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ABSTRACT

Plotted and tabulated data from the thin-skin thermocouple phase of a joint
AEDC-MSFC experimental test program are presented herein. These data are

representative of three events of simulated flight and described as follows:

Event Description
1 Booster-Orbiter Ascent Heating Data
2 Booster Reentry Heating Data
3 Orbiter Reentiy Heeting Date

The test was conducted in the AEDC VKF 50-Inch Hypersonic Tunnel B at a
nominal Mach number of 8 and free-stresm Reynolds number range of 0.7 x 106
to 3.7 x lO6 per foot. The model employed was a 0.009 scale replics of the
Conveir B-15B-2 booster and North American Rockwell 161B orbiter. The tabu-
lated values of the plotted data are loceted in the Appendix Section of this

document,
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SUMMARY

A joint AEDC-MSFC experimental test program in the VKF 50-in. hypersonic
Tnnnel B has been conducted to determine detailed heat-transfer distribu-
tions on Phase B space shuttle configurations. This report presents data

teken during the thin-skin thermocouple phase of these tests.

The configurations Investigated were 0.009 scale replicas of the Convair
B-15B-2 booster and the North American Rockwell 161B orbiter. Data were
obtained at a nominal Masch number of 8 and free-stream unit Reynolds num-
‘bers from 0.7 x 106 to 3.7 x lO6 per foot. Angle of attack was varied from
-5 to 60 degrees. During the higher angle of attack (a = 30 deg) portion
of the reentry configuration tests it was desired to obtain turbulent
boundary layer flow over as large a portion of the models as possible. To
accomplish this carborundum grit was placed on the windward surfaces (bot-
tom) of the booster snd orbiter models. The application method consisted
of dabbing small dots of Barco Bond ®epoxy in about 1-in. intervals over
the entire bottom surfaces of the models and then sprinkling the surface
with No. 46 grit (= 0.015-1n. dlameter ). Several pieces of grit ndhered to
each dot, resulting in model surface irregularities approximately 0.025-in.
high. Test-runs where this technique wss used are noted in the Test Dats
Summury as - grit on. 1In oné case No. 20 grit (= 0.043-in. diameter) was
placed on the orblter nose from the nose tip back about one inch for a low

angle of attack test.



SUMMARY
(Continued)

Data generated from this test are presented as plotted variations and
tabulated values of the plotted data. The tabulated values are located

in the Appendix of this document.



CONFIGURATIONS INVESTIGATED

The booster model was a 0.009 scale replica of the Convair B-15B-2 delta-
wing booster furnished by the Convair Aerospace Division of General Dyna-
mics Corporation. It was machined from 17-4PH steel to a nominal skin

thickness of 0.04 inches. Configuration details are tabulated in Tables

3 through 7 and a model photograph 1s shown in Figure 1.

The orbiter model was a 0.009 scale replica of the North American Rockwell
9992-161B delta-wing orbiter furnished by North American Rockwell. It was
machined from 17-4PH steel to e nominel skin thickness of 0.04 inches. Con-
flguration detells are tebulated in Tables 8 through 13 end a model photo-

graph 1s shown in Flgure 2.

The booster model was instrumented with 342 iron-constanten thermocouples

of which 184 were used during the mated tests. The orbiter model was instru-
mented with 204 iron-constantan thermocouples of which 97 were used during
the mated tests; Thermocouple locations esre shown graphically in Figuies L
and 5 and a tabulation of the locations of the thermocouples used during

mated tests 1s glven in Table 1.

Thermocouple outputs were recorded on magnetic tape by a Beckmen 210 digl-
tal dete system at the rate of 20 times per second from the start of the
model injection cycle until asbout 5 seconds after the model reached tunnel

centerline.

‘\"\
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TEST FACILITY DESCRIPTION

Tunnel B 1s & continuous, closed-circuit, variable density wind tunnel with
an axisymmetric contoured nozzle and & 50-in.-dism. test section. The tunnel
can be operated at a nominal Mach number of 6 or 8 at stagnation pressures
from 20 to 300 and 50 to 900 psia, respectively, at stagnation temperatures
up to 1350°R. The model may be injJected into the tunnel for a test run and
then retracted for model cooling or model changes without interruption the

tunnel flow.

