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FOREWORD

This report summarizes the work conducted by McDommell Douglas Astronautics
Company~East (MDAC-E) in St. Louis, Misscuri for the Structures and Mechanics
Division of the NASA Johnson Space Center (NASA-JSC) under Contract NAS9-14012,
"Data Correlaticn and Analysis of Arc Tunnel and Wind Tunnel Test of RSI Joints
and Gaps, Phase II." This final report consists of twe volumes: Volume I -
Technical Report and Volume II - Data Base, Part 1 and Part 2. The period of perfor-
mance was from 20 May 1974 thru 19 May 1975.

Mr. Douald J. Tillian was the NASA Technical Monitor for this study; Messrs.
H. E. Christensen and H. W. Kipp were the MDAC Principal Investigator and Study

AR, Cak

Manager, respectively, Signific:z~t contributions tc this study were made by

A. E. Brums, M. B, Donovan, '*. H. Ebbesmeyer, E. A. Eiswirth and T. ¥W. Parkinson.
The cooperation of numerous NASA Personnel at Ames Research Center, Johnson Space
Center and Langley Research Center in providing experimental data, supplemental
calculations aud valuable counsel was instrumental to the successful completioe
of this study. We are appreciative of the ccoperation from the following-for
supplying test data; C. D, Scott and L. P. Murray of JSC, W. K. Lockman and

F. J. Centolanzi of Ames, D. A. Throckmorton an] I, Weinstein of LaRC, and

G, W. Mauss and C. B. Blumer Rockwell International.
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1.0 INTRODUCTION AND SUMMARY
The reusable surface insulatic: (RSI) thermal protection system (TPS) for
Space Shuttle requires gaps at RSI joints to accomodate structural deflection vesult-
ing from loads and thermal expansion. In addition, allowauce must be made for
manufacturing and assembly tolerances. Gap widths under current consideration will
nominally be 0.254 cm (0.10").

The successful application of RSI material for Shuttle thermal protection is
sigi ificantly affected by entry neating within the RSI gaps. Gap width, depth,
crossection geometry, gap orientation, boundary layer state and surface mismatch
are all known to affect convective heating within the gap and heat leakage to the
protected substructure. For instance, present study results indicate a flush
transverse butt gap 0.254 cm wide with an edge radius of 0.152 cm, increases TPS
thickness requirements by approximately 1/ above the thickness required for a
continuous layer of KSI.

During 1972, 1973 and 1974, extensive tests of various gap configurations were
run by NASA to provide a data base for accurate assessment of gap heating. Data
were taken in both wind tunnels and in arc tunnels. The early test data is contained
in Reference 1. In the present study, a large segment of the available data was
analyzed and correlated to obtain methods for predicting heating in the RSI gaps on
Shuttle. The following major tasks were performed during the study:

o Assimilation of gap heating data from NASA facilities

o Analysis of the data tc determine heating rates and sensitivities

o Correlation of the assimilated data and the development of a gap heating

procedure which was applied tc¢ a current Shuttle baseline entry trajectory.

This volume of the final report contains the gap heating data which were
assimilate 31 during the current study. The data sources and test conditions are
summarized in Figure 1.0-1.

The data contained i:n subsequent sections includes a description of each test
facility, run schedule and test coaditions, model descriptive information, and heat

flux data.

1.0-1
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GAP HEATING DATA SOURCES

. E. CHRISTENSEN
11973)

D. A. THROCKMORTON

TEST FACILITY

LaRC MACH 10 CFHT
MODEL TESTED IN
TUNNEL WALL 6

Rem~t = 3.3 X10

TURBULENT B.L.; 153 RUNS; THIN SKIN

DATA DESCRIPTION

MODEL; BUTT JOINTS WITH INLINE AND
STAGGERED GAPS; FLOW ORIENTATION,
TILE HEIGHT MISMATCH AND GAP WIDTH
VARIED.

