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STABILITY AND CONTROL CHARACTERISTICS FOR THE
INNER MOLD LINE CONFIGURATION OF THE
SPACE SHUTTLE ORBITER (0A110)

By
Terrance Hughes and Robert Rogge, Rockwell International Space Division

ABSTRACT

Experimental aerodynamic investigations were conducted on a sting
mounted 0.0405-scale representation of the -140A/B Inner Mold Line (IML)
Space Shuttle Orbiter in the Rockwell International 7.75 x 11 Foot Low
Speed Wind Tunnel. These tests were conducted during the time period from
18 March 1974 to 20 March 1974.

The primary test objectives were to establish basic longitudinal
and lateral-directional stability and control characteristics for the IML
Orbiter.

Additional configurations investigated were sealed elevon hingeline
gaps, sealed rudder split line and hingeline gaps, larger radius leading
edge on the vertical tail and sealed speedbrake base.

Aerodynamic force and moment data for the Orbiter were measured in

the body-axis system by an internally mounted, six-component strain gage
balance (2.5-inch task MK IX). The model was sting mounted with the cen-
ter of rotation located at approximately the wing trailing edge (F. S.
60.272). The nominal angle of attack (a) range was from -4 to +30 degrees.
Yaw polars were recorded over a nominal yaw angle (¥) range from -14 to

+14 degrees at constant a's of 0, +5, 10, 15 and 20 degrees.
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INDEX OF DATA FIGURES (Conciuded)

SCHEDULE OF COEFFICIENTS PLOTTED:

(A)

(8)

(C)

(E)

(F)

(6)

CL, CN, CAF, CAB, CDF, CLM, XCP/L, L/DF Versus Alpha
CL Versus CDF
CL Versus CLM

CY, CYN, CBL Versus Beta
CYBETA, LYNBET, CBLBET Versus Alpha

CL, CN, CAF, CAB, CDF, CLM, XCP/L, L/DF 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 Alpha
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




SYMBOL

= .é') ©

o o

RN/L

<}

v 6 € W R

PLOT
SYMBOL

CP

MACH

Q(NsM)
Q(PsF)

RN/L

ALPHA
BETA

PSI
PHI

EREF

LREF

SREF
MRP

XMRP

ZMRP

NOMENCLATURE
General

DEFINITION

speed of sound; m/sec, ft/sec
pressure coefficient; (p; - pw)/a
Mach number; V/a

pressure; N/m?, psf

dynamic pressure; l/EpVE, N/mz, psf

unit Reynolds number; per m, per ft
velocity; m/sec, ft/sec

angle of atteck, degrees

sngle of sideslip, degrees

angle of yaw, degrees

sngle of roll, degrees

mess density; kg/m3, slugs/ft3

Reference & C.G. Definitions

base sres; m2, £t

wing spen or reference span; m, ft
center of gravity

reference length or wing mean
serodynsmic chord; m, ft

wing srea or refercnce eres; m2, £t
moment reference point

moment reference point on X axis
moment reference point on Y axis

moment reference point on 2 axis

base

locel

static conditions
total conditions
free streem
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SYMBOL

PLOT
SYMBOL

NOMENCLATURE (Continucd)

Body-Axis System

DEFINITION

CN
CA
CY

CAB

CAF

CIM

CBL

CL
CD
CDB

CDF

cY

CIM

CLN

csL

L/oF

normal-force coefficient: ’w
quo

axial-force coefficient; ﬂﬂ.‘g‘”ﬁ
Q-

side-force coefficient; _s_jz_d_e_gg_c__e_
qo

base-force coefficlent; P_“.l_é_"?_c‘_
!
~Ay(pp - Pw)/aS

forebody aximl force coefficient, C, - CAb

pitching-moment coefficient; pitching moment
aSfrey

yawing-moment coefficlent; wﬁnt
Q.

rolling-moment coefficient: &ll’n{_n_xomgn_t
\11')

Stability-Axic System

1ift coefficicnt; 1ift
qS

drag coefricient; i’%ﬁ
q

base-drag coefficient; 95_5_97,2‘9_5

Qo

forcbody driag coefficient; Cp - C%

side-force coefficient; :E?.%?!.?S
qQ

pitching-moment coefficient; Pitchingmht
ey

yawing-moment coefficient: mﬂﬁg‘?‘“_"t
q
rolling-moment coefficient: "°11:'s‘ moment

