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STABILITY AND CONTROL CHARACTERISTICS FOR THE 

INNER MOLD LINE CONFIGURATION OF THE 

SPACE SHUTTLE ORBITER (OA110) 

BY 

Terrance Hughes and Robert Rogge, Rockwell In ternat ional  Space Div is ion  

ABSTRACT 

Experimental aerodynamic invest igat ions were conducted on a s t i n g  

mounted 0.0405-scale representation o f  the -140A/B Inner Mold Line (IML) 

Space Shutt le Orb i te r  i n  the Rockwell In ternat iona l  7.75 x 11 Foot Low 

Speed Wind Tunnel. These tes ts  were conducted during the time period from 

18 March 1974 t o  20 March 1974. 

The primary t e s t  object ives were t o  es tab l ish  basic long i tud ina l  

and l a t e r a l  -d i rec t iona l  s tabi  1 i t y  and contro l  charac ter is t i cs  for  the IML 

Orbiter.  

Addit ional conf igurat ions invest igated were sealed elevon hinge1 i ne 

gaps, sealed rudder s p l i t  l i n e  and h ingel ine gaps, la rger  radius leading 

edge on the v e r t i c a l  t a i l  and sealed speedbrake base. 

Aerodynamic force and moment data f o r  the Orb i te r  were measured i n  

the body-axi s system by an i n t e r n a l l y  mounted, s i  x-component s t r a i n  gage 

balance (2.5-inch task MK I X ) .  The model was s t i n g  mounted w i t h  the cen- 

t e r  o f  ro ta t i on  located a t  approximately the wing t r a i l i n g  edge (F. S. 

60.272). The nominal angle o f  at tack (a) range was from -4 t o  +30 degrees. 

Yaw polars were recorded over a nominal yaw angle ( Y )  range from -14 t o  

+14 degrees a t  constant a ' s  o f  0, f5 ,  10, 15 and 20 degrees. 

iii 



INDEX OF MOLiL FIGURES 

Figure T i  tl L> 

1. Axis systems. 

a. Body and S t a b i l i t y  Axis 

b. Model A t t i t u d e  D e f i n i t i o n  

c .  Sign Convention f o r  Control  Surfaces 

2.  Model sketches . 
a .  General Arrangement -l40A/B O r b i t e r  

b. Base Pressure O r i f i c e  Locations 

3. Model photographs. 

Page 

PREXEIDING PAGE BLANK NOT FILMED 

m m 3 f i a r m  . b 



IN
D

EX
 

OF
 

DA
TA

 
FI

G
U

R
ES

 
SC

HE
DU

LE
 

OF
 

FI
G

U
R

E 
C

O
EF

FI
C

IE
N

TS
 

C
O

N
D

IT
IO

N
S 

NU
M

BE
R 

T
IT

LE
 

PL
O

TT
ED

 
VA

RY
 I
 NG
 

PA
G

ES
 

F
ig

. 
4 

L
o

n
g

it
u

d
in

a
l 

S
ta

b
i 1

 i
 ty

, 
BD

FL
AP

 
= 

-1
 1

 .7
 D

eg
 . 

F
ig

. 
5 

L
a

te
ra

l -
D

ir
e

ct
io

n
a

l 
S

ta
b

i 1
 i
 ty

, 
(6

) 
AL

PH
A 

V
e

rt
ic

a
l 

T
a

il
 O

ff
, 

BD
FL

AP
 

= 
-1

1.
7 

D
eg

. 

F
ig

. 
6 

L
a

te
ra

l -
D

ir
e

ct
io

n
a

l 
S

ta
b

il
it

y
, 

(B
) 

AL
PH

A 
V

e
rt

ic
a

l 
T

a
il

 O
n, 

BD
FL

AP
 

= 
-1

1.
7 

D
eg

. 

F
ig

. 
7 

E
ff

e
c

t 
o

f 
V

e
rt

ic
a

l 
T

a
il

 G
ri

t,
 

BD
FL

AP
 =

 -
11

.7
 

D
eg

. 
(A

) 

F
ig

. 
8

 
E

ff
e

c
t 

o
f 

V
e

rt
ic

a
l 

T
a

il
 G

ri
t.

 
(B

) 
AL

PH
A 

AL
PH

A 
= 

0,
 

5,
 

an
d 

10
 k

g
. 

W
 

F
ig

. 
9 

B
as

e1
 in

e
 E

le
vo

n 
E

ff
e

ct
iv

e
n

e
ss

, 
(c

) 
EL

EV
O

N 
BD

FL
AP

 =
 -

1 
1

 .7
 

k
g

. 
AL

P 
HA

 

F
ig

. 
10

 
R

ud
de

r 
E

ff
e

ct
iv

e
n

e
ss

, 
SP

DB
RK

 
= 

0 
D

eg
., 

(D
) 

RU
DD

ER
 

AL
PH

A 
= 

10
 D

eg
. 

BE
TA

 

F
ig

. 
11

 
R

ud
de

r 
E

ff
e

ct
iv

e
n

e
ss

, 
SP

DB
RK

 
= 

25
 

D
eg

., 
(D

) 
RU

DD
ER

 
AL

PH
A 

= 
10

 D
eg

. 
BE

TA
 

F
ig

. 
12

 
E

ff
e

ct
 

o
f 

E
le

vo
n 

S
ea

ls
, 

EL
EV

O
N 

= 
0

 
k
g
.
 ,
 SP

DB
RK

 
= 

25
 

D
eg

 . 
F

ig
. 

