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1. INTRODVCTION

" puring flight tests of the Atlas missiles, it will be necessary to measure
and telemeter to ground receiving stations numerous surface temperatures
at various locations on the missile skin, It has been proposed that, tem-
pjrature sensitive platinum resistance gages be attached to the missile
surfaces to perform this function. Since these temperature gages will
be exposed to serodynamic heating and high velocity air flow, they must
of necessity be strong and well-bonded to the missile surface. In order
to investigate the adeqpacy of the proposed gage installations, a series
of tests has been conducted at the Thermodynamics Laboratory™in which
the gages bave been subjected to an enviromment similar to that which
they will encounter during actual missile flight. . .-

11. stmdaRy .

JFrom the tests which have been conducted, it appears that gage installa-
tions having no post-application temperature cure have insufficient strength
to remain bonded to the missile skin when exposed to a relatively low
velocity flow of heated air over the surface. However, curing of the
gage installations at moderate temperatures (400-600°F) increased the bond
strength to such a degree, the gages remained firmly attached to the skin
sample after continuous exposure to a 1000°F air flocw having a dynamic
pressure of approximately 200 1lb/sq. ft. for a period of three minutes.
Temperatures indicated by the test gages were lower than the actual skin
temperatures during transient heating conditions, but approached true »
skin temperature fairly closely when steady state heating conditions were
achieved.

- III. TEST EQUIPMENT & PROCEDURE

A number of .0l6 inch thick stainless steel panels having skin temperature
gage installations typical of those proposed for use on the Atlas flight
test missiles were supplied for testing by the Astronautics Data Trans-
mission Group. The platinum resicstance gages, Ref, CVAC Part No. 701299-5,
are produced by Trans-Sonics, Inc., lLexington, Mass.; have a nominal room
temp resistance of about 55 olms; and provide a resistance chuange of about
0.1 oms per °F over their working range of -300°F to 900°F. The gages
are applied directly against the surfuce of the skin and are backed with

a protective cloth covering impregnuted with a silicone adhesive, Chromel-
1lumel. thermocouple Jjunctions werec spotwelded onto the test panels as
follows: T/C #1, attached to the back side of the panel, directly under
the temperature gage; T/C's #2 and #3 attached to the panel upper surface,
1 inch ahexd of and 1 inch to the side of the center of the gage. respec-
tively. The panel wus located immediately downstream of a two-dimensional
convergent-divergent nozzle having an exit 3.05 inches wide and 0.725
inches high (Figure 1). The panel was mounted with its surfuace parallel

to the lower, 1lip of the nozzle, with the temperature gage approximately

two inches downstream of the nozzle exit. Air at any temperature between
ambient and 1000°F., at velocities from Mach O to 0.40 and M = 1.94, and

-
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dynamic pressures from O to 5600 1lbs/sq. ft. was available from the
nozzle during the tests. 1\ shielded chromel-alumel thermocouple
Junction, located dowvnstream of the gage just above the surface of
the test panel, was used to determine the tc‘perature of the heated
air flowing over the test specimen.

The platinum resistance element of the temperature gage was connected
as one leg of a Wheatstone bridge having an output semsitivity, °§/A3¢,
of approximately 1.1 MV/obs. Tue bridge was calibrated periodically
by replacing the resistance gage leg of the bridge with a series of
different, accuraiely known resistances end noting the corresponding
bridge cutput. The outputs of the thermocouples and transducer bricze
were conmtinuously recorded during each test with an Offner direct -
“writing oscillograph recorder. Conversion of the thermocouple voltage
outputs to the equivalient temperatures were made with the standard
temperaturs - EMF tables for Chromel-alumel thermcouples. Standard
temperature-resistance characteristics for platinum wire (See Fig. 2)
were used to convert the temperature guge resistance changes to the
corresponding temperature changes. -
A total of seven gage specimens were tested under varying temperature
and dynamic pressure conditions. Individual tests varied from 10
to 180 seconds duration. Nearly all specimens were subjected to a
number of consecutive tests of increasing duration and severity
of test conditions before failure occurred. A "step" temperature
input was applied to the test specimens by means of a large two-way
valve located upstream of the air flow nozzle. The pressure and
tzmperature of the air stream were adjusted to the desired test con-
ditlons with the valve in a by-pass position. Following this, the
valve was rapidly rotated to divert the hot air from the by-pass out-
let to the flo« nozzle and provide esaentially a "step” heat input
to the temperature gage.

