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NOMENCLATURE

ALPHA-SECTOR Tunnel sector pitch angle, deg

i b Thin-gkin model wall thickness, ft
c Model material specific heat, Btu/l1bm-°R
% CENTERLINE Time at which injection reached tunnel centerline,
i L4 Central Standard Time
CENTER-ROTATION Axial station along the tunnel centerline about
] | (C.R.) which the wedge rotates, inches (see Figs. 3 & 5)
CONFIG NUMBER Code which designates the model being tested
DTWDT Derivative of the model wall temperature with
] respect to time, °R/sec
DELT Gardon gage temperature difference, °R
EXPOSURE TIME Total time that the model was exposed to tunnel
flow, sec
GROUP Injection number
HO Total enthalpy based on TO, Btu/lbm
H(TO) Heat transfer coefficient based on TO,
Q-DOT, Btu/ft2-sec-°R
TO-TW
INJECT TIME Time from model lift-off to centerline, sec
k TPS material thcrmal conductivity, Btu/ft-hr-°R
MACH NUMBEFR Free-stream Mach number
MU-INF Free-stream viscestty, lbf-sec/ft2
P-INF Free-stream pressure, psia
PO Tunnel stilling chamber pressure, psia
Q-DOT Measured heat-transfer rate, Btu/ft2-sec
Q-DOT-0 Heat-transfer rate based on TW = 0 °F, Btu/ft?-sec : |
Q~1INF Free-stream dynamic pressure, psia
R ANGLE Angle between wedge surface and ramp surface, deg j
RE/FT Free-stream Reynolds number, fe1 |
RHO- INF Free-stream density, 1bm/ft3 ;
3 .




ROLL-SECTOR Tunnel sector roll angle, deg

il S Surface distance in axial direction from wedge
i leading edge, in.

i SAMPLE NUMBER A code which designates which material specimen was
é I tested
i g t Time, sec
TC, TC-NO Abbreviation for thermocouple number
‘ TE Gardon gage temperature, °R
é TGAGE Gardon gage edge temperature, °R
P ti Initial time, sec
TIME Time measured from when test article first

enters tunnel flow, sec

T-1INF Free-stream temperature, °R

TO : Tunnel stilling chamber temperature, °R

751, TS2... Material specimen thermocouple temperature, °F
- ™ Model wall temperaturé, °R

TWi Initial model wall temperature, °R

V-INF Free-stream velocity, ft/sec

WEDGE ANGLE Angle between free-stream velocity vector and

wedge surface, deg (see Figs. 3 & 5)

X* Axial distance from wedge or model leading
edge, in. (see Fig. 6)

Y* Lateral or vertical distance along model,
in. (see Fig. 6) i

YAHfHQDEL Model yaw angle, deg
YAW-SECTOR~e> - - Tunnel sector yaw angle, deg !
Z* Lateral or vertical distance along model,
in. (see Fig. 6)
p Model material density, 1bm/ft3
*
e Each user defined a unique coordinate system for the various "

configurations which are illustrated in Fig. 6.
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1.0 INTRODUCTION

The work reported herein was conducted by the Arnold Engineering
Development Center (AEDC), Air Force Systems Command (AFSC), under
Program Element 921E02, Control Number 9E02-00-8, at the request of
the National Aeronautics and Space Administration (NASA), Marshall
Space Flight Center (MSFC), Huntsville, Alabama for the Lockheed
Missile and Space Company (LMSC), Huntsville, Alabama and the Thiokol
Corporation (Wasatch Division), Brigham City, Utah. The Lockheed
Missile and Space Company project monitor was Mr. W. G. Dean,the Thiokol
Wasatch Division project monitor was Mr. D. Furlong, and the NASA/
MSFC project monitor was Mr. W. P. Baker. The results were obtained
by ARO, Inc., AEDC Division (a Sverdrup Corporation Company), operat-
ing contractor for the AEDC, AFSC, Arnold Air Force Station, Tennessee.
The overall task consisted of six separate test entries conducted in
the von Karman Gas Dynamics Facility (VKF), Tunnel C, over the period
from December 5, 1977 thru January 16, 1979 under ARO Project Number
V41C-v9. e s .

A series of material evaluation tests were conducted on material
specimens being considered for use as part of the Thermal Protection
System (TPS) on the Space Shuttle Solid Rocket Boosters (SRB) and
Solid Rocket Motors (SRM). The material specimens consisted of sev-
eral insulation materials attached to supports which were configured
to represent the various protuberances on the SRB and SRM. The objec-
tive of the tests was to expose the material samples to an aerothermal
environment which simulated the predicted flight conditions of the
ascent and reentry flight trajectories.

The tests were accomplished in two phases. The intial phase was
designed to calibrate the test environment. The second phase dealt
with the materials evaluation where the various materials were tested.
The VKF materials testing wedges were used to support the test articles
during their exposures to the tunnel environment. Wedge angles ranged
from 0 to 30 deg with nominal tunnel stilling chamber pressures of 200
to 1800 psia at 1900°R. Boundary-layer trips were installed on the wedges
to promote turbulent flow.

Inquires to obtain copies of the test data should be directed to
Mr. W. P. Baker, NASA/MSFC, EP44, Huntsville, Alabama 35812, A micro-
film 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



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 the Test Facilities Handbook
(Ref. 1).

2.2 TEST HARDWARE
2.2.1 General

The overall project consisted of six separate test entries. For
ease of reference, each test entry is assigned an entry number and will
be referred to by that number as necessary. Table 1 correlates the
entry number with the entry test date.