11ft-to-drag ratio; Cp/Cp
1lift to forebody drag ratio; cL/cDr

LAY
3
¥

-




NOMENCLATURE (Continued)
(Additions to Stanuard List)

balance cavity area, ft2

balance cavity axial-force coefficient

model axial-force weight tare coefficient

horizontal flight test

Orbiter fuselage length, ft

model base pressures at orifice numbers 1-5, re-

Plot
Symbol Symbo1 Definition
Agc ABC
c CABC
Agc
C CAT
Ay
HFT
Lg LB
Pais Ppos Poas
pB] PBZ B3 spectively, psia
B4* "B5

Pec
Xplly  XCPIL

Xngp

6, AILRON
e ELEVON
5, RUDDER
5sp SPDBRK
o BDFLAP

model bhalance chamber pressure, psia

longitudinal center of pressure location, fraction
of body length

moment raference point longitudinal location, inches
aft of nose

2ileron deflection angle, degrees
elevon deflection angle, degrees

rudder deflection angle, positive deflection trailing
edge left, degrees

speed brake deflection angle, degrees

bodyflap surface deflection angle, positive deflection
trailing edge down, degrees




Symbol

ACY
AC
AC

Plot
Symbo1

NOMENCLATURE (Concluded)

Definition

CYBETA

CYNBET

CBLBET

DCDF
DCLF
DCLM.
V-GRIT

DcyY
DCYN

DCBL

side force coefficient derivative with Beta,
per degree

yawing moment coefficient derivative with Beta,
per degree

rolling moment coefficient derivative with Beta,
per degree.

incremental forebody drag coefficient
incremental forebody 1ift coefficient
incremental pitching moment coetficient
vertical tail transition grit (.000 equivalent

to X31 - no grit on vertical tail, .008 equivaient
to X29 - .0076 diameter grit on vertical tail).

incremental side force coefficient
incremental yawing moment coefficient

incremental rolling moment coefficient

n

- >




CONFIGURATIONS INVESTIGATED

The model utilized for this test period was an 0.0405-scale model of
the -140A/B Orbiter Inner Mold Line Horizontal Flight Test Vehicle designated
16-0. The basic model is of the blended wing-body concept utilizing a
double delta wing (75°/45° AL.E.)' full span elevons (unswept hingeline),
a centerline vertical tail with rudder and/or speedbrake capability, a
canopy, and orbital mareuvering system (OMS) pods mounted on the aft fuselage
sidewalls. This configuration represents the Orbiter with all thermal
protection system (TPS) removed.

For this test period the following nomenclature was used to designate

the various model components:

Component

BS] -140A/B HFT Orbiter fuselage, simulates inner mold line
th -140A/B HFT inner mold line Orbiter canopy
E -140A/B Orbiter HFT elevons used on wing Wy,,, simulates
40 . : 124
inner mold line
E4 E40 with upper surface seals removed
Eq0 E40 with both upper and lower seals removed
F12 -140A/B HFT Orbiter bodyflap
M -140A/B orbital maneuvering system (OMS), simulates inner
mold line
Rys ~-140A/B Orbiter HFT rudder used with vertical tail V19' All
hingelines sealed
Ri6 R15 with hingeline seals removeu
n




CONFIGURATIONS INVESTIGATED (Continued)
R 5 with seal between upper and lower rudder segment re-
moved

-140A/B Qrbiter HFT vertical tail, simulates inner mold
line

V]9 with Teading edge contour modification

V,, with vertical tail base plugged between speedbrake
pggels

-140A/B inner mold line double delta Orbiter HFT wing
(75°/45° A e )

W 4 with squared off wing tips aft of 20% element line
uaser wing surface only

transition grit composed of glass beads located aft of all
swept surfaces and the model nose

same as X, except vertical tail not gritted

12




CONFIGURATIONS INVESTIGATED (Concluded)

Configurations Tested

Bs1 C11 Fiz Mg

S Pz Mg
Bg1 C11 Fr2 Mg
Be1 L1y Fi2 M5y
Bs1 C11 Fiz2 M5
Bey C11 Fi2 M5y
Be1 C11 Fyz M,
Be1 C11 Fr2 M5y
Be1 C11 Fy2 M5y