Iv. RESULTS AND DISCUSSION

Early in the test program, it became obvious that the proposed un-
cured gage installations had insufficient wmechanical strength to
withstand exposure to air temperatures in the range of 200-300°F
(see Table I). All four of the uncured gage specimens that were
tegsted peeled loose from the test panels after less than 30 seconuds
exposure to air temperatures below 4OO°F and at free stream dynamic
pressures only about one-half as large as are anticipated during
actual misasile flights. Figure 3 shows typical fallures of two of
the uncured gage specimens. The gage on the top panel, specimen #1,
came loose from the surfuce and was completely destroyed after only
5.5 seconds exposure to a 200°F, q = 550 1lbs/sq. ft. air tlo~.

Note thut even the covering over the gage leads failed under these
conditions. Gage specimen #2 on the lowver panel failed after 23.9
scconds exposure to a lower velocity (q = 59 lbs/aq. ft.), but
considerably notter (350°7) air stream. OFly the material actually

FORM 181%.A
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covering the gage itself loosened under these conditions, whiie
the remainder of the cloth covering remained relatively intact. The
wvhite material near the downstream end of the gage leads is Sauereisen

N cepent, applied to protect the area where the leads passed through hoies
in the test specimen from the surface to the underside. An additional
series of tests was conducted vith a fifth uncured specimen while flow-
ing unheated air over the surface at dynamic pressures up to 5000 lb/sq.
ft. No damage or loosening of the gage was observed even after several
minutes exposure to the high velocity flow, thus indicating tkz rapid
failure of the other gages must have resulted primarily from high tempera-
ture deterioration of the elements rather than from erosive action from
the air stream.

Following these initial unsuccessful sests, three additional test
samples having two different post cure treatments vere prepared and
tested. The post cures consisted either of heating the panels and

' installed gages at a temperature of 450°F for 30 minutes or 650°F for
15 minutes. Gage #6 (see Fig. 4) having the 650°F - 15 minute cure
wag subjected to a series of tests with increasingly higher air tem-

. peratures, finally being exposed to an air temperature of 870°F and
dynamic pressure of 214 lbs/sq. ft. for a period of 180 secobds witbout
failure. Of the two specimens cured at US50°F for 30 - 4O minutes, one
sample (No. 5 in Fig. 4) satisfactorily w.thstood a 1000°F., q = 213 lbs/
8q. ft. air flow for 180 seconds with no failure of the gage and only
slight loosening 8f the leads, The other sample (No. 7 in Fig. &) was
subjected to two successive runs of 120 and 180 seconds at gas tempera-
tures of 700 and 1100°F., respectively, and finally to a gas temccrature
of 1300°F before loosening of the gage and failure occurred after
39 seconds exposure.

In all of the tests described above, the air flow was directed parallel
. to the guge leads. However, since some gage locations on the flight
missiles may require routing the gage leads circumferentially around
the outer surface, a limited number of tests were conducted with the
air flowing luterally across the gage leads. Under these cross-flow
conditions, no fuilures of the temperature cured gage installations
were encountered at gas temperatures belos TOO°F and dynamic pressures
to 200 1lbs/sq. ft. lHowever, at a gas tempecature of 850°F, the leads
loosened and blew away after only 10 seconds exposure to the air flow,

Temperuture-time histories for the free stream, gage and two skin tempera-
turer auring several typical test runs are shown in Figures & - 10.

In Figure 5, duwring run No. 1, unintentional variation of the free stream
temperature provided '. ‘ood indication of the response characteristics

of the gage installation. Figures 6 - 10 indicate the gage response

when eprsed to step temperature inputs of various magnitudes, 1n
general, response of the temperature gages when subjected to a rela-
tively rapid temperature increase was good, although the temperature
indicated by the gage definitely lagged the temperature of the skin

which was exposed to the free stream Ly varying amounts of time., It

was also observed, as ~ould be expected, that during trans.ent heating

PORM 1813-A
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conditicons, the temperature of the skin directly beneath the trans-

ducer remained considerably cooler than other skin areas because of

the good insulating characteristics of the relatively thick gagz in-
stallations. «

CONCLUSIONS :

"though only a limited number of temperature gages were tested,
anu these at relatively low free stiream temperatures amd pressures
(compared to conditions which will be encountered at high supersomic
Mach numbers), emough information bas beer obtained to arrive at the
following general conclusions:

1. The gage installautions in the uncured condition have -
insufficient bonding strength to remain attached to the
missile skin when exposed %o a lov temperature, lovw
velocity air flow. *

2. Temperature curing of the gage installations after appli-
catioi on the missile skin will provide sufficient addi-
tional strength to allow the gages to satisfactorily with-
stand a high temperature (1000°F) and relatively high
velocity alr flow. However, it is possible that tempera-
ture curing of the gage installlations may adversely affect
the physicel characteristics of the transducer as evidenced
by the fact that two of the three temperature-cured gage
specimens which were tested exhibited erratic and unre-
liable resistance characteristics following their cure. A
more complete investigation of possible detrimental effects
on the gages resulting from temperature curing should cer-
tainly be made before large numbers of gages are instulled
on the missile. ) .