ﬁ. K. LOCKMAN
.. P. BLUMER
(1973)

AMES 3.5 FOOT HWT FREE
STREAM MODEL
5.0 < M<5.2

1X106 < Re m-1 < 4.6X10

6

LAMINAR, TRANSITIONAL AND TURBULEN,
B.L.; 71 RUNS; FLAT PLATE THIN
SKIN MODEL; INLINE, TRANSVERSE AND
SWEPT BUTT JOINTS.

L. A. THROCK:®RTOi

LaRC MACH 10 CFHT

TURBULENT B.L.; 10 RUNS; THIN SKIN

(1973) MODEL TESTED IN MODEL; FILLED, IN-LINE AND STAGLERED
SUPPLEMENTAL TUNNEL WALL 6 GAPS
IRUNS Re m-1 =53.3 X 10° AND
7.4 X 10
W. K. LOCKMAN AMES 3.5 FOOT HWT LAMINAR, TRANSITIONAL AND TURBULENT
C. 8. BLUMER FREE STREAM B.L.; 93 RUNS; THIN SKIN MODEL:;
{1973) 1.6 X 10 < Re m-1 < LONG IN-LINE GAP; AP ORIENTATION
6.6 X 106 WITH THE FLOW TO AN ANGLE OF 15

DEGREES

I. WEIWSTIER

LaRC 8 FOOT HIGH

TURBULENT B.L.; 22 RUNS; THIN SKIN

M=96
Re m-1 = 741,

(1974) TEMPERATURE STRUCTURE MODEL; IN-LINE AND STAGGERED
TUNNEL
Re m=1 = 1.9 X 10 AND
4.8 X 106
C. D. SCOTT JSC 10 MW ARC TUNNEL LAMINAR B.L.; 12 RUNS (MODEL INSERT-
(1974) WEDGE (15¢ .) ED 3 TIMES INTO THE FLOW ULRING

EACH RUN); THIN SKIN TILES WITH
ROUNDED EDGES; IN-LINE BUTT CONrlG.;
TRNASVERSE AND IN-LINE GAPS

1.0-2

FIGURE 1.0-1
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2.0 NASA/LaRC, CFHT TESTS (EXPANDED LISTING)

An HCF tile array was tested in Lungley's Continuous Flow Hypersonic Tunnei
(CFHT) at a freestream Mach number of 10.3 and a freestream unit Reynolds number
of 3.28 x 106/meter. The purpose of the test program was to study the heating on
the face of a tile submerged in a thick turbulent boundary layer as a function of
gap width, tile mismatch and flow orientation. These tests were performed on the
side wall of the tunnel (Figure 2.0-1) which has a boundary layer thickness of 5.08
to 10.16 centimetere. The tile array was rotated through +45° to study the flow
orientation effect on gap heating. Figure 2.0-2 is a .2w of the CFHT. Heating
measurements were made by inserting the panel into the teat position and record-
ing thermocouple responses.

A MDC engineer supervised the tests on site at LaRC. Mr. D. A, Throckmorton
was the NASA engineer responsible for conducting the tests. Mr. D. A. Throckmorton
and his staff were very cooperative which is very much appreciated. Test
description and graphical presentation of the test data as prepared by LaRC is

contained in Referance 2.

-RSI-TPS WIND TUNNEL CONFIGURATION (CFHT AT LaRC)

RSI TEST PANEL
ROTATIONAL PLATE
TUNNEL DOOR

o ADJUSTABLE GAP
o SHIMS FOR STUDYING MISMATCH
6 0 TO *90° ORIENTATION

AIR FLOW
Figure 2.0~1

Hmmmmmmm 2.0-1
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CONTINUOUS FLCW HYPERSONIC TUNNEL (CFHT)
NASA-LaRC
(MACH 10)

»

TUNNEL AIR HEATER

d 5

\

'

o

¥
‘ [ |
-1 |

TEST SECTION =2

R

FLOW IS FROM LEFT TO RIGHT

Figure 2.0-2

2.0-2
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TEST CONDITIONS AND VARIABLES MATRIX
Tests were conducted in the tunnel wall boundsry layer of the Langley
Ccatinuous Flow Hypersonic Tunnel with freestream flow conditions of Mach number,
¥_ = 10.3, and unit Reynoids numwber, RN = 3,28 x 106/meter. At these conditions,
the tuvnnel wall houndary layer is fully turbulent with a displacement thickness,
é*, of approximately 12.06 centimeters. Varied test parameters were: tile
ovientation (staggered/in-line), gap width, flow angularity, and tile misma*ch.