Bg1 C11 Fi2 M5y

Wy24 Eqq Xo9

Wy24 Egp V19 Ry7 Xg

124 Ea0 V19 Ry5 X9
W124 B4y Vg Rys X9
W124 Eq2 Vig Rys Xag
124 Ea0 V19 Ryg X9
W124 Eqg Vg Ry7 X9
124 Ea0 V20 Ris Xpg
Wi24 Ea0 V21 Rys X9

Wi25 Eq0 V21 Rys Xog

13




TEST FACILITY DESCRIPTION

The North American Aerodynamics Laboratory (NAAL) 7.75 x 11-Foot Wind
Turinel is a continuous flow, closed circuit, single return type tunrel
capable of speeds up to 200 miles per hour. The test section is vented to
atmespheric pressure and is 7.75 x 11 feet wide by 12 feet in length. Power
is .upplied by a 1250 horsepower nacelle mounted synchronous motor driving
a 14 foot, seven blade, laminated birch propeller. The airspeed is controlled
by varying the degree of coupling between the motor and propeller by means
of a magnetic clutch. A damping screen and honeycomb section in the settling
chamber upstream from the contraction cone (ratio 7.53 to 1) minimizes tur-
iulence in the test section. The NAAL Wind Tunnel has been in operation
cince June 1943 and calibrations are available over a wide range of test
conditions,

Tests ma, de conducted using a variety of mounting systems, e.g.; a
singie strut, double strut, sting strut, reflection plane, cable suspension,
and two dimensional wall. Aerodynamic data may be measured by a planar
type external balance system or sting mounted internal balances. An Astrodata
Automatic Data . :juisition System is used to collect, multiplex, digitize,
and record HL channels of force and/or pressure data on magnetic tape. This
data i then rapidly reduced and plotted using automatic data processing

equipment and an automatic digital plotter.

14
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DATA REDUCTION

The aerodynamic force and moment data presented were measured by the

Task Corporation 2.5-inch MK IX strain gage balance. The data have been

corrected for model base and balance chamber pressure effects, model blockage

influence on tunnel dynamic pressure, wall interference effects, sting and

balance deflections, and model weight tare.

Corrections made to axial force were accomplished in the following

manner .

Ch, =C, -C -C, -C
Af A ABC Ab AT

where:

CA = axial-force coefficient

C = balance chamber correction
Agc
= - (PBC-PO )( ABC )
q S
CA = base end correction
b
p - P A
_ b 0 by, P. _
- = (_—q__)(T)’ b = 1/5 (PB] +
CA = axial force weight tare correction
T

ceelt PBS)

The model center of pressure location was computed in percent of body

length:

-

cc
- m
Xep/lp = [hypp - (‘T‘N)]/ Lg

15



where:

DATA REDUCTION (Concluded)

XMrp = moment reference point on x-axis,inches aft of nose

LB = body length, in.

The following reference dimensions were used for reducing all aero-

dynamic data to coefficient form:

Symbo1
Ay

Agc

¢ (LREF)
b (BREF)

Definition
Area of base (OMS on), ft2

Area of balance cavity, ft2

Wing area, ft2

moment reference point on x-axis, fus. sta., in

moment reference point on z-axis, water plane, in.

length of orbiter body, in.

wing M.A.C., in.

wing span, in.

16

Value

0.5855

0.0985

4.412
43.5974
15.1875
52.257

19.230
37.936




TABLE I.

COMMENTS: & Each Gage
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TEST ¢ 0A 110 NAAL 721 BATE% 3-22-74
TEST CONDITIONS
REYNOLDS NUMBER DYNAMIC PRESSURE  [STAGNATION TEMPERATURE|
MACH NUMBER (per umit length) (pounds/sq. inch) (degrees Fahrenheit)
0.20 1.42 x 105/f¢ 60 psf 80+120°
BALANCE UTILIZED: TASK 2.5-inch MK IX
F
CAPACITY: ACCURACY: ﬁ%&;ﬂ%’?
N 1900 LBS* —20.20% —
& 750 1BS* __$0.25%
aF ___g0C LBS —¥0.25% —
PM ———
w4000 IN-LBS £0,25% —_—
w oo e —_——




