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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

TECHNICAL MEMORANDUM X-34

ELEVATED-TEMPERATURE TESTS UNDER STATIC AND AERODYNAMIC

CONDITIONS ON CORRUGATED-STIFFENED PANEI_*

By Joseph M. Groen and Richard Rosecrans

St_MARY

Thermal-insulating panels made of O.O05-inch-thick corrugated-

stiffened sheets of Inconel X, backed by either bulk or reflective insu-

lation, were tested under static and aerodynamic conditions at elevated

temperatures up to 1,800 ° F in front of a quartz-tube radiant heater and

in a blowdown wind tunnel at a Mach number of 1.4. The tests were per-

formed to provide information on the structural integrity and insulating

effectiveness of thermal-lnsulating panels under the effects of aero-

dynamic heating.

Static radiant-heating tests showed that the bulk insulation pro-

tected a load-carrying structure better than did the reflective insulation;

however, the bulk insulation was much heavier than the reflective insu-

lation and made the panel assemblies about three times as thick. Three

of the four panels tested in the heated supersonic wind tunnel fluttered

and failed dynamically. However, one panel demonstrated that flutter can

be alleviated considerably with proper edge support. The panels deflected

toward the heater (or into the airstream) at a rate which was primarily

dependent on the temperature difference through the panel thickness.

INTRODUCTION

The effects of aerodynamic heating on the load-carrying components

of an airframe during high-speed flight constitute a major structural

design problem. These effects can be divided into two groups: (1) those,

resulting from a temperature risej which cause alteration of the mechani-

cal properties in the heated materials, and (2) those, resulting from a

nonuniform temperature distribution, which cause unequal thermal expan-

sions which, in turn, can cause thermal stresses.

Title, Unclassified.



Oneway to counteract these effects is to protect the load-carrying
structure from aerodynamic heating with a lightweight thermal insulation.
Someexamples of this type of construction are discussed in reference i
which showsthat for short-term high-speed flights, insulation alone can
furnish adequate protection. For flights of longer duration, wherein an
internal cooling system is employed, insulation serves to reduce the
cooling capacity required.

The present investigation was made in order to provide information
on the structural integrity and insulating effectiveness of a corrugated-
stiffened insulating panel under the effects of aerodynamic heating. The
results are, therefore, presented for tests on eleven corrugated-stiffened
panel assemblies at elevated temperatures. The panel assemblies used in
the investigation were fabricated and supplied by Bell Aircraft
Corporation from proprietary designs and were tested both by static
radiant heating and in a supersonic blowdownwind tunnel. The static
tests were madein the langley Structures Research Division, and the
aerodynamic tests were performed at the NASAWallops Station.

A short discussion of the results of these sametests is given,
without data, in reference 2; however, a more complete description of
the insulating panels and an amplification of the results are presented
herein.

PANELASSEMBLIESANDTESTEQUIPMENT

Panel Assemblies

Each panel assembly consisted of a corrugated-stiffened panel, insu-
lation, a backplate, hat-type supports, and retainer straps. (See
figure 1.)

Corrugated-stiffened panels.- The corrugated-stiffened panels,

referred to hereinafter simply as panels, were composed of a skin stif-

fened on one surface by a corrugated sheet. The skin was a 0.O05-inch-

thick-flat Inconel X sheet approximately 8 inches wide by 12 inches

long. Two expansion joints formed by V-type creases in the skin divided

the surface into three sections. The corrugated sheet was made of

O.005-inch-thick Inconel X with a 0.512-inch pitch and amplitude. The

skin and corrugated sheet were Joined by seam welding. Detail i in fig-

ure l(a) shows a cross-sectional view of a typical panel.

Insulation.- The panels were backed by one of two types of insula-

tion: (i) a bulk insulation 0.94 inch thick, or (2) a reflective insu-

lation which was a thin flat sheet of polished aluminum foil. The



panels backed by bulk insulation are shownin figure l(a), and the panels
backed by reflective insulation are shownin figure l(b).

Backplate and panel supports.- The panel and the insulation were

placed in front of a 0.25-inch-thick steel backplate which was used to

simulate a load-carrying structure. The panels backed by bulk insula-

tion were held away from the backplate by hat-type supports in order to

provide room for the insulation. (See detail 2 in figure l(a).) These

supports were designed as nonrigid members so that thermal expansion of

the panel would not be hindered, were formed of 0.020-inch-thick stainless

steel, and were riveted to the backplate. On some panels a O.062-inch-

diameter wire was inserted between the top of the hat-type supports and

the bottom of the corrugation to insure that the panels would be firmly

supported yet free to expand with little frictional resistance during

heating.

