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ABSTRACT

Plotted und tabulated heat transfer data from the thin-skin thermocouple test
phase of a joint AEDC-MSFC experimental test program sre presented herein.

This document designated as Volume III of III presents data representative of
the reentry cvent of the NR Orbiter (161B) alone configuration. Volume I of
this series presents heat transfer data applicable to the Ascent Configuration,
GD/C B-15B-2 Booster plus NR Orbiter (161B). Volume II prescnts heat trunsfer

data applicable to the reentry of the B-15B-2 Booster slone configuration.

The model from which these data were generated is a 0.009 scale replica of the
North American Orbiter (161B) configuration. The test was conducted in the

AEDC VKT 50-Inch Hypersonic Tunnel B at a nominal freestream Mach number of 8,
Reynolds number range of 0.8 x lO6 to 3.8 x lO6 per foot, and angle of attack

range of -5 degrees to 50 degrees.

Thermocouple measurements were reduced to heat transfer coefficient ratio (H(TO)/
HREF ), and these data are presented as plotted variations versus longitudinal,
lateral, and vertical local model positions. Tabulated values of these data are

presented in the Appendix of this report.
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SUMMARY

A Jjoint AEDC-MSFC cxperimental test program in the VKF 50-Inch Hypersonic
Tunncl B hus been conducted to determine detailed heat-trensfer dictributions
on Phuse B Space Shuttle configurstions. This volume, III of III, presents
the NR (161B) Orbiter reentry event data taken during the thin-skin thermo-

couple phase of these tests.

The configuration investigated was a 0.009 scale replica of the North American
Rockwell 9992-161B Delta Wing Orbiter. Data were obtained at a nominal Mach

6 to 3.76 x 106

number of 8 and freestream Reynolds number range of 0.83 x 10
per foot. Angle of attack was varied from -5 degrees to 50 degrees. During

the higher ungle of attack (o230 deg.) portion of the reentry configuration
tests, to obtain turbulent boundary layer flow over ss large a portion of the
model as possible, carborundum grit was placed on the windward surfaces of the
orbiter. The application method consisted of dabbing smell dots of Barco BondQD
expoxy in about 1 inch intervals over the entire bottom surfaces of the model
and then sprinkling the surfaces with No. 46 grit (= 0.015-in. dismeter). Seve-
ral pleces of grit sdhered to each dot, resulting in model surface irregulari-
ties approximately 0.025-in. high. In one case, Run 50, No. 20 grit (= 0.043-in.
diameter ) wus placed on the orbiter nose from the nose tip back about one inch

for a low angle of attack test. Test runs where this technique wss used are

noted in Teble 2 Test Conditions as - grit-on.



SUMMARY
( Continued)

Data generated from this test are presented as plotted variations of hest-

transfer coefficient ratio (H(TO)/HREF) versus non-dimensional longitudinal,

lateral and vertical local positions. The plotted dats are arranged per

orbiter component as a function of angle of asttack. Tabulasted values of the

plotted data are located in the Appendix of this document.



CONFIGURATION INVESTIGATED

The orbiter model was a 0.009 scale replica of the North American Rockwell 9992-
161B Delta Wing Orbiter furnished by North American Rockwell Corporation. It

was machined from 17-4 PH steel to & nominal skin of 0.04 inch.

Configuration details are tabulated in Taebles 3 through 8 and a model photogruph

is precented us Figure 1.

MODEL INSTRUMENTATION

The orbiter model was instrumented with 204 iron-constantan thermocouples of
which 193 were used during the orbiter reentry tests. Thermocouple locuatlions
arc shown graphically in Figure 2 and a tabulation of the locations of the

thermocouples used during the orblter reentry test 1s given in Table 1.

Thermocouple outputs were recorded on magnetic tape by a Beckman digital datea

, , i
system at the rate of 20 times per second from the start of the model injection
cycle until about 5 seconds after the completion of the pitch mode, snd the

model returned to angle of attack of O degrees.



'SADSAC
No.