Entries 1, 2, 3 and 6 utilized the flat plate wedge to support the
test articles during their tunnel exposures. This support wedge was
designed at the VKF and built by the LMSC-Huntsville Division. It is
basically a 15-in. wide by 41.5-in. long flat plate attached to a 13
deg wedge block. The protuberznce models were bolted to the plate with
the rear edge of the models near the downstream end of the plate. A
1/16-in. phenolic spacer was placed between the model and the plate to
lielp minimize the heat conduction from the wedge into the model. An
installation photograph of the wedge and a typical protuberance model
is shown in Fig. 2. The basic wedge angle was 13 deg; however, offset
sting adapters were used in conjunction with the tunnel pitch mechanism
to provide a wedge angle range from O to 25 deg. An installation sketch
of the wedge and its sting arrangement is presented in Fig. 3.

Entries 4 and 5 utilized the AEDC water-cooled materials testing

~ wedge to support the test articles. A double-walled pan with cooling

water circulating through the bottom and sides was attached to the
wedge. The calibratlon models or material specimens were set into the
pan and held in place by six adjustable jacking screws. Figure 4 shows
a typical specimen installation. The pan was used to ensure that the
test articles did not receive any back-side heating. Triangular-shaped
supports were used to vary the angle of the pan with respect to the
wedge and thus vary the heating rates. The basic angle of the AEDC
wedge was 33.65 deg; however, the offset sting adapters in conjunction
with the tunnel pitch mechanism provided a wedge angle range from 5 to
33 deg. The ramp angle of the pan was fixed at either 0 or 12 deg.

An installation sketch of the AEDC wedge/pan assembly and its sting
arrangement is presented in Fig. 5.

Both support wedges had steel balls attached near the leading edges
to serve as boundary~layer trips in order to promote turbulent flow.
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2.2.2 Calibration Models (Entries 1,2,5,6)

Heat-transfer data were obtained on 13 different protuberance
configurations using the thin-skin technique. Nine of these models
were supplied by LMSC and represented the SRB systems tunmnel, aft
kick ring, forward attach ring, range safety antenna cover, integrated
electronics package, full scale attach ring, full scale kick ring,
cylindrical protuberance, and aft skirt ring. These models were con-
structed with 0.0265-in. thick sheets of 304 stainless steel attached
to either an aluminum or steel substructure. The remaining 4 models
were supplied by the Wasatch Division of Thiokol and represented the
SRM stiffener stub, stiffener ring, plant/field joint, and stiffener
ring splice. These models were constructed of 0.030-in. thick sheets
of 304 stainless steel attached to a steel substructure. Two of the
models supplied by Thiokol (stiffener ring and stiffener ring splice)
experienced structural problems during the test. The steel "skins"
warped at several locations on the models and eventually separated
from the substructures. Repairs were made by VKF personnel and no
compromise of test objectives resulted. Sketches of all the models
are presented in Fig. 6. All of the calibration models were tested
on the flat plate wedge except for the plant/field joint model which
was tested on the water-cooled wedge.

2.2.3 Materials Specimens (Entries 1,3,4,5,6)

The TPS materials specimens were tested in either a protuberance
configuration or a panel configuration. Table 2 lists all the speci-
mens tested and the particular details for each.

The protuberance TPS specimens were typically constructed by bond-
ing the particular material or materials of interest to a metallic
substrate which was configured to represent the protuberance. The speci-
mens were made such that the dimensions of the substrate with the TPS
material applied were nominally equivalent to those of the calibration
model. A listing of the materials evaluated along with the brief descrip-
tion of each is presented in Table 3.

The panel specimens were of two basic types: an instrument island
configuration and a flat specimen configuration. The instrument islands
had nominal dimensions of 12 x 16-in. or 14 x 17-in. whereas the flat
specimens were all nominally 12 x 16-in. The materials for both con-
figurations are included in Table 3.

An additional model was tested during entry 5 which was supplied by
MSFC-EH41. This model was a SRM clevis joint/pin retainer model which
simulated the attachment between two sections of the SRM casing. A
photograph of the model is presented in Fig. 7. A 0.033 x 1.5-in.
steel strap was used to retain the shear pins which held the joint
together. The strap was welded in place while under a 435 1b tensile
force. All internal metal surfaces had been coated with Conoco HD-2
grease.

A total of 61 protuberance specimens and 11 panel specimens were
tested in the 5 entries.




e

' 2.3. TEST INSTRUMENTATION

2.3.1 Test Conditions

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 #0.16 percent of pressure or *0.5 psi,
whichever is greater, for the 500-psid range and %0.16 percent of pres-
i sure or *2.0 psi, whichever is greater, for the 2500-psid range. Still-
i ing chamber temperature measurements are made with Chrome® Alume1®
i (CR-AL) thermocouples which have an uncertainty of *(1.5°F + 0.375 per-
| cent of reading in °F).

2.3.2 Test Data

The thin-skin calibration models were instrumented with up to 49

1 Chromel-Alumel thermocouples which were welded to the inner surface of
the steel skins. The locations of the thermocouples are shown in Fig. 6
and listed in Tables 4 thru 16.

| The material specimens were instrumented with up to 12 CR-AL thermo-
couples. These thermocouples were placed at the interface of the TPS

{ material and the support substrate. The locations of these thermocouples
varied from specimen to specimen because of the different points of
interest on each. The exact locations were not supplied to the VKF;
therefore, the locations are not presented in this report. The flat

[ { = plate support wedge was instrumented with 10 high temperature Gardon

k| gages. The location of these gages is given in Fig. 8.

