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Tunnel sector angle, deg

2
Gardon gage calibration factor, Y :3 =SEC

Gardon gage temperature difference, °R
Total time samples exposed to flow, sec
Total enthalpy based on TO, Btu/lbm
Heat-transfer coefficient based on TO,
%gg%%, Btu/ftz-sec—°R

Free-stream Mach number

Free-stream viscosity, 1bf-sec/ft2
Free-stream pressure, psia

Tunnel stilling chamber pressure, psia
Measured heat-transfer rate, Btu/ftz—sec
Free-stream dynamic pressure, psia
Free-stream Reynolds number, ft:-1
Free-stream density, lbm/ft3

Tunnel roll angle, deg

Surface distance in axial direction from wedge
leading edge, in. (see Fig. 2)

Material sample thermocouple temperature, °F
Gardon gage edge temperature, °R

Time from entering the tunnel flow, sec
Free-stream temperature, °R

Tunnel stilling chamber temperature, °R
Gardon gage temperature, °R

Free-stream velocity, ft/sec

Angle between free-stream velocity vector and
wedge surface, deg




il X Axial distance from wedge leading edge, in.
o Y Vertical distance from wedge surface, in.
e Z Lateral distance from model centerline, in. 2




1.0 INTRODUCTION

The work reported herein was conducted by the Arnold Engineering
Development Center (AEDC), Air Force Systems Command (AFSC), under
Program Element 62102F, Control Number 2417-008, at theé request of the
Air Force Materials Laboratory (AFML/MXE), Wright-Patterson Air Force
Base, Ohio. The AFML/MXE project monitor was Mr. John Rhodehamel. The
results were obtained by ARO, Inc., AEDC Division (a Sverdrup Corporation
Company), operating contractor for the AEDC, AFSC, Arnold Air Force
Station, Tennessee. The test was conducted in the von Karman Gas Dynamics
Facility (VKF), Tunnel C on October 11, 1978, under ARO Project Number -
V41C-W3. ' i
/—-—- .

A materials screening test was conducted on candidate material

specimens which are being considered for use on the next generation of
"air-to-air missile systems (SRAAM)*. The objective of the test was to
expose a series of composite material samples to a simulated aerothermal
" environment representative of that encountered during a typical missile
flight. To provide this environment, the VKF materials testing wedge
was used to support the test specimens. The oblique shock wave generated
by the wedge was used to reduce the local Mach number on the wedge surface
to the desired supersonic level. The tunnel stagnation conditions were
adjusted to produce the desired local pressure and temperature levels.
Additional information on this technique can be found in Ref. 1. All

_ runs were made at a wedge angle of 21 deg with nominal tunnel stilling
chamber conditions of 1220 psia and 2185 °R. Boundary-layer trips were
installed on the wedge to promote turbulent flow..

ook ot N iriibiincs i

Inquiries regarding the test specimens and test data should be
directed to AFML/MXE, Wright-Patterson Air Force Base, Ohio 45433. A
microfilm record has been retained in the VKF at AEDC.

2.0 APPARATUS
2.1 TEST FACILITY

Tunnel C (Fig. 1) is a closed-circuit, hypersonic wind tunnel with

a Mach number 10 axisymmetric contoured nozzle and a 50-in.-diam test

section. The tunnel can be operated continuously over a range of pres-

| sure levels from 200 to 2000 psia with air supplied by the VKF main

3 compressor plant. Stagnation temperatures sufficient to avoid air

| liquefaction in the test section (up to 2260°R) are obtained through the
use of a natural gas fired combustion heater in series with an electric

‘ resistance heater. The entire tunnel (throat, nozzle, test section, and

| diffuser) is cooled by integral, external water jackets. The tunnel is

| equipped with a model injection system, which allows removal of the
model from the test section while the tunnel remains in operation. A
description of the tunnel may be found in Ref. 2.

