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FLOW VISUALIZATION TESTS OF A 0.004-SCALE

SPACE SHUTTLE VEHICLE 2A MODEL (NO. 13-OTS)

IN THE MSFC 14-INCH TRISONIC WIND TUNNEL(IS6A)

by

P. J. Hawthorne, Rockwell International Space Division
Gary Streby, Northrop Services,Inc.

ABSTRACT

Documented are representat;ve photographs of surface flow patterns,

created by oil flow and shadowgraph techniques, obtained during wind

tunnel tests of an 0.004-scale version of the 2A Rockwell International

SSV Orbiter. The purpose of this test series was to obtain flow visual-

ization photographs to aid in interpretation of test IS1 aero-noise data

The t:st was designated IS6A and conducted during October 1973 at nominal

Mach numbers from 0.6 to 3.48. The Orbiter was run in proximity to the

external tank and solid rocket boosters at angles of attack from -5 0 to

+9 0 at 00 angle of sideslip.
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3. Typical Orbiter Oil Dot Pattern.

4. Oil Flow Photograph of Integrated Vehicle, a = 4.4,
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M = 2.99, Bottom View.



k'` f

t

INTRODUCTION

A definition of aerodynamic flow fields is a requisite for interpre-

tation of aero-noise environment data. The interpretation of the aero-

noise data from test series IS' required that a reasonably acrurate de-

termination of viscous effects, interactions, separations, and shocks

present in the flow field be obtained. Since analytical methods were not

sufficiently accurate to describe the flow field,flow visualization tests

were required.

To meet this need, test series IS6A was conducted. Te adequately

describe the field, both oil flow visualization photographs and shadow-

graphs were obtained for correlation with the IS1 data and to approximate

the extent of the nonsteady pressure fields.

A complete set of shadowgraph and color oil flow photographic data

is in the possession of this person:

Mr. Clayton L. Stevens
Mail Code AB97
Rockwell International
Space Division
12214 Lakewood Blvd.
Downey, Ca. 90241
Phone: (213) 922-4677

l
r
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NOMENCLATURE

Symbol	 Mnemonic	 Description

a ALPHA angle of attack of model measured from the
orbiter fuselage reference plane; degrees,
positive nose up

S	 BETA	 angle of sideslip measured from orbiter
centerline; degrees, positive nose left

M	 MACH	 freestream Mach number

a

3

t

T^

L
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CONFIGURATIONS INVESTIGATED

Model 13-OTS was a 0.004-scale version of the Rockwell International

Space Shuttle integrated vehicle which was designed primarily for force

X	 testing. The orbiter (designated 13-0) was constructed of aluminum,

stainless steel, and Stycast. Except for elevons, the lower mid-body and

winq were constructed of aluminum while the OMS nods were of Stvcast. a
s'

proprietary catalytic setting resin. The remainder of the orbiter was

stainless steel. The model represented configuration 2P with the nose

modified to reflect configuration 3. This model was fabricated by Lock-

heed Missile and Space Company at Huntsville, Alabama.

The external tank (ET), designated MSFC model 451,was fabricated of

I
.

' stainless steel. The front attach lug from the ET to solid rocket booster

(SRB) was simulated on the left side only.. 	 he orbiter to ET struts were

simulated with .C44 inch diameter wire. The ET longitudinal plumbing

lines, cable trays, and detail protuberances were unsimulated.

The SRB (S7) was fabricated of stainless steel by modifying the old

S 3 booster. During testing, however, MSFC engineers referred to the S7

booster as the S 3 (see figures 4 and 5). Detail protuberances are unsim-

ulated. The 259" nozzle shroud and an aft ET ring are provided.

Model dimensional data and nomenclature are presented in Table III.

The configuration tested was B27 C5 W87 E18 M3 V7 R5 F4 Tg S7, referred

to in the data photographs as Tg 013 S3 . The component nomenclature 013

in figures 4 and 5 is an MSFC designation for the Rockwell International

13-0 force model.