TC

NUMDER

TABLE 1. ORBITER THERM(SCOUPLE COORDINATES

FUSELAQE

X/L
%%

l

.02

.10

.15

.20

.55

Y/YMAX
+0,0

SADSAC
NO,

TC

NUMBER

FUSELAGE
X/L Y/YMAX
.65 -0.0
.70 -0.0
- .235
- 483
- .704
- .848
1.000
.908
0.0"
.75 -0.0
.80 -0.0
.80 - .223
LE
- .808
.85 -0.0
.90 -0.0
- .226
- 452
- .678
- .817
1.000
.884
.610
.95 -0.0
.99 -0.0
- .zg;
- ,5
- .660
- .793
.780
! -305
LOWER WING SURFACE
Xx/c Y/8
0.0 .05
0.0 .10
.1
.2
.6
7
.9
0.0 .15
0.0 .25
.1
.2
A4
.6
0o us
.1 b5
0.0 .50
.
.2
.4
.6
.8
.9
0.0 .55
.1 .55
0.0 .60
.1 .60
0.0 .65
.1 65
0.0 .70
.1 .70
0.0 .75
1
.2
.4
.7
.8
0.0 .90
.2
% 4
.8
UPPER WING SURFACE
x/c Y/
.1 .10
.2
4
.7
.9
.1 .25
.2 Y



TABLE 1.(Continued)
ORBITER THERMOCOUPLE COORDINATES

SADSAC TC
NO. NUMBER UPPER WING SURFACE
x/C Y/S
16 145 .4 .25
16 146 .9
1 158 .1 .50
170 159 .2
171 160 WA
172 161 .8
17 162 .9
17 lg9 .1 .75
175 180 .2
176 181 WA l
177 182 .8
VERTICAL STABILIZER
X/c 2/8
178 187 0.0 .10
179 188 .1l
180 189 "
181 191 .8
182 192 0.0 .25
18 19 .1
18 19 W4
185 195 .8
186 196 0.0 .50
187 197 .1
188 198 R l
189 200 .8
190 201 0.0 .75
191 202 .1
192 203 A }
193 204 .8



TEST FACTILITY DESCRIPTION

Tunnel B is & continuous, closed-circult, veriasble density wind tunnel with
an exisymmetric Qo?toured nozzle and a 50-in.-dlameter test section. The
tunnel cen be‘operated at a nominal Mach number of 6 or 8 at stagnation pres-
sures from 20 to 300 and 50 to 900 psia, respectively, at stagnation temperé-
tures up to 1350°R. The model may 5e injected into the tunnel for a test run

and then retracted for model cooling or model changes without interrupting

the tunnel flow.

TEST CONDITIONS

Nominal test conditions are summerized in Teble 2. Specific test condltions
for the individusl runs are presented et the top of the tsbulation sheets

located in the Appendix of this document. !



TABLE 2

TEST CONDITIONS

‘TEST TITLE: AEDC-MSFC Phase B Heating Study - Thin-Skin Thermocouple Phase

TEST NUMBER:

V71162

TEST FACILITY:

TEST DATE: My 26-29, 1971

AEDC Tunnel B

'l:EST ENGINEER: W. R, Martindalé & R, K, Matthews

Rua _ Modelf I'ree Total | Total | Taw * {RNX10°| Phase | Booster- Model
No. |Model Configuration Identification] Scale | Stream | Pressure| Temp.| Tgotal] Ft - |Change| Orbiter Position
Mach | (psia) | (R) Temp. {SPacing {in.) | (d2grees)
5 | %e Number CP x| 20 leriys foul o
1" Pooster + Orbiter 0 |0 p.oog | 800 | 857 1339 [1.00 | 3.75 | WA |2.22} .234] ofjo | 0f 0
2 856 | 1347 3.72 -5
3 856 {1346 3.72 J 5
4 g8 {131 3.75 1.72 0,
5 859 | 1347 '3.73 2.72) L 4 L4
6 358 11338 3.76 2.22§. 1188 | i
7 d 859 §1346 3.73 .318 '
8 7.93 | 149 }i2a9 0.7 234 |- 4
9 148 |1234 0.75 b 5
10 ! 151 1233 0.77 “L'if"* 5
1 ] 8.00 | 857 1342 3.74 L1 st 1o
12 jCooster 81 1342 3.76 - - 0 J
13 L MR 4 860 341 | v ]3.5 v -1 -4yt b

