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FOREWORD

The wdrk reported herein was sponsored by the Marshall Space
Flight Center (MSFC), NASA, “The results of tests presgnted were obtained
by ARO, Inc. (a subsidiary of Sverdrup & Parcel and A_ssbciates, Inc.),
~ contract operator of the Arnold Engineering Developn!eq; Center (AEDC), AFSC,
Arnold Air Force Station, Tennessee. Ascent and reentry conditions were
simulated on shuttle models designed by McDonnell Dougjas (MDAC), North
American Rockwell (NAR) and General Dynamics Convair (6DC). In addition a
Timited amount of data were obtained on two research npgels Provided by the
Langley Research Center (LRC). Because of the broad §cope‘of these tests
the data will be presented in a series of SADSAC reports. This report pre-
sents the results of the surface ‘pxpssune and flgw field tests conducted at
‘Mach 8 in Tunnel B pn the North American Rockwel] Delta Wing Orbiter.

i1



CONTENTS

Section Page
LIST OF FIGURES . . . . . . . e iv
LIST OF TABLES . . . & & & ¢ ¢ v v ettt e e e e e e s iv
NOMENCLATURE . . & & v v v v s v vt e e e e o e e a s v
1. INTRODUCTION . . & v v v v s v et h vt e o e o o 0 o s 1
2. MODELS AND APPARATUS . . . . . & v v v v v v v v v v o« 1
2.1 Model Description . . . . . . . ¢ . ¢ v v v v 1
2.2 Facility Description . . . . . .. ..o ... .. o
2.3 Instrumentation . . . . ... . ... 000 ... 2
3. PROCEDURE . . . . . ¢ v v it ettt e e e o e e e . . 2
3.1 Test Conditions . . . . . ... ... ... ... 2
3.2 Data Reduction . . . . . . . .. ..., 2
3.3 DataPrecision . . . . . . . ... ... ... .. 3
4, DATA PRESENTATION . . . . . & & ¢ v v o v v e e v e e v L



LIST OF FIGURES

Figure Page

1. North American Rockwell Delta Wing Orbiter Model Sketch 5
(0.013 Scale) '

2. Model Photograph 6

3. Probe Rakes and Support T

LIST OF TABLES

Table
1. Configuration Description Details 8-13
2. Test Data Summary Sheets 1k-15
3. Summery Data Plot Index 16

v



ALPHA-MODEL (a)
ALPHA-PREBEND
ALPHA-SECTOR
cp

CP-MAX

L

MACH NO.

ML

MU- INF

MUL

P-INF

PM

PML

PO

PO1

PR
Q-INF

RE/FT

REL

RHO- INF

RHOL

RHOUL
ROLL-MODEL ()
T-INF

HOMENCLATURE

Model angle of attack, deg

Sting prebend angle, deg

Tunnel sector angle, deg

Pressure coefficient, (PM-(P-INF))/Q-INF
Pressure coefficient based on P01, (PO1 - (P-INF))/Q-INF
Model length (29.25 in.)

Free-stream Mach number

Local Mach number

Free-stream viscosity, lb-sec/ft2

Local viscosity, lb-sec/ft2

Free-stream pressure, psia

Model surface pressure, psia

Local model surface pressure, psia
Tunnel stilling chamber pressure, psia

Stagnation pressure downstream of a normal shock,
psia

Rake probe stagnation pressure, psia
Free-stream dynamic pressure, psia

Free-stream unit Reynolds number, ft']

Local unit Reynolds number, ft']
Free-stream density, LBM/ft3
Local density, LBM/ft3

Local density-velocity product, LBM/ftz-sec
Model roll angle, deg

Free-stream temperature, °R



TL

T0
TTR
U-INF
uL

YAW

Local temperature, °R

Tunnel stilling chamber temperature, °R

Total temperature measured by rake probes, °R
Free-stream velocity, ft/sec

Local velocity, ft/sec

Axial coordinate (see Fig. 1), in.

