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SYMBOLS

h	 model altitude, distance between model reverence and axis of static
ressu're probe (fig. 4

KR reflection factor

	

,E	 1	 reference length, body length

M Mach number

	

i!	 p	 reverence pressure, free stream static , pressure

t, Ap incremental pressure due to flow field of model
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E	 WIND TUNNEL PRESSURE SIGNATURES FOR A 0.0041-SCALE MODEL

OF THE SPACE SHUTTLE ORBITER

Joel P. Mendoza
Ames Research Center

SUMMARY

Pressure signatures for a 0.0041-scale model of a space shuttle orbiter
were measured it a wind tunnel at Mach numbers from 1.30 to 3.02. The model
was tested at 10 0 and 25° angle of attack and roll angles were varied from 0°
to 180 0 in 30 0 increments. Comparisons of sonic boom levels were made for a
delta wing configuration and for the latest space shuttle orbiter which were
assumed to have identical lengths and entry trajectories. The comparisons of
the sonic boom footprints (Ap vs. distance from the ground track) at the
nominal Mach numbers from 1.2 to 2.2 showed that the sonic booms for the
latest orbiter were slightly higher than those for the delta wing orbiter. An
example is presented showing that the existing data base for the delta wing
orbiter can be used to predict the ground level sonic booms for the latest
orbiter. Sonic boom footprints for the latest orbiter following a given tra-
jectory were derived using data for the two different orbiters (latest orbiter
and delta wing orbiters) following a different entry trajectory.

INTRODUCTION

A large data base (refs. 1 and 2) of sonic boom pressure signatures mea-
sured in a wind tunnel over a wide range of Mach numbers and model attitudes
has been assembled for the delta wing version of the space shuttle orbiter.
These data have been used to predict the ground level intensities of the sonic
booms produced by the delta wing orbiter under various reentry conditions.
Since the publication of reference 2, the space shuttle orbiter has undergone
major configuration modifications. As a result, a wind tunnel investigation
was conducted using a 0.0041-scale model of the latest space shuttle orbiter
to determine the effects on the ground overpressure characteristics due to
changes in the geometry and the aerodynamic characteristics of the orbiter.
The results of the investigation are presented in this report.

9

MODEL AND TEST PROCEDURES
r

A wind tunnel sonic boom investigation using a 0.0041-scale model of the 	 a
space shuttle orbiter (fig. 1) was conducted in the 20-inch supersonic wind
tunnel at the Jet Propulsion Laboratory. Recognizing that the various elements
of the space shuttle (the orbiter, external tank, and solid propellant rocket



boosters) are continuously undergoing design modifications, some of the compo-
nents of the orbiter model may not exactly represent those on the full scale
orbiter. For sonic boom tests, however, the overall shape of the orbiter
model is considered to be close enough to the final configuration of the full
scale orbiter. The model, which is constructed of steel, is complete except
for the rocket engines.

Sketches of the delta wing (refs. l and 2) and the straight wing (ref. 2)
orbiter models are shown in figures 2 and 3, respectively. Results from pre-
vious tests conducted on these models will be discussed later together with the
results of the present investigation.

Shown in figure 4 is the arrangement of the model and the conical (20

included angle) static pressure probe. To define the distribution of the model
flow field static pressures, the space shuttle orbiter model was mounted on a
linear actuator which permitted longitudinal travel parallel to the centerline
of the test section. The static pressure probe was mounted on spacers fixed
to the floor of the test section. By adjusting the height of the static pres-
sure probe above the floor of the test :section the shockwaves reflected from
the floor could be prevented from interfering with the measured pressure sig-
nature. A capacitance type pressure transducer was used to measure the pres-
sures. Schlieren photographs were also taken at each test condition.

Shown in figure 5 are two different methods for setting model angle of
attack. Method A was used exclusively for the 10 0 angle of attack setting at
Mach numbers from 1.30 to 2.21. At M = 2.61, this method proved to be
unsatisfactory because the sector (fig. 5) generated a shockwave which inter-

,	 fered with the rear shock wave system of the model. Method B (fig. 5) elimi-
nated this problem.

The table present°.d below shows the Mach number and angle of attack con-
ditions for the present wind tunnel investigation which was conducted at the
stagnation pressure of 132598.9 N/m2.

M 1.30 1	 1.64 1	 2.21 2.61 1	 3.02

a 10 0 100 10° 100
o 0

At each angle of attack, flow field static pressure distributions were mea-
sured at 30° increments in roll angle from 0 0 to 180 0 . This was accomplished
by rolling the model and the angle of attack apparatus together on the linear
actuator (fig. 5) .