*+ X axis parzllel to stream (+dowastream, -upstream)
Y axis (+right, -left, as viewed from the rear)
Z axis (+up, -down)

" * Tgw = adiabatic wall temperature

e



o "” . . TABLE 2 - Continued
| ’ TEST CONDITIONS

TEST TITLE: AEDC-MSFC Phase B Heating Study - Thin-Skin Thermocouple Phase

- ~ TEST NUMBER: VI1162 __ TEST FACILITY:__AEDC Tunnel B

TEST DATE: May 26-29, 1971 TEST ENGINEER: W. R. Martindale & R. K. Matthews

Rua Model| Tree | Total | Total | Taw ¢ |[RNX106| Phase Booster. o fode!
No. |Model Configuration Kentification] Scale | Stream | Pressure| Temp.| Tyotal] Ft - |Change ter osition

o el Configu Mach | waia) | CR) tota Temp. |SPacing (in.) | (degrecs)

8¢ | Se Number ‘ : “P 1o | 20 leanis i1l o

14 ] Booster . 0! ob.oos | 800 | 855 1347 J1.00 | 3.72 | nAa |- | - |ofrrlofou] s
1 | 7.93 199 1225 -] 0.76 ‘ 0
16 - 150 {1223 0.77 Al bilss
17 : . L -] 149 1219 0.77 O
18 . 60 -1 8.00 | 857 1353 3.69 60|
19 50 | ess fiwzao § | | 3.74 50
20 1 a0 .1 857 1338 3.76 ' 1Tt
21 40 856 |1342 3.73 n_1 13 ] |40
22 ‘ 60 | 860 1343 3.75 D J60
23. 10 gs6 {1344 | 3.73 e {4 Lo
24 20 856 1342 3.73 29
25 30 |4 857  |1346 3.72 30
26 i 30 15 b 1 ez lzaz 1 & 1374 v 14 + LhLdid
s+ X axis parallel to stream (+downstream, -upstream) * Taw * adiabatic wall temperature

Y axis (+right, -lelt, as viewed from the rear)
Z axig (+up, -down) - .

10



.rm'r TITLE: AEDC-MSFC Phase B Heating Study - Thin-Skin Thermocouple Phase

TABLE 2 - Continued

TEST CONDITIONS

TEST NUMBER:

VT1162

TEST FACILITY: AEDC Tunnel B

 May 26-29, 197

TEST ENGINEER:Y- R. Martindale & R. K. Matthews

A

pAld

TEST DATE:
Rua Model] Free | Total | Total | Taw * | RNX106] Phase | Booster- Moda)
No. |Model Configuration entification| Scale | Stream | Pressure| Temp.| Tiotai] Ft - [Change| Orbiter Position
Mach (psia) CR) Temp. |SPacing (in.) (degrees)
bc | e Number ‘ ©P ixo | 0 lorinssl 4] o
27 | Booster 30 | 15p.009 | 8.00 859 {1342 }1.00 | 3.74 NA - { - fofFjo] 0] 30
28 {Booster 0} 0 858 1342 3.74 L 0
29 | Orbiter - 859 1339 3.76 On 50
30 857 | 1337 3.76 on- | .40
31 357 1343 3.74 on_| 139
32 356 1340 3.74 Off 130
33 056 1343 3.73 40
34 858 1347 3.72 .1 50
35 555 1305 2.52 50
36 553 1311 2.50 1 ]40
37 554 1311 2.50 30
38 554 1308 2.51 20
39 4 RS , 553 Y1307 | ¢ J2.5 | W14 vlio

*+ X axis parallel to stream (+dowpstream, -upstream)

Y axis (+right, - left, as viewed from the rear)
Z axis (+up, -down)

