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ABSTRACT

This report presents the results of a heat transfer wind tunnel test
conducted on 0.0067 scale models ubilizing the phase-change paint technique.
The GAC ROS~-NBl and ROS-WBl delta wing orbitér configurations were invesiigated.
The ROS-NBl configuration wds tested with a ventrél fin on selected runs., Data
. were obtained for an angle of attack range from 0 to 50 degrees,

The test was conducted in the Grumman 36 inch Hypersonic Wind Tunnel,
Farmingdale, New York at a Mach Number of 8.0 and nominal FReynolds numbers per

foot of 5 x 105, T x 105 and 2.0 x 106.



CONFIGURATION DATA

Coﬁponents of the Orbiter Conflgurations were designated as follows:

Bl - Basic body, ROS-NBL

32 - Basile Body, ROS-WBL
W= Delts Wing

Vyp Centerline vertical tail
véH - Twin vertical tglls
Um'- Ventral fin

The geometric characteristics are tgbulated on the model component sheets
which follow. The configurations of tﬁe ROS-NBl and R0OS~-WBL delta-wing orbiter

models and the ventral fin model are shown In Figures 1, 2 and 3 respectively.



MODEL COMPOMENT:  BODY - By

" GENERAL DESCRIPTION:

BASTC ROS-IR. 1 BODY

DRAWING NUMBER:

DIMENSIONS:

Length

Max. Width

Max. Depth

Fineness Ratio

Area
Max. Cross-Sectional
Planform ’
Wetted

Base

" FULL-SCALE

161 ft,

28 ft,

28.7 ft.

5.61

616 t.2

* 3990 ft.a

12610 ft.2

500 £t.2

80.70 in.

~ 3.78 in.

MODEL SCALE

12,867 1in.
2.240 4in.
2,296 in.

5.61

3.9%4 in.°

55,54 in.2

2

2



B

MODEL:GOMPUNENT: BODY - 2

GENERAL DESCRIPTION: BASIC ROS-WB1 BODY

DRAWING MUMBER:

DIMENSIONS:

Length
Haxa-widtﬂ

© "Max. Depth .
?ineness_Ratio

Area

Max.‘Cross-Sectiona1.

. Planform.
Wetted
Base

FULL-SCALE

161 ft.
4.8 fu,
28.8 ft,

3.6

} 256 ft,?

5160 ft.>

13,930 ft;2

i £.2

MODEL SCALE

32.867 in.

3.584 in.

. 2.30Lh in.
3.6

6.12 in.

ool

02 in

89.15 "in,
L,76 in,

]

N



MODEL COMPONENT: Way .

GENERAL DESCRIPTION: BASIC ROS-IB1 WING WITE MINTMUM TRATLTNG ELGR I TUICFTESS
OF 0.200 INCHES MATTTAINED FOR HEAT TRANSFER PUREOSES, IOWER SURFACEZ CO-TOLRS

NDED_TO MEET TRATLIHG EDGE.

fus. Sta. of .25 MAC
W.P. of .25 MAC
B.L. of .25 MAC

i d e
DRAWING NUMBER:
. DIMENSIONS: . , :  FULL-SCALE MODEL SCALE
JOTAL DATA
Area 5 5
Planform b7 ft.5 . 6.78 in.
o s Wetted 7780 Tt - 9.79 in.2
Span (equivalent) 7.3 ft. T.150 1in..
Aspect Ratio 1,65 1.
Rate of Taper
Taper Ratio . © 129 . 129
Diehedra] Angle, degrees 59 5
Incidence Angle, degrees +20@BODY , 0°@TIP
Aerodynamic Twist, degreées
Toe-In Angle
Cant Angle
Sweep Back Angles, degrees - i
Leading. Edge - - 60° _ 60° .
Trailing Edge . -5, 40 -8.5°
0.25 Element Line 55320 ’ 55,90
Chords: .
Root (Wing Sta. 0.0} 104.6 £t. 8.248 in.
T;P. (equivalent) _13.5 ©%. 1.08 1in.
MAC 59.0 L,720 in.
Fus. Sta. of .25 MAC T
H.P. of .25 MAC -
_ B.L. of .25 MAC
Airfoil Section -
Root
Tip
EXPOSED DATA )
Area AN it,a 20,§Q'in.2
Span, (equivalent) 69,3 2t 5ol in.
Aspect Ratio 1.5 ’ 1:5
Taper Ratio
Chords - ,
Root 78.25 ft, 6,26 in. .
Tip 13.5 ft. -2.C8 in,
MAC - TR T 3