{
f The water-cooled pan surface was instrumented with 4 CR-AL thermo-
' couples. Two of these were located along the pan centerline and the
1 other 2 were located on either side wall.
{
|

3.0 TEST DESCRIPTION

1 3.1 TEST CONDITIONS AND PROCEDURES

e

e E

A summary of the nominal test conditions for the entries is given

below:

5 ENTRY MACH NUMBER PO (psia) TO (°R) Q-INF (psia) P-INF (psia) ,
1 - 10.17 1800 1900 2.69 0.037 i
10.11. 1200 1900 1.82 0.025 ,
10.08 800 1900 1.22 0.017 ?
10.02 300 1900 0.46 0.007 :1
2 10.11 1200 1900 1.82 0.025 J
10.08 800 1900 1.22 0.017 |
10.00 220 1900 0.34 0.005
3 10.17 1800 1900 2.69 0.037 |
10. 11 1200 1900 1.82 0.025 %
I‘ 3 10.00 220 1900 0.34 0.005 |
10.17 1800 1900 2.69 0.037 ‘

10.17 1800 1900 2.69 0.037

10.11 1200 1900 1.82 0.025

8




ENTRY MACH NUMBER PO (psia) TO (°R) Q-INF (psia) P-INF (psia)

! 5 10.00 220 1900 0.34 0.005
N—

10. 11 1200 1900 1.82 0.025

10.08 800 1900 1.22 0.017

10.00 220 1900 0.34 0.005

i ;

E ‘ 6 10.17 1800 1900 2.69 0.037
E

E

A test summary showing all configurations tested and the variables
for each is presented in Table 17.

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 area. After the model is pre-
pared 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. The
fairing doors are closed for the runs which involve material specimens
but are left open for the calibration model runs. After the data are
obtained, the model is retracted into the tank and the sequence is re-
versed 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
specimen or configuration change.

For all the test entries, instrumentation inputs were recorded using
the VKF digital data scanner, beginning at wedge injection and continuing
until the wedge was retracted from the flow.

3.2 DATA REDUCTION

3.2.1 General

Wedge surface heating rates from entries 1, 2, 3 and 6 were obtained
with Gardon heat-rate gages. The gages are direct-reading heat flux
transducers where output may be converted to heating rate by means of a
laboratory-obtained calibration factor, i.e., 1

Q-DOT = (CF) (AE) (1)
where

AE is the gage millivolt output and
CF is the gage calibration factor.

The calibration for each gage was obtained by direct measurement of the :
gage output for a known heating rate input. The calibrations were per-
formed by personnel of the VKF Aerodynamics Instrumentation Branch.

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

H(TO) = %;—"T’wl (2)




and the '"cold wall" (TW = O°F) heating rate was determined by the
equation

Q-DOT-0 = H(TO) (TO-460) (3)

The surface heating rates were utilized to verify the flow conditions
over the wedge surface.

3.2.2 Calibration (Entries 1,2,5,6)

The data reduction of the thin-skin thermocouple data involves the
calorimetric heat balance which in coefficient form is:

DTWDT

H(TO0) = pbc Toow (4)

Radiation and conduction losses are neglected in this heat balance,
and data reduction simply requires evaluation of DTWDT from the temper-
ature-time data. For the present test, radiation effects are assumed
negligible, and the evaluation of DTWDT is accomplished by means of a
procedure which makes it possible to identify any conduction influences
which may be present.

Separation of variables and integration of Eq. (4) assuming constant
P, b, ¢ and TO yields

H(TQ) TO-TWi
-pr (t-ti) = QH[W] (5)

Differentiation of Eq. (5) with respect to time results in

H(TO)

s TO-TWi
obc - at Hnlpoomy 1 (6)
Since the left side of Eq. (6) is assumed constant, plotting
ln[%gf%gii versus time should yield a straight line, the slope of which

can be used in Eq. (6) to evaluate H(TO). Deviations from a straight
line indicate conduction effects.

The data were evaluated in this manner and a linear portion of the
curve was used for all thermocouples. The duration of the data reduction
was a function of the heating rate and was as follows:

Range No. of Points in Fit
32 < DTWDT 5
16 < DTWDT < 32 7
8 < DTWDT < 16 9
4 < DTWDT < 8 13
2 < DTWDT < 4 17
1 < DTWDT < 2 25
DTWDT < 1 41
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The linearity of the fits was examined visually on the VKF
graphics terminal. The length of the fit is established automatically
according to the table given previously. However, the beginning time
can be adjusted, and the choice is made based on examination of the
plotted results. 'The thermocouple data were recorded at a rate of
15 samples per second.

Reduction of the thin-skin thermocouple data fgr models supplied
by LMSC used a material density value of 494 1lbm/ft~”, a material
specific heat value of 0.1&2 Btu/1bm-°R, and a nominal skin thickness
of 0.0265-in. (2.208 x 10”° ft). Models supplied by Thiokol used a
material density value of 501 1bm/ft3, a material specific heat value
of 0.;14 Btu/1bm-°R, and a nominal skin thickness of 0.030-in. (2.5
x 10=2 ft).

3.2.3 Materials (Entries 1,3,4,5,6)

Material evaluation data for these tests were essentially photo-
grahic data. These included 16mm motion pictures, 70mm shadowgraph
still photographs, 16mm high speed shadowgraph motion pictures, pre
and posttest photographs of the specimens and video-tape coverage of
the runs. The tabulated data consisted of tunnel parameters and TPS
sample data which included: (1) a time history of the temperature from
the thermocouples on the substrate; and (2) a notation of the times at
which photographs were taken. The thermocouple data were scanned at
a rate of one loop every second and were converted from millivolts to
temperature using least-squares polynomial curve fits of the data
contained in Ref. 2.

3.3 UNCERTAINTY OF MEASUREMENTS
3.3.1 General

The accuracy of the basic measurements (PO and TO) was discussed
in Section 2.3. Based on repeat calibrations, these errors were found
to be

APO ATO
50 0.16 to 0.27%, o "~ 0.4%

Uncertainties in the tunnel free-stream parameters were estimated
using the Taylor series method of error propagation, Eq. (7),

2 2 2 2
(aF)2 = -gf;— Ax1) + ‘%‘:— Ax| + (g% AXy| e+ g% |l o
1 2 3 n

where AF is the absolute uncertainty in the dependent parameter
F = f(x1, Xz, x3 vive Xn) and xn is the independent parameter (or basic

measurement) . AXn are the uncertainties (errors) in the independent

measurements (or variables).