* T,o & adiabatic wall temperature
aw

11



. - = —
m TABLE 2 - Con¢luded
TEST CONDITIONS
TEST TITLE: AEDC-HSFC Phase B Heating Study - Tnin-Skin Thermocouple Phase
TEST NUMBER: _ VT1162 TEST FACILITY:;  AEDC Tunnel B
TEST DATE: May 26-29, 1971 TEST ENGINEER: .. R. Martindale & R. K. Matthews
Rua Model] Free | Total | Total | Taw* | RNX106| Phase | Booster- lodel
No. |Model Configuration Mentification| Scale | Stream | Pressure] Temp.| Tgotal] Ft - |Change] Orbiter Position
Mach | @siad | CR) | Temp. |SPacing (in.) | (d:grees)
5c | e Number ©D 1o [ 2 gunie ) o
40 | Orbiter - | ojo.009 | 7.94 166 1254 100 { 082 | na |- | - lofffol c] 10
41 ' 165 1237 0.83 i 20
42 166 | 1228 0.84 IHHIRED
43 167} 1232 0.35 _1]_s
B 11
44 167 ) 1237 0.24 31 9
45 165 1241 0.83 -5
26 . 8.00 856 1324 3.81 {15
47 £63 1335 3.79 0
48 861 1344 3.75 20
49 856 1342 3.78 ‘F' 10
50 , 855|134 3.74 on 10
51 4 J ot 4| 858 1346 3.73 L 14 foff 1‘& 1]30

s+ X axis parallel to stream (+downstream, -upstream)
Y axis (+right, -left, as viewed from the rear)

Z axis (+up, -down)

* Taw = adiabatic wall temperature

iNose only

12



DATA REDUCTION

The reduction of thin-skin thermocouple dete normslly involves only the
calorimetric heat balance which in coefficient form 1s: |

h = wb °p (%) | : (1)
Radiation and conduétion losses are heglected in this heat belance and
data reduction simply requires evaluation of dTw/dt from the tempera-
ture-time data and defermination of model material properties. For the
present tests radlation effects were negligible; however, conduction
effects were significant 1n seversl regions of the models. To permit
identification of these regions and Improve.evaluation of the data the

.

following procedure was used.

Separation of varlables and 1ntegration'of Equation (1) assuming con-

stant w, b, Cps and T, ylelds

, T, - |
thcp (t -t1)=4In (Hi) (2)

Differentiation of Equation (2) with respect to time glves

sk [n <$§—,T,}%>] (3)

T, - T,
Since the left side of Equetion (3) is a constant, plotting fn{ 2 1
. 4 ||Io - 'l!

versus time will give & stralght line if conduction is negligible. Thus,

deviation from a strsight line can be interbreted ac conduction effects.

13



DATA REDUCTION
(Continued)

The date were eveluated in this msnner end generslly a reasonably linear
portion of the curve could be found for all thermocouples. For high heat-
ing rates, such as experienced in the nose, leading edge, end interference

regions, the lineer portion wes quite short. A linear least squeres curve

To - Ty
time which the model reached uniform flow end extending for a time span

fit of l'n (To - Twi) versus time was applied to the dets beginning et the

which was a function of the heating rate, shown below:

Time Span of Data Number of
Heating Rate, R/sec Used, sec. Data Points Used
16 = 4T, /at 0.2 5
4 <ar,/dt < 16 0.4 | 9
2 = aT,/at < L 0.6 | 13
aT,/dat < 2 1.0 S |

In genersl, the above time spans were adequate to keep the evalustion of
the right side of Equation (3) within the linear region. Strictly, the

value of cp is not constant as assumed ahd the relation
0.0608 + 1.2 b 6 82
cp = 0, +1.295 X 10 Tw - 6.3 X10 Tw (&%)
was used with the velue of Ty at the midpoint of the curve fit. The mexi-

mum variation of cp over sny curve fit was less then one percent; thus the

assumption of constancy was not grossly violated. A constant 485 LBm/ft3

was used for w and measured velues of b for each thermocouple were used.