Shown in figure 6 are installation photographs of the space shuttle model
in the 20-inch supersonic wind tunnel at the Jet Propulsion Laboratory.
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PRESENTATION OF THE DATA

Schlieren photographs of the model of the latest space shuttle orbiter
are shown in figures 7 through 12. The flow field pressure distributions are
shown in figures 13 through 18.

Since the objective of the present investigation was to determine the
differences in the sonic boom levels for the delta wing and the latest space
shuttle orbiters, comparisons of the intensities of the ground level sonic
booms were made with orbiters of the same body length and the same entry tra-
jectories. In order to expedite the sonic boom comparisons, modifications
were made to currently planned entry trajectories so that the previously
reported wind tunnel data and data from the present investigation could be
used directly without further data processing. Shown in figures 19(a)
and 19(b) are two different space shuttle entry trajectories with modified
angle of attack and roll angle schedules. These modified trajectories Were
used to compute the sonic booms for the delta wing and latest space shuttle
orbiters.

'Shown in figures 20(a) and 20(b) are comparisons of the sonic boom foot-
prints (Ap vs. distance from the ground track) for the two space shuttle
orbiters. During the configuration development phase of the delta wing space
shuttle orbiter, overall lengths in excess of 50 m were considered. For this
reason ground track sonic boom levels for an orbiter length of 51.5 m are
included in figure 20(a) for comparison with those of the latest 32.77 m
orbiter length.

In order to show configuration effects, comparisons of the ground track
overpressures for three different orbiter configurations are shown in figure 21.
Sonic boom levels for the delta wing and latest orbiter configurations are com-
pared for two different entry trajectories (A and B). Also shown in the figure
is a comparison of the sonic boom levels, reproduced herein from reference 3,
for the straight- and delta-wing orbiters at 60° angle of attack. The trajec-
tory followed by these two orbiters is presented in reference 3 and is not
shown in this report.

The difference in sonic boom levels for the straight- and delta-wing
orbiters at 60 0 angle of attack is observed to be smaller than the difference
in sonic boom levels for the latest orbiter and the delta wing orbiter at 100
angle of attack (trajectories A and B). This s-ug- jests that overpressure
levels become less sensitive to differences in orbiter geometry as angle of
attack is increased. The experimental and theoretical results presented in
reference 4 verify this. The results showed that at low values of lift, dif-
ferences in model geometry produced significant differences in the sonic boom
levels, while at high values of lift the differences in the sonic boom levels
were noticeably reduced.

A brief study was conducted to determine the feasibility of calculating
the sonic booms for the current orbiter for a wide range of conditions using
the existing large data base for the delta wing orbiter and data from the
present investigation. It was assumed that

i
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would hold at all distances from the ground track. Expression (1) can, then,
be rearranged in the following manner:

Ap (latest)Ap (latest)
	 x Ap (delta)

trajectory B ^ IAp (delta) trajectory A 	 trajectory B

(2)

Shown in figure 22 for comparison are the sonic boom levels for the latest
space shuttle orbiter. The points represented by the circles were obtained by
using expression (2) while the solid line represents the data for the latest
space shuttle orbiter from figure 20(b). Good agreement is shown between the
two sets of data, indicating that the existing large data base for the delta
wing configuration c,in be used to estimate sonic booms for the latest orbiter.

Ames Research Center
National Aeronautics and Space Administration

Moffett Field, California 94035
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Figure 3.- Model of the straight wing orbiter tested in a previous investigation.
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Figure 4.- General arrangement of the 0.0041-scale model and static, pressure probe.
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(b) a = 25°

Figure 6.- Installation photograph of the 0.0041-scale space shuttle model.



(a) 0 = 0°.

(b) ^ = 30 0 .

Figure 7.- Schlieren photographs, P9 = 1.30, a = 10 0 .
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Figure 7.- Continued.
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(g)	 = 180 0 .

Figure 7.- Concluded.
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(a) ^ = 0 0 .

(b) ^ =	 (^ °

Figure 8.- Schli.eren photographs, NI = 1.64, a = 10°.
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}Figure S.- Continued.
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Figure 8.- Continued.
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Figure 8.- Concluded.
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Figure 9.- Schlieren photographs, M = 2.21, a = 10 0.
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Figure 9.- Continued.
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(g) fi = 180 0 .

Figure 9.- Concluded.
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(c) Q = 600
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Figure 10.- Continued.
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Figure 10.- Continued.



(g) 0 = 180°.

Figure 10.- Concluded.
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(h) d = 30°

Figure 11.- Schlieren photographs, M = 2.61, a = 25 0 .



Figure ll.- Continued.
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Figure 11.- Continued.

(f) ^ = 150°.