+Short Range Air-to-Air.Missile.
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2.2 TEST HARDWARE

The materials testing wedge (Fig. 2), provided by VKF, was used to ’
support the test specimens. The wedge is basically a 15-in. x 41.5-in.
long flat plate mounted to a 13-deg wedge block. The flat plate has a
back-step occurring 17.5-in. aft of the leading edge. The basic wedge
angle is 13 deg; however, offset sting adapters were used in conjunction |
with the tunnel pitch mechanism to provide a wedge angle range from O i
to 28 deg. |

The test specimens consisted of 39 individual material samples con-
figured to represent missile control surface leading edges and 12 flat
panels which represented the missile fuselage surface structure. The
39 leading-edge samples were bonded with RTV® to 15 square steel rods
(0.625 in. x 15.75 in.) so as to provide a means of support during the
test. Each material sample was instrumented with CR- thermocouples
in order to obtain a material backside temperature history during each f
i exposure. All of the material samples were supplied by the AFML. A
! listing of the samples with theilr respective sample codes 1is presented

in Table 1.

{ In addition to the material specimens, a steel 'calibration plate'

: instrumented with heat-rate Gardon gages was installed during the runs |
| involving the leading edges. The ''calibration plate'" as well as the

! flat panels were supported by phenolic spacers to insure that the top

| surfaces of the samples or "calibration plate" were level with the

i forward portion of the wedge. A sketch of the techniques used to support
i the flat panels and the leading edges is shown in Fig. 3. A sketch of

§ the test assembly installed in the Tunnel C test section is shown in

t Fig. 4.

!

2.3 TEST INSTRUMENTATION
| 2.3.1 Test Conditions

m Tunnel C stilling chamber pressure is measured with a 500- or

' 2500-psid transducer referenced to a near vacuum. Based on periodic
comparisons with secondary standards, the accuracy (a bandwidth which
includes 95 percent of the residuals; i.e., 20 deviation) of the trans-
ducers is estimated to be within *0.1 percent of reading or *0.25 psi,
whichever is greater, for the 500-psid range and *0.1 percent of reading
or *1.25 psi, whichever is greater, for the 2500-psid range. Stilling
chamber temperature measurements are made with CR-AL thermocouples

| which have an uncertainty of *(1.5°F + 0.375 percent of reading) based

| on repeat calibrations (20 deviation).

2.3.2 Test Data

The primary data consisted of 70 mm sequenced color photographs
taken with a camera installed to view the flat panels from the top of
the tunnel and the leading-edge samples thru the upstream side window.
The cameras were started at the beginning of each inject and operated
at a nominal rate of one frame every second. In addition to the primary
data, backup data were obtained with 16 mm motion cameras mounted adjacent
to the sequenced cameras. The motion picture cameras were operated at
20 frames per second.

W e o




Measurement of the material "front face" and "backside'" temperatures were
attempted with CR-AL thermocouples. The location of these thermocouples on
the samples is shown in Fig. 5. Considerable difficulty was experienced in
attaching these thermocouples, particularly with regard to their depthwise
location. A thermocouple "bead' was formed and RTV was used as the bonding
agent; however, in many cases, it appeared that the actual thermocouple
junction was not on the material surface. This can produce temperature measure-
ments which are significantly low; therefore the higher measurements are the
most meaningful. The output of the thermocouples was recorded on a Beckman 210
analog-to-digital conversion system with each output scanned every 0.5 sec.
Also, wedge surface heating rates were measured with Gardon gages located as
shown in Fig. 2. During each injection, two flow-field shadowgraph photographs
were .obtained. The photographs were obtained by a single-pass optical flow

visualization system with a 17-in. diameter field of view.

3.0 TEST DESCRIPTION

3.1 TEST CONDITIONS AND PROCEDURES
3.1.1 Qeneral

A summary of the neminal tunnel conditions are given below.

M, PO, Psia T0o>» °R  Q-INF,psia P-INF,psia RE/FT x 10-6 1

10.14 1220 2185 1.8 0.03 1.1

A test summary showing all configurations tested and the variables
for each is presented in Table 2.