Rt



SUMMARY DATA PLOT INDEX

PLOTTING CONDITIONS
COMPONENT IDENTIFICATION SCHEDULE VARYING PAGES
Fuselage A Bottom & Top 31-52
Centerline
Fuselage B X/L 53-96
Upper Wing Surface C Elevon Deflection 97-118
Angle and Y/S
lower Wing Surface C Elevon Deflection 119-140
Angle and Y/S
Vertical Stabilizer c z/s 141-161
SCHEDULE A: SCHEDULE B: SCHEDULE C:
H(TO)/HREF vs. X/L H(TO)/HEREF vs. Y/YMAX H(TO)/HREF vs. X/C

Note: Angle of attack range -5 degrees to 50 degrees.
Data measured at selected angles of attack
(10, 20, 40, and 50 degrees) for grit-on configuration.

15



FIGURES



Figure 1 Orbiter Mode] Photograph
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MODEL COMPONENT DESCRIPTION SHEETS
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Table 3 Orbiter Fuselage Details

MODEL COMPONENT: BODY - B6

GENERAL DESCRIPTION: _Basic delta wing fuselage as per NR 1ines drawing

9992-161B. Fuselage reference plane 1s located at water plane 400.00 in.

Model Scale = 0.009

Lines Drawing 9992-1618

DRAWING NUMBER: ELLCO Engineering EE5424-1106-2 thru -5
DIMENSIONS : FULL-SCALE
Length 2223.00
Max. Width 495,80
Max. Depth 263.00
Fineness Ratio 6.019
Area
Max. Cross-Sectional 743.95
Planform DNA
Wetted DNA
Base DNA

2

MODEL_SCALE

20.007
4,462
2,367

6.019

__0.06026 _

DNA

DNA

DNA



Delta wing with -5° twist and rounded wing tips. Wing
dblended into body. Follows NR lines 9992-161B. Used with Eody BS.

Table. 4 Orbiter Wing Details
GENERAL DESCRIPTION:

Model Scale = 0.009

DRAWING NUMBER:

Ellco Engireerinz E25L2L-1106-L4, -6, -23, -24, -25.

DIMENSIOHS: " FULL-SCALE MODEL SCALE
TJOTAL DATA -
Area, rt2 : ‘
Planform : ""6211.00 0.52736
Hetted _ - =
Span (equivalent), in. . 1772.38__ ST
aspectfngtio ___;!,ﬂlu _‘;! k.
ate of Taper . 1. _1.7)
Taper Ratio ~ , 0.15;; &%ﬂ%—"
Diehedral Angle, degrees - 7.000 —7.000____
incidence Angle, dagrees 0,000 0.000
Aerodynamic Twist, degrees (about T.E.) _-9.C0Q =5.0C0
' Incidence, Root (B.P. 247.90) 0.000 0.000
- . Incidence, Tip (B.P. 557.70) «5.000 =5.000 ]
“Sweep Back Angles, degrees _
Leading Edge .+ 59.008 59,808 -
Trailing Edge : 0.009 0,060 _
. 0.25 Element Line . 52,197 €2,197
Chords: in. : c _
Root (Wing Sta. 0.0) . 1287.70 11.589
Tip, (equivalent)(¥.5. 640.97T) 186,00 __ - 1.67%
MAC (W.S. 240.62)  87k.0 , T.847
W.P. of .25 MAC 2.527
B.L. of .25 MAC o . 238.83 2.149
Afrfoil Section ' e
Root ?J-S- 249.75) - o JIACA_0009-EL
Tip (W.S. 581.85) NACA 0012-64
EXPOSED DATA L —
Area ,ft2 o o3Qe3.c0 0.2kl8a
Span, (equivalent),in. 80,8 Y -
“Aspect Ratio . —Lakos .kas
Tavez Ratio ~0.209 L.200
Chords: in.
Root Equiv.)}’-l-s- 232.62) 07.85 L0
Fus. Sta. of .25 MAC 19,,__,1___'~'f~7 by
u.P- of .25 MAC "‘/)°f 2.:.2.:1———
BoLo Of -25 PAC ., 32_______;'59 3.%“
LEADIIG EThZ C7 .
lanfora ~cca, 1t2 £2.25 ; 0.C05725
i.E. Inter:.ec‘f:s Fus. %o 5%8e, 0. TE75..9 TITATS
L.E. Intersec.ta Wing Lozo. Jta., 1"-______1 (CTI%S) m
22 -