The panels backed by reflective insulation also utilized a clearance

between the bottom of the corrugations and the backplate to provide room

for the polished aluminum foil. (See detail 2 in figure l(b).) This

clearance was provided by inserting O.062-inch-diameter wires between

the panel and the backplate; these wires, in turn, allowed the panel to

expand with little frictional resistance during heating.

Frame and retainer stra_s.- The panel, insulation, and backplate
were enclosed in a structural steel frame. The bottom of the frame was

then bolted to the backplate. The top of the frame and a strip approxi-

mately 0.19 inch wide around the periphery of the skin of the panel

were covered with retainer straps.

Edge Conditions

The panel assemblies, described previously, differed according to

skin edge conditions and also according to the type of insulation (bulk

or reflective). The skin edge conditions were of four variations, num-
bered and described as follows:

(i) Straight edge. All four edges of the skin were cut off in a

straight line. (See fig. l(c).)

(2) V-notched edge. V-type notches in the shape of isosceles

triangles with O.12-inch altitudes and 0.20-inch bases were cut in the

side skins between seam welds. (See fig. l(d).)

(3) Rounded notches. Rounded notches, approximately 0.20 inch wide

by 0.12 inch deep, were ground in the skin between seam welds. (See

fig. l(e).) Also, the leading and trailing edges of the skin were notched

at two locations (2 inches from each edge) with semicircular cutouts of
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0.06 inch radius, the retainer straps were chamfered where they came in

contact with the panel skin at the leading and trailing edges, and a dry

lubricant (powder) was rubbed between the retainer straps and the panel

skin. In addition, the expansion joints were slit, except in the vicinity

of the instrumentation, during the static radiant-heatlng tests but were

left intact during the aerodynamic tests.

(4) Brazed angle supports. All four skin edges were crimped as shown

in figure l(f). Along the two chordwise edges angles of O.05-inch-thick

material were brazed to one leg of the crimped skin and to the ends of the

corrugations. Along the leading and trailing edges, a flat stiffener

0.25 inch wide and 0.05 inch thick was brazed to the extended leg of

crimped skin.

Panel Designations

The eleven panel assemblies used in the investigation are hereinafter

described by an alphabetical and numerical notation to designate the type

of insulation used and the edge conditions. Insulation is signified by

the letters B (bulk_ or R (reflective). Edge conditions are designated

by the numeral describing that particular modification which is appropri-

ate, as indicated in the preceding section. For example, panel B-3 refers

to a panel backed by bulk insulation with edge condition (5) as given in

the preceding section titled "Edge Conditions."

Of the eleven panel assemblies used, seven (one B-l, one R-2, two

B-5, two R-5, and one B-4) were tested in front of a static radiant

heater and four (two B-3, one R-5, and one B-4) were tested in an

elevated-temperature supersonic blowdown wind tunnel. Skin edge condi-

tions (2) and (3) were on-the-spot modifications of condition (i) and

were made during testing, while edge condition (4) was that of a completely

redesigned panel.

Test Fixture

In order to perform aerodynamic tests at elevated temperatures, a

fixture incorporating a radiant heater was designed to fit the nozzle

exit of a blowdown wind tunnel. This test fixture was equally adaptable

for static radiant-heating tests.

The fixture consisted of a Mach number 1.4, 12- by 12-inch nozzle
block and an attached structural steel framework. The framework held a

panel assembly, a movable radiant heater, and reflectors in position at

the nozzle exit so that the panel assembly was virtually an extension

of one of the nozzle side walls. A wedge-shaped leading edge on the



framework scooped off a O.125-inch boundary layer ahead of the panel
assembly which was located 0.125 inch from the nozzle wall into the
airstream.

A quartz-tube radiant heater was mounted on the framework Just out-
side the airstream and opposite and parallel to the panel assembly. The
radiant heater could be moved, to vary the distance between the panel
assembly and the heater, by actuation of a hydraulically operated cylinder.
Reflector plates were attached at the top and bottom of the nozzle to con-
tain the radiant energy between the heater and the panel assembly. Photo-
graphs of the test apparatus (including the tunnel nozzle), the structural-
steel framework, a panel assembly, reflectors, and radiant heater are shown
in figure 2. A more complete description of the radiant heater is given
in the appendix of reference 3.

