADING
FOR STATIC TESTS OF C-46 WING OUTER
PANEL LEADING-®BDGE TEST SPECIMEN

i Unit pressures
cent (1b/sq in.)
}
flaonc Upper surface Lower surface
1 ks Re~ Ini = Re-
s _ Ulti-
t4al | vised Ulzl t48l | ¥ised ilfl
limit imig | BRYS 1imit limit ol i
0.5 0.65 .06 41,58 0.54 i 0.88 1033
|
2.0 1.50 2.12 | 3.18 .50 | .81 1.3
5.0 1.52 2.47 ! 3.70 .36 .59 .88
|
= ’
7.5 1.50 2.44 | 3.66 .29 .47 270
o
10.0 1.44 2.35 | 3.52 .22 | .36 .54
{5 i i




TABLE II.- RESULTS OF STATIC-LOAD STRUCTURAL TESTS OF SPECIMEN CF C-L46 AIRPLANE
WING OUTER-PANEL LEADING EDGE

Deflection

|
|

Test Model configuration aials Inckciisd Remarks
1 |As shown in figures 42, 43, UL, and U5 1, 2, 3, 4, 5,]At about 130 percent limit load several

and 6

spot welds atbaching baffle plate to
stiffeners of main end ribs failed.
Test continued to ultimate load. Spot
welds replaced with 1/8-inch rivets.

2 |Removed spanwise "Z" stringer from 1, 2, 3, U4, 5,iDeflections recorded approximately the
lower-surface corrugations (fig. U45), and 6 same as for test 1. Deflections and
renlaced intermediate nose-riv stiff- meximun set at ultimate load were less
eners (fig. 45) with 5/8~ by 5/8- by then test 1 because of rivets in place
0.032-inch 2US-T alclad angles rivet- of spot welds. Slight bLuckling of
ed to baffle. Aft clip angles at~ skin aft of hat section at ultimate
taching intermediate nose-ribt stiff- load and also slight buckling of
eners to nose ribs (detail a, fig. baffle-plate stiffener angles.

4) replaced with 2US-T 2lclad bent
clip angles. Forward legs of upper
and lower corrugated baffle angles

(fig. 42 and detail a, fig. U4) re-
moved.

3 |{Bemoved nose~rib-reinforcing angles 1, 2, 3, 4, 5,{Dial at new location (7) recorded 0.004
(fig. 43) and plugged holes with 1/8- 6, and 7 inch (max.) at ultimate loading. De-
inch rivets. Added dial 7 to indi- flections and sets did not increase
cate magnitude of buckling aft of appreciably.
hat section.

4L |Removed the two intermediate nose 1, 2, 3, 4, 5,|Up to limit load, all curves were
ribs (fig. 45) and plugged holes with 7, and 8 straight lines, indicating no yielding
1/8-inch rivets. Dial 6 read same as had taken place.

1, so was moved to location 8. :
5 |{Removed remaining nose ribs and 1, 2, 3, 4, 5,|No permanent buckling at ultimate

plugged holes (fig. 51).

7, and 8

load. Marked increase in deflections.
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Figure 1.- The C-46 airplane for which the NACA designed and installed thermal ice--
prevention equipment for the wings, empennage, and windshield.
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Figure 3.- Cross-flow plate-type exhaust gas-air heat exchanger as installed
on C-48 airplane viewed from exhaust inlet side.
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Figure 6.- Right outboard heat-exchanger installation on C-46 airplane
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Figure 8.- Heat-exchanger shroud installed on outboard side of right nacelle, o0

C-46 airplane.
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NACA ARR No. 5A403b Figs. 9,13

Figure 9.- Right outboard heat-exchanger installation
on C-46 airplane ready for flight.

Figure 13.- Rear view of 5.5-percent-chord baffle plate
installed in wing outer-panel leading edge,
C-46 airplane.
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Figure 11.- Corrugated inner skin and revised nose ribs installed in leading edge
of left wing outer panel, C-46 airplane.

X




Figure 13.- View showing details
of attachment of

revised wing outer-panel leading

edge to original structure, C-46

airplane.

