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RESULTS OF FLOW VISUALIZATION STUDIES
IN THE NASA/MSFC 14 x 14 INCH TRISONIC WIND
TUNNEL ON A .004 SCALE MODEL (34-0) SPACE

SHUTTLE ORBITER AND INTEGRATED VEHICLE

By

W. P. Garton*

SUMMARY

This report presents details of flow visualization techniques devel-
oped during wind tunnel test IA-52 conducted in the NASA/MSFC 14 x 14 inch
Trisonic Wind Tunnel. Testing was conducted from Mach = 0.9 to 5.0 on the
orbiter alone and integrated vehicle configurations. Thin film oil paint
and ultraviolet light sensitive oil applications were used on a .004 scale
model vehicle, Test results presented herein are in the form of black and

white photographs taken after the completion of a test run.

* Rockwell International
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TEST FACTLITY DESCRIPTION

The Marshall Space Flight Center iL" x 14" Trisonic Wind Tunnel is
an 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 using two interchangeable test sections.
The trunsonic section permits testing at Mach 0.20 through 2.50 and the
supersonic section permits testing at Mach 2.74 throurh 5.85. Much number:
between .2 and .9 are obtained by using a controllable diffuser. ‘The range
trom .95 to 1.3 is achieved through the use of plenum suction and perfo-
rated walls.,  Mach numbers of 1.4, 1.93 and 2.50 are produced by inter-
changeable sets of' fixed contour nozzle blocks. Above Mach 2.50 a et of
tixed contour nozzle blocks are tilted and translated automatically to
produce any desired Mach number in .25 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 recipro-

cnting unit driven by a 1500 hp motor.

Tunnel f'low is establicshed and controlled with a servo-actuuted gatce
vilve. The controlled air flows through the valve dif'fuser into the otill=-
ing chamber and heat exchanger where the air temperature can be controlled
from ambient to approximately 180°F. The air then passes through the test
section which contains the nozzle blocks and test region.

Downstream of the test section is a hydraulically controlled pitch
sector that provides a total angle of attack range of 20° (£10°). Sting

off'sets are avallable for obtaining various maximum angles of attack up to

90°,




CONFIGURATIONS INVESTIGATLD

The 0.004-scale orbiter model general arrangement is shown in figure 1.
The model has an aluminum wing and stainless steel body, vertical fin, and
movable (interchangeable) surfaces. Data '/.ve i1ensn with speed brake set=-

tings of:

gy (deg) =0, 24, 55,

The orbiter model was fabricated in conformance with the lines
drawings listed below:
Nose VL70-000143A
Mid-body and wing VL70-000200

Aft body VL70-000145

B S e o

Vertical tail VL70-000146A
The launch vehic’e mudels (MSFC Model No. 453) were fabricated to
0.004-scale in conformance with the following configuration control

drawings:

External Tank VL78-000041B (except nose radius
30° vice 16.5" FS)

Solid Rocket Booster VL77-000036A
The mated vehicle was assembled in a2 ordance with the Shuttle Con-
figuration Control Drawing VL72-000088D. Exact duplication of attached
hardware and protuberances could not be maintained at 0.004-scale. Model

fidelity, or lack thereof, in attachments and protuberances is indicated

below:
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Comgonqg£
AT 5
ATg, ATy

ATg, ATg

FR,

FRy

PS)
PS,

PS3
Py

PT2

PT3

Descrigtion

Front Orb/ET Attach.

Left and Right Rear
Orb/ET At*ach.

Front and Rear SRB/ET
Attach.

LOX and LH2 Feedlines

Umbilical Door Fairing

Splash Shield (LOX and
LHy)

SRB Electrical Tunnel
SRB Aft Attach Ring

Separation Rocket
Fairing

LOX Vent Line Fairing
LOX Feecdline

LH2 Vent Line

Model Fidelity

No: single vertical mounting
post (.099" diam.) at same body
station,

Yes

No: single stand-off post mount
.182" in diam. at approximately
same body stations on ET ¢.