Instrumentation

The instrumentation used during the investigation consisted of
thermocouples, deflection-measuring devices, and high-speed motion-picture
cameras.

Thermocouples.- Each panel was instrumented with 21 thermocouples

of No. 30 chromel-alumel wire located as shown in figure 3, except that

one of the B-3 panels had thermocouples positioned as shown in figure 4

and that two of the B-4 panels had only 7 thermocouples (thermocouples 5

to i0 and 16) located as shown in figure 3. Thermocouples were attached

to the skin and to the corrugated sheet by spotwelding and were peened

into small holes drilled into the backplate.

Deflectometers.- Some of the panels were fitted with deflectometers

to measure out-of-plane deflections. A deflectometer consisted of a

spring-steel cantilever beam, to which was fastened a push rod which,

in turn, passed through a hole in the backplate and rested against a

small metal pad spanning the distance between two adjacent corrugations.

The push rod was held in position by a slight pressure from a coil spring.

Displacement of the push rod produced a deflection of the beam. Changes

in strain at the root of the cantilever were determined by four wire

strain gages connected to form a four-active-arm Wheatstone bridge whose

output was recorded on an oscillograph. Deflectometers, when used, were
attached near the centers of the midstream and downstream sections of

the panels.

Cameras.- Photographs were taken after most of the static radiant-

heating tests. During the aerodynamic tests, a visual record of panel

behavior was recorded by 16-millimeter motlon-picture cameras operating

at speeds of 85 or 1,000 pictures per second. All cameras were located



to one side of the nozzle center line, and were directed upstream at an
angle of approximately 45° from the panel assembly. Complete motion-
picture coverage w_s obtained for the first two tunnel tests (when the
heaters were not energized). Motlon-picture coverage of subsequent tests
was limited to that time during which the radiant heater was energized

because of the large variation in lighting intensity.

Accuracy

Given in the following table are the estimated probable errors in

individual measurements and the corresponding time constants. The time

constant, which is considered independent of the probable error, is

defined as the time at which the recorded value of a step function input

is 63 percent of the input; at three time constants, the response amounts

to 95 percent of the input. Errors due to thermocouple installation are

not included, but are believed to be approximately ±2 percent according

to data presented hereinafter.

Measurement of - Probable error Time constant, sec

Stagnation pressure .......

Stagnation temperature .....

Panel temperature ........

Panel deflection ........

±0.4 psi

±4 ° F

±6 ° F

±0.006 in.

0.03

0.12

o.o3

0.02

STATIC RADIANT-HEATING TEST PROCEDURE

The panels were to be tested at a temperature level as near as

possible to 1,600 ° F in a Mach 1.4 blowdown wind tunnel. The wind tun-

nel, however, had a stagnation temperature of 680 ° F and a test duration

of approximately 20 seconds; therefore, it was necessary to provide addi-

tional heating. This additional heating was supplied by a quartz-tube

radiant heater placed opposite the panels and Just outside the airstream.

However, the large heat input required to raise the panel surface to

1,600 ° F during a test was expected to cause initial skin temperature

rise rates of the order of several hundred degrees Fahrenheit per
second.

In order to observe panel behavior at high skin temperature rise

rates without the effect of air flow, twenty preliminary static
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radiant-heating tests were performed on four panel assemblies. Subsequent

to these preliminary tests, six additional static radlant-heating tests

were made in order to evaluate panel insulating effectiveness and to meas-

ure panel deflections.

During each of the static radiant-heating tests, the fixture was

mounted on a wall in the Langley Structures Research Division. The panel

assemblies were positioned in the holding fixture opposite the radiant

heater and were subjected to heating rates which were controlled by adjust-

ment of the heater-to-panel distance and by variation of the voltage to

the heater. The panel types tested, along with pertinent test conditions

are given in table I.

RESULTS AND DISCUSSION OF STATIC RADIANT-HEATING TESTS

Panel Behavior

During the preliminary static radlant-heating tests (i to 20) on

panels B-I, R-2, B-5, and R-3, severe skin surface deformations of two

distinct types, creases and rectangular buckles, were observed. These

observations are given in table l(a).