11
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3.3.2 Test Conditions

The accuracy (based on 20 deviation) of the basic tunnel parameters,
PO and TO, (see Section 2.3) and the 20 deivation in Mach number deter-
mined from test section flow calibrations were used to estimate uncer-
tainties in the other free-stream properties using Eq. (7). The computed
uncertainties in the tunnel free-stream conditions are summarized in the
following table.

Uncertainty, (*) percent of actual value

MACH NO. PO, psia MACH NO. PO P-INF Q-INF
10.00 220 1.4 0.16 9.3 6.5
10.02 300 1.4 0.16 9.3 6.5
10.08 800 1.0 0.27 6.6 4.6
10.11 1200 0.8 0.20 5.3 3.7
i0.17 1800 0.8 0.16 5.3 3.7

3.3.3 Test Data

Heat transfer measurements were made during entries 1,2,5 and 6
using the thin-skin technique. Estimated uncertainties for the indi-
vidual terms in the thin-skin data reduction equations were used in
the Taylor series method of error propogation to obtain uncertainties
in values of heat-transfer coefficient as given below:

Parameter Range Nominal Uncertainty, percent
Heat Transfer 1074 +10
Coefficient, 10-3 7
ROV) 1072 TS

The total uncertainty in the heat transfer coefficient for Gardon
heat gage measurements is *6 percent.

No precision can be quoted for the photographic data (primary data
for material specimens) but several pretest exposures of the test hard-
ware in the tunnel were made to determine the optimum camera settings.
For test entries 3 and 6, some of the ablated TPS material was deposited
on the aft test section wall and the tunnel windows which resulted in
the degradation of picture quality for these entries. These deposits
however, did not compromise the test objectives. Figure 9 illustrates
the TPS material deposits on the tunnel windows.

4.0 DATA PACKAGE PRESENTATION

The primary objective of this test program was to assist in the
development of insulation materials which will be satisfactory for use
as part of the Thermal Protection System for the Space Shuttle Solid
Rocket Boosters and Solid Rocket Motors. The wind tunnel tests were




ol

designed to evaluate the performance of the different materials by
exposing them to an environment which simulated the predicted flight
conditions. Previous calibration tests had established the heat-
transfer distribution for the specimens tested in entry 4. Ad-
ditional calibrations were required for the other protuberance config-

.urations tested in the remaining entries. The heating levels desired

on all the configurations were obtained. All material specimens were

returned to their respective suppliers for complete analysis.

Samples of the tabulated data from a calibration run and a
materials specimen run are presented in Appendix III.

.
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TEST SECTION

INSTRUMENTATION RING MODEL SUPPORT
QUARTZ WINDOWS INJECTION/RETRACTION
SCREEN THROAT 7 SYSTEM
SECTION SECTION NOZZLE SAFETY DOOR
TRANSITION WATER FAIRING, DIFFUSER SECTION
SECTION FLOW DOOR
_— i ::-:x.-.:::_\ ~ MODEL COOLING
TANK 4 AIR LINE
ENTRANCE
DOOR @ PRESSURE TRANSDUCER
OPERATION o SYSTEM
FLOOR
el MODEL COOLING
NOZZLES
L TEST secTioN TNk
ey

FEET

a. Tunnel assembly

WINDOWS FOR MODEL INSPECTION
OR PHOTOGRAPHY

WINDOWS FOR SHADOWGRAPH/
SCHLIEREN PHOTOGRAPHY

AIR DUCTS TO COOL
MODEL FOR HEAT-

TRANSFER TESTS OR
QUICK MODEL CHANGE

4
PRESSURE TRANSDUCERS
AND VALVES

TANK ENTRANCE DOOR
FOR MODEL INSTALLATION
OR INSPECTION

MODEL INJECTION AND

PITCH MECHANISM

b. Tunnel test section
Fig. 1 Tunnel C
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Material Specimen

AEDC
5445-77

Figure 4. Photograph of Typical Panel Specimen
on Water-Cooled Wedge
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X - Measured from Wedge
Leading Edge

\\\\EV' o - Indicates Thermocouple

Location (see Table 7)

All Dimensions in Inches

[

TR LI YN RY hw

I,
o o o o)
l‘f 15.56 *vj.
[ 12,10
fa— 6. 44—
25° !
AI z.st- 392
+Y n A .
28 10 {
L)

d. Range Safety Antenna Cover

Figure 6. Continued
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| \
g Cylinder Model on
41.5-in. long
Flat-Plate Wedge
e
| — W
FLOW > ok |
] v
! All Dimensions In Inches |
¢ - Indicates Thermocouple
Location (see Table 8)
; X - Measured from Wedge
? Lead ing Edge
;1 ] The S8pacing for
o b ® Thermocouples 1 thru 19
5‘ ® .3 is 0.2 Inches.
| ®  ©
4 oy
. o 5.0
| 0
b | ® o:l ®
¢ | CEC
| ess
| 4

i i P i
:j +{_ 0.75
\_ }

| 2" x 4" Insert

View A

e. Cylinder Model

Figure 6. Continued
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ot ENTRY
NO.

TABLE 1.

DATE OF TEST

Dec. 5,
May 22,
May 23,
Jan. 12,
Jan. 15,
Jan. 16,

1977

1978

1973

1979

1979

1979

Test Entries

SUMMARY OF PRIMARY
TEST CONTENTS

Thin-skin heat transfer calibrations of
the SRB Systems Tunnel,Kick Ring, Attach
Ring, Range Safety Antenna Cover and
Cylinder model. Materials evaluation of
MA-25s, ESM, Phenolic Glass, MTA-3, SLA-
220, Sheller Globe P-50 Cork, Dodge B-
Stage Cork, and Cork over CPR-483.