13
 

E
le

vo
n 

E
ff

e
ct

iv
e

n
e

ss
, 

U
pp

er
 S

ea
l 

(C
) 

EL
 E

VO
N 

R
em

ov
ed

, 
BD

FL
AP

 =
 -

11
.7

 
D

eg
. 

F
ig

. 
14

 
E

le
vo

n 
E

ff
e

ct
iv

e
n

e
ss

, 
E

le
vo

n 
S

ea
ls

 
(c

) 
EL

EV
O

N 
R

em
ov

ed
, 

BD
FL

AP
 =

 -
1
 1

 .7
 k

g
. 



IN
D

EX
 O

F 
DA

TA
 

FI
G

U
R

ES
 

(C
on

tin
ue

d)
 

SC
HE

DU
LE

 
OF

 
FI

G
U

R
E 

C
O

EF
FI

C
IE

N
TS

 
C

O
N

D
IT

IO
N

S 
NU

M
BE

R 
TI

TL
E

 
PL

O
TT

ED
 

VA
RY

 I
 NG

 
PA

G
ES

 
---

- 

F
ig

. 
15

 
E

ff
e

c
t 

o
f 

R
ud

de
r 

S
ea

ls
, 

SP
DB

RK
 

= 
25

 
(B

) 
D

eg
 . ,
 AL

PH
A 

= 
10

 D
eg

 . 
F

ig
. 

16
 

Sp
ee

d 
B

ra
ke

 E
ff

e
ct

iv
e

n
e

ss
, 

(E
l 

SP
DB

RK
 

RU
DD

ER
 

= 
0
 D

eg
 . ,
 AL

PH
A 

=
 
10

 D
eg

 . 
BE

TA
 

F
ig

. 
17

 
S

pe
ed

 B
ra

ke
 E

ff
e

ct
iv

e
n

e
ss

, 
(E

 
SP

DB
RK

 
RU

DD
ER

 
=

 
-2

0 
k

g
.,

 
AL

PH
A 

= 
1

0
 k

g
. 

BE
TA

 

F
ig

. 
18

 
R

ud
de

r 
E

ff
e

ct
iv

e
n

e
ss

, 
SP

DB
RK

 
= 

85
 D

eg
., 

(F
) 

.R
UD

DE
R 

AL
PH

A 
= 

10
 D

eg
 . 

.B
ET

A 

F
ig

. 
19

 
E

ff
e

c
t 

of
 

R
ud

de
r 

S
ea

ls
, 

SP
DB

RK
 

= 
85

 
(A

) 
k

g
.,

 
RU

DD
ER

 
= 
0
 D

eg
. 

- 
L

o
n

g
it

u
d

in
a

l 
P

 

F
ig

. 
20

 
E

ff
e

c
t 

o
f 

R
ud

de
r 

S
ea

ls
, 

SP
DB

RK
 

= 
85

 
(G

I 
D

eg
., 

RU
DD

ER
 

= 
0

 D
eg

. 

F
ig

. 
21

 
R

ud
de

r 
E

ff
e

ct
iv

e
n

e
ss

, 
H

in
g

e
li

n
e

 S
ea

l 
(F

) 
O

ff
 , 

AL
PH

A 
= 

1
 0
 D

eg
 . 

F
ig

. 
22

 
E

ff
e

c
t 

o
f 

S
pe

ed
 B

ra
ke

 B
as

e,
 

SP
DB

RK
 

= 
85

 
(A

) 
RU

DD
ER

 
=

 0
 - 

L
o

n
g

it
u

d
in

a
l 

F
ig

. 
23

 
E

ff
e

c
t 

o
f 

S
pe

ed
 B

ra
ke

, 
SP

DB
RK

 
= 

85
, 

AL
PH

A 
= 

10
 

(
6
)
 

RU
DD

ER
 

BE
TA

 

F
ig

. 
24

 
R

ud
de

r 
E

ff
e

ct
iv

e
n

e
ss

, 
S

pe
ed

 B
ra

ke
 R

as
e 

(D
) 

RU
DD

ER
 

S
ea

le
d,

 
SP

DB
RK

 
= 

85
 D

eg
 . 