Creases (similar in appearance to the V-type expansion Joints, see

figs. 5(a) and 5(b)) began to form in each of the three skin sections at

temperatures of approximately 900 ° F. In all cases, the creases first

appeared at the panel edges and grew parallel to the seam welds with

increasing temperatures. As a result of the application of various stress-

relief techniques in the form of skin edge conditions (2) and (3), and

in particular condition (4), (see section titled "Edge Conditions") the

creases were alleviated up to a temperature of 1,800 ° F.

Rectangular buckles, approximately 0.3 inch by 0.5 inch began to

form on the surface of the skin at temperature differences through the

panel thickness of approximately 600 ° F and at heating rates of i00 ° F

per second. (See fig. 5(c).) The buckles first formed diagonally in

the corners of the three skin sections and gradually spread and alined

themselves with the panel edges. The rectangular buckles are attributed

to compressive stresses in the skins caused by a temperature difference

through the panel thickness, according to a theory presented in refer-

ence 4. The theory given in reference 4 was developed for plate struc-

tures in which opposite sides were symmetrically heated so as to produce

only axial deformations. This theory does not apply in the present

study since bending deformations caused by unsymmetrical heating took

place; however, the relationship between permanent panel buckling and

temperature difference through the panel thickness is similar to that
of reference 4.
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Insulating Effectiveness

Measurements of the insulating effectiveness of three panels (B-5,

R-3, and B-4) were made during tests 21 to 23 by subjecting each panel

to a comparable heating cycle. The heating cycle was composed of an

initial interval, during which the skin temperature was raised 20 ° F per

second until 1,500 ° F was reached, and a second interval, during which a

temperature of 1,500 ° F was maintained for 45 seconds. Temperature data

are given in table ll(a).

Temperature histories showing skin temperatures, corrugation tempera-

tures, and backplate temperatures are plotted in figure 6. The tempera-

tures, plotted at lO-second intervals, were obtained by averaging, sepa-

rately, readings of all the skin thermocouples, the corrugation

thermocouples, and the back-plate thermocouples except those which were

known to be seriously affected by retainer straps (thermocouples 6 and 7)

or by expansion joints (thermocouples 18 and 19). (Thermocouple i,

test 22, gave widely divergent readings for no apparent reason and was

arbitrarily discarded from the average.) In some cases the remaining

skin temperatures differed from an average value by ±i0 percent, and

some of the backplate and corrugation temperatures differed from their

respective averages by ±30 percent.

As an accuracy check, thermocouples were installed in duplicate for

panel B-3, test 21. (See fig. 4.) The data show that for duplicated

thermocouples the temperatures were essentially the same and agreed within

±2 percent. However, the temperature variation between groups of thermo-

couples over the surface of the panel showed that the temperature distri-

bution was not uniform. (For instance, thermocouples i and 2 gave

readings that were 7 percent lower than thermocouples 5 and 6.) This

nonuniform temperature distribution is attributed to electrical unbalance

among the three phases supplying current to the radiant heater.

Even though temperatures which vary widely have been used, the

results presented in figure 6 illustrate the ability of the different

panel types to retard the flow of heat into the back-plate. For the

present tests all the panel types protected the backplate reasonably

well. Bulk insulation protected a load-carrying structure more than

did reflective insulation; however_ the bulk insulation was much heavier

than the reflective insulation and made the panel assemblies about three

times as thick. For the short-term (2-minute) tests, the B-panels with

bulk insulation allowed a maximum backplate temperature rise of 15 ° F,

while an R-panel with reflective insulation allowed a backplate tempera-
ture rise of 184 ° F.
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Deflections

Measurements of out-of-plane deflections on panels B-3, R-3, and

B-4 were obtained by deflectometers during tests 21 to 26. Deflection

data are given in table III, and plots of deflection histories are shown

in figure 7. During tests 21 to 23, at a skin temperature rise rate of

20 ° F per second, all the panels deflected in a similar manner and moved

toward the heater at a decreasing rate. An average value of approximately

0.056 inch was reached at the end of 40 seconds. Additional tests (24

to 26) on panel B-4 were made to determine deflection sensitivity with

regard to the front surface temperature rise rate. Values showing an

average trend for deflections are given in the following table which was

obtained from plots in figure 7(d) and the data in table II(a).