I



MODEL COMPONENT: Vigm

GENERAL DESCRIPTION: _THE CENTERLINE MOUITED VERTICAL TATL IS SIMULATED FOR

HEAT TRALSFTR PURPOSES BY A FIAT PLATE 0,200 INCHES THICH WITH A MITTTMUM
IEADING EDGE RADIUS OF 0.1 "INCHES AND A LEADING EDGE SWEEP of 450

-

DRAWING NUMBER:

DIMENSIONS : ‘ : - FULL-SCALE MODEL SCALE
Area C 805 1,2 5 15 in.°
span {equivalent) . . 33.3 f%. 2,66k in.
Inb'd equivalent chord 34,6 ft. 2.768 in.
Outb’'d equivalent chord _ - 13.75 f%. 1.100 in.

Ratio Elevator chord/horizonta'l-
tail chord . (X0 MOVABLE SURFACE)

At Inb'd equiv. chord L - s
At Outb'd equiv, chord - - - -

Sweep Back Angles, degrees

Leading Edge co 150 45°
Tailing Edge : T 1972 . 19.7°
Hingeline . - -

Area Moment (Normal to hinge line) . - -



r v
MODEL COMPONENT: 2B

GENERAL DESCRIPTION: THE TWIN VERTICAL TATLS ARE STMULATED FOR HEAT

TRANSFER PURPOSES BY FLA’.'L‘ PLATES OF’O.EOO INCH THICKIIESS .AND C_).IOO TICH

TEADIIG EDGE RADII.

DRAWING NUMBER:

DIMENSIONS: . FULL-SCALE MODEL SCALE
. Area - " 670 £t.° %.288 1n.?
Span (equivalent) 35.5 ft. 2.8%0 1n.
Inb'd equivalent chard ‘ © 33.2 ft. ° 2.656 1in.
Qutb'd equivalent chord é.OB ft. . .726 1in.
Ra:;?]Elggigor chord/horizontal fﬁo MDVAB#E SUBché) )
At Inb'd equiv. chord : - -

At Qutb'd equiv. chord . -

Sweep Back Angles} degrees.

Leading Edge oo L° . 40° -
Tailing Edge ‘ . 8.5° g s°
Hingeline . - : -

Afea Moment (Normal to hinge line) - - -



TEST FACTILITY DESCRIPTION

Grumean 36-Inch Hypersonic Tummel

Description: This is an Intermittent blowdown to vacuum type tunnel, The test
section is 36 inches in dilameter, High temperature air from a pebble bed heater

is introduced to the test section through fixed contoured, axisymmetric nozzles.

Performance FParasmeters:

Mach Range: 8, 10, 1k
Reynold's Number (x 106/:j't): - 0.2 to k.5
Stegnation Pressure (psia): 200 to 2200
Dynamic Pressure (psf): 100 to 1200
Stagnation Temperature (°R): 1000 to 3500
Run Time (sec): 30 to 60

Testing Capabilities: Model mounting consists of a water-cooled, sting balance
sector rig which features a model injection system. Instrumentation for force,

pressure, and heat transfer measurement is provided. A Schlieren System is available.