Table ‘5 Orbiter Elevon Details

MODEL COMPONENT ; Elevon - E11 (Data for one of two sides)

GENERAL DESCRIPTION: Constant chord elevon located on Delta Wing - W2y

Model Scale = 0,009

DRAWING NUMBER: Ellco Engineering EE5424-1106-23, -24, -25

DIMENSIONS : ' FULL-SCALE - MODEL SCALE

Area (true), ft2 " 423,09 0.03427

Span (equivalent), in. 417.30 3.756

Inb'd equivalent chord, in. ' 146,00 , 1.314
(W.S. 237.48) '

Outb'd equivalent chord, in. 146.00 1.314

{¥ePs S3¥adP surface chords
total surface chord

At Inb'd equiv. chord 0,166 0,166

At Outb'd equiv. chord - 0.900 0.900
Sweep Back Angles, degrees

Leading Edge 0.000 - 0.000

Tailing Edge - 0.000 ~0.000

Hingeline 0,000  0.000
Area Moment (Normal to hinge line), £t3 5144.00 0,00375

(Product of area and mean chord)



Table' 6 Orbital Maneuvering System Shroud Details

MODEL COMPONENT: _Orbitel Maneuvering System Shroud - 22

GENERAL DESCRIPTION: Feiring over érbital menuevering eystem. Located on aft

_upper fuselage mold line,

-
p—t—

-t

Model Scale = 0.009

DRAWING NUMBER: Elleo Engineering E_Eshah-noé
DIMENSIONS : | k FULL-SCALE MODEL SCALE
Length (along upper surface), in. | 359.31 3.234
‘Sta. ‘0f: Leading Edge, 1. - 26333 © 19.470
Sta. of Trailing Edge, in. . 2523.56 22,732
‘Pitch Angle (T.E. Up), deg. o 3,281 - | 3,161
Area | - S
Max. Cross-Sectional —— —
Planform . e ——eine
Wetted . ———in —
- Base S e ——

~- .2)+



Table 7 Orbiter .Tail Details
VODEL COXP0HENT: Vertical Tail - V27

' cs_ntm. DESCRIPTION:

Centerline vertical teil on delta wing configuration.

The total data includes the void area listed below. Used with Bodv-B6,

Follows NR lines 9992-161B.

1

Model Scale = 0.009

DRAVING NUMBER: Ellco Engineering EEsL2b-1106-7, -8, -11, -12

DIMENSICIIS:
 JOTAL DATA

Area, rt2
Planform
*Void (included above)
Span (eguivalent), in.
Aspect Ratio
Rate of Tage
Taper Ratio .
Dichadral Angle, degrees
Incidance Angle, degrees
Aerodynamic Twist, degrees
Toe-In /ngle
Cant Angle
Sweap Gick ancles, degrees
Leading Edge
Trailing Edgs .
0.25 Element Line
Chords in.
Root(h P 511.5 )
- Tip, (equiva]ent)(W.P. 872.67)
MAC (W.P. 660.90)
Fus. Sta. of .25 MAC
W.P. of .25 MAC
B.L. of .25 MAC
Afrfoil Section
.P. 500 M)
v.P. 878. oo)
EXPOSED CATA

Area
Spang (cquivalent)
Aspect Ratio
Yapar Ratio
-Chords
: ggot
p

MAC
Fus. Sta. of .25 MAC
U.P. of .25 %0
B.L. of .25 i

FULL-SCALE

LA

MODEL_SCALE

LAl

- This exea is the void area located at the lower art portion

* of the surface. o

25

PUEY S S S



Table 8 ' Orbiter Drag Brake Details

MODEL COMPONENT:

Drag Brake - JL (Data for one of two sides)

- GENERAL DESCR)IP_TION.‘ ,

Drag Breke - Ji is the deflectable sid.e panels of

delta wing vertical tail vey hinged at tke 60% elerent 1ine and extending

to the trailine edee.