‘ S3ININAINOS
R Y. g NN Ly - k2 qJﬁJW. ..a1.. RRR:) g wo ©
"3ar {ZYav oo [TRR-L Vel whzuu.uuuou e
H%Mm_w L4 4)4&-44\& T -|.14.|« NA@.U-X—J TY . . 1— vy -:.qm.-u— rr 27@¢J .4&4,\_14 g L-.\_J L g g .l.,.-)_- L4 .J.ud-U- LN 2 | “1%
CYA-¥3 L9 19 (3 [ £V (24 113 sz 64 €L L ]
8! i ] ) s A A ajofv]s } .-}
it ! : i 'Y *F: . T !
l . . i \ \m~ Yivw
ok | L 18N . -
77 1 ! s _ =T
£l ! ] INEEN e
o i 1 - _ 1 - T
- “ . _ I 20
’ i Ly | , o[V | T 1
x T > L m p w’
m Q! . _ N n ﬂﬁ + C! A G.¢ |
2 6 IR “ ; | | 18R 56C |
z 3 ” T 1 _ 319 0o |
x — \+ e :
a L €z C O < .nk:%t\,ovuvwﬁ_mz m.u:w_@ﬂ .CO _
w !
v 2 - - | , L b e fee ) 00 |
, — : - I
v - - . ! C. $00 1}
Z = - 1RE _ z00
= - - L B R i1
7 . - < 3 Li| O Cl V[~ Msn=d"0g| | 0053d
s m.u.mvm s vw. °< .durr, um . gle NOILYHNODI4NOD H141LNIG
SHIBWNN HOVIW ON SANVYA/SHILIANYHYI *AHDIS 43S vivOo

-

~

AYYWANS NOILYTI0D Y39NNN NNJ/ L3S viva

N

0 A ¢ 1531

“I1 378Vl

18



pro————

AQMN i2) 4v N

ez —YY¥ &l 4 w%numu\am.\

{t] By ACH

-]

g - PV (S 4
SANADIA4350D

A TN R S C) R

S3INQ3IKHIS
g nwo ©

4 1Y
for se 9 19 %S 13 13 L€ i€ sz 61 €1 ¢ '
~E 1] 2 A Q | AfAafo500 4 b [T L
ST o BN ,_ o Jse0
ke : Gi+ M : : ! 50 ——1
£Z _ 02~ | 2rg £eO
2t | oc2- | ! 2.0 |
A 1 i Sit ! _ o ie0
¢z | i ! i . JOlYV : 0e0
. 02 1 J | 1 V3 620
m 82 o . ) 820
3 L2 Ol .. {L2o
3 e 02— : . 92C
w 52 52 S2- m 5¢0
<2 i || 0z- _ - | A L
- ! ol- ! ) i [ H 2-0
2 V1 © (o) C : S B w 120
cZ i 1sc 0 ce- ! olvy + i 020
o! 7 [sz ° Si ° L] CT ol Ve 3 mwa" " 610538
Oc”. w.u@z mm 3¢ ﬂm bl el plele zo.»#_:o.uzmu H3141 N3
SHIBWNN HOVYW ON SINTVA/SHILIWVYHYD ‘ands 43S viva
vl -22-% . w_.<0— AYYAWNS NOILY 100 43GNNAN NNA/L3S Viva {2L VYN onvo : 1$3l
‘panuijuo)d ~ 11 I9vl
g
- : & o

19

-»



-~
¥
-ty

"panuiuo) - ‘11 Iavl

’ . SITANAINDIS
A3 (F4) R('/m“\-_ hM._\J—\—Ml\-/OMJ. T 4 ﬁt\ T AU\_ % thbuo,.m.unun‘(uuomm ‘- N *1\— T Od— lim. I-V - NA<V ” Q we®
B RS LIRS T - CRRNPET,
I S¢L t9 19 SS [
79 4 ) o ) J )y [ A O]V [ 239
€5 ! o “ HERD ” £50
25 i j ! K] 250
3 . _ P 13 9 1sO
0S ) ! ! R YUY A SO
or i | 0a2- _ Pt } k0 |
2 BN A R BB IR 70
" L IR , C OV A LyO
2 7 i : . TTHEO10i] %
Sv 1 1 T 1o v [5=a%n S50
z Y 201 b0
i 37 " [ 58 G N I SR 0
g G A 03 H w § [Pw R 30
B2 m . Ce - “ ] 1p0
vy L U A N Sl ) T
62 ! | N _ O ¥1%xgen 1B 6E0 |
(T3 T ! Il _ 8eQ i
LS ] =¥ o O C - ool Y @yageroryrzmis T 5igl 093
c2 snnu | 83 ¥ 99 ©¢ 3| P fje]= . HIAILNIQH
SHIABWNN HOVYWN Oubu W Wmﬂ::—()xmxw._.mi(wu(n. "QHOS NONLYBNOIAROD 135S vivao
-l -22-% . mc:; AHYANNS NOLLYTIT0D ¥39WNN NNa/L3S viva L 12L INYN O\NVO : 1531,