5
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CONFIGURATIONS INVESTIGATED (Concluded)

As part of the model installation, a careful inspection was made

and all cracks, screw heads, and other surface discontinuities were

filled with "body filler" and sanded before the several thin coats of

neutral grey lacquer were applied. Particular care was taken to insure

a good surface, and this finish was inspected and repaired at the con-

clusion of the day's running to provide a fresh quality surface for the

next day.

Model was installed using a dual sting arrangement with the orbiter

or. one sting and the integral ET and SRBs on a three-pronged second

sting. Each sting was separately removable so that photographs of either

the orbiter or ET/SRB combination could be easily made.

Artificial boundary layer transition (#100 grit in 1/8" wide strips)

was used during runs 204, 205, 206, 207, 208, and 209. No significant

difference in oil flow patterns was noted. This was as expected since

the paint beads were of considerably larger (on the order of 10 times)

size than the grit and probably initiated transition.

Used was the following nomenclature:

013	 orbiter, B27 C5 W87 E18 M3 V7 R5 F4

Tg	 ET, Tg

S7	 SRB, S7

6;
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INSTRUMENTATION

Tunnel parereter information was garnered utilizing a total tempera-

ture and total pressure sensors in the settling chamber. When the tran-

sonic section was utilized, the static pressure was measured by a trans-

ducer located in the bottom of the test section beneath the perforated

walls. The static pressure for supertonic test conditions was calculated

based on the mach number.

A 4" x 5" Calumet view camera with a 160mm f5.6 Schneider lens was

used with a 10-second exposure on Lktacolor film. One 3200°K photoflood

provided the required illumination.

The camera was mounted in a keyed swing-away frame by the side of

the tunnel it the rear of the test section. This arrangement allowed the

camera to be away from the test section door and window so that the

shadowgraphs could be taken during the blow. After the run, the tunnel

was opened and the camera was swung into position to take the photographs

of the oil flow without disturbing the model. The keyed arrangement

allowed the camera to be returned to the same place each time. Since the

model position did not change, no adjustment of the camera setup was

required from run to run.
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TEST FACILITY DESCRIPTION

	

The Marshall Space Flight Center 14" x 14" Trisonic Wind Tunnel is an	 a

intermittent blowdown tunnel which operates by high pressure air flowing

from storage to either vacuum or atmospheric conditions. A Mach number

range from .2 to 5.85 is covered by utilizing two interchangeable test

sections. The transonic section permits testing at Mach 0.20 through 2.50,

and the supersonic section permits testing at Mach 2.74 through 5.85. Mach

numbers between .2 and .9 are obtained by using a controllable diffuser.

The range from .95 to 1.3 is achieved through the use of plenum suction

and perforated walls. Mach numbers of 1.44, 1.93,and 2.50 are produced

by interchangeable sets of fixed contour nozzle blocks; the M = 2.50 blocks

are not particularly satisfactory. Above II I 	 2.50 a set of fixed contour~

nozzle blocks are tilted and translated automatically to produce any de-

sired Mach number, calibration is in .25 Mach increments.

Air is supplied to a 6000 cubic foot storage tank at approximately

-40°F dew point and 500 psi. The compressor is a three-stage reciprocating

nit driven by a 1500 hp motor.

The tunnel flow is established and controlled with a servo actuated

gate valve. The controlled air flows through the valve diffuser into the

stilling chamber and heat exchanger where the air temperature can be con-

trolled from ambient to approximately 180°F. The air then passes through

the test section which contains the nozzle blocks ,nd test region.

Downstream of the test section is a hydraulically controlled pitch

sector that provides a total angle of attack range of 20 0 (±100 ). Sting

8
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TEST FACILITY DESCRIPTION (Concluded)

offsets are available for obtaining various maximum angles of attack up

to 90°,
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TEST PROCEDURE

The integrated vehicle was tested through a range of nominal Mach

numbers from 0.6 to 3.48. The test conditions are detailed in the run

schedule and in the tabulated tunnel parameter data (Table I).