3. Due to the large thermal capacity and lov conductivity of
the transducer covering, transient response of the gages
to changing sxin temperatures will not be as rapid or as
accurate ag would be obtained with thermocouples attached
directly to the missile skin. However, use of the resis-

v tance gages has the advantage that the thansducer element

need only touch the missile skin, and does not, as would
be the case if thermocouples were used, require spotwelding
or other fastening techniques which might disturb the struec-
tural integrity of tihe thin missile tank walls.

4. The relatively thick gage leads and their covering, parti-
cularly those that must be routed circumferentially around
the missile body cross-wise to the free stream air flow,
may loosen and fail more readily than the guges themselves.

(
5. Output sensitivity of the transducer is high when installed

FORM 1813.A
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in a suitable bridge. An output of approximately 0.25 l'/.r
vas readily obtained with the simple bridge used in these
tests. This compares to an output of about .03 ¥ /op from

an iron-constantan thermocouple, or a sensitivity about 8 times
as great.

At the time these tests were conducted, at least as far as
the writer ocould determine, there was an apparent lack of
reliable temperature-resistance calibration data for these
platinum resistance gages. If this situation has not been
corrected, certainly every effort should be made to insure
that sufficient data is available to make accurate resistance
to temperature conversions.

PORM 1812-A
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180
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: SUMMARY CF TEST cgu

TABLI

All temps. are fims

SPECTMEN CURE Tair(SF) T1{oF) E

n None 200 175 -
“ " 185 151
L] L] 19G A 1§7 .
" " 145 nz

. |
" " 200 110 ¢

#2 " - 135 105
" : » 255 203
” " 349 . 215 :

#3 " 16 70
" " - - i
] (1] - - :

|

#4 " : 175 - .

" " . 350 289 !

" " 200 165 H

" " 355 - ;
1 ]

#6 15 min.& 650°F 385 315 '
" " N 35
" " 5 1 340 ;
" " 785 515
" " 8 70 545

, A i

5 40 min.e 4500F 455 315 ‘

i

" " 735 540 ,

" " 1010 745 :

v !

#10 15 min. « &0OOF 850 - '

" " [ 7:\5 .. !

'l 30 min.e 450CF 733 446
" " l 080 7 . 0
" 1" 1 )‘ 5 l ,}05
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._are finasl temps. & end of run.

T1(OF)

175
151
167
112
| 110

10§

203
s

70

289
165
315

b 305
340

515
545

L O o A s e

b w150 3

- 169

153
160
121

197

129
215
154

70

88
115
167
163
250

420

€30
€40

Tgage (or)

168

159
170
123

144
127
232
248

70

298
182

Erratic

785
620

q{1bs/sq.1t.)

-

142
125
625
550

38
59
59

* 385000
43
43

43
48

48
54
60
66.
108
143
143

y 200
142

i71
214

1

213
213

100

202
210

170
105

el St s St

COMNTS

Gage OK.

Gage still in good condition.
] L] " ] ’ [}

Lead wires loosened slightly.

Gage CK.

Gage failed.

- Gage and leads OK.

Gage atill OK.
Gage failed.

Cold flow tests. Gage and
leads OK ¢ all test conditions.

T/C #2 only used during these
tests. Transducer not functioning
properly. Gage OK 20«23.

Covering becoming soft and tacky
and slightly leose.

Covering very scft and loose.
Gage and leads failed.

T/C's not operating. Gage and
leads CK.

Gage OK-Sof+ and tacky, however.
Gage OK. :

Gage failed at start of rum.

Gage ond leads 0K - erratie
operation of gage, however.
Gage still OK - no signs of loosening.
Gage OK-not operating electrically,
however.
1" ] " "

Gage still OK = qiacontinuod tests
on specimens.

J
Gage OK-Doesn't work electrically,
however.
Gage OK-Somewhgt soft.

Leade loosened @ about 30 sec. Gage
remained tight, however.

Crocs flow over gage lesds. Loosened
end failed & 10 sec. No gage or T/C's
or. specimen.

Gage leads CK-no loosening.

Gage & leads CK-No loosening. T/C #2
inoperstive.

Gage & leads still OK.
Gage failed & 39 secw
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