Ap cutline of the full test matrix is presented below:

GAP TILE ARRAY TILE FLOW
WIDTH (cm) ORIENTATION MISMATCH (cm) ANGULARITY (degs.)

0.127 Staggered 0, +.254 0, 7.5, 15, 30, 45
In-liine 0, +.254 0, 7.5, 15, 30

0.229 Staggered 0, -.168 0, 7.5, 15, 30, 45
In-line 0, -.168 0, 7.5, 15, 30

0.457 Staggered 0, +.254 0, 7.5, 15, 30, 45
In-line 0, +.254 0, 7.5, 15, 3¢C

0.711 Staggered 0, +.254 0, 7.5, 15, 30, 45
In-1. 0, +.254 0, 7.5, 15, 20

A complete Run Scheuule is presented as Figure 2.0-3

2.0-3

MCDONNELL DOUGILAS ASTRONAUTICS COMPANY ~- EAST
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CFHT TEST 92 RUN SCHEDULE
TILE  iaLpwa |, 156
RUN ﬁAP : MIi!AECH ORIENTATION (DEG) LOCATION REMARYS
1{o.127] O . Staggered 0| Top No Data!
2 ol
3 l | -7.5 x
4 | -15 t
51 | | -30
6 ; ' -45 Top
7 i ; -7.5 | Bottom
gl | ! -15 ',
9 ; l 1 -30 \
it ‘ ! Staggered | -45 Bottom
11 In-Line |, O Corward
12| ' ! i -15 {
13i10.127;, O In-Line -15 | Forward
14 1 0.229 0 Staggered |, 0 Top
15 -7.5 !
16 -15 |
VAR -30 1
18 | -45 Top
19 ; 4=7.5 Bottom
20 ' ‘15 i
211 1 -30 t
I 22 Staggered -45 Bottom
: 23 | In-Line 0 Forward
|24 -7.5 |
-5 . i 15 \
26 ’ l -30 Forward
27 0 Aft
28 | 1.5
29! 1 Y -15
30]0.2290 0 In-Line | -30 | Aft
31! 0.457, 0 Staggered 0 Top
2 -7.5 i
33l s ||
34 -30 {
35 -45 Tep
36 -7.5 | Bottom
37 -15 .
38 \ -30 !
39 Stayyered -45 Bottom
40 ] In-Line 0 | Forward
41 ! -7.5 :
42 ' -15 1
43 Loy -30 Forward
44 l ‘ 0 Aft
45 | -71.5
4% 1 1 ‘ -18 1
47, 0.457° 9 | In-line | -30 | At
2 0-4 FIGURE 2.0-3

MCODONNELL DOUGILAS ABSTRONAUTICS COMPANY - ZAST
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FIGURE 2.0-3 (CONTINUED)
GAP | MISMATCH TILE ! ALPHA| , T-L
RUN| (em) ' (em) ORIENTATION . (DEG) LOCATION REMARKS g
{

4810.457 0.254 Staggered 0 Top
49! - -7.5 '
50| -15 l
51| | ~-30 1
52 ' -45 Top
53 0 Bottom
54 -1.5 ;
55 -15
56 1 -30
57 Staggered -45 Bottom
58 In-Line 0 Forward
59 -7.5 :
60 -15
61 -30 Forward
62 0 Aft,
63 # 1 -7.5 j
64| Y f Y -5 1
65]J.457 | 0.254 In-Line -30 Aft
660.127 , 0.254 Staggered 0 Top
67] | -7.5
68| | -15
69 -3
70 -45 Top
71 0 | Bottom
72 -7.5
73 -15 t
74 1 -30
75 Staggered -45 Bottom
76 In-Line 0 forward
77 -7.5 !
78 -15
79 -30 Forward
80| 0 Aft
81 4 -7.5 |
82 \ -15 1

| 83]0.127 | 0.254 In-Line -30 Aft
8410127, 0 In-Line -15 | Forward
85 ! ! =20 Forward .
8| | | , 0 | Aft |
87 ! -7.5 |
e8| 1 | 1 -15
39 10.127 0 In-Line -30 Aft
9C |0.229 | 0.254 Staggered 0 Top
91| | -7.5
92 ' l '15 1
93| T | -20 ‘
94 10.229 | 0.254 Staggered | -45 Top