BE
TA

 

F
ig

. 
25

 
E

ff
e

c
t 

o
f 

S
pe

ed
 B

ra
ke

 B
as

e,
 

SP
DB

RK
 

= 
25

 
(A

) 
De

g 
. , 

RU
DD

ER
 

= 
0

 -
 L

o
n

g
it

u
d

in
a

l 



IN
D

EX
 O

F 
DA

TA
 

FI
G

U
R

ES
 

(C
on

tin
ue

d)
 

SC
HE

DU
LE

 
FI

G
U

R
E 

C
O

EF
FI

C
IE

N
TS

 
C

O
N

D
IT

IO
N

S 
NU

M
BE

R 
T

IT
LE

 
PL

O
TT

ED
 

VA
RY

 I
 NG

 
PA

G
ES

 

F
ig

. 
26

 
E

ff
e

c
t 

o
f 

S
pe

ed
 B

ra
ke

 B
as

e,
 

SP
DB

RK
 

= 
25

 D
eg

., 
AL

PH
A 

= 
10

 D
eg

. 
(6

) 

F
ig

. 
27

 
R

ud
de

r 
E

ff
e

ct
iv

e
n

e
ss

, 
S

pe
ed

 B
ra

ke
 

(0
) 

RU
DD

ER
 

B
as

e 
S

ea
le

d,
 

SP
DB

RK
 

= 
25

 k
g

. 
BE

TA
 

F
ig

. 
28

 
L

o
n

g
it

u
d

in
a

l 
E

ff
e

ct
 

o
f 

W
in

g 
T

ip
 

C
o

n
fig

u
ra

tio
n

, 
BD

FL
AP

 =
 -

11
.7

 
D

eg
. 

(A
 

F
ig

. 
29

 
L

a
te

ra
Ij

D
ir

l 
E

ff
e

c
t 

o
f 

W
in

g 
T

ip
 

C
o

n
fi

g
u

ra
ti

o
n

, 
BD

FL
AP

 =
 -

1 
1.

7 
D

eg
. 

(6
) 

F
ig

. 
30

 
R

ud
de

r 
E

ff
e

ct
iv

e
n

e
ss

, 
M

o
d

if
ie

d
 V

e
rt

ic
a

l 
(0

) 
RU

DD
ER

 
LE

, 
SP

DB
RK

 
= 

25
 D

eg
. 

BE
TA

 
V
I
 

F
ig

. 
31

 
R

ud
de

r 
E

ff
e

ct
iv

e
n

e
ss

, 
M

o
d

if
ie

d
 V

e
rt

ic
a

l 
(D

) 
R

U
D

E
R

 
LE

, 
SP

DB
RK

 =
 0

 D
eg

. 
BE

TA
 

N
ot

e:
 

S
ch

ed
ul

e 
o

f 
C

o
e

ff
ic

ie
n

ts
 P

lo
tt

e
d

 o
n 

n
e

xt
 p

ag
e.

 



INDEX OF DATA FIGURES (Concluded) 

SCHEDULE OF COEFFICIENTS PLOTTED: 

CL, CN, CAF, CAB, CDF, CLM, XCPIL, LIDF Versus Alpha 
CL Versus CDF 
CL Versus CLM 

CY, CYN, CBL Versus Beta 
CYBETA, LYNBET, CBLBET Versus A1 pha 

CL, CN, CAF, CAB, CDF, CLM, XCP/L, LIDF Versus Alpha 
CL Versus CDF 
CL Versus CLM 
DCLF, DCDF, DCLM Versus ELEVON 

CY, CYN, CBL Versus Beta 
DCY , DCYN, DCBL Versus Rudder 

CY, CYN, CBL Versus Beta 
CYBETA, CYNBET, CBLBET Versus A1 pha 
DCY , DCYN, DCBL Versus SPDBRK 

CY, CYN, CBL Versus Beta 
CYBETA, CYNBET, CBLBET Versus Alpha 
DCY, DCYN, DCBL Versus Rudder 

CY, CYN, CBL Versus Beta 

'I mum- . . 



NmCLAnJRE 
General 

PLOT 
SYMBOL 

CP 

MACH 

a( 
4(m) 

WL 

ALPHA 

BETA 

PSI 

PHI 

!REF LAEF 
C 

S SREF 

MRP 

SUBSCRIPTS 
b 

DEFINITION 

speed of sound; m/sec, f t /aec 

pressure coefficient; (q - POD)/q 

Mach number; ~ / a  

pressure; N / D ~ ,  psf 

dynamic pressure ; 1/2pv2, N / D ~ ,  psf 

uni t  Reynolds number; per m, per f t  

velocity; m/aec, f t / sec  

angle of attack, degrees 

angle of sideslip,  d e ~ e e s  

engle of yew, d e p e e s  

angle of r o l l ,  degrees 

mass density; kg/m3, slugs/f t3 

Reference & C. C. D c f i n i t ~  

base area; m2, i t 2  

wing span or reference span; m, it 

center of gravity 

reference lsngth or wing mean 
serodynamic chord; m, f t  

wing area or reference area; m2, f t 2  

moment reference point 

moment reference point or. X axis 

moment reference point on Y axis 

moment reference point on Z exis 

base 
local  
s t a t i c  conditions 
t o t a l  conditions 
f ree  stream 



NCMUiCLkTURE (Con tinur ci ) 