20



_ o =g v N i
TPV bt — bl - nﬁuwm‘ o .n«odﬂmwu -3¢+ 0 .T*N:Jm.uu?w,b g wo ®

) uvAO

-QnsSsTIONS Wot Swd ad IOV NIAY
Lon PVEM S4007d wWInewHl oloCIY supstuvd #

To2+4 O

=(3) & FRUCECES

AQN

A

[
{2t Hy 1 ¢

SANIN=I3

4-: LR N d-‘dU!ﬁl -Jq\qmd‘u-x-d A B 4>ﬂuq v I}-JQQQUﬂlq v IZ!>qUﬂ LIS -udqu-‘l\ L g IZIUA-|~ QJ!II-CU- dljwwA‘md%lﬂ vy i

[}
1 ™T,.Y.¥
| ._:__bw o LK)
L9

WM SL 19 ss (14 123 LE Y3 sz [ 1} 1 1} '3 [}
L § A [} ) [} ST qo__ 4 .
[7A | ! “ | K | L0 _
oL S “ ! “ E} G i) PO | =
Y] ! ; i 20
87 %ﬁ o ! ! —
L9 ol - i _r L90 :
L} ol- : | r ™
. 59 [ 02- IR i | 4 50
s 7 o Sz - ? . H 390
3 €% 52- } | . £90
z [ 2% 02- , ” 220 @ 0«
4 4 . i .
5 2 01- _ p , %0
= 09 . .r I 30 -
bS M E 650 .
89S , T1ifo 8c0
LS _ R T 0 [ LSO
%S @) . 1] ) %50 1
) SS 52 oZ- 0 o Li-| O | 9| O] ey 9™ Maw"3"g| SS053d
—| Cce’ sNAY 4 5@ ° ~Q 4 gdlo LA N
SHIBWNN HOVYN mvuvnw mUDJ()RKWWW!(!(& % W G *OHOS NOILVHNDIINOD Nwﬂmu( rtwﬂop
YL 22 - aivd] AYVWANS NOILY 110D 338NAN NNJ/13S Y1V3 [72CIwWNx _ ONlvo:1s3

‘panuijuo] - “ITI INavl

Ve o



INISSHIVS Doy Sid AL ZIPVNVAY
Low 2UIM  ©30SNY MmNIINL OLISAY SLISHWA

oS = A 'Ob 4 T2y b 22 .QN st'et's ev-.mwN

o .s nhﬁq!“ﬁoqi, a0 =(d) o 05 5r ,2=7v Fe27027S101"§°C $37Nn032~133
oI, (¥4} 04N uA_‘. :d.'!.. e - *& - = A,UV%U\ Qer!WL/_\quUMLQI N+ ~fd q—u N 1VI .-.Atu W‘. - Q wo®
24 e
W« SL LS 9
S8 J ol
8 4 a om_ 4
2 wq .Lv
P [4 7 Zo)
: g | 2 N
H o8 080
. 6L - O
v (-] A M [ 140]
14 . ] o
oL ol® IO |
L ol|H ¢lo
y ZA obt| 4  1K¢]
EC |- i [S2 o o &) LUR-] C 1 I[Sraen>a®me 5757 SLOSIT] #
0c | 2. *Isnnu | 559 Y ? % E) d| o :
SHIAWNN HDOVYW .Oh% % WwNJJ<>\nEUPU’(¢(Q % ﬁ "aMOs HOILVENDIANOD ”UU“-(P.—.Z‘UOO_
¢PINN -¢ ukg AHVANWNS NOILYTI0D ¥39NNN NNy 13S Yivg 12L vy OuyoO : 1531

‘papniduc) - “II 378VL



TABLE III. - MODEL DIMENSIONAL DATA

MODEL COMPONENT : BODY . By
GENERAL DESCRIPTION . __-1404/B inner mold line orbiter fugelasc, _
MODEL _SCALE:— Q.0LOS.