2.0-5 FIGURE 2.0-3
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FIGURE 2.0-3 (CONTINUED)
GAP | MISMATCH| TILE  |ALPHA | T-¢
RUN! (cm) (cm) ! ORIENTATIGN | (DEG); LOCATION REMARKS
9510.229! 0.254 Staggered 0 Bottom
96 -7.5
97 -15 l
98 1 -30
99 Staggered -45 Bottom
100 In-Line 0 Forward
101 -7.5 !
102 -15
103 -30 Forward
104 | 0 Aft
1n5 ! -7.5 i
we! T 14 ! -15 {
107! 0'22?4, u.254 In-Line -30 Aft
108 0.229. -C.168 Staggered 0 Top
109 . -15 ;
110 l -30 1
11, | -45 | Top
112 , . 0 Bottom
113 : | -15
1i4 . i -30 )
115 Staggered -45 Bottom
116 l In-Line 0 Forward
117 \ -15
118 ! -30 Forward
1191 0.229" -0.168 In-Line 0 Aft
120 0.7 0 Staggered 0 Ton
121 : -7.5
122 -15 L
123 -30
124 -45 Top
125 0 Bottom
126 i -7.5 ‘
127 ! -15 ‘
128 i -30
129 Staggered -45 Bottom
130 In-Line 0 Forward .
131 -7.5 '
1321 -15
133: | -30 | Forward
134/ | 0 | Aft
135: | -7.5 l
1361 7 i ! -15
137, 0.711 0 In-Line =30 Aft
138 v. 711, 0.254 | Staggered ' O Top
139 | \ | -7.5 1
140 0. 7111 0.254 Staggered -15 Top No Data:
2.0-6 FIGURE 2.0-3
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FIGURE 2.0-3 (CONTINUED)

GAP | MISMATGH| TILE  lALPHA | T-C ]
RUN) (cm) (cm) ORIENTATION | (DEG) | LOCATION REMARKS
141; 0.711  0.254 Staggered -15 Top
142 | : -30 i
143 -45 Top
144 O Bottom
145 -7.5
136 -15
147 1 -30 \
148/ Staggered | -45 | Bottom |
149 In-Line 0 Forward '
150 -7.5
151! -15 !
1521 -30 Y No Data:
153/ | -30 | Forward
154| | 0 | Aft
155 % -7.5 |
156 W f -15 T
157 o.7111 0.254 In-Line -30 Aft

]
2.0-7 FIGURE 2.0-3
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2.1 MODEL DESCRIPTION
The tile-array amodel utilfzed in these tests is illustrated schematically in
Figure 2.1-1. The model consisted of a single 15.24 by 15.24 centimeter thin skin
tile suirounded by six HCF tiles as shown. This array was set in an adapter
(figure 2.1~2) to “he facility model injection mechanism in order to provide test-

ing flush to the tumael side wall. A photograph of the model installed on the in-
jection mechansim is shown in Figure 2.1-3. Photographs of the model positioned

flush with the tuaneli side wall, both in-line and staggered orieatations, are shown
in Figures 2.1-4 and 2.1-5 respectively.

The tile array was comstructed such that gap width between tiles was variaoia=
(0.127, 0.229, 0.457, 0.711 centimeter). Metal shims (Figure Z2.1-2) were used to
align all tiles flush with the tumnel wall,'as well as to provide mismatch of the
instrumented thin skin tile rclative to the surrounding tiles. For all test rums,
the gaps between the adapter walls and the HCF tile side walls were elimi ated by
filling with a high temperature rubber sealant.