Body-Axin S y s t t ~  

C 
Ab 

CAB 

c ~ f  CAF 

CIM 

'2 CBL 

CL CL 

C~ CD 

C9, 
CDB 

C~ CDF 

C~ CY 

cm CIM 

DrnIMTIrn 

normal-force coefficient:  
q:: 

axial-force coefficient;  2".i"1 force 
q: 

side-force coefficient;  side force 
qs 

bssc-force coefficient;  ?-o= 
qS 

-AJpb - PLJI~S 

forebody ax ia l  force cwf f i c i en t ,  C,, - CAb 

ywing-moment coefficient:  'In * 
rolling-moment corff ic ient :  -$-- 
S t a b i l i t y - M r .  S1stc-m 

l i f t  coefficient:  lift 
rls 

drag cwff ic ien t :  drag 
qs 

brroe-drag coefficient;  d,reg 
1s 

side-force coefficient;  'idc force 
qs 

pitching-moment coeff icient  ; 

yowine-mawit coeff i c i cn t  ; 

rolling-mapent coefficient:  'Oilin + 
l i f t - to -drag  r a t i o ;  CI/cD 

lift to forebody drag r a t i o ;  V C ~  



P l o t  
Symbol Symbol - 

ABC 

C ~ B C  
CABC 

C 
A~ 

CAT 

HFT 

B LB 

XCP/L 

A I LRON 

ELEVON 

RUDDER 

SPDBRK 

BDFLAP 

NOMENCLATURE (Con ti nued) 
(Addi ti ons t o  Stanuard L i  s t  ) 

D e f i n i t i o n  -- 
balance cav i ty  area, f t  2 

balance cav i t y  ax ia l  - force c o e f f i c i e n t  

model ax ia l  - force weight tare coe f f i c i en t  

horizontal  f l i g h t  t e s t  

Orbi ter  fuselage length, f t  

model base pressures a t  o r i f i c e  numbers 1-5, r e -  
spectively, psia 

model balance chamber pressure, psia 

lons! t u d i ~ i  l center o f  pressure locat ion,  f r a c t i o n  
o f  body length 

moment rsferecce p o i n t  1  ongi tudi  nal  loczt ion,  inches 
a f t  o f  nose 

z i  leron de f l ec t i on  angle, degrees 

elevon de f l ec t i on  angle, degrees 

rudder de f l ec t i on  angle, pos i t i ve  de f lec t ion  t r a i l i n g  
edge l e f t ,  degrees 

speed brake def  1  ec t i on angle, degrees 

bodyf lap  surface def lect ion angle, pos i t i ve  de f l ec t i on  
t r a i  1  i ng edge down, degrees 



NOMENCLATURE (Concl uded ) 

P lo t  
Symbol 

CY BETA 

CY NBET 

CBLBET 

DCDF 

DCLF 

DCLII1. 

V-GRIT  

DC Y 

DCYN 

DCBL 

De f in i t i on  

side force c o e f f i c i e n t  de r i va t i ve  
per degree 

yawing moment c o e f f i c i e n t  de r i va t  
per degree 

w i th  Beta, 

i v e  w i t h  Beta, 

r o l l i n g  moment c o e f f i c i e n t  der iva t ive  w i t h  Beta, 
per degree. 

incremental forebody drag c o e f f i c i e n t  

incremental forebody l i f t  c o e f f i c i e n t  

incremental p i t ch ing  moment coe f f i c i en t  

ve r t i ca l  t a i l  t r a n s i t i o n  g r i t  ( ,000 equivalent 
t o  X31 - no g r i t  on v e r t i c a l  t a i  1, .008 eq~r iva len t  
t o  X29 - ,0076 diameter g r i t  on v e r t i c a l  t a i l ) .  

incremental side force coe f f i c i en t  

incremental yawing moment coef f  i c ien t  

incremental r o l l  i n g  moment c o e f f i c i e n t  



CONFIGURATIONS INVESTIGATED 

The model u t i l i z e d  for  t h i s  t e s t  period was an 0.0405-scale model o f  

the -140AlB Orbiter Inner Mold Line Horizontal F l i g h t  Test Vehicle designated 

16-0. The basic model i s  o f  the blended wing-body concept u t i l i z i n g  a 

double del ta wing (75'145' ALeE , f u l l  span elevons (unswept hingeline), 

a centerl ine ver t ica l  tai 1 wi th rudder and/or speedbrake capabil i ty, a 

canopy, and o rb i t a l  ma~ave r i ng  system (OMS) pods mounted on the a f t  fuselage 

sidewalls. This configuration represents the Orbiter w i th  a l l  thermal 

protection sys tern (TPS) removed. 

For t h i s  t es t  period the following nomenclature was used t o  designate 

the various model components : 

Componen t 

B61 -140AIB HFT Orbiter fuselage, simulates inner mold l i n e  

5 1  -140A/B HFT inner mold 1 ine Orbiter canopy 

'40 -140AlB Orbiter HFT elevons used on wing WlZ4, simulates 
inner laold l i n e  

E41 E40 w i th  upper surface seals removed 

E42 E40 wi th  both upper and lower seals removed 

F12 -140A/B HFT Orbiter bodyflap 

M5 1 - 140AlB orb i  t a l  maneuvering system (OMS), simulates inner 
mold l i n e  

R1 5 -140AlB Orbiter HFT rudder used wi th  ver t ica l  t a i l  Vlg. A1 1 
hingel ines sealed 

R1 6 R15 w i th  hinge1 ine seals removeo 



CONFIGCRATIONS INVESTIGATED (Continued) 