L8



TABLE 2

TEST CONDITIONS

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

10

TEST NUMBER:  VI1162 4 TEST FACILITY: AEDC Tunnel B
TEST DATE: My 26-29, 1971 TEST ENGINEER: W. R. Martindale & R. K. Matthews
Run Model] Free | Total | Total | Taw * |[RNX106] Phase goo:ter- o ’“ﬁﬁl
No. Model Configuration Kentification| Scale | Stream | Pressure| Temp. Ttotal] Ft ~ |Change| Orbiter osition
. . Mach (psia) R) — Temp. |SPacing (in.) | (degrees) :
| Sc | % Number | | D v [ GRINg ] o
1 PBooster + Orbiter - |0 | 0 p.ooo [ s.00 857 1339 J1.00 | 3.75 NA  |2.22].234] ofdo | o] o
2 ‘ 858 1347 3.72 -5
3 856 1346 3.72 5
4 858 1341 3.75 1.72 {o
5 859 1347 3.73 2.72) |
6 858 1338 3.76 .22§.118
! — & | 859 1346 3.73 1.318
8 | 7.93 149 1249 0.74 | l.23a 4
9 148 =~ 11234 0.75 ’ -5
10 s+ | st lhess 0.77 - 5
1 8.00 857 1342 3.74 d -5 0
12 jBooster 861 1342 3.76 - - 0
13 | |y 860 1341 | v }3.75 - -1 L5

** X axis parallel to stream (+downstream, -upstream) * Taw = adiabatic wall temperature

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



TABLE 2 - Continued

TEST CONDITIONS

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

TEST FACILITY: AEDC Tunnel B

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

* Taw = adiabatic wall temperature

TEST NUMBER: VT1162
TEST DATE: May 26-29, 1971 TEST ENGINEER: W. R. Martindale & R. K, Matthews
Run Model] TFree | Total | Total | Taw * {RNX 106 Phase mter- o nggt?‘i ,
No. |Model Configuration Mentification] Scale { Stream Pressure| Temp.| Tyota1l Ft - Change ter osition ;
Mach | (psia) | (R) Temp. |SPacing (in.) | (degrees) :
S [ % Number CH Io T leards Bn] o
14 | Booster 0] ob.oos | s.00 | ss8 li3a7 1.00 | 3.72 NA - - lorsjo | o] s
15 7.93 149 1225 0.76 0
16 150 1223 0.77 -5
17 4 149 11219 0.77 5
18 60 8.00 857 1353 3.69 60
19 50 855 1340 3.74 50
20 40 857 1338 3.76 ] 40
121 40 856 1342 3.73 : 40
22 60 860 1343 3.75 60
23 10 856 1344 3.73 hff 10
24 20 856 1342 3.73 2
25 30 857 1346 3.72 30
26 v 30 f15) ¢ 1 & 857 1342 3,74 v 1 | &

11



TABLE 2 - Continued -

TEST CONDITIONS -

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

~5kin Thermocouple Phase

TEST NUMBER: VI1162

TEST FACILITY: AEDC Tunnel B

_ May 26-29, 1971

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

TEST DATE:
Run Modell Free | Total | Total | Taw * [RNX106] Phase gorg:ter- b ngdgl
No. IModel Configuration Kentification| Scale | Stream | Pressure Temp.] Tiota)] Ft - |Change ter osition
. _ Mach (psia) CR) Temp. {SPacing (in.) | (degrees) 5
27 ] Booster 30 | 15)0.009 8.00 859 1342 11.00 3.74 NA - - JOoffjo0 | 0] 30
28 | Booster 0] 0 858 1342 3.74 0
29 | Orbiter - 859 1339 3.76 On . 50
30 857 1337 3.76 On 40
31 857 1343 3.74 On 30
32 856 1340 3.74 Off 30
33 856 1343 3.73 40
34 858  [1347 3.72 50
35 555 1305 2.52 50
36 553 1311 2.50 40
37 554 1311 2.50 30
38 554 1308 2.51 20
39 ) 553 1307 y 2.51 y 10

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

Y axis (+right, - left, asvnewvdfmmtherear)

Z axis (+up, -down)