The HCF tiles were made frow MOD IIIA HCF material bonded to 0.127 centimeter
thick stainless steel plates with DC-3145 adhesive. All external surfaces cf the
tiles were coatad with the MO-7 one step inorganic coating.

The thin skin tile wac fabricated of stainless steel with a uniform thickness
of 0.0254 centimeter at LaRC. The tile was 1 - -rumented with 81, 30-gage chromel-
alumel thermocouples nominally located as indicated in Figure 2.1-6 Orientation
of the instiumented portion of the thin skin tile relative to the surroundi.g HCF
tiles is illustrated in Figure 2.1-7 The entire tile array could be rotated a
fuil 360° to allow measurement of the heat transfer to all tile irfaces for the

full range of possible flow angularities.

PRECEDE#; PAGE BLANK DOR FILMEQ

2.1
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Calibration Data - LaRC performed calibration runs to measure heat trans-

fer data on a model mounted on the tunnel sidewall. The heat transfar was measured
on a smooth flat plate under the same nominal flow conditions as the tile array. A
photograph of the flat plate model is shown on Figure 2.1-8. Figure 2.1-9 is the
measured heat transfer distribution in the vertical direction on the flat plate
mounted in the tunnel sidewall. The distribution shown is based upon three data
runs at M, = 10.33 and Re,/m = 3.28 x 106. A significant variation in the heating
across the flat plate is observed. This tunnel characteristic has been attributed
to the square nozzle and test section which results in a slight flow convergence
toward the center of the tunnel sidewall. Data taken on a corrugated vanel on the
tunnel sidewall exhibited a simili. spanwise heating gradient to that observed on
the flat plate. Normalizing the corrugated panel heat transfer coefficients by the
flat plate coefficients resulted irn successful collapsing of the data in the span-
wise direction. Because of previous experience in correlating the corrugated panel
data, the gap heating data, taken at the same test condition, was normalized by the
measured flat plate heat transfer coefficients. Measured heating in the streamwise

direction showed a slight decrease with distance as would be expected for a thick

turbulent boundary laver.

2.1-2

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY - EASY
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ROTATION PLATE

ALL OIMENSIONS IN CERTIMETERS

INSTRUMENTED THIN SKIN TILE (15.24 X 15.24 X 6.477)

HCF TILE 6.35 THICK

41.40 MAX

L g
41.40 MAX "'"""—"""7/

TILE ARRAY MODEL SCHEMATIC

Figure 2.1-1
2.1-3

A}‘}é; .
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COMPONENTS FOR RSI-TPS TEST IN MACH 10
CONTINOUS FLOW HYPERSONIC TUNNEL

- . ™ TR e
PEELABLE » — 48.9 cm DIA ADAPTER
T e Y -
= 5 eeeamm .

6.35 cm HCF TILES

SPACERS

Figure 2.1-2

2.1-4
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PANEL, ADAPTER RING, DCOR AND INJECTION
AECHANISM DURING GAP HEATING TEST AT LANGLEY CFHT

® inlined oan nrfentation (N.N3% {nch gan);
* one 6> 6 inch thin skin (N.01N inch

stainless steel) and six HCF tiles

2.1-5

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY »~ EAST
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LRSI PANEL (INLINED GAP ORIENTATION, 0.23 CM GAP)
INSTALLED IN THE WALL OF THE LANGLEY CFHT

FIGURE 2.1-4

RS1 PANEL (STAGGERED GAP ORIENTATION, 0.23 CM GAP)
INSTALLED IN THE WALL OF THE LANGLEY CFHT

FIGURE 2.1-5

MCDONNELL DOUGILAS ASTRONAUTICS COMPANY - EAST



5 RSI GAP HEATING ANALYSIS - i

REPORY MDC El2a8
J5C 09651

YOLUME 11

NOMINAL THERMOCOUPLE LOCATIONS FOR
15.24x15.24 CM THIN SKIN TILE USED IN CFHT

TILE SJRFACE CENTER

ALL DIMENSICxS IN CENTIMETERS

Figure 2.1-6
2.‘-7
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RELATIVE LOCATION OF INSTRUMENTED