The collection of oil flow data photographs was performed as follows:

The model was visually inspected for deterioration of the prepainted

surface prior to each run. A pattern of dots of artist's oil pigments

and linseed oil was supplied to the model with hypodermic syringes in 8

longitudinal rows on the ET and SRB and in a modified longitudinal pattern

on the orbiter (see figure 3). Paint application was made to the ET /SRB

assembly and to the orbiter separately; then the two were assembled and

placed on the tunnel sector.

Each of the three components, orbiter, ET, and SRB, was prepared

with a different primary color pigment, alternating rows with white. The

colors used were medium green and white on the SRBs, medium red and white

on the ET, and medium blue and white on the orbiter. The particular blue

used, Prussian blue, was found to be a very strong tinting color, and to

avoid it completely washing out the rows of white pigment, it was thinned

four parts white to one of blue before it was applied.

The viscosity of the oil paint was tailored to the variation in free

stream density with Mach number, a lower viscosity being required as Mach

increased. Satisfactory flowing was obtained with the following mixtures:

10
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TEST PROCEDURE (Concluded)

Pigment Linseed Oil Mach No.
Parts (Parts)

1 1 0.6 to 1.2

1 1.5	 to	 2.0 1.4 to 2.0

1 2.5 to 3.5 2.5 to 3.5

The tunnel was closed, the run made, and shadowgraphs taken. The

tunnel was operated for approximately five seconds after stable flow

conditions were attained.

The tunnel was then opened, the ET/SRB removed, and photographs of

the orbiter top side and bottom made. Subsequently the ET/SRB was re-

placed and the orbiter removed and photographs of the top and side made.

Model was washed with mineral spirits after each run.

During the transonic portion of the test, two runs were made at

each test cor.dition. The first was made with the porous walls in place

to obtain the best possible flow conditions, and it was with these walls

that the oil flows were obtained. The second was made to obtain shadow-

graphs. During shadowgraph runs the glass instead of porous walls were

used. In the higher Mach regime where shock reflection was not a problem,

the glass walls were used for all runs to allow both oil flows and shadow-

graphs to be obtained at the same time.

11
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DISCUSSION OF RESULTS

F listing of runs and data obtained is shown in Table II.
p

F
Fig;ires 3 and 4 present a representative set of oil flow photographs.

The originals are 8 1/2" x 11" color prints.

r

Figures 5 and 6 present typical shadowgraphs obtained in this test

series.

It should be noted that the artist's paint formed a layer of signif-

v v'

r

icant thickness on the 0.004 scale-model and therefore degraded th

curacy of the model contours. The paint thickness is estimated as

ing from zero at the nose to 0.020 inch (0.5 mm) near the aft end

model and in areas of vortex flow. Accordingly, care should be ex

in the use of oil flow photographs or shadowgraphs made during the

ence of paint on the model.

Examination of the data photographs indicates a trend to flow

larity between the external tank (ET) and the lower surface of the

in some cases this deflection from the free stream exceeds 10° (ru

bottom of orbiter). This anomaly can be traced to the omission of

simulated front SRB attach strut on the right hand side of the ext

tank, the model having been intentionally built to this configurat

The model of test IS1 was not assymetric; therefore, care should b

cised in interpreting the data photographs.

12
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TABLE I.

DATE :

TEST CONDITIONS

REYNOLDS NUMBER

Viper foot )

DYNAMIC PRESSURE

(oounds!sq. inch)
STAGNATION TEMPERATUR

(degrees Fah(enheit)

5.0 x	 106 4.35 _ 100

5.6	 x	 106 5.40 100

6.0 x	 10 6.45 100

6.1	 x	 106 6.92 100

6.2 x	 106 7.36 100

6.4	 x	 106 7.74 100

6.5	 x	 10 8.14 100

6.6	 x	 10 9.29 100

6.7	 x	 106 10.68 100

G.5 x	 106 9.47 100

7.0 x	 10° 10.20 100

4.0_x 106 5.19 100

12.6	 x	 106 13.6 100

11.2	 X	 JQ
6 11.0 100

_ -

TEST :	 I S6A

MACH NUW13ER

0.6

0.7

0.8

0.85

0.9

0.95

1.0

1.10

1.20

1.46

1.96

2.99

3.27

3.48

BALANCE UTILIZED' 1%'=jne

COEFFICIENT
CAPACITY:	 ACCURACY:	 TOLERANCE:

NF

SF	 -

AF	 -

PM,

 I'd

YM

C,,-)VMENTS:

14
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TABLE III. - MODEL DIMENSIONAL DATA
J

MODEL COMPONENT:	 BODY	 B27

GEI•JiRAI DI'SCRIPTION:	 Zujpla. e	 2A Vnnfignratinn, 1ightwjght orhitpr

_per Rockwell lines VL 70 000089B 	 Nose recontoured forward of Xn=299	 a

to VT. 70 O00139 fnrehndy nnntnnr.
t

Fca1e tAodel. _ .004__ -,a

VLO 00008 B7	 9	 92, 93, 94A DRAWING NUMBEi 	 7fL -70_0.0jaL19

DIMENSION:	 FULL SCALE MODEL SCALE

Length	 1290.1 5.1612

Max Width --in. @ X	 = 1528.a	 3	 265.0 i _n(l0,	r
Max Death --in. @ X	 = 1480.52	 248.0 0.992

Fineness Ratio	 5.012 5.012	 r

Area -

Max Cross-Sectional 	 456.4 1.826

Plonform

Wetted

Base

s

>J
s

ORIGINAL PAGE IS
OF POOR QUALTI.4

3

17

-	 ^I
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TABLE III. - Continued.

MODEL COMPONENT: CANC."Y - C5

GENERAL DESUIPTION:	 2% Confi;u ration per Lines BL70-000092

Scal.c i•'.0de1 = .00h

DRAWING NUNiBEP, 	 pl,0-000=^

DIMENSION:	 FULL SCALE	 MODEL SCALE

Length (Sta Ford Bulhhcad) 	 391,0	 1.564

Max Width (T.F. Bul}:i:ead) 	 X60.0	 ?_y`

I,Aax Depth (;}F7 • = 42.1.92'2 to Z„ = 500)

Fineness PoNo

Area

Max Cross-Scctior.ol

Plonform

Wetied

Base

rit2TG^r

f'' Pop Q^^G67

' 18^

E, t ~

t

X

t

F:

N



TABLE III. - Continued.

riI

s'

%

"s

a:

s`
:I

9.-

r<:
r

i

V^r

H,

C.

1.

Scale Model =

DRAWING HUMBER: 	 V1,70-000093

DI14ENSIONS: FULL-SCALE MODEL SCALE

Area	 - RT2 205.52 0.003

Span (equivalent) - IN. 353.34 '1.413

inb'd equival	 nt chord 114.78 0.459

OUtb'd equivalent chord 55.00 0.220

Ratio movable surface chord/
total surface chord

At Inb'd equiv. 	 chord .208 .208

At Outb'd equiv.	 chord .400 .1100

Sweep Bach Angles, degrees

Leading Edge 0.00 0.00

Tailing Edge -10.24 -10.91+

Ningeline 0.00 0.00

Area Moment	 (Nor nal	 to hinge line)- Ir3 1543.07 .0001
Product of Area Moment —

ORIGINAL: PAGE IS
	

19

OF POOR QUALITY

MODEL COMPONENT:	 L'TJ lON !: -18

GENERAL DESCRIPTION:	 2-4 Confi uration per 41-87 Rockwell Lires

VL70-000093 dati, for (1) of (2) sides



a

s

f	
20

i

g

TABLE IIS. - Continued.