Thin-skin heat transfer calibrations of
the SRB full-scale Kick Ring and Attach
Ring, the Integrated Electronics Assem-
bly Cover, the Aft Skirt Ring, and the

Systems Tunnel.

Materials evaluation of Sheller Globe P-50
Cork, EPDM, Phenolic Glass, V-44, Red
Lead primer/top coat and Rust-oleum Zinc
rich primer/top coat.

Materials evaluation of MSA-1 and Chopped
Silica Phenolic in conjunction with SRB
Instrument Islands.

Thin-skin heat transfer calibration of
the SRM Plant/Field Joint. Materials

evaluation of EPDM, Cork, MSA-2 and Chopped

Silica Phenolic.

Heat-transfer study of SRM Clevis Joint model.

Thin-skin heat transfer calibration of
the SRM Stiffener~Stub, Stiffener Ring,

Stiffener Ring/Splice Assembly. Material
evaluation of EPDM.

38




TABLE 2. TEST SPECIMENS
ENTRY SAMPLE CONFIGURATION MATERIAL
| NO. NUMBER TYPE DESCRIPTION
1 KB~AEDC-1 Kick Ring MA-25s
\ KR-AEDC-2 Kick Ring ESM
e KR-AEDC-$ Kick Ring B-Stage Cork over CPR-488
KR-AEDC-6 Kick Ring B-Stage Cork over CPR-488
KR-AEDC-7 Kick Ring MTA-3
KR=-AEDC-38 Kick Ring Phenolic Glass
AR-AEDC-1 Attach Ring MA-25s
KR-MHGF-9 Kick Ring Phenolic Glass
ST-AEDC-1 Systems Tunnel P-50 Cork
ST-AEDC-2 Systems Tunnel B-Stage Cork
ST-AEDC-3 Systems Tunnel P-50 Cork
ST-AEDC-4 Systems Tunnel B-Stage Cork
AF-AEDC-2 . Range Safety Antenna Cover SLA-220
AF-AEDC-4 Range Safety Antenna Cover SLA-220
3 z-1 Cylinder Model Rust-oleum Zinc Rich Primer/Top Coat
! z-2 Cylinder Model Rust-oleum Zinc Rich Primer/Top Coat
! 2-3 Cylinder Model Rust-oleum Zinc Rich Primer/Top Coat
i Z-4 Cylinder Model Rust-oleum Zinc Rich Primer/Top Coat
| 11 Cylinder Model Red Lead Primer/Top Coat
33 Cylinder Model Red Lead Primer/Top Coat
| 66 Cylinder Model 4 Red Lead Primer/Top Coat
i 91 Cylinder Model Red Lead Primer/Top Coat
! 113 Cylinder Model Red Lead Primer/Top Coat
4 FSKR-48 Full Scale Kick Ring Phenolic Glass with P-50 Cork
{ FSKR-78 Full Scale Kick Ring Phenolic Glass with P-50 Cork
FSKR-80 ! Full Scale Kick Ring Phenolic Glass with P-50 Cork
| FSKR-60 Full Scale Kick Ring Phenolic Glass with P-50 Cork
l FSKR-68 Full Scale Kick Ring Phenolic Glass with P-50 Cork
{ FPSKR-72 Full Scale Kick Ring Phenolic Glass with P-50 Cork
FSAR-52 Full Scale Attach Ring Phenolic Glass with P-50 Cork
] FSAR-54 Full Scale Attach Ring Phenolic Glass with P-50 Cork
FSAR-76 Full Scale Attach Ring Phenolic Glass with P-50 Cork
FSAR-66 Full Scale Attach Ring Phenolic Glass wit h P-50 Cork
FSAR-38 Full Scale Attach Ring Phenolic Glass with P-50 Cork
FSAR-75 Full Scale Attach Ring Phenolic Glass with P-50 Cork
FSART-1 Full Scale Attach Ring (Thiokol) EPDM Vulcanize Bonded
. FSART-3 Full Scale Attach Ring (Thiokol) EPDM Vulcanize Bonded
FSART-4 Full Scale Attach Ring (Thickol) EPDM Vulcanize Bonded
1 FSART-2 -Full Scale Attach Ring (Thiokol) EPDM Vulcanize Bonded
FSART-5 Full Scale Attach Ring (Thiokol) EPDM Epoxy Bonded
FSART-6 Full Scale Attach Ring (Thiokol) EPDM Epoxy Bonded
( KR-AEDC-3$ 1/3 Scale Kick Ring \AL)
1 - KR~-AEDC-6 1/3 Scale Kick Ring V44
KR-AEDC-7 1/3 Scale Kick Ring vé4
g KR-AEDC-8 1/3 Scale Kick Ring ve4
| IEA-1 Integrated Electronics \ssémbly P-50 Cork
1EA-2 Integrated Electronics Assembly P-50 and Phenolic Glass
( ASR-1 Aft Skirt Ring P-50 Cork
4 2141(ISL 4-1) Instrument Island with Dummy B-Stage Cork with Chopped Silica
1 Calorimeter Phenolic
2142(ISL 4-2) Instrument Island with B-Stage Cork with Chopped Silica
Calorimeter Phenolic
2151(ISL 5-1) Instrument Island with Dummy B-Stage Cork with Chopped Silica
Radiometer Phenolic :
2161(ISL 6-1) Instrument Island with Dummy MSA-1 with Chopped Silica
s Calorimeter Phenolic
. 2162(ISL 6-2) Instrument Island with MSA-1 with Chopped Silica
Calorimeter Phenolic
| 3171(ISL 7-1) Instrument Island with Pressure B-Stage with Chopped Silica s
i Impact Sensor Phenolic |
2172(ISL 7-2) Instrument Island with Pressure B-Stage with Chopped Silica
Impact Sensor - R Phenolic
‘4 2181(ISL 8-1) Instrument Island with Acoustic B-Stage Cork with Chopped Silica
Transducer Phenolic ;
; 2182(1SL 8-2) Instrument Island with Acoustic B-Stage Cork with Chopped Silica |
Transducer Phenclic |
|
ﬁ -] 2152(ISL 5-2) Instrument Island with Radiometer B-Stage Cork with Chopped Silica }
1 3108 (MSA2-6) SRB "Clean'" Body Panel MSA-2 é
i 4100 Full Scale Clevis Joint Flight Hardware (Steel) |
111 (Cw-1) DFI Cableway Sheet Cork ;
115 (cw-2) DFI Cableway Sheet Cork |
114 (PFJ-1) Plant/Field Joint EPDM |
k. 113 (PFJ-I1) Plant/Field Joint EPDM |
F 112 (PFJ-III) Plant/Field Joint EPDM |
39