DRAWING NUMBER __VLT0-000233, SS-A01185

DIMENSIONS .

Length (Nose @ X =238.0) - In.

Max Width (X, = 1516.8) - In.

Mox Depth (X, = 1464.8) - In.

Fineness Ratio
Arec

Moax. Cross-Sectional-Ft

Plonform

Wetted

2
Base - Ft

23

FULL SCALE MODEL SCALE

129030 52.257
— 26060 .._20.558
—2hbgl 10.000
4.95 4.95
338 A7 - 0.556
338.67 0.556




TABLE I1I. - MODEL DIMENSIONAL DATA - Continued.

MODEL COMPONENT : _CANOPY Gy

GENERAL DESCRIPTION __-1404/B inner mold line orhiter canopy uged. .

mwmuwu

MODEL SCALE: 0;0405

DRAWING NUMBER VL70-000233; SS-401185

DIMENSIONS .

Length (To fwd bulkhead)

Max Width (at fwd bulkhead)
Max Depth

Fineness Rotio

Area

Max. Cross—Sectional

Planform

Wetted

Bose

24

FULL SCALE MODEL SCALE

—208. A7 _R.37
210.86 8.54

[




TABLE III. - MODEL DIMENSIONAL DATA - Continued.

MODEL COMPONENT: ELEVON - E

GENERAL DESCRIPTION: -140A/B inner mold line orbiter elevon used on

Jpper and lowver surface,
MODEL SCALE: 0.0405

DRAWING NUMBER: _VL70 000233, S5-£01186

DIMENSIONS: (Data for 1 of 2 sides) FULL-SCALE MODEL SCALE
Area - Ft2 205.98 0.338
Span (equivalent) 1In. 34k.20 13.940
Inb'd equivalent chord - In. 116.79 4.730
Outb'd equivalent chord - In. 55.56 2.250
Hingeline @ F.S. - In. 1387.00 56.174

Ratio movable surface chord/
total surface chord

At Inb'd equiv. chord (Y _=120.84) 0.21k 0.214

At Outb'd equiv. chord (Y -468.34) 0.400 0.400
Sweep Back ‘Angles, degrees '

Leading Edge 0.000 - _0.000

Trailing Edge - 10.056 -10.056

Hingeline 2.000 0,000

Area Moment (Normal to hinge line)

25



TABLE III. - MODEL DIMENSIONAL DATA - Continued.

MODEL COMPONENT: _ prpvoN - m,

GENERAL DESCRIPTIG?“: _]!me ZB inner mold line QIh“]QI g]evgg used on
| ] i ] ]! "GH Illlln"iﬁps Hinggljnﬁ js Sﬁﬂlﬁd Qn ]Q!g:

surface only.

MODEL SCALE: 0Q.04095

DRAWING KUMRER: VL70-000233; SS-401186

DIMENSIONS: (Data for 1 of 2 sides) FULL-SCALE MODEL SCAiLF
Area - Ft° 205.98 0.338
Span (equivalent) In. 344.20 13.940
Inb'a equivalent chord - 1In. 116.79 4.730
Outb'd equivalent chord - In. 55.56 2.2
Hingeline @ F.S. - In. 1387.00 %._17%_

Ratio movable surface chord/
total surface chord

At Inb'd equiv. chord(!°=120.8k) 0.214 0.214

At Outb'd equiv. chord (Yb=h68'3u) 9.400 0.400
Sweep Back -Angles, degrees

Leading Edge 0.000 2.000
Trailing Edge. = 10.056. =12.056
Hingeline Q.000 0.000

Area Moment (Normal to-hinge line)

26
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TABLE III. - MODEL DIMENSIONAL DATA - Continued.

MODEL COMPONENT: ELEVON - Ei

GENERAL DESCRIPTION: __ -1404/R inner mold 1ine orhiter elevon used on
~Hiogsgoy- Includes baselice "Grumman” gaps. Lower and upper surface

~hingeline seals are removed.
MODEL SCALE: 0.0405

DRAWING NUMBER: _VL70-000233; SS-A00186.