R wi th  seal between upper and lower rudder segment re -  
d v e d  

-140AlB Orbi ter  HFT v e r t i c a l  t a i l ,  simulates inner mold 
l i n e  

V19 w i th  leading edge contour modi f icat ion 

V w i th  ve r t i ca l  t a i l  base plugged between speedbrake 
pP8e~ s 

-140A/B inner mold l i n e  double de l ta  Orbi ter  HFT wing 
(75'145O ALaE ) 

w i t h  squared o f f  wing t i p s  a f t  o f  20% element l i n e  
wing surface only 

t r a n s i t i o n  g r i t  composed o f  glass beads located a f t  o f  a l l  
swept surfaces and the model nose 

same as XZ9 except v e r t i c a l  t a i l  no t  g r i t t e d  



CONFIGURATIONS IXVESTIGATED (Concl uded) 

Conf igurat ions Tested 

B61 '1 1 F12 M51 '124 E40 ' 29 

F M W  E V R X  B61t11 12 51 124 40 19 17 31 

B61 '11 F12 '51 '124 E40 '19 R15 '29 

B61 '11 F12 '51 '124 E41 "19 R15 '29 

B61 '11 F12 M51 '124 E42 "19 R15 '29 

B61 '1 1 F12 '51 '124 E40 '1 9 R1 6 '29 

B61 '11 F12 '51 '124 E40 '19 R17 '29 

F M W  E V R X  B61 '11 12 51 124 40 20 15 29 

B61 '11 '12 "51 '124 €40 '21 R15 '29 

'61 '11 F12 M51 "125 €40 '21 R15 '29 



TEST FACI LlTY DESCRIPTION 

The North American Aerodynamics Laboratory (NAAL) 7.75 x 11 -Foot Wind 

Turfriel i s  a continuous f low, c losed c i r c u i t ,  s i ng le  r e t u r n  type t u n ~ e l  

capable o f  speeds up t o  200 mi les per hour. The t e s t  sect ion i s  vented t o  

atmcspheric pressure and i s  7.75 x 11 f e e t  wide by 12 f e e t  i n  length.  Power 

i s  . ~ p p l  i ed  by a 1250 horsepower nacel l e  mounted synchronous motor d r i v i n g  

a 15 foot, seven blade, laminated b i r c h  p rope l l e r .  The airspeed i s  c o n t r o l l e d  

by vary ing the degree of coupl ing between the motor and p rope l l e r  by means 

o f  a magnetic c lu tch.  A damping screen and honeycomb sec t ion  i n  the s e t t l  i n g  

cha,mber upstream from the con t rac t ion  cone ( r a t i o  7.53 t o  1)  minimizes t u r -  

i ulence i n  the t e s t  sect ion. The NAAL Wind Tunnel has been i n  operat ion 

~ i n c e  June 1943 and c a l i b r a t i o n s  a re  ava i l ab le  over a wide range o f  t e s t  

o w d i  t ions.  

Tests ma; be conducted us ing a v a r i e t y  o f  mounting systems, e.g. ; a 

s i n g l e  s t r u t ,  double s t r u t ,  s t i n g  s t r u t ,  r e f l e c t i o n  plane, cable suspension, 

and two dimensional wa l l .  Aerodynamic data may be measured by a p lanar  

type externa l  balance system o r  s t i n g  mounted i n t e r n a l  balances. An Astrodata 

Automatic Data , : q u i s i t i o n  System i s  used t o  c o l l e c t ,  mu l t ip lex ,  d i g i t i z e ,  

and recor? 5c channels o f  f o r ce  and/or pressure data on magnetic tape. Th is  

data i b  then r a p i d l y  reduced and p l o t t e d  using automatic data processing 

eq~ ipmen t  and an automatic d i g i t a l  p l o t t e r .  



DATA REDUCTION 

The aerodynamic force and ntoment data presented were measured by the 

Task Corporation 2.5-inch MK I X  s t r a i n  gage balance. The data have been 

corrected f o r  model base and balance chamber pressure e f fec ts ,  model blockage 

influence on tunnel dynamic pressure, w d l l  in ter ference e f fec ts ,  s t i n g  and 

balance def lect ions,  and model weight tare.  

Corrections made t o  a x i a l  force were accomplished i n  the fo l low ing 

manner : 

where : 

CA = ax ia l - fo rce  c o e f f i c i e n t  

C ~ B c  
= balance chamber cor rec t ion  

C ~ b  
= base end cor rec t ion  

C = ax ia l  force weight t a re  cor rec t ion  
A~ 

The model center o f  pressure l oca t i on  was computed i n  percent o f  body 

length: - 
L I 



DATA REDUCTION (Concl uded ) 

where : 

X~~~ = moment reference po in t  on x-axis,inches a f t  o f  nose 

LB = body length, in .  

The fo l low ing reference dimensions were used f o r  reducing a1 1 aero- 

dynamic data t o  c o e f f i c i e n t  form: 

Sym bo 1 

Ab 

*BC 

S 

XMRP 

ZRP 

B 

c (LREF) 

b (BREF) 

D e f i n i t i o n  

Area o f  base (OMS on), ft2 

Area o f  balance cavi t y  , f t  2 

Uing area, f t  2 

moment reference p o i n t  on x-axis, fus. sta. , i n  

moment reference po in t  on z-axis, water plane, in .  

length o f  o r b i t e r  body, in .  

wing M.A.C., i n .  

wing span, in.  