* Taw = adiabatic wall temperature

12



TABLE 2 - Concluded

TEST CONDITIONS

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

TEST NUMBER: V71162 TEST FACILITY:  AEDC Tunnel B
TEST DATE: May 26-29, 1971 TEST ENGINEER:W. R. Martindale & R. K. Matthews
Run Model| Free | Total | Total | Taw * [RNX106] Phase | Booster. Model
No. {Model Configuration identification} Scale | Stream | Pressure Temp.| Teotal] Ft - |Change| Orbiter Position .
Mach (psia) CR) Temp. |SPacing (in.) | (degrees) :
Sc | Se Number ®" 1o [ 20 Jerids on] .
40 | orbiter - | 0}o.009 | 7.94 166 | 1254 [1.00 | 0.82 NA - | - Jofffo] of 10
4 . 165 1237 0.83 20
42 166 1228 0.84 30
43 167 1232 0.85 5
44 167 1237 0,84 0
45 165 1241 0.83 -5
46 8.00 856 1324 3.81 -5
47 863 1335 - 3.79 0
48 861 1344 3.75 20
49 856 1342 3.74 10
50 858 1344 3.74 fon 10 §
51 Il g ol [ 858 | 1346 3.73 § opredd] bﬁg

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

* Taw = adiabatic wall temperature

***Nose only

13



DATA REDUCTION

The reduction of thin-skin thermocouple data normally involves only the

calorimetric heat balance which in coefficient form is:

P To - Ty

Radiation and conduction losses are neglected in this heat balance and
data reduction simply requires evaluation of dTw/dt from the tempera-
ture-time data and determinstion of model material properties. For the
present tests radistion effects were negligible; however, conduction
effects were significant in several reglons of the models. To permit
identification of these regions and improve evaluation of the data the

following procedure was used.

Separation of varisbles and integration of Equation (1) assuming con-

stant w, b, Cps and T, ylelds

h To - Tw' ‘ | »
woy (t-t)=/n <T——Z - Twl> (2)

Differentiation of Equation (2) with respect to time gives
h__d / To = Tus (3)

= n
Since the left side of Equation (3) is a constant, plotting £n < o

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

deviation from & straight line cen be Interpreted as conduction effects.

1k



DATA REDUCTION
(Continued)

The data were evaluated in this menner end generally a ressonably linear
portion of the curve could be found for sll thermocouples. For high heat-
ing rates, such as experienced in the nose, leading edge, and interference

regions, the linear portion was quite short. A linear lesst squares curve

T -
o]
time which the model reached uniform flow and extending for a time span

fit of fn (Tb i rI'wi> versus time was applied to the data beginning at the

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

Time Span of Date Number of
Heating Rate, R/sec Used, sec. Data Points Used
16 =4t /dt 0.2 5 |
L =47, /dt < 16 0.4 9
2 =dr,/dt < b 0.6 13
aT,/dt < 2 1.0 21

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

value of cp 1s not constent as assumed esnd the relation

-l -8 2
¢p = 0.0608 +1.295 X 10 T, - 6.35 X 10 T (4)

W
was used with the value of Ty at the midpoint of the curve fit. The maxi-
mum variation of Cp over any curve fit was less then one percent; thus the

assumption of constancy was not grossly violated. A constant L85 LBm/ft3

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

15
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Figure 1.

Booster Model Photograph



Figure 2. Orbiter Model Photograph
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Figure 3. Photograph of Orbiter and Booster Models Mated
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WING THERMOCOUPLE |DENTIFICATION NUMBERS