Yes: represented by aft model
orbiter/ET mounting posts (0.187"
diam.) at correct body station.

Absent.

Absent.

Absent,
Yes.

Yes.

Yes.
Yes.

Yes.

Model dimensional data sheets defining the various configuration designa-

tors are provided in Table 11I.

B26
Cc9
RS
v8

Wllé

orbiter body
canopy
rudder
vertical tail

wing, basic

The model components tested were:

!
:




body flap

elevon

OMS pods

Solid Rocket Booster with Attach ring (PS2) and
Separation Rocket Fairing (PS3)

External Tank with LOX and LH2 vent lines and

LOX feed line (PT1,2,3)

TEST PRCCEDURE

Model Preparation

The model parts were cleaned of 0il and grease before assembly and
then again after assembly to aid adhesion of the filler. All gaps, nicks,
and screw slots were filled with polyester tusin (auto body) filler so that
no pockets for pigment or solvent remained. Final contouring was accom-
plished with #600 wet aluminum oxide paper.

The model was lightly degreased aand then sprayed with white lacquer
in several medium coats. Imperfections then evident were touched up with
filler and # 600 paper, The model was then resprayed with lacquer and
allowed to dry at least one hour tollowing achievement of ar acceptable
finish, The colov coat was then sealed with several coats of clear lacquer,
as it has been found that the oil paint pigments tend to adhere to the

color coat, The model should be allowed to dry overnight if possible;

hardware and facility schadules did not permit this long a drying period

for this test. The effects of surface imperfections may be noted in many

of the photographs; Figure 11 shows these effects very clearly.
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Medium Pr aration

Red, yellow, and prussian blue oil paints were mixed with artists lin-
seed oil in the approximate proportions (by volume) shown below. It is
believed that best results with black and white photography will be ob-

tained with black or prussian blue oil paints.

Pigment Linseed Mach No.
0il

1 1.0
1.5 to 2.0 2.0 28
2.5 to 3.0 3.0 30

2.5 to 4.5 (?) 5.0 90

A medium composed of a mixture of silicone 0il, silicone stopcock grease,
and phosphor powder mixed to the consistence of thin pancake batter was
found to be effective at 0.9 < M < 1.2, It is believed th:: it would be
necessary to thin the mixture as Mach number increases. Enough phosphor
should be used to provide ample pigmentation. Ultraviolet illumination

of the model during the run to observe flow pattern development (and decide
when to terminate the run) is required using either the phosphor or a
"Zyglo" solution medium. Ultraviolet lighting is also required for black
and white post-run photography of the model. The longer exposure times
were found to permit puddling or running of the flow pattern on the model
with the thin mecium used at the higher Mach numbers. Figures 3 and 11 are
examples of the results obtained with the phosphor/oil/silicone grease and

the Zyglo solution, iespectively.




Agglicatiun

0il Film - There was a tendency to apply too much pigment, with puddling
and subsequent running during the posterun photography of the model. Better
results were obtained with a thin coat of paint applied with an artist's
brush (# 5 or # 6 is good) and tﬁen wiped off evenly with a facial tissue
so that a thin film of pigment remained (Figure 31), The wipe pattern
may be removed if desired by lightly spraying (from a distance of approxi-
mately 12") with an aerosol can of machine tool oil; an atomizer and lin-
seed 0il would also work. This produces a dappled appearance (Figure 32).
Phosphor - This was also brushed on thinly, but not wiped down. The

same technique was used with the Zyglo solution.

B R s e Ad Y e oAb
A A e e

Pata Runs

:
{
1

Runs should be long enough to develop a pattern and blow away excess
medium if possible. The appearance of the model during the run was moni-
tored through glass walls and the run terminated on visual cues. Typical
blows were 20-25 seconds in the transonic range, but as brief as 10 sec-

onds at M > 3.0.