Value 

0.5855 

0.0985 

4.412 

43.5974 

15.1875 

52.257 

19.230 

37.936 



TABLE I .  

BALANCE UTILIZED: TASK 2.5-inch MK I X  

CAPACITY: 

MACH NUMEER 

ACCURACY: 

DYNAMIC PRESSURE 
(pwnds/sq. inch) l 

REYNOLDS NUMBER 
(pef u n ~ t  length) 

COEFFICIENT 
TOLERANCE: 

STAGNATION TEMPERATUR 
(degrees Fatwenhait) 

RM 4000 IN-LBS 20.25% 

t 

60 osf 0.20 &l 3n0 1.42 x 106/ft 
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1 TEST RUN NUMBERS 
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TABLE 111. - MODEL DIMENSIONAL DATA 

MODEL COMPONENT : BODY - E- 

GENERAL DESCRIPTION , -1 4wuUtUa-  - . - 

- - - 

DRAWING NUMBER VL70 -000217. S S - A O ~ ~ S S  . . 

DIMENSIONS 

Length (Nose O X0=238.0) - In. 

Max Width (Xo = 1516.8) - In. 

Max Depth ( x0 2 1464.8) - In. 

Finrnrss Ratio 

Wrttrd 
2 

Bas8 - Ft 

FULL SCALE MODEL SCALE 



TABLE 111. - MODEL DIMENSIONAL D A T A  - Continued. 

MODEL COMPONENT CANOPY CLl - 
GENERAL DESCRIPTION -L40A/A t.~nrhit.~r r- 

DIMENSIONS . 

Length (To fwd bulkhead) 

Max Width (a t  fwd bulkhead) 

Max Depth 

Fineness Ratio 

Are0 

Max. Cross-Sectionol 

Plonfotm 

Wetted 

Bose 

F U L L  SCALE MODEL SCALE 



TABLE 111. - MODEL DIMENSIONAL DATA - Continued. 

GENERAL DESCRIPTION: - 1 4 0 ~ / ~  inner mold line orbiter elevon used on 

an 

P. 

0 .Ob5 

DRAWING KLYRER: 7. ,p~.01186 

DIKENSIONS: (ha for 1 of 2 sides) FULL-SC4LE 

2 
A r e a  - Ft 205.98 

Span (equivalent) IIL 344.20 

Inb'd equivalent chord - In. 116.79 

Outb'd equivalent chord - In.  55-56 
Hiqelim @ F.S. - In. 
Ratio movable surface chord/ 

1387 0 0 0  

to ta l  surface chord 

A t  Inb'd equiv. chord (~,=120.84) 0.214 

A t  Outb'd equiv. chord (yo-468.34) 0.400 

Sweep Back ,Angles, degrees 

Leading Edge 

Trailing Edge 

Hinge1 ine 3.00Q 

Area Moment (Nonnal to hinge l ine!  - 

MODEL SCALF: 

0.338 

13.940 

4 730 

2.250 
56.174 

0.214 

0.400 

9.000- 

- 56 

- 



TABLE 111. - MODEL DINNSIONAL DATA - Continued. 

DRAWING t X I R E R :  VL70-000213; SS-~01186 

Area - ~t~ 205.98 

Span (equivalent) In. 

Inb 'a  equivalent chord - In. 116.79 

Outb'd equivalent chord - ~ n .  55.56 
Hingeline @ F.S. - In. 

Ratio movable surface chord/ m,?? 
t o t a l  surface chord 

A t  I n b ' d  equiv. c h o r d ( ~ ~ = m . 8 4 )  0.214 

A t  Outb'd equiv. chord ( y  =468.34) o.  loo 
0 

Sweep Back -Angles, degrees 

Leading Edge 

Hinge1 l n e  n.nnn 
Area Moment (Normal to.hinge l i n e )  ---- 



TABLE 1 1 1 .  - MODEL DIMENSIONAL DATA - Continued. 

MODEL CO:-IPONENT: - E,,,, - 
GENERAL DESCRIPT ION:  - -1- 0 l f L l . j ~  or- on 

s. Lower an d umer surface 

HODEL SCALE: 0 . O b 5  

DRAWING NCYRER: V L ? O - ~ - P Q 0 1 8 6 .  

DIKENS IONS : ( G a a  f o r  1 o f  2 sides) FULL-SCALE 

Area ~ t f  ~ 0 5 . 9 8  

Span (equivalent) - In. 744.20 

Inb 'd  equivalent chord - In. 116.74 

Outb'd equivalent chord - In. 
Hingeline &? F.S. - In. 

2 
1387 00 

Ratio movable surface chord/ 
- 

t o t a l  surface chord 

A t  Inb 'd  equiv. chord (f, = 120.84) 0.214 

A t  Outb'd equiv. chord (Yo = 468.9) 0.400 

Sweep Back .Angles, degrees 

Leading Edge 

' ha i l ing Edge a 

MODEL SCALF: 

Area Moment (Nonnal to  hinge l i n e )  - 



TABLE I I I. - MODEL DIMENSIONAL DATA - Continued. 