Distance from model surface or probe height
(see Figs. 1 and 3), in.

Model yaw angle, deg

vi



SECTION 1
INTRODUCTION

This report presents the results of a wind tunnel test program to
determine surface pressures and flow field properties on the North American
Rockwell orbiter configuration. The tests were conducted at the Arnold
Engineering Development Center (AEDC) in Tunnel B of the von Karman Gas
Dynamics Facility (VKF). The tests were conducted in September 1971.

Data were obtained at a nominal Mach number of 8 and a free-
stream unit Reynolds number of 3.7 x 106 per foot. Angle of attack was

varied from 10 to 50 deg in 10-deg increments.

SECTION 2
MODELS AND APPARATUS

2.1 MODEL DESCRIPTION

Model drawings were provided ARQ, Inc. by the North American
Rockwell Corporation and fabrication of the Stycast model was subcontracted
to the Grumman Aircraft Corporation. The model had a 1.0-in. long steel
nose and 10 windward centerline pressure orifices. A sketch showing the
overall model dimensions is presented in Fig. 1 and a photograph of the
configuration is shown in Fig. 2. Table 1 provides additional configuration
description details but it should be pointed out that the models were cast

as one smooth surface without moveable control surfaces.

2.2 FACILITY DESCRIPTION
Tunnel B is a continuous, closed-circuit, variable density wind

tunnel with an axisymmetric contoured nozzle and a 50-in.-diam test section.
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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, and at stag-

nation temperatures up to 1350°R. The model may be injected into the tunnel
for a test run and then retracted for model cooling or model changes without

interrupting the tunnel flow.

2.3 INSTRUMENTATION

The model flow field was surveyed with pitot-pressure and single
shield total temperature probe rakes. The rakes were mounted so that
pressure and temperature measurements could be made simultaneously. The
rakes, support mechanism, and spacing of the probes are shown in Fig, 3.

Static and pitot-probe pressures were meastred with 15 psid
transducers referenced to a near vacuum for pressures less than 15 psia
and to atmospheric pressure for pressures greater than 15 psia. The

atmospheric reference pressure was also measured with a 15 psid transducer.

SECTION 3
PROCEDURE

3.1 TEST CONDITIONS
Nominal test conditions are presented in the data summary sheets
(Table 2) and the specific test conditions for each run are provided at the

top of the data tabulation sheet for that run.

3.2 DATA REDUCTION
By assuming the flow-field static pressure equal to the wall static

pressure, the local Mach number (ML) was calculated from the Rayleigh pitot

formula,



\7/2

5/2
PR _ /5ML2 6 Cfor ML Z 1
PML \ 5 ) (7ML2—1/

or from the compressible Bernoulli equation,

h

R

i = (1+0.2 M2)7/2, for ML < 1.

O

The assumption of constant static pressure becomes less valid as the dis-
tance from the model surface increases.

The equations for the other flow field parameters are:

Parameter Equation Units
TL L = —10 °p

(1 +0.2 ML2)

uL UL = (49.02)(ML) VTL ft/sec
RHOL rioL = (2.70)(PML) LBM/ ft3
TL
3/2
MUL ML = 2:27 (132 10-8 Tb-sec/ ft2
L + 198.6
(RHOL) (UL) p
RE REL = SRHOL)(UL) £
L (32.17) (MUL) t

The quantities calculated using TL are not valid in the model
boundary layer since TTR is less than TO and, of course, none of the

calculated parameters are meaningful outside the model shock layer.

3.3 DATA PRECISION

Estimated uncertainties of the primary measurements are given

below:



~

Parameter Uncertainty

PML *0.015 psia

PO +1.8 psia

PO1 $0.021 psia

PR ¥0.015 psia (for PR S 15 psia)

10.021 psia (for PR > 15 psia)
T0 +10°R
TTR 25°R

SECTION 4
DATA PRESENTATION

The test data are presented in tabulated and plotted form in Appen-

dixes A and B. The data are presented in the following order.