PHASE CHANCE PAINT DATA -

The test results are shown in Flgures k through‘SO in the form of heating
contours, These contours a?a correlated to hegt transfer coefficlent ratios
(h/ho), the ratios of local heat transfer coefficients on the model surface to
the heat transfer coefficient at the stagnati&n point of a 1[150 foot radius
sphere. The grid systems shown in Fhotographs 1 and 2 were permanently marked
on each test model. The grid lines were positioned in a projected planform
view one inch apart parallel to fuselage stations (from F.S, 200) and one half
inch apart parellel to butt lines (from model cenmterline). The vertical taill
grid lines are one ‘half inch apart in & projected profile view parallel to

water iines.



LIST OF NOMENCLATURE

. Heat transfer coefflcient based oh tempersture (BTU/BEC-ftg-OR)

Heat trensfer coefficlent at the stagnation point of a 1 foot radius

‘sphere at model scale

Reynold's Number (non-dimensional)

Angle of attack (degrees)
Mngle of sidesliy (Degrees)

Angle of roll (Degrees)

10



"TABLE {

PHASE CHANGE COATING TEST DATA SUMMARY SHEET

TEST TITLE:  SPACE SHUITIE ORBITER HEAT TRANSFER MODEL TEST

TEST NUMBER: _GFHP-OL7 TEST FACILITY: GAC HYPERSONIC TUNNEL

TEST DATE: FEBRUARY 20- MARCH 22,197THp8T ENGINEER:  A. D'ERRICO

11 3ovd

Run Model| Free | Total { Total | Taw* [RNX106} Phase | Model Position} |
No. [Model Configuration Identification] Scale | Stream { Pressure| Temp.} Tiotajy Ft Change {degrees)
Mach | (osia) | R Temp. hyoyr | T**
Numbey . OF) [t AL
2 | B ' .0067] 8.0 Jies.o Jaumr | 1.0 dr | 200 | olo Jo |.0301]5350R
5 123.2 1272 .57 | 200 20 . 0297
6 124.8 1405 A8 | 113 20 .0303
T 123.6 - 11495 3 200 30 . L0304
8 123.1 1259 58§ 113 30 . 0297
9 125.9 1443 A7, ] 113 0 | |.0306
B ] 121 f1kss As |13 | o 180} . 0300
1h 123.7 131k Sho} o113 20 .0299
18 231,7 1560 75 | 13 30 { |.0420
19 237.5 1625 72 | 200 50 0 |, 0427
20 234.3 1617 J1 | 113 50 . 0424
21 [ 227.9 1552 T | 113 50| | {280].0416 .
22 | "' Yo - 1 2ho,1_ 160k 7 1350 | sol 1 } o].0429]535°R

*% Ty, = wall temperature assumed in b, calculation * Tay = adiabatic wall temperature



21 39vd

TABLE

2

PHASE -CHANGE COATING TEST DATA SUMMARY SHEET

TEST TITLE: _SPACE GHURTLE GRBITER BEAT TRANSFER MODEL TEST

TEST NUMBER: __ GFT-017 TEST FACILITY: GAC HYPERSONIC TUNKEL
TEST DATE; FEBRUARY 20-MARCH 22,1971 TEST ENGINEER: A. D'Errico
Run Model| Free [ Total | Total | Taw* |RNX106| Phase | Model Position
No. ]|Model Configuration Klentification| Scale | Stream | Pressure] Temp.| Typtal| Ft Change (degrees) )
Mach (psia) R) _{ Temp. ' hpopi | T==
‘Number len T 1o :
23 | BfypVoq .0067] 8.0 Jf2uo.0 1560 | 1.0 .78 | 200 | sof o §180}.0427]535°R
ol 2.6 1606 S | 13 50 . 0430
26 '}238.9 161k .73 | 113 30 .0428
28 2hh.0  |1531 82 | 113 | 20 L0430
29 . 2ko.9 1579 76 | 200 20 . 0429
30 . 242,9 1615 7h | 200 0 . 0431
31 \ 243.8 1707 67 1 113 0 . 0435
32 | ByWpViy 536.9 1525 1.82 | 13 20 [ |.0641
661 21" 239.4 1536 80 1 113 20 0 }.0426
67 ’ 239.5  |1496 8y | 200 | 20 0 |.0424
48 243.1 1418 .93 200 0 0 |.o0425 .
69 239.0 1299 1.06 113 0 0 |.o416] ¥,
70 1 1 2ho.1 1hse f 89 | 113 50 0 |.o0425/535%R