PORTION OF THIN SKIN
oSTAGGERED TILE ORTENTATION

o i
! ) e 13383

Yere e ol
i ' ave e B - o
i e, ¥
¢ et ———"
o

;- +4
Thermocouple location Thermocoup® 2 location
“Bottom™ *Top"

o IN-LINE TILE ORIENTATION

S Lan e auae
+ 4+ + e
I > l .t 4+ 4
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Thermocouple location Thermocoupie 1ocation
“Forward" "Aft"
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HEAT TRANSFER DISTRIBUTION [HFP= F|(Y)l ON

FLAT PLATE MOUNTED ON CFHT SIDE WALL

M_=10.33 Reym = 3.28 x 10° TEST NO. 93
Taw/y = 0.895 X * 0.0

#
TUNNEL—"
SIDEWALL -
b~ DIFFUSEK
AIRFLOW
-4 2 o
(WATTS/m’-%c) (3”; BTU/FT"-SEC-7F)
6.0y 3 ; ] P ] T - E - RS
N B N TN S R Tl
| ’ik;.; .),I;j
.t U o®
4.04 2.0 = 7

l ; ; : : i : '
N
a P : U \ : : / . ) ]
=" o .‘ ' \\_‘L_//

2.0+ 1.0

NGTE: I REPRESENT DATA BAND FROM | : -
THREE OATA RUNS | _ | S .

? ! . . ‘ T
s e -f- . . .- .
SR
0
L

0.0+ 0.v

.10 -8 -6 -4 -2 2 4 6 8 10 (INCHES)

Y

25 20 -15 -10 -5 0 5 10 15 20 25 (cm)
y
IMUM REGION OCCUPIED
BY THIN SKIN TILE
MAX. REGION OCCUPIE MAX. REGION occupxeo‘
BY GUARD RSI 2.1-10 BY GUARD RSI
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2.2 Explanation of Termirology Used in Tata listing - Results from the CF¥I

tests presented in Section 2.3 are orgaaized by run number and contair informatfon
about test conditions, odel configiration and thermocouple location, heat traasfer
parameters and boundary layer parameters. The data listing was prepared by analy-
zing and combining information recorded duriung calibration and test runs with
boundary layer information. As described in ee-..ier sections, tile heating in-
formation was cbtained by repositioning the instrumented tile within the field of
tiles, Two basic tile orientations (or conZigurations) were used: in-line and
staggered. The entire panel was rotated from these coniigurations to obtain inter-
mediate flow orlentations to generate data for flow angles (GAMMA) ranging from O
to 90 degrees. It should be noted that the coordinates "XSURF" and "XB" are based

on either the in-line or staggered tile configuration whereas "XC" and "YC" are

for a "fixed tile™ and the flow rotates. The fixed tile coordinate system is

described in Figure 2.2-1. i
The terminclogy used in the data listing is as follows: ]
MACH = Mach Number
RE/METER = Unit Reynolds Number
HO = Reference heat transfer ccefficients, constant for a test run
™ = Wall temperature i
T = Freestream total temperature
PT = Freestream total pressure
T1 = Freestream static temperature
Pl = Freestream Static pressure i

(RHO V)1 = Freestream density - velocity product

GAP a GAP WIDTa (W)

STEP = Step height (0, protruding tile)
(=0, flush tile)

(<0, recessed tile)

CONF = Tile pattern; STAG + staggered tiles (Figure 2,1-5)
IN-LINE - in-line tiles (Figure 2.1-4)

TAW = Adiabatic wall temperature

CH = Channel number

XSURF = Surface distance on the instrumented tile and is recorded

based on in-line or stgggered configuration,

FLOH . - X
TR )

N
PRECEDING PAGE BLANK NOT FILMED

N

2.2-1
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avmeseemner

XC

YC

Y~-NOR

HT
HT/HO
HT/HF
NSTT

DELS

M-TK
SUB-L
HT/HE

hTC/HF

HTC/HEC

2/ RSI GAP HEATING ARALYSIS - I RO M e

YOLUME i

Distance from leading edge of :ile, (XB)

x-coordinate of instrumentation point, origin at center of

tile, (Xc)

y-coordinate of instrumentation point, crigin at center of
tile, (Yc)