MODEL COMPONENT , BOQX,AAP - F 

GENERAL DESCRIPTION , -1- 1 4 -  nrW+mr Itnay ?Inn 

JQDEL SMLE: 0.0405 J 

DRAWING NUMBER ~ ~ 7 0 - 0 0 0 2 3 3 :  S S - A O ~ L ~ ~  a 

Max Width (Spsn) - In. 
Max Depth - In.  

Bingeline @ F.S. - In. 
Fineness Ratio 

Area - Ft 2 

Max. Cross-Sectional 

Planform 

Wetted 

F U L L  SCALE MODEL SCALE 



TABLE I 11. - MODEL DIMENSIONAL DATA - Continued. 

MODEL COMPONENT : ORBITAL--C SYSTEM PODS - Mrl 

DIMENSIONS F U L L  SCALE 

Max Width 

Max Depth 

Fineness Ratio 

Max. Cross-Sectional 

Plonforrn 

MODEL SCALE 



TABLE 111. - MODEL DIMENSIONAL DATA - Continued. 

MODEL COXPONENT: R, -, 

GENERAL DESCRIPTION: Inner moldline or- rudder used V c r u  

I 1  V--. P p  a *  a p- m n  - Ly 

u w e r  and lower &. w r  1- i s  sealed. 

0.0405 Dimensions are for outer moldline. 

DRAW I NG RCY R E  R : 

DIKENSIONS : 

Area , ft 2 

FULL-SCALE MODEL SCALF: 

Span (equivalent), in 2QLUL 8.140 

Inb 'd  equivalent chord, ia 91.585 3.709 

Outb'd equivalent chord,b - 2.059 

Ratio movable surface chord/ 
t o t a l  surface chord 

A t  I n b ' d  equiv, chord A % 
A t  Outb'd equiv. chord 0.400 0.400 

Sweep Back -Angles, degrees 

Leading Edge 

Ta l l lng  Edge 26.250 26.250 

Hinge1 ine  34 830 34 830 

Area Moment (:!mnal to  hinge 1 i ne) - 



TABLE 111. - MODEL DIMENSIONAL DATA- Continued. 

MODEL CO;.IPONENT: RUDT]ER - R, / 
LU 

GENERAL DESCRIPTION: Inner moldline orbiter rudder used with Vertical 

Dimensions are for outer moldline. 

DRAWING KCYRER: 

DIHENS IONS : FULL-SCALE 

Area, f Z  - 
Span (equivslc. i t )  , in 201.00 

Inb 'd  equivalent chord ,in 9?.,585 

Outb'd equivalent chord ,in 

MODEL SCALF 

Ratio movable surface chord/ 
t o t a l  surface chord 

A t  I nb 'd  equiv. chord - 
A t  Outb'd equiv. chord 

Sweep Back .Angles , degrees 

Leading Edge 

Ta i l i ng  Edge -- 26.250 26.250 

Hinge1 lne  34.810 

Area Moment (Normal t o  hinge l i n e )  
I- - 



TABLE 111. - MODEL DIMENSIONAL DATA - Continued. 

DRAWING KUYRER: VL70-000233; SS-~01187. 

DIKENSIONS: 

Area, 

Span 

I n b ' d  equivalent chord, in 

Outb'd equivalent chord,in 

Rat io  movable surface chord/ 
t o t a l  surface chord 

A t  I n b ' d  equiv. chord 

A t  Outb'd equiv. chord 

Sweep Back .Angles, degrees 

Leading Edge 

Tal  l i n g  Edge 

Hinge1 i n e  

Area Moment (Normal t o  hinge l i n e )  

FULL-SCALE MODEL SCALF 

0.164 
8.140 



DIMENSIONS : 

TOTAL DATk 

FULL SCALE MODEL SCALE 

krea (Theo) - Ft 2 

Plsniorm 
S p a  (~heo)  - In. 
Pspect Ratio 
RBte of Taper 
Taper Ratio 
Sweep-Back Angles, Degreeo. 

Leading Edge 
M i l i n g  Edge 
0.25 Element Line 

Chords : I 

Wt-G-) '.@ % = gg0 In.) 
Tip (Thee) SIP Zo= 815.72) In. 
Mkc 

t * +&- 
FUS. st~. of .25 MAC 

J S a L -  R,acle_- 
W.P. of .25 MAC 

1861.75 
B.L. of .25 MAC 

675.2 - 
0.60 0.M)- 

Void Area ---- 
Blanketed Xrea 



DIMENSIONS: 

TOTAL DATA 

fzea (Theo) - F t  2 

Planform 
Span (Theo) - In. 
P.zpect Ratio 
Rate of  Taper 
Taper Ratio 
Sweep-Back Angles, Degreeo . 

Ltading Eae 
Trailing Edge 
0.25 Eleaent Line 

Chords: - In. 
Root (meo) ilP ( Z o  = 500 ~n.) 
Tip (Thee) *a ( 2  815.72) ~ n .  
Mkc 
m3. sto. of .25 MAC 
W.P. of .25 MAC 
B.L. of .25 MAC 

Void Area 

Blanketed Area 

FULL SCALE 



m a  (me01 - pt2 
Planrorm 

Span (Theo) - In. 
Aspect Ratio 
Rate of !Caper 
Taper b t i o  
Sweep-Bsck Angles, Degrees, 

Leading Edge 
'Prailing Ed& 
0.25 Element Line 

Chords : 
Root (Theo) 'AP (2,  = 500 111.) 
n~ (The01 'n (2, = 815.72 In.) 
MCIC 
h ~ .  Sta. of .25 MAC 
W.P. of -25 MAC 
B.L. of *25 MAC 

Void Area 

Blanketed Area 

FULL SCALE Mom SCALE 



TABLE 111. - MODEL DIMENSIONAL MTA - Continued. 