Appendi x Type Data _a X/L
A Surface 10 0.1 + 0.97

Pressure 20
30
40
! 50

B Flow 10 0.3,0.5,0.7,0.9
Field 20

l 30 0.3, 0.7,0.9

¥ . 40 0.7,0.9

Table 3, Page 16, presents a summery of these dsta.

Pitot pressure and total temperature measurements were attempted at
X/L stations of 0.7 and 0.9 at 50 degrees angle of attack; however, the
rakes and support distorted the flow field as observed in shadowgraph

photographs and therefore these measurements are not presented.
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TABLE 1
CONFIGURATION DESCRIPTION DETATILS

MODEL COMPONENT:  BODY - B6

GENERAL DESCRIPTION:  Basic delta wing fuselage. Fuselage reference plane

is located at water plane 400.00 in.

Model scale = 0.013
DRAWING NUMBER: NR 9992-161B
DIMENSIONS : FULL-SCALE MODEL SCALE
Length 2223.00 28.899
Max. Width 495,380 6.445
Max. Depth 263.00 3.419
Fineness Ratio 6.019 61919___
Arca _
Max. Cross-Sectional 743.95 1257
Planform ' DNA DNA
Wetted DNA DNA N
Base DNA DNA



TABLE 1 - CONTINUED

~~QDEL COMPONENT:  "1n9 - Wp

GENERAL DESCRIPTION:  Delta wing with -5° twist and rounded wing tips. Wing

blended ihtogbgdv. Used with body B6.

Model Scale = 0,013

DRAWING NUMBER: NR 9992-1618B

DIMENSIONS:

TOTAL DATA

Area, ft2
Planform .
Wetted : ‘
Span (equivalent), in,
Aspect Ratio
Rate of Taper
Taper Ratio
Diehedral Angle, degrees
Incidence Angle, degrees
Aerodynamic Twist, degrees
Inctdence, Root (B.P. 247.90)
Incidence, Tip (B.P, 557.70) .
Sweep Back Angles, degrees
Leading Edge
Trailing Edge
0.25 Element Line
Chords: :
Root (Wing Sta. 0.0)

- Tip, (equivalent) (W.S. 640.97)
MAC, inches (W.S. 240.62)
Fus. Sta. of .25 MAC
W.P. of .25 MAC

Airfoil Section
Root
Tip

EXPOSED DATA

MQm-ﬂz : .
Span, (equivalent), in. .
Aspect Ratio

Taper Ratio

Chords
Root iEquiv.ggw.S. 232.62;
Tip (Equiv.)(W.S. 640.97

MAC gN.S. 392.31)
Fus. Sta. of .25 MAC
W.P. of .25 MAC

. FULL-SCALE

6511.00

29,808
0,000
52,19

1287.70

186.00
_874.10
179332

773

MODEL SCALE

9

0,000

: 52.197

16.740
2.418
11.363
23.313
3.649

' NACA 0009-64
NACA 0012-64

3023.00

- O
0.209

887.85 -

186.00
613.38
1988.85 .
299.22

.5109
10.538

— LT

—0 00



TABLE 1 - CONTINUED

ODEL COMPONENT:  Vertical Tail - V27 -

GENERAL DESCRIPTION:: 'Centerline vertical tail on delta wing configuratibn. The

total data include the void area listed below. Used with body - BG.

Model Scale = 0,013

DRAWING NUMBER: ‘NR 9992-161B

DIMENSIONS :
TOTAL DATA
- Area, ft2

lan
*\yoidf&?\ncluded above)
span (equivalent), in.
Aspect Ratio
Rate of Taper
Taper Ratio
Diehedral Angle, degrees
Incidence Angle, degrees
Aerodynamic Twist, degiees
Toe-In Angle
Cant Angle
Sweep Back Angles, degrees
Leading Edge
Trailing Edge
0.25 Element L1ne
Chords: -
Root ?J.P. 511.62) =
- Tip,
MAC.(W.P. 660.90)
Fus. Sta. of .25 MAC
W.P. of .25 MAC
AirToil Section
Root (4.P. 500.44)
Tip (W.P. 878.00)