Front

surface

Test Panel temperature

23 B-4

24 B-4

25 B-4

26 B-4

!rise rate,

°F/see

20

i0

4O

8O

Maximum

temperature

difference

through

panel

thickness,
%

217

124

333

531

Heating

rate,

Btu/sq ft-sec

0.6

.3

1.2

2.4

Time at

which

maximum

deflection

Maximum

deflection,

in.
was reached,

sec

0.056 40

.030 70

.lOO 28

.152 16

The plot in figure 7(d) for a skin temperature rise rate of 40 ° F

per second shows that panel deflection was reduced after a peak value was

reached. This behavior can be explained through analysis of a thermally

loaded flat plate which shows that deflection is dependent on the tempera-

ture difference through the plate thickness. This temperature difference,

in turn, is dependent on the heating rate and the interval of heating.

For static radiant-heating tests 23 to 26 on panel B-4, an empirical

relationship was determined by drawing a straight llne through a plot of

panel deflections against average temperature differences through the

panel thickness. The panel deflection was found to be proportional to

0.00028 times the temperature difference, and a correlation with experi-

mental data is shown in figure 7(d).
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WIND-TUNNELTESTPROCEDURE

The aerodynamic tests were made in the preflight Jet of the NASA
Wallops Station used as a Mach1.4 blowdownwind tunnel. The tunnel was
operated by opeuing a pressure control valve which allowed dry air to
escape from two storage spheres and pass through a heat accumulator before
entering a 12- by 12-inch Mach 1.4 nozzle. The panels were tested in a
free stream at the exit of the nozzle.

Data for the aerodynamic tests are shownin table IV. The values
given for stagnation pressure were averaged from measurementstaken at
selected points in the cross section of the airstream. The stagnation
temperature was obtained in the samemannerbut, in addition, was cor-
rected for the position of the test panels in the airstream according
to the results of profile surveys madeon the nozzle used in these tests.
Values obtained in this way are approximate but provide a reasonable
estimate of the true stagnation temperature. Other tunnel conditions
were computedfrom these stagnation-pressure and temperature values.

In order to perform aerodynamic tests at panel skin temperatures
as near to 1,600° F as possible, the radiant heater in the fixture w_s
energized during three of the five aerodynamic tests. The use of this
device allowed testing, during blowdown, at panel skin temperatures in
excess of the tunnel stagnation temperature. The panels tested, the
skin temperature reached during blowdown, and pertinent details are
given in table l(c).

RESULTSANDDISCUSSIONOFWIND-TUNNELTESTS

Five aerodynamic tests were madeon four panel assemblies. Two
configurations (B-3 and R-3) were tested both with and without additional
radiant heating. Panel B-4 was subjected to a combination test in which
the tunnel ran for ll seconds before the radiant heater was energized.

A motlon-picture film supplement has been prepared and is available
on loan. A request card form and a description of the film will be found
at the back of this paper on the page immediately preceding the abstract
and index pages.

Temperatures and Insulating Effectiveness

Recorded temperatures for the aerodynamic tests are given in
table II(b). Graphs of representative tests show skin temperatures,
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corrugation temperatures, and backplate temperatures plotted against
time in figure 8. _e plotted temperatures were obtained by averaging,
separately, readings of all the skin thermocouples, the corrugation
thermocouples, and the backplate thermocouples except those which were
knownto be seriously affected by retainer straps (thermocouples 6 and 7)
or by expansion Joints (thermocouples 18 and 19). In somecases the
remaining skin temperatures differed from an average value by ±15 percent,
and the back-plate and corrugation temperatures differed from their respec-
tive averages by ±25 percent.

The tunnel tests provided little information on the insulating
effectiveness of the various panels because of the brevity of the tests.
In general, the temperature rise in the backplate was approximately pro-
portional to that experienced during the static radiant-heating tests.

Panel Behavior

Flutter.- The two B-3 panels fluttered and failed during tests,

both with and without additional radiant heating. The R-3 panel survived

the test without radiant heating but fluttered and failed at temperatures

under 800 ° F when radiant heating was added. The B-4 panel survived an

aerodynamic test with temperatures up to 968 ° F during air flow with only

a slight indication of vibration of small amplitude. These results

demonstrated the importance of edge-support conditions.