Photagraghx

Black and white photography was employed to record the run results.
Motion pictures are feasible with the oil paint technique. It may be
desirable to open the tunnel immediately after the blow and roll the model
to minimize running of the thin medium at higher Mach numbers. As previ-

ously mentioned, this problem is compounded with the fluorescing medium

because of the longer expusure times required.

10
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Mcdel Clean-Up

The chosen cleaning method was to paint the model with liquid soap and

rinse with hot water. Mineral spirits may also be used.
DATA INTERPRETATION

The data (Figures 2 through 30) obtained in this test have been (and
are to be) used only for qualitative evaluation of flow characteristics

in the selected flight conditions. Quantitative results will require more

rigorous control of camera look angles than was provided in this study.




TABLE I. TEST CONDITIONS

TEST: MSFC TWT 584 DATE :10/8/73

TEST CONDITIONS

MACH REYNOLDS DYNAMIC STAGNATION STAGNATION

NUMEBER| NUMBER PRESSURE TEMPERATURE | PRESSURE
(per unit tength) {pounds/ sq.inch) (degrees Fonrenheit ) | (counds /sq inch)

x 10°/£t] 7.36 100 22
10.68 100 22

0.9 2
7
0 10.20 100 28
0
8

6
1.2 | 6
' 1.96 1 7
4
4

2.99
4.96

5.19 140 30
3.07 140 90

.

oL s

B RS ARE  ame THB B

BALANCE UTILIZED: None

p

NF
SF
AF

PM o
RM T
Y™

COMMENTS: Flow Visualization Only

MSFC - Form 263-1 (Rev, April 1913)
SD73~-SH-0262
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TABLE III. MCDFL DIMENSIONAL DATA

pony N

ool = -~

Orviter Fuselape Confisuration 140 A/B

NOTE:  Ba, identic B~y oxcent underside of fusclage refaired to

accept wyyge

Model Scate

VL70-000193
DEAVYING NUMIER: VL70-0001-10A

FULL-SCALE MODEL SCALE

A

Length (Body Fwd Sta X, = 238) - in. 1290.3 5.16120

Max. Width (at X, = 1520) - in. 262.0 1.04800

Max. Depth (at Xg = 1464) - in. 250.0 1.000

Finencss Ratio 4.92481 ___4.92481
Area - {12

Max. Cross-Sectional 340. 85462 o.ooshs___
Planform
Wetted

Bace




TABLE I1I. (Continued)

MODEL CCMPONENT: Canony=CQ

GENERAL DESCRIPTION: Cenficuretion 34

¥odel CScala = .OOP

VL7C-03024CA
DRAWING NUMBER L VI170-Ce0 03

DIMENSION: ' . | FULL SCALE

Length (¥ _=434.643 to 670) 235.357
Mox Width (= ©,=513.127) 152.412
Mox Depth (1 X5=485.0) 25.000

Fineness Rotio
Areo
Mox Cross-Sectionol
Plonform
Wetted
Bose

MODEL SCALE

0.94143

0.607%9

0.10000

>




TABLE II1. (Continued)

MODEL COMPONENT: R5 ~ Rudder

GENERAL CESCRIPTION: 2A and 3 cenficuration per Rockwell lines

VL70-000095 and VL70-000129

Scale Model = .004

VL70-000129
DRAWING NUMBER: VL70-000095

DIMENSIONS: FULL-SCALE MODEL SCALE

P

Area .. Ft? 106.38 0.00170

Span (equivalent) ~ 1IN, 0.8040
Inb'd equivalent chord . 0.36634
Qutb'd equivalent chord . 0.20333

Ratio rovatle surface chord/
total surface chord

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

Leading Edge 34.83

P ———r—rea sttt

Tailing Edge 26.25

P ——————————

Hingeline 34.83

D ——————————

Area Moment (Normal to hinge line) Ft3 _526.13

P ————————————

Product of area and mean chevd




TABLE III.
MONZL COMPoninT:  WING-Wiya

(Continued)

GENMERAL CZSCAIPTICH:

Configuration 4

NOTE: Ilonticnl to v eacent

trailing ed~e of wing.