MODEL COMPONENT:	 F4 BODY FLAP	 I
_.	 7

GENERAL DESCRIPTION: 2A Configuration per Rockwell Lines VL70-000094A

rScale tdodel

DRAWING NUMBER VL70-000094A

DIMENSION: FULL SCALE	 MODEL SCALE

Length 84.70	 0.^I4
Max Width 265.00	 l.o6o

Max Depth

Fineness Ratio

Area	 - FT2

Max Cross-Sectional

Plonform 142.64	 0.571
Wetted

Base 38.65	
0.006

a

i

t	 '	

I



DRAWING NUMBER VL70-000091;.,1

DIMENSION: FULL SCALE

Length 346.0

Max Width Xo = 1450.0 10810

Max Depth Xo = 1500.0 113.0

Fineness Ratio

Area

Max Cross-Sectional

Plonform

Wafted

Base

OF O1S POD
1-IF = 463.9 INFS; WP 400 + 63.9 = 463.9
BP = 80.0 INFS
LENGTH 1214.0 to 1560.0 = 346.0 INFS

F

z

r

4

a

t

MODEL SCALE

1.384

0.432

0.452

21
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TABLE III.	 Continued.

MODEL COMPONENT: OI-S POD - 193

GENERAL DESCRIPTION: 2A Liahi eight configuration oer Rockwell Lines

VL70-000091wt

Scale 19odel =	 3

rr

r

i

El



34.83

26.25

34.83

0.00603

v

an	 ^..v=-a	 _	 ...uqo w-^h^r a^x	 m.^.:jc+:a	 ra... g^a^.n^ r..: ^c.x 	 a3P x^w s..	 G'4PM	 ^_<	 TY

TABLE III. -,Continued.

MODEL COMPONENT:	 RUDDER - R5

GENERAL DESCRIPTION:	 2A, 3 and 3A Configuration per Rockwell Lines

VL70-000095

Model Scale =	 .004
r

DRAWING NUMBER:	 VL70-000095

ik

DIMENSIONS: FULL-SCALE

Area - FT2 106.38

Span	 (equivalent)	 - IN. 201.0
r

Inb'd equivalent chord•
s

91.585

Outb'd equivalent chord 50.833
r

Ratio movable surface chord%
total surface chord

At Inb'd equiv. chord 0.4.00

r`	 At Outb'd equiv.	 chord 0.400

Sweep Back Angles, degrees

Leading Edge —4.83

'	 Tailing Edge 26.25

Hingeline 34.83

Area Moment (Normal	 to hinge line)__ 3 526.13

Product of Area and Mean Chord

MODEL SCALE

0:017

o.804

o.166

0.203

0.400

0.400



=a ,

TABLE III. - Continued.

MODEL COMPONENT: BOOSTER SOLID ROCKET MOTOR - S7

GENERAL DESCRIPTION: Light Weight Orbiter configuration ( S6) shift ed

forward 71 inches full scale

Model Scale = .004

VL72-000061C (mod.)
DRAWING NUMBER	 VL77-0000128 (mod.)

DIMENSION:	 FULL SCALE	 MODEL SCALE

Length (Includes Nozzle) - IN.	 1741.0	 6.964

Max Width (Tank Dia) - IN.	 142.3	 0.5962

Max Depth (Aft Shroud) - IN.	 259.0	 1.036

Fineness Ratio	 6.722	 6.722

Area - FT 

Max Cross-Sectional 	 365.87	 1.503

Plonform

Wetted

Base

WP of BSRM Centerline (Z T )- "d.

FS of BSRM Ncse (XT ) - IN.

I:

y

400	 1.6
672.0	 2.683
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TABLE III. - Continued

MODEL COMPONENT: lir:TBRNAI, TANK - T9

GENERAL DESCRIPTION:	 2A Configur -stion

NOTE:	 T9 identical to T8 '.d/0 retro pk ., nose w/30"R F.S.

MnrlF1	 c .a7.e -	 cink

DRAWING NUMBER

DIMENSION: FULL SCALE MODEL SCALE
L

Length	 - IN. 1858 7.432

Max Width	 (Dia) - IN. 324.0 1.296

Max Depth
I	

Fineness Ratio	 L/B 5.73457 5.73457

Area - FT2

Max Cross-Sectional 572,56 0.0091:5

Plonform

Wetted

Buse

00,? p`^6̂  r. U4I^S'
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TABLE III. — Continued.