DIMENSIONS: (Datq for 1 of 2 sides) FULL-SCALE MODEL SCALE
Area Ft2 205.98 0.338
Span (equivalent) - In. 3U4k4.20 13.940
Inb'd equivalent chord . In. —1i6.79 4730
Outb'd equivalent chord . In. 35.56 2.250
Hingeline @ F.S. - Im. 1367.00 56.174

Ratio movable surface chord/
total surface chord

At Inb'd equiv. chord [y, = 120.84) Q.21k Q.214

At Outb'd equiv. chord (Y = 468.34) 0.400 0.400
Sweep Back ‘Angles, degrees ‘

Leading Edge —0.000 - —_—0.000

Trailing Edge —2-10.056. —-10.056

Hingeline __0.000 . 0.000

Area Moment (Normal to hinge line)

27
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TABLE III. - MODEL DIMENSIONAL DATA- Continued.

MODEL COMPONENT -_BODY FLAP - Fld

GENERAL DESCRIPTION - _-1L0A/R inner mald line orhiter hody flap..
used with Body Bee.  Dimensions aie. Zor.outer mald line

_MODEL SCALE: 0.0405

DRAWING NUMBER VL70-000233; SS-AQ1185

DIMENSIONS . FULL SCALE MODEL SCALE
Length (Chord) - In. 81.00 3,280
Max Width (Span) - In. 260.00 10.530
Mox Depth - In. 21.20 O.SEZ
Hingeline @ F.S. - In. 1532.00 2.0
Fineness Ratio
Area - Fta

Max. Cross-Sectional

Planform 135.00 Q.221k

Wetted

28
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TABLE II1. - MODEL DIMENSIONAL DATA - Continued.

MODEL COMPONENT ' ____ORBITAL MANEUVERING SYSTEM PODS - Mg,

GENERAL DESCRIPTION .140A/B inper M:Le orbiter OMS pods uged

~uith Body By Dimensicons—are-based—on-cuter meldline

MODEL SCALE: ©.0409

DRAWING NUMBER  ._VL70-000233; §S-A01185

DIMENSIONS . FULL SCALE MODEL SCALE
Length (Fwd. Sta. @ X_ = 1207) -In. _304.00 12.312
Mox Width
Max Depth

Fineness Ratio

Areo

Mox. Cross-Sectional -

Planform

Wetted

Base (per pod) 19.48 0.032

29
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TABLE III. - MODEL DIMENSIONAL DATA - Continued.

MODEL COMPONENT: RUDDER Ry

GENERAL DESCRIPTION: _ Inner moldline orbiter rudder used vith Vertical

-MTWWN“WW

uppe . i @ sealed.

MODEL SCALE; 0.0405 Dimensions are for outer moldline,

DRAWING NUMRER: VLT0-000233; SS-A01187

DIMENSIONS : FULL-SCALE MODEL SCALF
Area , ft’ 100,15 0.164
Span (equivalent), in 201,00 8.140
Inb'd equivalent chord, in 91,585 3.709
Outb'd equivalent chord,in 50 553 2,059

Ratio movable surface chord/
total surface chord

At Inb'd equiv. chord 0.400 0.400
At Outb'd equiv. chord 0.400 0.400
Sweep Back ‘Angles, degrees
Leading Edge .80 3.8
Tailing Edge 26,250 26,250
Hingeline 34.830 34.8%
Area Moment (iormal to hinge line)
4

30




TABLE III. - MODEL DIMENSIONAL DATA- Continued.

’ MODEL COMPONENT:  RUDDER - R. .
4 pae)

GENERAL DESCRIPTION: _Inmer moldline orbiter rudder used with Vertical

hingeline seals are removed. Dimensions are for outer moldline.

MODEL SCALF: 0.0405

DRAWING NUMBER: JL70-000233; 3S-AOL187

DIMENSIONS : FULL-SCALE MODEL SCALF
Area, £t 10025 0.164
Span (equivaleat) ia 201.00 8.140
Inb'd equivalent chord,in 97,585 3.709
Outb'd equivalent chord,in 50,833 2,059

Ratio movable surface chord/
total surface chord

At Inb'd equiv. chord e Q100

At Outb'd equiv. chord 0.k0a 0400
Sweep Back ‘Angles, degrees |

Leading Edge 34.830 - l.80

Tailing Edge 26,250 26.250

Hingeline 34.830 34,830

Area Moment (Normal to hinge line) . ————

31



TABLE III. - MODEL DIMENSIONAL DATA - Continued.