Model Scule = .COL

TEST N0,

IQL&;_-T“

Aras (1n20,)
Planforn
Span (ineo In,

Aspact Ratio
Rate of Taper
Tanor Ratio
Dikedral rngle, cbguccs(nt Xo=1500.623,Y4=
Incicdence Angle, cegrees 103, Zo= 282.75)
Acrodyaanic Twls». cegrees
SﬁeLp Beex ~n3les, degrees
Leeding Edc2
Trailing Edge
0.25 Elencint Line
Chords:
Reot (Thec) 5.7.0.0,
Tip, (Theo) B.P,
FAC
Fus, Sta. of ,25 IA
MP. of 25 WA
B.L, of .25 MAC

EX0SED DA
wea (inzo)  Ft
Soan, (Theo)  In, 62108
Aspect Ratio
Teper Ratio
Chords
Rcot BP108
Tip 1.00 b,

.MAC
Fus, Sta, of .25 MAC
W.P. of .25 MAC
B.L, of .25 "AC -
Mrfoil Section (“acv'ell Mad HASA)
XXAX=64
Root b ® 0.425

Ti bz
p s
7

Data for (1) of (2) Sides
Leeding Ecge Cuff o
Planforn Area  Ft
Leading Edge Intersects Fus M, L. @ Sta
Lewding Edgc Intersects Wing 3 Sta

Ft2

1.00

17

70-00070 108
70
700

D)G. ha {..

M

FULL=SCALE,

DDEL_SChlt

0. u3ou
z.t{?

2 265

o 1.177

0 200

3. aUU
0,500
—t3.000 _

2690.00
936, 6816

4500
—IULUSG

55,400

659.2429 2. 7569(
]3/ tr”‘rh

474.&]1/
ll?ﬁ_l‘i -

231,00

187.35121

'1812.2205

2.058 .
0.2451

570.6230
37,8512
354.2376
1164.237
292.00

239.67786 0.95071

0.113 0.113

0.12

~J¢’-*~%fﬂuw«ﬂnmwwwaﬁm&eﬂqliiﬁﬁiaﬂi



TABLE III, (Continued)

MODEL COMPONENT: -1

GENERAL DESCRIPTION:

}'II"_.‘- TDrdee &Y, .
PP .- - iy

a0
-ye

DRAWING NUNDE O VI70-CONLC.,, L7000

PN 18

DIMENSION: ' . FULL SCALE  MODEL SCALF

Length(¥ 1520 to %=1613) - IN. 93.000 0.372
Mox Vidih - I, 262.C0D 1. 048

Mox Depth (5o = 1520) - I 3.0 0. 092

Finencss Ratio

w2
Arco - Tt<

Mox Cross-Scctional

Plonform " yeq £2tQ 0, 0024
Wetted

Base 41.8472_2_ " 0,000067




TABLE II1. (Continued)

MODEL COMPONENT: _ TI7CY - Eoq

GELERAL DISCRIPTION: Confimurciicn 4

NOTE:  VL70-000400 dnte for (1) of (2) =7es. Identical to Loy excent

airfoil thichnuss

Yodel Scele = 004

VL70-052%00
DRAWING NUMBER: VL70-CC0140 8

DIMERSI0MS :  FULL-SCALE MODEL SC/! %

Area  Tt- 223,501, 0.00357

span (cquivalent) in. _36n. _Lb733s

Inb'd equivalent chord  in. - 119.623 0.h70%7

—— e

Outb'd equivalent chord  in. o 25.1922 _0.2e077

Ratio rovable surface chord/
total surfaoce chord

At Inb'd caquiv, chord ' 0.20%6 0.20%6

At Outb'd cquiv. chord . _ ©0.,004 0.4,C21
Sweep Back Angles, degrees
0.00
.~ Tailing Edje _ a  7- -10.056
| Hingeline - 0.00