All of the panels which fluttered did so in a similar manner dis-

torting into long buckles which were about i inch wide and parallel to

the corrugations. These buckles gave the panel what might be described

as a washboard surface. A motion-picture camera speed of 1,000 pictures

per second was insufficient to establish the exact details of the motion;

however, the flutter mode is shown in the film supplement which is avail-

able on loan. (Ref. 5 discusses tests at higher Mach numbers on similar

panels in which straln-gage records showed frequencies of 580 cycles

per second.)

Deflections.- Deflectometers were used during the tunnel tests to

record panel deflections. The data obtained are shown in table III.

The panel deflections were approximately 25 percent larger than those

obtained for comparable temperature differences through the panel thick-

ness during the static radiant-heating tests, and this condition indi-

cated an increase in the constant of proportionality between deflection

and temperature difference through the panel thickness. This increase

in deflection is attributed to panel vibration during the tunnel tests

which reduced the edge restraint of the clamped angle supports.

Skin deformations.- Of the two panels (R-3 and B-4) which survived

the aerodynamic tests, panel R-3, test 28, did not exhibit skin
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deformations since the skin temperature rise rates, the temperature
levels, and the temperature differences through the panel thickness were
below the values at which deformations had been previously noted to occur.
Panel B-4, test 30, showedthat creasing can be controlled by proper edge-
support design. Also, this panel exhibited small rectangular buckles
similar to those observed during the static radiant-heatlng tests. (See
fig. _(c).) The small rectan_ar buckles observed in these tests as
well as in the static radlant-heating tests 3 are attributed to thermal
compressive stresses caused by a temperature difference of sufficient
magnitude through the panel thickness.

CONCLUDINGREMARKS

Corrugated-stiffened panels were tested at elevated temperatures
under both static and aerodynamic conditions. The panels differed in
type of insulation, in skin edge conditions, and in support details.
For someof the aerodynamic tests a radiant heater was used, in addition
to the heat accumulator of the tunnel, to increase the skin temperature
of the panel above the tunnel stagnation temperature.

Tests during a heating cycle composedof an initial interval in which
the exposed surface was heated at 20° F per second until 1,_00° F was
reached and a second interval of 45 seconds wherein a temperature of
1,_00° F was maintained showedthat the panels backed by a bulk insula-
tion protected a load-carrylng structure more than did a reflective
insulation; however, the bulk insulation was muchheavier than the
reflective insulation and madethe panel assemblies about three times
as thick. For short-term (2-mlnute) tests, the reflective insulation
allowed a 184° F temperature rise in the protected portion of a panel
assembly while the bulk insulation allowed only a 15° F temperature rise.

The panels deflected toward the heater (or into the alrstream), at
a rate which was dependent on the temperature difference through the panel
thickness.

High heating rates and large temperature differences through the
panel thickness produced local skin surface deformations. Creases of
variable length and depth occurred parallel to the corrugations. The
number, length, and depth of the creases were reduced by modifications
to the skin edges. In one case involving a redesigned edge support,
these creases were eliminated up to temperatures of 1,800° F. Small
rectangular buckles becamepronounced over the surface of all panels at
skin temperature rise rates of approximately lO0° F per second and tem-
perature differences through the panel thickness of approximately 600° F.
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Three of the four panels tested under aerodynamic conditions flut-

tered and failed dynamically. However, one panel with a redesigned edge

support survived a Mach 1.4 test at a temperature maximum during air flow

of 968 ° F. The improved performance of this surviving panel is attributed

to the increased rigidity of the panel edge support.

Langley Research Center,

National Aeronautics and Space Administration,

Langley Field, Va., April 6, 1959.
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TABLE I.- TEST CONDITIONS AND OBSERVATIONS