TABLE 2. Continued

ENTRY SAMPLE CONFIGURATION MATERIAL
{ % NO. NUMBER TYPE DESCRIPTION
: 6 611 (ssS-1) Stiffenor Stub

l 613 (ss-11) Stiffener Stub

i 711 (SRS-1) Stiftfener Ring Splice
713 (SRS-I1I) Stiffoner Ring Splice
713 (SRS-111) Stiffener Ring Splice
811 (SR-I1) Stiffener Ring
813 (SR-11) Stiffener Ring
813 (SR-111) Stiffener Ring

T YR I Y VYT Y T
.
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Material

Density-
(tom/ft

%

" TABLE 3.

Materisl Descriptions

Specific Heat-c Thermal Conducgivity-k

(Btu/ft-hr-"R)

e

Description

ESM(Elastomeric Shield
Material)
SLA-220

Phenolic Glass

vé4

NTA-3 .

P-50 & B-Stage Cork

NSA(Marshall Sprayable
Ablator)

CPR-488

35

15

23

31

(Btu/ lbm-°R)
0.37

0.22

0.44

0.30

0.47

41

0.5 x 10-!
0.475 x 1074

1.83 x 10-1

1.7 x 10~}

1.26 x 10°%

0.483 x 107}

0.4 x 107!

A glass-fiber reinforced sili-
cone foam formulated from PD200.
Developed by General Electric.

A silica filled elastomeric
silicone resin developed by
the Martin Masrietta Company.

A high temperature E-glass
laminate fabricated from Fl20
glass cloth and a phenolic
resin laminate. Developed by
the Hexcel Corp.

A silica filled synthetic
copolymer of ethylene pro-
pylene and neoprene rubbers.
Developed by the Thiokol Corp.

An asbestos filled synthetic
rubber wmade by Kurkil Rubber
Co. and Ohio Rubber Co.

An eccosphere and silica fiber
filled elastomeric silicone
resin developed by the Martin
Marietta Corp. -

A trowelable formulationm of
P-50 cork and RTVS51l. Developed
at the MSFC.

Compressed cork available
from Southland, Sheller Globe
and Arsstrong.

Primarily a combination of
Phenolic and Glass microbal-
loons (beads), GE-7344 resin
and Bentone (clay). Developed
at the MSFC. !

A two component isocyanurate
foam developed by the CPR
division of the Upjohn Company.

rr g . -




TABLE 4. Thermocouple Locations - Kick Ring

TC-NO. X Y z
1 37.97 0.375 0.0
2 37.97 1.250 |
3 37.97 2.125
4 37.97 2.500
5 37.72 2.500
6 37.37 2.750
7 37.72 3.000
8 38 .72 3.000
9 38.97 2.750
10 38.72 2.500 !
11 38.47 2.125 0.0
12 37.97 0.875 _5.0
13 37.97 1.250 |
14 37.97 2.125
15 37.97 2.500
16 37.72  2.500
17 37.37 2.750
18 37.72 3.000
19 38.72 3.000
20 38.97 2.750
21 38.72 2.500 *
«22 38.47 2.125 _5.0
23 37.97 0.375 9.0
24 37.97 1.250 §
25 37.97 2.125
26 37.97 2.500
27 37.72 2.500
28 37.37 2.750
29 37.72  3.000
*30 38.72 3.000
*31 38.97 2.750
*32 38.72 2.500 '
*33 38.47 2.125 45.0

*Not hooked wp
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'? TABLE 5. Thermocouple Locations - Attach Ring

b TC-NO. X Y Z

| i
1 35.81 0.875 ., .
2 35.81 2.0625
3 35.81 2.5
4 35.185 2.5
7 5 35.185 3.0
l 6 35.56 3.0 +2.5
7 35.81 0.875 -2.5
8 35.81 2.0625
9 35.81 2.500
s 10 35.185 2.5 i
11 35.185 3.0 ‘
12 35.56 3.0 -2.5
13 38.31 2.875 +2.5
14 39.81 2.875 +2.5
15 38.31 2.875 -2.5
k. 16 39.81 2.875 -2.5
b L 17 38.31 1.5 -2.5 *
; 18 40.81 3.0 0.0
| 19 40.56 2.75 0.0
b 20 38.31 0.375 0.0
5 21 35.185 2.75 2.5
22 35.185 2.75 -2 .5

e T—
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TABLE 6. Thermocouple Locations - Systems Tunnel

r TC-NO. X Y Z
1 32.80 0.75 -1.75
2 32.80 0.75 0.0
3 34.10 1.50 -1.50
4 34.10 1.50 0.0
5 34.10 1.50 1.50
' 6 35.40 2.25 <1 .93
7 35.40 2.25 0.0
8 34.50 1.00 -2.75
9 36.00 2.00 -2 .25
i 10 37.50 2.00 -2.25
11 41.50 2.00 -2.25
! 14 37.50 3.00 0.0
15 41.50 3.00 0.0
20 37.50 2.00 2.25
21 41.50 2.00 2.25
25 37.50 1.00 2.75
| 26 41.50 1.00 2.75
4 29 33.23 1.00 0.0
4 30 33.67 1.25 0.0
/ 31 34.53 1.75 0.0
} 32 34.96 2.00 0.0
4
!i
2
A
-
.
E |
! |
E |
|
A