In the VKF continuous flow wind tunnels (A, B, C), the model is
mounted on a sting support mechanism in an installation tank directly
underneath the tunnel test section. The tank is separated from the
tunnel by a pair of fairing doors and a safety door. When closed, the
fairing doors, except for a slot for the pitch sector, cover the opening
to the tank and the safety door seals the tunnel from the tank areas.
After the model is prepared for a data run, the personnel access door
to the installation tank is closed, the tank is vented to the tunnel
flow, the safety and fairing doors are opened, and the model is injected
into the airstream. After the data is completed, the model is retracted
into the tank and the sequence is reversed with the tank being vented to
atmosphere to allow access to the model in preparation for the next run.
The sequence is repeated for each configuration change.

3.2 DATA REDUCTION

The primary data for this test were the photographs. In addition,
wedge surface heating rates were obtained by the use of Gardon heat-rate
gages (see Fig. 2). The heating rates as measured by the gages were
computed by the equation 48

. Q-DOT = (C,) (AE) . ’ f
where AE ~ gage millivolt output

C2 ~ gage calibration factor.
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The calibration factor for each gage was obtained by direct measurement
of the gage output for a known heating-rate input. These calibrations
were performed by personnel of the VKF Instrumentation Branch.

The conversion from heating rate to heat-transfer coefficient was
accomplished by the relation

- Q-DOT
B0 = F2

where
TO ~ measured tunnel stagnation temperature, °R

TW ~ effective wall temperature of the gage, °R

3.3 UNCERTAINTY OF MEASUREMENTS
3.3.1 Test Conditions
Uncertainties in the basic tunnel parameters were estimated from

repeat calibrations of the PO and TO instruments and from the repeat-
ability and uniformity of the tunnel flow during calibrations.

= Mach No. _Uncertainty (%), percent
Mach No. Nonuniformity PO TO
10.14 : +0.08 0.1 0.4

3.3.2 Test Data

No precision can be quoted on the photographic data (primary data)
but several pretest exposures of the test hardware in the tunnel were made
to determine the correct camera settings for the available lighting con-
ditionms.

The precision of the heat-gage measurements is estimated to be %5
percent. The wall temperature measurements associated with each heat gage
have an uncertainty of *0.5 percent of reading based on the wire manu-
facturer's specifications. Combination of these uncertainties results in
an overall uncertainty in the heat-transfer coefficient of *6 percent.

4.0 DATA PACKAGE PRESENTATION

Examples of the pretest and posttest photographs for the leading
edge configuration are presented in Fig. 6 and for the flat panel con-
figuration in Fig. 7.

A typical plot of the temperature-time history for one leading edge
specimen is shown in Fig. 8. Gardon gage data from several groups are
presented in Fig. 9 to demonstrate the group to group repeatability of
the data. Sample tabulated data for each data type are presented in
Fig. 10. '
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For Front Face TC's - Even numbered TC's are located

on backside of front surface. 0dd number TC's are in
a hole (0.045") from front surface. -

TC— 9. : 10 /"
Lead:\\‘w____x_____ ————— e — — - ——'L—'—-j,/lslt:el
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Leads x 7 8 9
e e e X e e e R e A —
R e )
2 4 3 6 S
Rods 3, 6, 15

TC
Leads 7 8 9
PrEE RS, Ry o [T O SR T [~ SRS e
b raly
2 | . & 4 3
Rods 4, 5, 12, 14

TC >
Leads ERQ‘ L A 7
B g, s G s s e, WA i A, A P i i, e
SRR e TR
2 1 4 3

Rods 7, 8, 9, 10, 11

'rc——-—~§;'
Leads | ’{ ‘_’L‘ ;7
e gl ST b
4 3 2
Rods 1, 13

X - Indicates Thermocouple (TC) Location
a) Top View Of Typical Leading Edge Specimens

FIGURE 5. MATERIAL SAMPLE THERMOCOUPLE LOCATIONS
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X - Indicates Thermocouple (TC) Locations