1'10DEL Cge?0e:iFHT: VECTICN_ • • V,

t
GENiRAL DESCk1PiICN: r.^Bxg1? Cl:_^' rt, iSal moil	 Ipul^l 'r t^li'nt^ tth

roan d._I r", iD°

t

i
i

z.

a

Vol'_,,,_fit'!!? t,:: V, -	hint yji:h„	 .ni ntil niter hnttta nGn mn..^a ^^—^

140D ,L SCALE:	 004

DRAWING NUtdBFR:	 mop ,i q4,

DIMENSIONS_: FULL-SCALE MODEL SCALE

TOTAL DATA

-^ Area (Theo)	 Ft2 oa__ 0.007
Planform

Span (Theo)	 In al
Aspect Ratio .r
Rate of Taper 0.507
Taper Ratio 0.:04 0.441.
Sweep Back An g les, dr•,grees

Leading Edge 45.000 4^.000
Trailing Edge 26.242_ 26.240
0.25 Element Line 41. X30 41.130,

Chords:
Root (Theo) WP ^L -]rQ_ 1.074

Tip (Theo) WP 106.47_ 

»
0.4yt —

14AC 7 99.II1. 0.729
Fus. Sta. of	 25 MAC 1 6i.5o s,2%
W, P. of .25 MAC 6-^5,922— X942
B. L. of .25 MAC 0100 0.000

Airfoil Section

Leading Wedge Angle 	 Deg 70.000^ 10.000
Trailing Wedge Angle	 Deg _111.Q^ 14.920
Leading Edge Radius _?ESL 2.0

Void Area L7
31artketed Area 0.00 0.00
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2^^0.00

^36.6R
2_. 26^_
1.177
0.200
3.500
3.000

+3.000

45. OW
1.0.24.
35.209

689.21.
137.85
474.81

1136.89
299.20
182.13

1752.29
•(2U. W

2.058
01 061

562.40
137.85

393.03
1185 -31
300.20
25^-

0.10

0.12

au.33
1ti0 .0
1035.0

0.043

2.265
7..1'??--
0.2nn
3 50n
3. 00r)

Ld ôn
-10.21.
35.209

2.757
0.551
1.88q
4.548
1.1
0.72

0.028
2.883

2. 050"". _-

U.2451
2.250

1.572
4.74_
1.201

^O .57 55

0.10

0.12

_ 0.0019
2.240
4.4

TABLE III. - Concluded.

MODEL COMPONENT:	 WING-W G7 New TArhtvr-ioit nrhif,-r

1

1

s

-. I r
GENERA- DESCRIPTION: Orbit3r Confi-nrLtion :er Linen vino-nonna?

(NOTE: Dihedral angle is defined et the l rnrer Surface of h- t ,4n; ,` + ,. e
75.33% element line projected into a plane Terpendiculcr• to the

•1:

Scale Model = .0011

TECT NO.	 DWG. N0, VL70-000093

DIMENSIONS:	 FULL-SCALE	 MODEL SCALE

a

t

TOTAL DATA
Area 'heo.)	 Ft2

Planform
Span (Theo In.
Aspect Ratio
Rate of Taper
Taper Ratio
Dihedral Angle, degrees
Incidence Angle, degrees
Aerodynamic Twist, degrees
Sweep Back Angles, degrees

Leading Edge
Trailing Edge
0.25 Element Line

Chords:
Root (Theo) B.P.0.0.
Tip, (Theo) B.P. 468.34.1
MAC
Fus. Sta, of .25 MAC
W.P. of ,25 MAC
B.L. of ,25 MAC

EXPOSED DATA
Area(Theo)	 Ft2
Span, (Theo)	 In. BP108 to 468.341
Aspect Ratio
Taper Ratio
Chords

Root BP108
Tip 1.00 b

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

Airfoil Section (Rockwell Mod NASA)
XXXX-64

Root b = .425
Y

Tip b = 1.00

Data for (1) of (2) Sides
Leading Edge Cuff 2
Planform Area	 Ft
Leading Edge Intersects Fus M. L. @ Sta
Leading Edge Intersects Wing @ Sta
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v^

Positive a is nose up

ZZ	 Positive is nose to pilot left

4p,GE	 Figure 1 . - Axis Systems.

OgI F^ QU^,^L`Y
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