#% Ty, = wall temperature assumed in hp-gt calculation

* Taw = adiabatic wall temperature




"TABLE 3

PHASE CHANGE COATING TEST DATA SUMMARY SHEET

TEST TITLE: _ SPACE CHUTTLE ORBITER HEAT TRANSFER MOIEL TEST

TEST NUMBER: __ QFET-01T TEST FACILITY: _GAC EYPERSONIC TUNNEL
TEST DATE: _FEB, 20 - MARCH 22,1971 TEST ENGINEER: A. D'Errico
Run Model| Free | Total | Total | Taw * | RNX106]| Phase | Model Posi
No. |Model Configuration Ieutification] Scale | Stream | Pressure| Temp. Tiotal] ¥t Change| (degrees)
Mach | (psia) | R) Temp. hoopi| Te**
o U e\ N ) R 0067 | 8.0 .k  J1382 J1.0 | .98 |200 |sofo |o |.o42 53'5%«

el 39vd

** Ty = wall temperature assumed in h,_}: calculation * Taw = adiabatic wall temperature




PHOTOGRAPH 1

GAC DELTA-WING
ORBITER (ROS-NEL)




PHOTOGRAPH 2

GAC DELTA-WING
ORBITER (ROS-WBL)
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SUMMARY OF HEATTNG CONTOURS (Continued)
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SUMMARY OF HEATING CONTOURS (Continued)
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PHASE CHANGE COATING TEST RUN SHEET

TEST NUMBER: _ GFHT -7 TEST RUN NUMBER: Q02
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PHASE CHANGE COATING TEST RUN SHEET

TEST NUMBER: _ G L ff T 77/77 TEST RUN NUMBER: OO
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PHASE CHANGE COATING TEST RUN SHEET
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|
7 D 48I5 08
z ) EDLRD
3 (. /30193
y.
5 !
G . _
I
e -
S| o




PHASE CHANXCE COATING TEST RUN SHEET
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PIABE CHANGE COATING TEST RUN SHEET .

TEST NUMBER: _é,?/f}L/ 7 = a7 STEST RUN NUMBER: o007
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PHASE CHANGE COATING TEST RUN SHEET
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PHASE CHANGE COATING TEST RUN SHEET
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- TEST XUGMBER:

PHASTE CHANGE COATING TEST RUN SHE LT
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PHASE CHANGE COATING TEST RUN SHEET
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PHASE CHANGE COATING TEST RUN SHEET
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TEST NUMBER:

- PHASE CHANGE COATINC TEST RUN
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PHASE CHANGE COATING TEST RUN SHEET
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PHASE CHANGE COATING TEST RUN SHEET
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PHASE CHANGE COATING TEST RUN SHEET
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PHASE CHANGE COATING TEST RUN SHEET
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PHASE CHANGE COATING TEST RUN SHEET

TEST NUMBER: __GFA/ T~/ 7 TEST RUN NUM DER: Vo V/i
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TEST NUMBER: (GAMHT ~Ot7

PUASE CHANGE COATING TEST RUN SHEET
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PHASE CHANGE COATING TEST RUN SHEET

TEST NUMBER: (Sl rd 7 =47

TEST BUN NUMBER:

A
F& S Aand fff

A
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C.O7335271"
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PIIASE CHANGE COATING TLST RUN SHEET
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PHASE CHANGE COATING TEST RUN SHEET
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PHASE CHANGE COATING TEST RUN SHEET
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PHASE CHANGE COATING TEST RUN SIHEET

TEST NUMBER: _ &15 A4 2y Z___ TEST RUN NUMBER: L 030_
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