Model Scale = 0.009

" DRAWING ‘NUMBER: E1lco Engineerino EESh2L-1106-11 =12

26

DIMENSIONS : FULL-SCALE
Area, £t2 o 2lpag
Span (equivalent), in, 355.61
Inb'd equivalent chord,in. 49,22

(. P 520.18) o —2.22 .
Outb'd equivalent chord, 1n, 47.08
(v.P. B75.79) J—
Ratio movable surfece chord/
total surface chord :
At Inb'd equiv. chord | -
At Outb'd equiv. chord —_—
Sweep Back Angles, degrees | '
Leading Edge - 37.273. _
Tafling Edge —25.352
Hingeline 37.213
Area Moment (Normal to hinge line) ’ ££3 V2.7
(Produce of area and mean chord)
Buttock Plane of Hingelir, in. 3.1

(A1) aimensicns are in the drag brake reference Plane)

MODEL SCALE’
001963

—3.200

.34
0.2k

3!.2!3’- .
2

5.352
37.273 .
-0a001k0

0.031



NOMENCLATURE

SYMBOL DEFINITION
DATA
TEXT PRINTOUT
b Skin thickness, ft.
c c Local chord length, in.
cp Specific heat, BTU/1b;-°R
dTw/dt DTWDT Derivative of the model skin
temperature with respect to time,
OR/sec
h H(TO) Heat transfer coefficient based

on Ty, BIU/ft2-sec-OR

H(9T0) Heat transfer coefficlent based
on 0.9 T,, BIU/ftZ-sec-°R

H( .85T0) Heat transfer coefficient based
on 0.85 T,, BIU/ft2-sec-CR

hyef HREF Theoreticel stagnation point heat
transfer coefficient for a 0.009-
foot (1 scale foot) radius sphere
calculated from Fay-Riddell theory
using & wall temperature of 560 R,
BTU/£1t2-sec-OR

L L Fuselege length (See Fig. 2)
MACH - “Free-stresm Mech number
MU-INF Free-stream viscosity, lb/sec-£t2
P-INF . Free-stream pressure, psila
PO. Tunnel-stilling chamber pressure,
psia

2T |



TEXT

SYMBOL

"NOMENCLATURE
(Continued)

DATA
PRINTOUT

Q-DOT

Q-INF
RE/FT

RHO-INF
ROLL-MODEL

S

ST-FR

T-INF

TO

V-INF

e

28

DEFINITION

Heat transfer rate, BTU/ft°-sec

Free-stream dynamic pressure,
psla

Frei-stream unit Reynolds number
£t~

Free-stream density, slugs/ft>
Model roll engle, deg.
Semispan, wing, vertical
stabilizer (see Figs. 2 and 2
continued)

Theoretical stagnetion point
Stanton number for & 0.009-foot (1
scale foot) radius sphere calcu-
lated from Fey-Riddell theory using
a wall temperature of S560CR

Time, sec,

Free-stream tempersture, °r

Tunnel stilling chamber ?
temperature, R

Model skin temperature, °r

Free-stream velocity, ft/sec

Model skin density, 1lb,/ft3

" Axial coordinate (see Figs. 2

and 2 continued)

Axisl distance from the orbiter
nose to the booster nose, in.



g e |t SN e A = W i T LT v

AT w DL e boedE,

LSRR e R

SYMBOL

ZD

de

SUBSCRIPT

* Not applicable to this configuration.

NOMENCLATURE
(Continued)

DATA
PRINTOUT
YAW

IMAX

ALPHA-MODEL
ALPHA-PREBEND

ALPHA-SECTOR

29

LTS

DEFINITION

Lateral coordinete (see Figs. 2
and 2 continued)

Model yaw angle (equal to - ),
deg.

Local maximum fuselage width, in.
Vertical coordinate (see Fig. 2)
Verticsl distance from the top of
the booster to the bottom of the

orbiter, 1in.

Model angle of attack, deg.

Sting prebend angle, deg.

Tunnel sector angle, deg.

Sideslip angle, deg.

Orientation angle on the
booster (see Fig. 2), deg.

Model roll angle, deg.

Canard deflection angle (see
Fig. 2), deg.

Elevon deflection angle (see
Fig. 2), deg.

Initial conditions
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