( e) ^ = 120'



(g) P = 180 0 .

Figure 11.- Concluded.
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(b) 4 = 30°.

Figare 12.- Schlieren photographs, P1 = 3.02, a = 250
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Figure 12.- Continued.
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Figure 12.- Continued.



Figure 12.- Concluded.



.20

.16

.12
ep
p

.08

.04

0

—.0 4

,16

.12

.08

op
P

.04

0

— 04

= 310°:
h/Z	 1.55
7'	 2it

i =TT r.
111M UUM R., R7

x 7 is
41W

M,

1.
'31: 1 MIN 110 -'fit 14 is .if1:

.a ^ !tom 1	
17 ^^- ii'. ^^ i	 ^^ _.• ;ai^.

- 1 •^ 1 :T1 S..1 .I1^j

„ ,

F^7

1 `S 11 + ^f'” •TS

.'S:

51.+3 lit.lI .73i'.f I
1:1' it; . r1 i «	 fir. 1 -

...5
r':7 )-_^

:. I
1

7t
7 _ ,z

21fi t
TIC

1 «: ^'FF^ ='S 'Hi_ 14, II

— 1=:

i

:•1	 _

r• iii,

•r :^^.

.1r

^'I
z-

s
3

0	 .2	 .4	 .6	 .8	 1,0	 1.2	 1.4
AX /l

(a)	 = 0 0 , 30 0 .

Figure 13.- Pressure signatures for the 0.0041-scale orbiter model.,
M = 1.3, a = 10 0 .



.16

.12

.08
Ap

04

0

-.04

- no

.12

.08

04
Ap

0

-.04

_no

600

.5,5

40 i" p 4

:r
401

A 11 #w9t IW PrI,I' H W ii? "M"Millfin,
U

MR...... I	 .
H9

HIM$ HIMI PA 10 13:0Wl ^Ifl 'J ^% W'fiff lMul imml
NMI
gim.I ItV i TRX"WHyt R mm ::i ,

WIRMRMII U U 111ANIN 1.

41 SM a' U Tillfim
M

it HIM

in

4ft HM 1 4 4; 4 1 4
W.............

'M Im 45&fl , H: M.0

M 4
PIP ^H M

*t 1 44

.......... + + 'h /Z =1.55
gut

I R fm -; t
..... 	 .....

d+ 
ILI ivi 'till t-t -1 01, I.1XI 4 *IMK4p

mt
g, 9

11
11 ffi,

^4 4

$4 MR-M

I t2
+
4"4 4	 6

HE

TIT ±tT- tt 4

0	 .2	 .4	 .6	 .8
	

1.0	 1.2	 1.4
AX/1

(b)	 60', 90'.

Figure 13.- Continued.



. i22.

.08

.04

Ap

P
0

—.04

0

IIRqvV..--- NOM M4
4i MIN

I—M 'U

MM'WA' --

i

1 741

-I lip,

1*

U"d IMIS

i^'

i

-1
Piit:

=120°

h/ z =I 55

PI`t -I$j

-A' tRUJIM, Iiij f,
!!

F

4 *t t 41 1 4 4-1 1 1 IH

4fi
14

IN

4

h 114MR-4

t1fi flo

`i t
it,

It	 t-

Yi

1#1

THI 11ff M

MM!",

I#, H +

::41al". 41,-444
im

12
..........	 . 	 .........

..... ..... 	 ..... 	 -04ttli,	 50

=1.55

.08

iT

AM, gWM411-

^i-

41

ftili:i	 IM'N flf:'rt	 .... ... t : 7::

.04
4:4	

f	 r;
It

	
I

4T
T'.

4111
P	 10 'k,	 0'1	 .4	 lffj

'M	
t	 1	

4! ":	 1-1	 '.! ii^T,V

TF,
 wll	 4 1^	

"Ht4	 Mll

-.04

-ra

-.t=
+

+ -
1	 4i3

4

0	 .2	 .4	 .6	 .8	 1.0	 1.2	 1.4

AX/Z

(c)	 1200, 1500.

Figure 13.- Continued.

I



j2

i

h/z=I.56
I * , ^4 44 1 ^4 +, , , t44i +4^ J

.08

.04
op

p
0

-.04

A -.08
0 .2	 .4	 8

0 X/ z,

(d) ^ = 180°.

Figure 13.- Concluded.

1.0	 i.2	 1.4



1 0	 .2	 .4	 .6	 .8	 1.0	 1.2	 1.4	 1.6	 1.8

Lx/'L

(a)	 = 0 0 , 30 0 .

Figure 14.- Pressure signatures for the 0.0041-scale orbiter model,
m = 1.64, a = 10 0 .
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