(a) Preliminary static radiant-heatlng tests on four panels

Test

6

7
8

9

i0

ii

12

13

14

15
16

17
18

19

2O

Panel

B-I

R-2

B-3

R-3

Maximum

skin

temperature,

90o

I, 600

i, 700

1,7oo

2,000

1,3oo

1,58o

1,78o

1,875

1,9oo

1,675

1,64o

1,655

i,ooo

I,iOO

i,ioo

i,IOO

1,7oo

i, 700

1,7oo

Maximum

temperature

difference

through

panel thickness,
oF

3_o

3oo

650

85o
1,070

375
60o

79O

1,000

1,200

6OO

685

82O

140

2OO

345
595

2oo

275

755

Skin

!temperature

rise rate,
°F/sec

55
35

14o

240

39O

55
75

150

270

425

i00

112

200

7
23

50
i00

9

3O

22O

Observations

Faint creases

Faint creases

Pronounced creases and

faint rectangular
buckles in corners

Pronounced creases and

faint rectangular
buckles in corners

Creases and more pronounced

rectangular buckles

Creases

Creases and faint

rectangular buckles

Creases and more pronounced

rectangular buckles

Faint creases

Faint creases

Faint creases

Faint rectangular buckles

Creases and faint

rectangular buckles

Creases and rectangular
buckles

_Creases and more pronounced

rectangular buckles

!Faint creases

Creases more pronounced
Number of creases

increased

Faint rectangular buckles

Pronounced rectangular
buckles
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TABLE I.- TEST CONDITIONS AND OBSERVATIONS - Concluded

(b) Static radiant-heating tests

Test Panel

21 B-3

22 R-5

Skin-temperature

rise rate,

 /sec

20 ° F/sec to 1,500 ° F, and 1,500 ° F

for 45 additional seconds

20 ° F/sec to 1,500 ° F, and 1,500 ° F

for 45 additional seconds

23 B-4

24 i0

25 4O

26 80

20 ° F/sec to 1,500 ° F, and 1,5OO ° F

for 45 additional seconds

Purpose

Measurement of tempera-
tures and deflections

Measurement of tempera-
tures and deflections

Measurement of tempera-
tures and deflections

Measurement of tempera-
tures and deflections

Measurement of tempera-
tures and deflections

Measurement of tempera-

tures and deflections

(c) Wind-tunnel te.sts

Tests

27

28

29

30

31

Panel

B-5

R-3

R-5

B-4

B-3

%dditional

radiant

heating 3

see

On Off

None None

None None

2.02 16.02

lO.961 29.96

ii.01 30.01

Maximum

temperature

of panel skin

during

blowdown, OF

288

4OO

759

968

610

Stagnation

temperature,

62O

644

661

683

675

Test duration,

see

Jet air

off

25

29

3o

24

44

Panel

failure

(approx.)

2

No failure

14

No failure

32
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Upstream sect_ort Midstream sectron Downstream secbon
B-

A

Air flow h_

Retarner strap

Straight edge

Retainer straps removed

20 equal spaces at O 3125

Bulk rnsu at on, 0 94

Frame

Ex pansron joint ...... t .... Corrugation
Detail I

8 88- "q

,:: ,
L ' : J

Section B B

Retainer strap
/f

Insulation ? / _-JlLI_-_t'l _ ' WEre,O062 diam
Hat-type support

-, Bockplate

",- Frame

Deta,[ 2

(a) Panel with bulk insulation.

Figure i.- Detail,4 of panel assemblies. Linear dimensions are in inches.
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Upstream section Midstream section Downstream section

t o o o

Air flow [_

0

B9

0 0 -_- Retainer

A

strap

-- Straight edge

X--Retainer straps removed

--1129 r--20 equal spaces at 03125

I, '! ! /fl , ,i
II _ J_l i II- _rame
U gockptate 4/ I U

Section AA

005 _ _ / _C_ or!uJg ati_non"_ _[
Expansion joint J'

Detail I

Section BB

Retainer strap_ .- Jr --. \
._'" i " ,x,-_Wire, 0.062 diam.

..../' [__ _lnsulation

i" I1 I __, ....,---Backplate

Detail 2

(b) Panel with reflective insulation.

Figure i.- Continued.
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/ i
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I
I I

f
i

I 1_--------/mr°i"_edge

Expansion joint-'

-.oo5 -'1'_I'- -1-_ F
,_Jyv vvvv wv v_ 1.-

.005

(c) Panel edge condition (i), straight edge.

Figure i.- Continued.
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Seamweld-_

I

f

/

/

_A_A_ /k_b'k_lA_ .A_/__ .A..A.

!
I
I
!

I
I

.AJ_A

f-Trailing edge

12

t --_k

Expansion joint --/

(d) Panel edge condition (2), V-type notches.

Figure i.- Continued.
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Seemweld

f
f

I

/
/

LPL.f't .P
.204 t-

_ FTroiling edge

F.t 2 i
i

_-.oo5 -1_ I'- _I.___-
" " "_ _' _ VDDVL/D \r ,,V v v_b ,_ bb

Ex pension joint J _ 005 --_ _-L

(e) Panel edge condition (3), rounded notches.