EXPOSED DATA

Area
Span, (equ1va1ent)
A<pect Ratio
Taper Ratio
Ghords
Root
Tip
MAC
Fus. Sta. of .25 MAC
W.P., of .25 MAC

equivalent)(!.P. 872.67)

. FULL-SCALE MODEL SCALE
' 626.03 . .1058
-1 000336
367,06 Y W T

1.446 Lo 1.446
0.718 0.718
0.316_ S TTo.316
0,000 o000
0,000 —0.000
50,003 50,003
TT35.357 95352
15,352 . 45352
120,05 1561
272,11 —23.537
2422,61 —_—
. 660,90 —B8.592

ACA.0012:64
jACA 0009_54_______ '

H-H Al

Nl

*This area is the void area located at the lower aft portion of tHe surface.



TABLE 1 - CONTINUED

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

GENERAL DESCRIPTION: Constant chord elevon located on delta wing - NZ]

Model Scale = 0.013

DRAWING NUMBER; .. NR 9992-1618 -

DIMENSIONS:
Area (trye), ft2
Span (equivalent) , in.
Inb'd equivalent chord
(W.S. 237.48)
Qutb'd equivalent chord
(W.S. 654,78)
‘Ratio Moveable Surface Chord/
Total Surface Chord
At Inb'd equiv. chord
At Outb'd equiv. chord
Sweep Back Angles, degrees
Leading Edge |
Tailing Edge

Hingeline

Area Moment (Normal to hinge line),ft3 5144.00

(Product of area and mean chord)

11

423.

146.

0
0.
.0

FULL-SCALE

417,
146.

.166
.900

.000

000

.000

MODEL SCALE

0.0715

_5.425
_1.88
1398

0.166
0.900

0.000 -
0.000
0.000



TABLE 1 - CONTINUED

MODEL COMPONENT: Orbital Maneuvering System Shroud - Zy

GENERAL DESCRIPTION: Fairing over orbital maneuvering system.

Located on aft

upper fuselage mold line.

Model Scale = 0.013

DRAWING NUMBER: NR  9992-1618

DIMENSIONS:

Length (along upper surface), in.
Sta. of Leading Edge, in.
:Sta. of Trailing Edge, in.
Pitch .Angle (T.E. Up), deg.
Area
Max. Cross-Sectional
Planform
" Wetted

Base

12

FULL-SCALE
—329.31
2163,33

2523,56
3.181

MODEL SCALE

—4.671

3.181



_ TABLE 1 - CONCLUDED

‘Drag Brake - J4 (Data for one of th sides)

e

MODEL COMPONENT :

",;_;.-"

GENERAL DESCRIPTION:  Drag Brake - Ji'{s the deflectable side panel of the

vertical tail V27 hinged at 60% element line and extending to the trai]ihg

edge,

Model Scale = 0.013

DRAWING NUMBER: - MR 9992-1618 |
(A11 dimensions are in the drag brake reference plane)
DIMENSIONS: _ ’ _ FULL-SCALE MODEL SCALE
Area, ft2 | | 242,39 0410
Span (equivalent), in. : 355.61 4,623
Inb'd equivalent chord , in. S 149,22 , 1.940
(W.P, 520.18) T
Outb'd equivalent chord , in. ' 47,08 .612
Ratio Elevator chord/horizontal
tail chord
At Inb'd equiv. chord - o -
At Outb'd equiv@ chod - - ' .-

Sweep Back Angles, degrees . .
Leading Edge - | 37.2713 . 37.273

Tailing Edge ' ; 25.352 | - 25.352
" Hingeline 37.2713 . 37.273
. ! ) ] 3 . . |
Area Moment (Normal to hinge line),ft 1921.27 0,00422

(Product of area and mean chord)

13
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APPENDIX A

SURFACE PRESSURE
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