O = Lower Surtace
o = Upper Surface

% Chord
%Span | OR(LED| 5% [ 105 | 15% | 20 | 33% | 40% | 50% [-60% | 70% | 81%
10% Upper 200 201 EIERED 205 | 206 | 207
10% Lower 208 » | 20 ) a3 | 21
15% Upper 215 |
15% Lower 216 211 | 212
20mupper | 217 | 218 | 219 20 21 | m |
20% Lower 24 | 25 2% odl 28 [ 29 | 23.3% | 8.7 | %1% | 93.5%
Bhupper | 20 | . | 21 B2 | 33 | 24 75 B6-| 28’
25% Lower B9 | 240 21 | 22 | 23 244 25 26 1
30% Upper 248 249 250 251 252
30% Lower %3 | 54 | 25 | 2 51 . 28
35% Upper || 259 260 ?
35% Lower 261 | 262 , \
40% Upper | 263 24 - | s 26
40% Lower %7 | 28 | 269 | 210 27 272
45% Upper m 74 '
45% Lower 215 | 216 , 81.7%
50% Upper an 218 279 | . | 280 | 28 | 28 28
50% Lower % | 25 | 286 | 287 28 | 289 | 2% 291
55% Upper 292 | 293 ' .
55% Lower 294 | 295 82% 88. 1%
60% Upper 29% 297 298 - 299 300 301 302
60% Lower 303 | 34 305 306 307 308 309 310
65% Upper 3 | 32
65% Lower 313 | 314 . !
0% Upper 315 316 £
70% Lower 318 39 320

Figure 4. Concluded
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Table 3. Booster Fuselage Details

MODEL COMPONENT: BODY - B2g

GENERAL DESCRIPTION: _Basic Fuselage for the B-15B-2 Booster Configuration

DRAWING NUMBER: WT-71-105129

DIMENSIONS :

Length

Max. Width

Max. Depth

Fineness Ratio

Area
Max. Cross-Sectional
Planform
Wetted -

Base

26

FULL-SCALE

2757 1in.
387 1in.

183837 in2_
1010612 in?

159510 in2

il

MODEL SCALE

24.81 in.
3.48 in.

4,08 1n..
6.08

14.89 in?
81.86 in2

—

12.19 in2



Table 4. Booster Canard Details

MODEL COMPONENT: Canard C4

GENERAL DESCRIPTION: Basic Canard for B-15B-2 Booster Configuration

Hingeline"

Area Moment (Normal to hinge 1i

DRAWING NUMBER: WT-71-105129
DIMENSIONS : FULL-SCALE
- Area 66286 1n2
Span (equivalent) 352 in.
Inb'd equivalent chord 341 1in.
Outb'd equivalent chord 36 in.
Ratio Elevator chord/horizontal
tail chord
At Inb'd equiv. chord ,
At Qutb'd equiv. chord
Sweep Back Angles, degrees
Leading Edge 60
Tailing Edge 0

ne)

27

MODEL SCALE



y

Table 5. 'BoOSter Wing Detailé

'MODEL COMPONENT: Wing - Wys

GENERAL DESCRIPTION: _ Basic Wing for the B-158-2 Booster Configuration -
CL Destgn = 0.215

DRAWING NUMBER: WT-71-105125

DIMENSIONS : . FULL-SCALE MODEL SCALE
TOTAL DATA
Area ‘ S :
Planform 1241959 {n2 100,60 1n2
we%ted ent) = °“'
Span (equivalent - 1739 7n. 15.65 Tn.
Aspect Ratio 2,436 2.43%6
Rate of Taper — _
Taper Ratio : 0.106 __0.706
Diehedral Angle, degrees : 3 (TE _
Incidence Angle, degrees 2 2 _
Aerodynimic Twist, degrees 0 __ 0 ‘
Toe-In Angle .
Cant Angle .
Sweep Back Angles, degrees
Leading Edge 53~ 53
Trailing Edge 0 0 o
0.25 Element Line 44,85 43,85
Chords: : :
" Root fwing Sta. 0.0) 1291 in, 11.62 in.
- Tip, quivalent) 137 1n. 1.23 in.
MAC, inches 869.4 in. 7.82 in.
Fus. Sta. of .25 MAC - o
W.P. of .25 MAC : _— ]
Airfoil Section
Root ' : NACA-0010-64 (Mod
Tip T NACA-00T0-63 (Mod
EXPOSED DATA
Area | 812980 1n2 _65.85 in2
Span, (equivalent) o 1373 in, 12,36 _1in.
Aspect Ratio 2,25 2,25
Taper Ratio ~ _0.7306 . 130
Chords
Root 1048 in, 9.43 in,
Tip — 137 in.. 1.23 in.
MAC - T709.7 in. 76,38 1n.
Fus. Sta. of .25 MAC —