Figure i.- Continued.
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Seomweld_

_ , I

J
f

=

I

I

1
IIJLIL_ILJLIULI

i

i

__JI I1IL

Trailing
I

edge

.03 Section A A

Corrugated panel

Insulotion

-Backplote

._"- Fr am e

(f) Panel edge condition (4), brazed angle supports.

Figure i.- Concluded.
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\

L-94857. i

(a) View of panel assembly positioned in test fixture at NASA Wallops

Station.

|
|

L-94078. i

(b) Test fixture mounted on a wall in Langley Structures Research

Division.

Figure 2.- Test fixture.
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1.5o F Backplate
Panel type R

4

Iq r]

0"183,___._1f 014 ,

-r-'-_5 u
O 2 5"_r-_ 1.1_

3

• IO_I

O-16 ---'1 i'_--I6 I
_s!_n, I

I

4" 06-_0
0.16

It 20

19 I 21

:8

i_e-_t.25,,.5o

Boc kplete

Panel lype B

Corrugated panel

T
4.00

I, 2,6,7, 8,10,13,16,2 0,21 9,11,14,17 12,15 18,19

Details of thermocouple location

Figure 5.- Typical thermocouple location for panels with either bulk or

reflective insulation. Linear dimensions are In inches.
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,16

18,19,20

I
FI n

0,183]_--_t5 _ 16 1

-F'-_ u

0.25Til7

----I 1.25 --,-

}18

I
19

Bockplole

0.12] I

L T_

•,,-----4.0 6 _---4 06_'_

_L__s I, t 01 / ,I -
1_ _;'-.2-- - -- 0' 3 - -2_ _t 10 - -- ¢7----- '4_t_

/j, t J_il I -It_

/
0.12-3 811 t--0.24

Corrugated panel

4.00

1,2,5,4,5,6,8,11,21 9,10,12,14 7,13

Details of lhermocouple location

Figure _.- 'l%_rr'_ocou_le loc<_tion for I_:_nel B-3, test 21. Line:_r dimen-

sion:_ are in inches.
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(a) Panel B-I after tests i to 5 (maximum skin temperature 1,745 ° F).

(b) Panel B-3 after tests ii to 13 (maximum skin temperature 1,675 ° F).

L-59-1931

(c) Typical panel B-4 showing small rectangular skin buckles over skin

after maximum skin temperature of 1,804 ° F.

Figure 5.- Photographs showing typical panel skin deformations.
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Tempero_ture, °F

1600

1200

800

/ /// /
/

/j
/I /

400 _.. / //

0 20 40 60 80 I00 120
Time, sec

(a) Temperature history for panel B-3, test 21.

-- Skin

------ Corrugotion

--- Bockplafe

Temperoture, °F

1600

1200 /

80C
/

/

40C _/'//-

f_
/

//

0 20 40 60 80 100 120

Time, sec

(b) Temperature history for panel R-3, test 22.

Temperolure, °F

1600

_200

800

400 / /
//

0 20 40 60 80 IO0 120

Time, sec

(c) Temperature history for panel B-4, test 23.

Figure 6.- Typical temperature histories for static radiant-heating
tests.
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o8

o6

Deflection,in. 04

.O2

0 20 40 60 80 I00 120

Time, sec

(a) Deflection history for panel B-3, test 21.

08

o6

Deflection,in..04
J

J

j --.<

.02

0 20 40 60 80 IO0 120

Time, sec

(b) Deflection history for panel R-3, test 22.

o8

06

Deflection, in. 04

.O2

0 20 40 60 80 I00 120

Time,sec

(c) Deflection history for panel B-4, test 23.

Figure 7.- Typical deflectometer data for static radiant-heating tests.
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Temperot ure,°F

20OO

1500

I000

5OO
_- Air off

0 10 0 30

Time, sec

(a) Temperature history for panel R-5, test 28.

-- Skin

--- Corrugation
--- Bockplote

Temperature,°F

2000 I

1500 !
/ _Radiotor on

flutters

0 I0 20 30

Time, sec

(b) Temperature history for panel R-3, test 29.

Temperature,°F

2O00

1500

I000

500

Radiator on_

_Air off

/

/ J

/ /

//1

20

Time, sec

0 10 30

(c) Temperature history for panel B-4, test 30.

Figure 8.- Temperature histories for the aerodynamic tests.
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