TABLE 7. Thermocouple Locations - Range Safety Antenna Cover

TC-NO- X Y
1 30.71
31.61
32.52
32 .97
33 .43
34 .33
35.24
36 .14
37.14
38.14
39.14
40.14
41.14
32.97
32.97
34 .33
35.69
39.14
39.14
39.14
27 .86
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TABLE 8. Thermocouple Locations - Cylinder Model

1
18" TC-NO. X , 2
‘ 1 34.50 4.63 0.0
f 2 A 4.43 I\
| 3 1 4.23 I
4 ! 4.03 i
; 5 3.83
; 6 3.68
7 3.43
8 3.23
9 3.03
3 10 2.83
11 2.63
12 2.43
13 2.23
14 2.03
15 1.83
/ 16 1.63
1 : 17 1.43
18 1 1.23 {
; 19 34.50 1.03 0.0




TABLE 9. Thermocouple Locations - Full Scale Kick Ring

TC-NO. X Y z
1 0.0 0.438  6.063
2 1.00
3 1.50
4 0.0 2 .00
5 -0.313 2.35 6.063
6 -0.722 2.73 5.813
7 3.04
8 -0.722 3.35 5.813
9 0.0905 3.76 6.063

10 0.778 :

11 1.466 3.76 6.063
12 0.0 2.00 4.063
13 -0.313 2.35

14 -0.722 3.04

15 0.778 3.76 4.063
16 0.0 2,00 1.75
17 -0.313 2.35

18 -0.722 3.04

19 0.778 3.76 1.75
20 0.0 0.438 0.0
21 1.00 \
22 1.50

23 0.0 2.00

24 -0.313 2.35 |
25 -0.722 2.73 0.0
26 -0.722 3.04 0.0
27 -0.722 3.35 )
23 0.0905 3.76

29 0.778 4

30 1.466 0.0
31 0.0 2.00 -1.75
32 -0.313
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TABLE 9. Continued

TC-NO. X Y z
33 -0.722 3.04 -1.75
34 0.778 3.76  -1.75
35 0.0 2.00 -4.063
36 -0.313 2.35
37 -0.722 3.04
38 0.778 3.76  -4.063
39 0.0 0.438 -6.063
40 1.00
41 1.50
42 0.0 2.00 ‘
43 -0.313 2.35  -6.063
44 -0.722 2.73  -5.813
45 3.04
46 -0.722 3.35  -5.813
47 0.0905 3.76  -6.063
48 0.778

1.466 3.76  -6.063

49




ﬂ TABLE 10. Thermocouple Locations - Full Scale Attach Ring

TC-NO.. X Y z
1 -2.19 2.71  -6.44

2 -5.94

3 -5.44

4 -4.94

5 -4 .44

6 -3.94

7 -3.44

8 -2.94

9 -2.44

k] 10 -1.94
.' 11 -1.44
f 12 -0.94
13 -0.44

14 0.06

15 0.56

16 1.06

17 1.56

18 2.06

19 2 .56

20 3.06

21 3.56

22 4.06

23 4.56

24 5.06

25 5.56

26 6.06

27 ! * 6.56




{ TABLE 11. Thermocouple Locations - Integrated Electronics Assembly

~ TC-NO. X o z
1 0.0 2.63 5.0
2 3.25
3 3.75
4 4.0
5 0.28 4.0
! 6 0.0 3.75 2.5
| ? 7 1 4.0 2.5
? ' 8 2.63 0.0
1 9 3.25
:1 10 3.75
1 11 i 4.0
. 12 0.28 4.0
‘ 13 8.0 3,75 -3.5
14 4.0 -2.5
15 $.43 5.0
E} 16 3.25
| 17 3.75
rj 18 4.0
1 19 0.28 4.0
“1




TABLE 12. Thermocouple Locations - Aft Skirt Ring

TC-NO .

X

1

O 0 N O W N

e il ol o =
L B W N~ O

0.0

Lol
1.871
2.004
2.136
2.269
2.402
2.593
2.780
2.968
3.155
3.343
1.871
2,004
2.136
2.269
2.402

-1.741

-1.874
-2.006
-2.139
-2.272
0.0

1.741
1.874
2.006
2.139
2.272




TABLE 13. Thermocouple Locations - Plant/Field Joint

TC-NO. X Y z
I 1 1.97  -7.00  0.22
2 -5.00
f - 3 -2.50
f 4 G.00
! 5 2.50
P | 6 5.00
‘ 7 ) 7.00 |
{ | 8 3.38  -7.00 0.53
‘ 9 -5.00
1 10 ~2.50
| 11 0.00
- 12 2.50
E | 13 5.00
| 14 ] 7.00 1
| 15 5.47 -7.00  0.85
| 16 -5.00
1 17 -2.50
3 18 0.00
| 19 2.50
J‘ 20 « 5.00
| 21 7.00 W
i
1




TABLE 14 . Thermccouple Locations - Stiffener Stub

Shist s bt il g ciel i o g o g Slladinhes e s it g L

?‘ & TC-NO. X Y z
‘ 1 T T
2 5.00
| 3 2.50
4 0.00
5 -2.50
6 -5.00
7 ¢ -6 .60 ﬁ
8 +0.22 +6 .60 +1.71
9 5.00
10 2.50
11 0.00
12 -2.50
13 -5.00
14 ¥ -6.60 Y
15 +0 .44 +6 .60 +1.33
16 5.00
i 17 2.50
18 0.00
19 -2.50
20 ‘ -5.00
21 =6 .60 )