W.P. of .25 MAC - _

28



MODEL COMPONENT;

s

Table é. Booster Elevon Details

GENERAL DESCRIPTION:

Basic Elevon for the Wig Wing

DRAWING NUMBER:

DIMENSTONS :

Area

Span (equivalent)

Inb'd equivalent chord

WT-71-105125

Outb'd equivalent chord

Ratio Elevator chord/hoiizontal

tail choyd

At Inb'd equiv. chord

At Outb'd equiv. chord

Sweep Back Angles, degrees

Leading Edge
Tailing Edge

Hingeline

Area lioment (Normal to hinge line)

29

FULL-SCALE

69178 in2
486 in,
172 in.
114 1in.

e R,

0.167
0.294

6.73
0.0
6.73

et t——r et b

MODEL SCALE

5.60 in2

—

4.37 in

.

1.55 in.
1.03 in.




/
Table 7. Booster Tail Details

MODEL COMPONENT; Vertical, vy

GENERAL DESCRIPTION: Basic Vertical Tail for B-15B-2 Booster Configuration

30

DRAWING NUMBER: WT-71-105129
DIMENSIONS ; FULL-SCALE MODEL SCALE
Area 177306 in.2 14.36 in.2
Span (equivalent) | 485 in. 4.36 in,
Inb'd equivalent chord 504 in, 4.53 in,
Outb'd equivalent chord 252 in. 2.27 1in,
Ratio Elevator chord/horizontal
tail chord '
At Inb'd equiv. chord
At Outb'd equiv. chord
Sweep Back Angles, degrees
Leading Edge .35 35 -
Tailing Edge 10 ; 10 _
Hingeline 19.83 19.83
Area Moment (Normal to hinge line)



Table 8. Orbiter Fuselage Details

MODEL COMPONENT:  BODY - B6

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

9992:1618. Fuselage reference plane is located at water plane 400,00 in.

Model Scale = 0.009

Lines Drawing 9992-1618

DRAWING MUMBER: ELLCO Engineering EE5424-1106-2 thru -5
DIMENSIONS: FULL-SCALE MODEL SCALE
Length 2223.00 20.007
Max. Width 455,80 __4.962
Max. Depth 263.00 2,367
Fineness Ratio 6.019 6.019
Area |
Max. Cross-Sectional 743,95 0.06026
Planform o DNA DNA
Wetted DNA ____DNA
Base DNA DNA

31 -



GQNERAL DESCRIPTION: Delta wing with

. o

=5° twist and rounded wing tips,

blended into body.

Follows NR lines 9992-1618,

Wing

Used with Body B6.

Model Scale = 0.009

DRAWING NUMBER: Ellco Engineering EESL2U-1106-L4, -6, -23, .2l

9 '25

MENSIONS: y
D I.__EN_'_. NS . FULL-SCALE
JOTAL DATA
Area‘, £t2
Planform -6511..00
Hez;ted ) -
Span (equivalent), in. 1272.38
Aspect Ratio ’ 1.71k
Rate of Taper ] 1.11’9_
Taper Ratio _ . 0,15k
Diehedral Angle, degrees .000

Incidence Angle, degrees

0.000

Aerodynamic Twist, degrees (about T.E.) _=5.C00

;Incidence, Root( (B.P. 247.90) 0.000 —-gL_ rog
ncidence, Tip B.P. 557.70) T<5.000 =
“Sweep Back Angles, degrees —=2:00 =2.000
Leading Edge .+ _59.808 :
Trailing Edge 0.000 _sg.m___w co -'
. 0.25 Element Line 52.197 52,197
Chords: in. :
Root (Wing Sta. 0.0) . 1287.70 11.58
Tip, (equivalent)(w.s. 640.97) - 186,00 _—ZLJ,@
MAC (w.s. 240.62) 874.10 T.847
Fus. Sta.zgfﬁés MAC 1793.32 . 16110
".P. Of . g§52llz3 2
~ B.L. of .25 MAC 238.83 '2'1517%""'
Mr;oil Sectionh : -_— —_—
oot (V.S. 249,75 —JACA 0009-EL
Tip iW-S- 561.85) NACA 001264
EXPOSED DATA -
Area ,ft2 3Q23.00 0.2:182
Span .’ (equivalent),1n. 810.41 7205
Aspect Ratio Loh 1,595
Z:peg Ratio 0,299 0.2q0
ords: in.
Root (Equiv.) (7.3, 232,.62) Q87.85. 7-991
Tip gEquiV.) (;’:So 6&0.97) l’:”z."\ -2 I .62!'.
mc ‘J.SO 392.31) SI’II?‘_" s =?"! ’
Fus. Sta. of .25 MAC 19-4-5.37 1.2
W.P. of .25 MAC €7).22 2,563
B.L. of .25 MAC 3€9.39 3.50L
LEADIIG ETNZ CUFT . )
Planfora ~rea, I't B2 8.C05)
L.E. Intersecz’:s Fus. ML '3%a., in, T=75.5 'I_IT'(S_E
L.E. Intersects Wing L.Z.!ita., in,~ITT o m