Arca Moment (Normal to hinge line) £51.1502




TABLE 111, (Coutinued)

MODEL COMPONENT:

GENERAL DESCRIPTION: “orfi~arction 3A

vodel Conls = Q0L

VL70-02CL404
DRAWING NUMBER Ry

DIMENSION: ' . FULL SCALE

MODEL SCALE

Length (07 Fvd Ste X,=1233.0) - IN. 327.000 1.30800
Mox Width (7 %o=1450.0) - IN, 94L.5 0.2/Pn0

Mox Depth (© .".°=1a93.0) - I, 106.000 0. 43600

-

Finencss Rotio

Arco

Mox Cross-Sectionol

Plonform .
Wetted
Bose




TABLE I11. (Continued)
MODEL COMPONENT: VERTICIL « V =

GENERAL DESCRIPTICH: Zenfirwmtirn 3.

I.M?- ClaiTowm & " 28 s.'-—-'ai'-- on - nncep popnor 'vv-d e 1:4.'.’.
oLl i e e . . cL N e e e o® PAAD DL M M “- PO

vhopra vaptinel meets frzelioe,

'odeY Canla = .003&

VoTu-Gounli).

DRAWING NLU'2ER: VL70-C021 L

DIMENSICNS ¢ FULL-SCALE MODEL SCALE
TOT/AL DATA

Arez (Theo) Ft? 113.253 0.00%1
Planform , -
Span (Theo) In e o NS T
Asp=ct Ratio 1.7 5 1.07°
Rate of Taper [ 0,80
Taper Ratio 0,L03¢G 0.6 3
Sweep Cack Ancles, degrees -
Leading Edc2 .o 45.00 £.00
Trailing Ecce 25 417 25, Gt
0.25 Elerent Line L1150 Teio
Chords: ,
Root (Theo) WP 240 €00 1.07500
Tip (Theo) w? S RENAS EEas
MAC 160, 7 Vit Ol
Fus., Sta, of ,25 MAC ENG
W, P. of .25 MAC ,35 &9
B, L. of .25 MAC 000
Afrfoil Section
Leading ficize Angle  Deg 10.00
Trailing Vadce Angle Ceg V4, 0N
Leading Edge Radius (\in) - I 2 N

Void Arca , 137
Blanketed Area a0




TABLE 111. (Continued)

- Invna.—‘.o_
. - -
.‘Cu.u R YL N )

GENERAL CESCRIPTICN: Conficuration 2A,

sides, per Rockwell Lines VL77-000026A

Model Scale = 0.004

VL72-000082A
DRAWING NLM2ER: VL77-000036A

DIMENSIONS: FULL-SCALE MOUFL SCALE

Length (Includes Nozzle) - IN. 1741.0 6.9640

———————————e———

Max. Width (Tank Dia) = IN. 142.3 0.5692

———————————

Max. Depth (Aft Shroud) - IN. 192.0 0.7680

S ——————————

Fineness Ratio 9.06771 9,06771

———————

., Area - FT2
Max. Cross-Sectional 201.06193

Planfornm
Wetted

Base

WP of BSRM Centerline (z.r)- IN.
FS of BSRM Nose (x,r) - IN.




Taeble III. (Concluded)

-~ AYEAY mY YT TRt . ek X 2/ -
MCOEL CoM-Chahi: TYTIENLL DAV T'IA

GENERAL CESCRIPTION:

NOTE: Ty4 identical to T4 but with external fuel lines added.

Model Scale = 0.004

DRAWING NUMBER: VL78-000018

DIMENSIO!S : FULL-SCALE MODEL SCALE

Length - IN. ' 1858 7.432

Max. Width (pia) - IN. 3240 1.296
Max. Derth
Fineness Ratio-1/p 5.73457
Area - FT2
Max. Cross-Sectional _572.° 0.009161
. Planform
Wetted

Base

. L3
S N v e RN PV
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