Dist~nce from top of tile (XC, YX, Z form ripht hand coordinate
system)

Vertical distance from tunnel centerline instrurentation
locations, used for interpolating calivr ~late heztiu
curve

Convective heat transfer coefficient based on a '(aw/Tt = 0.895
Heat transfer coefficient ratio

Convective heat transfer ratioed to calibration plate heating
Stanton number based on freestream conditions and HT
Displacement thickness based on starred condition

Momentum thickness

Laminar sublayer thickness

Convectiv2 heat transfer coefficient in gaop ratioed to

coefficient measured an top of tile at edge of the gap

Convective heat tiansfer coefficient in gap (conduction and

specific heat corrected) ratioed to flat plate

Convective heat tr-uasfer coefficient (conduction and speci{ic hre.

corrected) in gap ratioed to edge value on top of tile

Information for thermocouples with abnormal data is omitted frow data iisting.
Also contained in Section 2.3 is a listing which employs the '"24 Attribute Word
List". Data are arranged by run number, gap, step and flow orientation. Terminology

used for pages 2.3-1339 to 2.3- 368 is as follows:

XX

XXX | ~«———— IDENTIFICATION NUMBER

G-CF
LOC

| t—— T/C NUMBER
RUN NUMBER

XX
1*TEST NUMBER

GAP CONFIGURATION
INSTRUMENTATION LOCATION

2.2-3
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= DISTANCE DOWNSTREAM FROM LEADING EDGE OF CARRIER PLATE
= LATER:~ DISTANCE FROM MOD®L CENTERLINE {
= DISTANCE FROM TOP OF TILE (X, Y, Z, FORM RIGHT HAND COORDINATE

SYSTLH)
| X(P ) = DISTANCE FROM 1EADING EDGE OF TILE
HTC/HTEC = CONVECTIVE HEAT TRAWSFER COEFFICIENT (CONDUCTION AND SPECIFIC HEAT
CORRECTED) IN GAP RATIOED TO EDGE VALUE ON TILE TOP
G(RaD) = FLOW ORIENTATION - RADIANS
; GAP = GAP WIDTH
! STEP = STEP HEIGHT
f FLOW-+ = GAP FLOW LENGTH
i )
GAP-D = GAP DEPTH |
PATN = TILE PATTERN (0 = STAGGERED, 1 = IN-LINE) ;
MACH = MACH NUMBER :
RE/METER = UNIT REYNOLDS NUMBER PER METER
M~THK = MOMENTUM THICKNESS
DELS = DISPLACEMENT THICKHESS
SUB-T =  4UB-LAYER THICKNESS
H = HEAT TRANSFER COEFFICIENT BASED ON Taw/T¢ = 0.895
HTC/HREF = CONVECTIVE HEAT TRANSFER COEFFICIENT 14 GAP (CONDUCTION AND SPECIFIC

HIAT CORRECTED) RATIOED TO COEFFICIENT ON CALTBRATION PLATE AT THE ,
SAME LOCATION i

NSIT = STANTON NUMBER BASED ON FREE STREAM CONDITIONS AND HEAT TRANSFER
COEFFICIENT
TW/TE = TEMPERATURE RATIO ACROSS BOUNDARY LAYER
B.L. = BOUNDARY LAYER STATE (i = LAMINAR, 2 = TRANSITIONAL, 3 = TURBULENT)
NT@L = DATA SEQUENCE NUMBER é

Information for thermccouples with abanormal data is omitteZ from data listing. !

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY - EAST
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2.3 Data Tabulation for LaRC CFHT Gap Heating Tests - This section contains
the prograrL for transcribing data frow the CFHT iato the Data Bank and the tabula-~

tion generated by the program. The program listing is included for completeness
and also documents those steps necessc™y to process the data into the Nata Bank.

The cdatz listing begins on Page 2.3-28.
This listing employs the '24 Attribute Word List" (described in Voiume 1,

Sect” a1 S) used in the data seleztion and data correlation programs.

PABCEDRIC PAGE BLANE NOT FILMED

2.3-1
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