. : A=16

Figure 14.- View of nose liner

in right wing outer-
panel leading edge from inboard
end, C-46 airplane.
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Fig. 18

NACA ARR No. 5A03Db

SNI TSI DE-D SO TOPNNMIONT N/ AN 1755 |
NOLLNTATIS -7 D7 TEWITHL SO L7OAY 7 TEIINT O —8F 7I7O/S

o S
@ : \ / ! S SOTINVNOYAY ¥0L
B ot SR L TALLINKOD XHOSIAQY TVYNOLLIVA
& A TS 7
STINLTZO 7O7=F
ON/ICVT7 &OFS e

G
NO/ LI TNV &L

D FON VI ON T
CIVOIN/ WOdF
oIV OFTLY T

6/ OLS FFS ST/IVLTT
FOOT ON/OVTT 00

M Y
adIL ON/IM OL TV TIW/ ST




Fig. 19

D e e s
g/

Pl g e

AAWA T WA AL T H o T FVY R TTAY BRI 0 S 7/l T,

AN L AV T A A B~ 2
T W OT AL FOF OFSIAT O SV SFZO0T ON/TFT 7

6/ Fo/7 O/

LI TH e pE
oo/ XLV FT777F§

SOILOAVNOYEY ¥0d HALIINNOO
X¥OSIAQY TYHOILYH

OFNFAA (LS FZ TON &

DAL e, OO
= 7ONF
OFL P Or7 002 T

NACA ARR No. 5A03Db

$ # -V

= 7oL ONNZ L7 O/ T

SOOCLIATTT X O F7OC7 < /
LV SLINT PSP s T S

//
= .
B or O Ns 7704 P FFS
: DT LT e
{ ‘ = NS FFNNS CZLFO2 5 TOD
S e Ao oo
] o G
\ : e \\\\\V —
o /0 S
o
Wear
o
C)

D7l LS e el
N/AS TFL70

%%Q%Gw.\%\ . . o..
Ly oS .

AT A




NACA ARR No. S5A03Db Fig. 30

Figure 20.- Rear view of baffle plate and corrugated
inner skin for stabilizer leading edge,
C-46 airplane.
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Figure 21.- Revised leading edge prior to installation on stabilizer, C-46 airplane.
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NACA ARR No. 5A03b Figs. 23,23

Figure 22.— Revised leading edge of fin tip showing
baffle plate and dimpled-skin details,
C-46 airplane.

Figure 23.- Revised leading edge for fin tip prior to

installation, C-46 airplane.
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Figure 37.- Discharge-valve control

motor installed in out-
board side of left nacelle, C-48
airplane.

A-16

Figure 29.- Control panel for dis-
charge-valve motors

of C-46 airplane thermal ice-pre-

vention equipment.
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Figure 40.- Alcohol manometer installed in cabin of C-46
alrplane for indicating pressure differentials
‘ in performance tests of thermal ice-prevention equipment.



GALVANOMETER
CALIBRATING
PANEL

o >

Figure 41.- Thermocouple selecting unit and recorder installed in C-46 airplane
for performance tests of thermal ice-prevention equipment.
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NACA ARR No. 5A03Db Fig. 47

Figure 47.- 8ide view of system for applying static- loads
' to structural test specimen of C-46 wing outer-
panel leading edge.




i NACA ARR No. 5A03Db Fig. 48

Figure 48.- Front view of system for applying static loads
to structural test specimen of C-46 wing outer-
~ panel leading edge.
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Filgure 45.- Rear view of C-46 wing leading-edge static test specimen showing channel
and wood-block arrangement for distributing tension load to corrugations.
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NACA ARR No. 5A03b Fig. 51

NACA
AL-5887 -

Figure 51.- Static test specimen of C-46 wing outer-panel
leading edge as altered for test number 5.
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FIGURE 52.-DEFLECTIONS INDICATED By AMES DIALS DURING
STATIC TEST NUMBER ONE, C-46 WING OUTER-FANEL

LEADING - EDGE SFPECI/IMEWN -
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FISURE 53.= DEFLECT/ONS INDICATED BY AMES D/IALS DURING
STATIC TEST NUMBER FOUR, C-46 WING OUTER-PANEL

LEADING = EDGE SFPECIMEN.
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NACA ARR No. 5A03b Fig. 54
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FIGURE 54.= DEFLECTIONS INDICATED BY AMES D/IALS DURING
STATIC TEST NUMEBER FIVE, C-46 WING OUTER-FANEL
LEADING -~ EDGE SPEC/MEN.