32

MODEL SCALE

0.52736
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Table 10. Orbiter Ejevon Detai]é

MODEL COMPONENT: Elevon -'E1] (Data for one of two sides)

GENERAL DESCRIPTION:

Constant chord elevon located on Delta Wing - W21

DRAWING NUMBER:

Model Scale = 0.009

El1co Engineering EES424-]106-23, -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

éﬁ’f? (] %&ag@ surface chord/
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

(broduct of area and mean chord)

33
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Table 11. Orbita] Maneuvering System Shroud Detajls

MODEL COMPONENT: Orbital Maneuvering System Shroud - Zp

éENERAL DESCRIPTION: Fairing over orbital menuevering system. Located on aft
~upper fuselage mold line.

........ - - . .
.. -
t—————

Model Scale = 0.009

DRAWING NUMBER: Ellco Engineering EE5424-1106
DIMENSIONS : " FULL-SCALE MODEL SCALE
Length (along upper surface), in. 359.31 - 3.234
‘Sta. 'bf.'IQeading._nge, in. - 2163.33 | 19.470
Sta. of Trailing Edge, in. 2523.56 - 22,712
‘Pitch Angle (T.E. Up), deg.: - _3.181 | 3,18]
Area - -
Max. Cross-Sectional ‘ ‘ —_—
Planform . — —_—
Wetted —_— —_—
- Base .....__._. —

3



Table 12, Orbiter Tail Details
MODEL COXPONENT: = Vertical Tail - V27

GEHERAL OESCRIPTION:

Centerline vertical teil on delts wing configuration.
The

—2he_total data includes the void area listed below, Used vith Bodr-36.
Follows NR lines 9992-161B. !

Model Scale = 0.009

DRAUING MUMBER:

© Engineering FES5L24.1106-7, -8, -11, =12

Area
Span; (equivalent)
Aspect Ratio
Taper Ratio
Chords

Root

Tip

MAC )
Fus. Sta. of .25 MAC
W.P. of .25 10
B.L. of .25 AT,

» mhis area is the void areas located at

of the gurface.

—

35

(I
1IN

1

DIMENSICHS : FULL-SCALE MODEL SCALE
TOTAL‘DATA
Areg{ £t2 .
anform ~ 2 0.050
*Void (included above) —£20.03 .0
Span (equivalent), in, Eé gg: 250
Aspect Ratio 1, b6 1. uh
Rate of Tager : 0. 708 . 0.7.8
Taper Ratio ‘ 0.316 0.314
Diehadral Angle, degrees - -
Incidence Angle, degrees , - -
Aerodynamic Twist, degrees = -
zoetlg A?gle . 0.000 0,000
ant Ang ' o 0.000 0.000
Sweep Gick Ancles, degrees .
Leading Edge " .003 $0.003
Trailing Edge . S - 25.352 25,352
0.25 Element Line . 5.352 45,352
Chords: in. o
Root(¥.P 511. 62) . - _379.31 3, b1k
Tip, ((eqwzg;ent)(w.& 872, s7> - 120,05 - 1.080
MAC (w.P. ' 2,19
Fus. Sta. of .25 MAC . §E%2.%l' <20
W.P. of .25 MAC S - 660,90 s5.948
B.L. of .25 MAC 0.00 0.000
Atrfoil Section ,
W.P. 500.44) —DACA 0012-64
W.P. 878.00) NACA 0009-6L4
EXPOSED CATA .~ -

the lower aft portion



Table 13. Orbiter Drag Brake Details

MODEL COMPONENT:

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

~ GENERAL DESCR}PTION# . Drag Brake - J4 is the deflectable side panels of

delta wing vertical tai) V27 hinged at the 60% elerent lipe and extending

to the trailigg edre,
Model Scale = 0.009

 DRAWING ‘NUMBER:  E11co Bngineertns E';ES',Ip!E_ms 11, 22

(A1l dimensions are in the drag brake reference Plane)

%

DIMENSIONS: FULL-SCALE MODEL_SCALE’
Area, rt2 . 242,39 0.01963
Span (equivalent), in. 355.61 3,201
Inb'd equivalent chord,in. o _2hg, 22 -

(4.P. 520.18) e - e i —
Outb'd equivalent chord, 1n, - B 47.08 0.424
(V.P. B75.79) -
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 37.273
Tailing Edge 25.352 25.352
Hingeline A 37.273 37.273
Area Moment (Normal to hinge 1ine), £43 1921.27 0.001L0
(Produce of area and mean chard)
Buttock Plane of Hingelim, in. 3.4 0.031
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SYMBOL

NOMENCLATURE

DATA
PRINTOUT

DTWOT

H(TO)
H(.9T0)
H(.85T0)

HREF

MACH

MU-INF

P-INF
PO

Q-DOT
Q-INF
RE/FT

RHO-INF

37

DEFINITION

Skin thickness, ft.

Local chord length, in.

Specific heat, BTU/lbm-°R
Derivative of the model skin
temperature with respect to time,
°R/sec

Heat transfer coefficient based
on To, BTU/ft2-sec-°R

Heat transfer coefficient based
on 0.9 T,, BTU/ft2-sec-°R

Heat transfer coefficiént based
on 0.85 T,, BTU/ft2-sec-°R

Theoretical stagnation point heat
transfer coefficient for a 0.009-
foot (1 scale foot) radius sphere
calculated from Fay-Riddell theory
using a wall temperature of 560°R,
BTU/ft2-sec-°R

Fuselage length (see Figs. 4 and
5), in.

Free-stream Mach number
Free-stream viscosity, 1b/sec-ft2
Free-stream pressure, psia

Tunnel-stilling chamber

. pressure, psia

Heat transfer rate, BTU/ftz-sec
Free-stream dynamic pressure, psia

Fre?-stream unit Reynolds number,
ft-

Free-stream density, s'lugs/ft3



TEXT

XD

ZD

DATA
PRINTOUT

ROLL-MODEL
S

ST-FR
T-INF
TO

V-INF

YAW
YMAX

ALPHA-MODEL
ALPHA-PREBEND
ALPHA-SECTOR

38

DEFINITION

Model roll angle, deg.

Semispan, wing, canard, vertical
itabilizer (see Figs. 4 and 5),
n.

Theoretical stagnation point Stanton
number for a 0.009-foot (1 scale
foot) radius sphere calculated from
Fay-Ridde11 theory using a wall
temperature of 560°R

Time, sec.

Free-stream temperature, °R

Tunnel stilling chamber
temperature, °R

Model skin temperature, °R
Free-stream velocity, ft/sec
Model skin density, Tby/ft3

Axial coordinate (see Figs.
4 and 5), in.

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

Lateral coordinate (see Figs.
4 and 5), in.

Model yaw angle (equal to -8), deg.
Local maximum fuselage width, in.

Vertical coordinate (see Figs. 4 -
and 5), in.

Vertical distance from the top of
the booster to the bottom of the
orbiter, in.

Model angle of attaék, deg.

Sting prebend angle, deg.

Tunnel sector angle, deg.



SYMBOL

SUBSCRIPT
i

DATA

PRINTOUT

PHI

39

DEFINITION

Sides1ip angle, deg.

Orientation angle on the booster
(see Fig. 4), deg.

Model roll angle, deg.

Canard deflection angle (see
Fig. 4), deg.

Elevon deflection angle (see
Figs. 4 and 5), deg.

Initial conditions



PLOTTED DATA
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