E | TABLE 15. Thermocouple Locations - Stiffener Ring
TC-NO. X Y Z
1 0.00 +6 .60 +1.25
2 5.00
3 2.50
4 0.00
5 -2.50
6 -5.00 ‘
7 \ -6 .60
8 -2.02 +6 .60 +2.75
9 5.00
10 2.50
Il 0.00
12 -2.50
13 -5.00
14 | -6.60 1
15 +1.03 +6 .60 +3.00
16 5.00
17 2.50
18 0.00
19 -2.50
20 -5.00
21 L -6.60 Y




T

Sl

TC-NO. X Y Z
1 -1.50 +6.60 +1.47
2 5.00
3 2.50
4 0.00
5 -2.50
6 -5.00
7 + -6.60 ]

8 -1.20 +6 .60 +2 .73
9 5.00
10 2.50
11 0.00
12 -2 .50
13 -5.00
14 ‘ -6.60 \
15 +0 .80 +6 .60 +3 .00
16 5.00
17 2.50
18 0.00
19 -2.50
20 -5.00
21 ’ -6.60 ‘

i G
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s TABLE 17. SUMMARY TEST LOG
~ WEDGE MATERIAL TESTED
ENTRY TEST DATE PO(psia) TO( R) ANGLE(deg) (NO .) AND TYPE GROUP NO.
1 Dec. 5, 1977 1800 1900 ] Calibration 38
5 Calibration 39
10 Calibration - 40
12 Calibration 46
15 Calibration 41
20 Calibration 42
20 (1) SLA-220 44
25 Calibration 43
1200 -] Calibration 12,13,14,15,16,17
(2)MA-258 9,18 i
(l)ESM 10
. (3)Phenolic Glass 11,19,22
(2)Cork on CPR-488 20,21
S (1) MTA-3 23
800 18 Calibration 24,25
3 23 Calibration 26
18" (2)P50 Cork 27,29
18 (2)B-Stage Cork 28,31
300 S Calibration 32
10 Calibration 33
18 Calibration 34
20 Calibration 35
20 (1)SLA-220 37
] 25 Calibration 36
2 May 22,1978 ° 1200 1900 (1] Calibration 45,46
2 Calibration 50
7.5 Calibration 44,47
15 Calibration 39,41,42,48
{ 23 Calibration 43,49
800 18 Calibration 3,4,5,6,7,8
\ 23 Calibration 9
200 1853 15 Calibration 10
220 1900 -0 Calibration 21,26
5 Calibration 15,28
10 Calibration 16,24
15 Calibration 17,22,33,37,38
23 Calibration 11,18, 19,23,28,30,31,32,
1 34,35,36
3 May 23,1978 1800 1900 12 (4)Zinc Paint 53,54,55,56
; 12 (5)Lead Paint 57,58,59,60,61
1200 7.5 (4)Phenolic Glass 62,63,64,75
with P-50 Cork
2 (4)Phenolic Glass 65,66,67,74
with P-50 Cork
2 (3) EPDM 69,70,71
L) (2)v-44 72,73
220 15 (8)Phenolic Glass 76,77,78,80,82,483,85,98
3 with P-50 Cork
15 (4)EPDM ‘ 86,88,39,95
15 (2)v-44 90,91 :
) (1)P-50 Cork
23 (1)P-50 Cork 93
L (l)Phenolic Glass 94
] } with P-50 Cork
4 Jan. 12,1979 1800 + 1900 30% (3)MSA-1 with 1,2,10
* Chopped Silica Phenolic Island
20 (6)Cork with 3,4,5,6,11,12
* Chopped Silica Phenolic Island
33 (2)Cork witn 7,8
Chopped Silica Phenolic Island
25 %® (1)Cork with 13
f ’ Chopped Silica Phenolic
5 Jsn. 15,1979 220 1860 10 Calibration 5
15 Calibration 4
18 Calibration 6
23 Calibration i 0% |
28 Calibration 3
1888 18 Calibration 25
16 Calibration 23
18 Calibration 21
18 (L)BPDM ‘26
18 (1l)Clevis Joint 28
Calibration
Y 19 Calibration 24
. 20 Calibration 22
1 23 ° (1)EPDM 27

* R ANGLE = 12 deg.

56




TABLE 17 . Cont inued

| WEDGE MATERIAL TESTED
: ENTRY TEST DATE PO(psis) TO(PR) ANGLE(deg) {NO ) AND TYPE GROUP NO. .
$ Jan. 15,1979 1200 1900 5 Calibration 7
8 Calibration 13
! . 10 Calibration 8
10 (1)EPDM 29
15 (1)Sheet Cork " 30
15 Calibration 9
18 Calibration 10 X
23 Calibration 11
1 28 Calibration 12
1800 -] Calibration 14
8 Calibration 18
10 Calibration 16
: 15 Calibration 17
3 5 18 Calibration 18
23 Calibration 19
25 (1)Cork with . 14
. Chopped Silica Phenolic Island
25 (1)MSA-2 15
28 (1) Sheet Cork 31
1 ‘ ‘, 28 Calibration 20
[ ] Jan. 16,1979 220 1900 <2 Calibration’ 41
5 Calibration - 37,42,66
5 (2) EPDM : 69,70
6 Calibration 71
10 Calibration 38,43,67
15 Calibration 39,44 ,68
3 \ 18 Calibration 40
1200 5 Calibration 32,45,47,61
5 (1) EPDM 73
6 Calibration 50
8 Calibration sl
10 Calibration 33,46,62
10 (1) EPDM 74
15 Calibration 34,48,63
18 Calibration 35,49,64
J 18 (1) EPDM 72
23 Calibration 36,65
1800 L] Calibration 52,57
L] (1) EPDM 76
‘ 10 Calibration 53,58
15 Calibration 54,59
15 (1) EPDM 75
. ‘18 Calibration 55,60
] ) 23 Calibration 56




APPENDIX III
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