1 2 3
o X ¥ — —— G, (Panel)
(Backface) (Front Face) (Backface) Panels: 1,2,3,4,
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1 2 3
— = X %
_1—- (Backface) (Front Face) (Backface)
3"
f ‘ oy - G (Panel)
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4 4 ; 6
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b)

FIGURE 5,

Top View Of Typical Flat Panel Specimens
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APPENDIX II
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TABLE 1. LIST OF MATERIAL SPECIMENS

SAMPLE SAMPLE
: NUMBER TYPE SAMPLE CODE: MATERIAL ID NUMBER |
y (1) (3) 1
1 1 LEADING EDGE ROD 1: CHB41-34, DUAZ
2 _ ? . ROD 2: TRWSA, H1, H2, TRWSB
3 ROD 3: CH857-07A, H6, TRWS ; *
4 ROD 4: CH878-9C, H7, CH857-09A _ |
5 5 ROD 5: CH841-3B, H8, CH878-10B
6 ROD 6: CH857-11C, H9, CH857-09B -
i 7 ROD 7: CH8H-2A, DWA4 : |
i 8 ROD 8: CH857-012, DWAS :
9 ROD 9: CH878-10C, DWAT :
10 ROD 10: CH878-10A, DWA3 |
1 ROD 11: CH841-2B, DWA6 |
12 ROD 12: CH857-07B, H3, TRW6A i
13 ROD 13: CH841-3C, CH841-2C
14 v ROD 14: CH857-11B, H4, TRW7A
15 LEADING EDGE ROD 15: CH857-11A, H5, TRW7B
! 16 FLAT PANEL PANEL 1: 09857-¢1) '
17 A "PANEL 2: BORON/ALUMINUM—2(3) ,
| | SR PANEL 3: TRW773 (D)
' 19 PANEL 4: 09857-I - H
' 20 PANEL 5: BORON/ALUMINUM-1 |
{ 21 PANEL 6: 09878-A ;
i 22 PANEL 7: 09841-L
23 PANEL 8: 09878-B
24 PANEL 9: TRW773-84
| 25 PANEL 10: 09841-M |
i 26 : Y PANEL 11: 09878-E i '
27 FLAT PANEL PANEL 12: HUGHES 2 ;
2 KEY: (1) CH NUMBERS, NUMERAL NUMBERS, AND TR“ DESIGNATIONS
REPRESENT PMR-15 TYPE POLYIMIDE COMPOSITES l
(2) H NUMBERS REPRESENT THERMAL TYPE POLYIMIDES

(3) BORON/ALUMINUM AND DWA REPRESENTS A BORON/ALUMINUM
TYPE OF METAL MATRIX COMPOSITE

t !
!

e ——————————————— - . e B W A
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TABLE 2. TEST SUMMARY

%
CONFIG. CONFIGURATION SAMPLE WEDGE ANGLE EXPOSURE DATA GROUP
CODE TYPE NUMBER (DEG) TIME (SEC) NUMBER
f 1 Leading Edge 8 21 13.8 1
; * * 8 21 39.5 2
§ 3 21 12.8 3
i 3 12 11.8 4
3 2 21 11.8 5
i 2 A 12.8 6
] 9 21.3 7
ﬁ 6 20.3 8
, 14 21.3 9
i 10 22.3 10
{ 4 22.3 11
4 12 7.3 12
| 1 17.8 13
‘ 13 17.3 14
i ! 15 16.8 15
| i 5 17.3 16
! v 1 ¥ 8.3 17
' 1 Leading Edge 7 21 6.3 18
§ 2 Flat Panel 16 21 22.8 19
i ) A 17 A 31.3 20
i 18 32.8 21
19 33.3 22
20 29.3 23
21 30.3 24
22 33.8 25
23 31.3 26
! 24 29.8 . 27
: 25 34.3 28
j ¥ | 26 ¥ 28.3 29
1 2 Flat Panel 27 21 35.3 30

I' 27 ‘