MODEL CALE: 0.0405 
55-mi1 

-y \'? - W6. 1 0 . A p  
FULL-SCALE WOEL S C W  

?lanform 
Span {Theo In, 
Aspee  Satlo 
2ate of T a w  
Taoer 2atio 
3 hedral Png!e, degrees 
1nc:dence Aqgle, dagnrs 
Acrodynamlc Twist, drg- . 
Sweep Sack Angles, d e p @ S  

Leading Edge 
Tra i l ing  Edge 
0.25 Elanent L i M  

Chords: 
Root ( T ~ w )  BoPeO.0. 
T i o ,  (TW) B.P. 
MAC 
Fus. Sta, o f  2 5  M U  
H.P. o f  .25 M U  
B.L. o f  2 5  MAC 

EXPOSED DATA 
Aml ( T h ~ 0 )  2 
Swn. (The01 In. BPI08 
h p e c t   atlo lo 
Taper h t l o  
Chords 

Root BPI08 
T i p  1000 b 

w 7 
Fus. Sta, o f  .25 nK: 
W.P. 01 2 5  MAC 
8.L. o f  .25 ClAC 

Alrfotl Section (Ibcbrrl'l Mob IW) 
xnx-64 

&, ' Yo = 199 



- . .  TABLE 111. - W E L  DIHENSIMIAL DATA - Continued. 

FULL-SCALE nOOU SCALE. 

TOTAL W A  
~ n a  (Am,) Ft  2 

?lantom 
Span (Tho In. 
Asper. Sat10 
Rate of  Taper 
raper A t 1 0  
Dihedral I h g ? t ,  d t g m s  
I nc ;dance Aqg 1 t , aegrws 
Aerodynamic Twist, &gmm 
Sweep Sack Angles, d e g m S  

Leading Edge 
T r4i  1 ,i ng Edge 
0.25 Element Line 

chords: 

wc- - 
Fur. Str.  o f  .25 t3AC 

Smn. (Thto) In. W108 
Aipert- Ratio 
Taper Ratio 
Ulords 

Root BPI08 
T i p  1.00 5 

MAC 
'2 

Fur. Sta. o f  -26 MAC 
Y;P~ of 125 MAC . - - . - - - - - 
B.L. of .25 NAc 

A i r f o i l  Section (RPcl#ll Mod WA) 

htr for (1) of (2) Sides 
l trd4ng Edge Cuft 
Planfarm h a  ?t2 - 
Leading Edpe Inhnects Fus )I. L. 8 st8 -- 
CeHhg €490 I n t e r t c t r  Wing Q Str - 

37 



TABLE 111. - MODEL DIMENSIONAL DATA - Continued. 
MODEL COMPONENT: TRANSITION GRIT - Xzq 

.- - - -- - -..- .- - -.-.--.-. - - - . - -  - - -  - 

GENERAL DESCRIFTIOI?: Grit - a - w -  composed of glass beads located a f t  of model nose 

wing and . ~ e r t i c a l  t a i l  to  provide forced boundary layer transition. 

Mmensions are i n  the streamwlse direction a f t  of the local leading edge. 

MODEL SCALE: 0.0405 

DRAWING MTMBER: NONE 

DIMEN3IONS: 

Grit Diameter - In. 

Fuselage 

Swept surfaces 

S t r i p  width In. 

Location a f t  of Leading edge - In. 



TABLE 111. - MODEL DIMENSIONAL DATA - Concluded. 

GENERAL DESCRIPTION: G r i t  composed of glass beads located a f t  of model 

nose and wing to  provide forced boundary layer t ransi t ion.  Dimensions 

a r e  i n  the streamwise direct ion a f t  of the loca l  leading edge. Same a s  

1(29 except vertical ta i l  not e r i t t ed .  

MODEL SCALE: 0.0405 

DRAWING NUMBER: NONE 

DIMENSIONS : 

G r i t  diameter - In. 

Fuselage 0.0054 

Swept surfaces 0.0076 

Str ip  width - In. 0.10 

h c a t i o n  a f t  of leading edge - Inc. 1.00 
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Tunncl Free Stream 

/ / 

b. MODEL ATTITUDE DEFINITION 

Figure 1. - Cordtitwed. 

4 1 



A i l  

KuctJel- ;lnJ 
SpccJ  l3rnkc. 
D e f l e c t  i o n s  

1 
.eron & Elevon Deflections 

Body Flap Deflections 

c . Sign Convention for Control Surfaces 
Figure 1. - Concluded. 

42 





Figure 2. - Concluded. 
44 
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APPEND1 X 

TABULATED SOURCE DATA 

Tabulations o f  p lo t ted  data a r e  avai lable  on request from 
Data Managernen t Services 
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