MODEL COMPONENT: _ RUDDER - Bya

GENERAL DESCRIPTION: _jpger moldline orbiter rudder used with Vertical Tail

Jﬁsf__Sanahil1&x_ala9_1nslndss_nss.5&.5.&2::99:5!2;..§£&L§7betveen upper and

lower rudder sesments removed. Dimensions are for outer moldline.

_MODEL SCALE: 0.040%

DRAWING NUMRER: VL70-000233; SS-A01187.

DIMENSIONS : FULL-SCALE MODEL SCALF
Area, ftz 100,15 0.164
Span (equivalent),in 201,00 8.140
Inb'd equivalent chord, in 91,585 3,709
Outb'd equivalent chord,in 50,833 2.059

Ratio movable surface chord/
total surface chord

At Inb'd equiv. chord 0.400 0.400
At Outb'd equiv. chord 0.400 0.400

Sweep Back ‘Angles, degrees

Leading Edge 34830 3 830
Tailing Edge 26,250 26,250
Hingeline 3. 830 3L.830

Area Moment (Normal to hinge line)

32




TABLE III. - MODEL DIMENSIONAL DATA- Continued.

MODEL COMPONENT: VERTICAL -~ V]l9

GENERAL DESCRIPTION: _ Ipger moldline orbiter vertical tail with rudder .

and speedbrake capability. Dimensions are for outer moldline.

MODEL SCALE: 9.040%5

DRAWING NUMBER: VLT0-000233; SS-A01187

DIMENSIONS:

TOTAL DATA
hrea (Theo) - Ft°
Planform

Span (Theo) - In.

Aspect Ratio

Rate of Taper

Taper Ratio

Sweep-Back Angles, Degrees.
Leading Edge
Trailing Edge
0.25 Element Line

Chords:
Reot -(Theo) WP
Tip (Theo) WP s
MiC
Fus. Sta. of .25 MAC
W.P, of .25 MAC
B.L. of .25 MAC

&irfoil Section

heading -Wedge -sngle - Deg.
Tratling Wedge-Angle - Deg.

beadtny -Edge Radiua
Void irea

Blanketed rrea

33

zzgaaals.g?'fér)h %n.

FULL SCALE MODEL SCiLE
41325  _o0678
3572 . _12.787
1,675 1.615
0,507 0,507
—0.bol  __O.loh
545,000  _45.000
_25.947 25,947
_43% 433
T108.47 8.393
19981  _B8.0%R
463,35 = _59.266
635,52 . 25739
000  _000
10 Sym. 60-40 Wedge
~NR Madif., o




TABLE 1JI. - MODEL DIMENSIONAL DATA - Continued.

t VERTICAL - V
MODEL COMPONENT 2

GENERAL DESCRIPTION: Inner mol

and speedbrake capability, except for leading edge modification. Dimensions

are for outer moldline.

MODEL SCALE: 0.0405

VL70-000233; 8S-AQ1157

DRAWING NUMBER:

DIMENSIONS:

TOTALL DATA

irea (Theo) - Ft2
Planform

Span (Theo) - Im.

£spect Ratio

Rate of Taper

Taper Ratio

Sweep-Back Angles, Degrees.
Leading Edge
Trailing Edge
0.25 Element Line

Chords: - In.
. Root (Theo) WP (2 = 500 In.)
: Tip (Theo) WP (2 = 615.72) In.
: MiC

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

Airfoll Sectlon
Leading Wedge ~ngle - Deg.
Trailing Wedge Angle - Deg.
Leading Edge Radius

Void irea

Blanketed irea

FULL SCALE MODEL SCALE
~413.25 @ 0678
1615 _ 1638 __
—_0.bok _ ool .
45,000 _L5.000_
4113 0 _41.130
268,50 _10.87%
208,47 _L.393
A463.35. _59.266
63552 . 25739
0.0 0.0
20%°swm, 60-4Q Medge
MR Mod,




TABLE II1. - MODEL DIMENSIONAL DATA - Continued.

+

i MODEL COMPONENT: VERTICAL - V .

GENERAL DESCRIPTION: _Inper moldline orbiter vertical tajl with rudder

and speedbrake capability, exc i ed between
speedbrake panels. Dimensions are for outer moldline.

MODEL SCALE: 00405

DRAWING NUMBER: _VL70-000233; S3-#0)187
DIMENSIONS: FULL SCALE MODEL SCALE
TOTAL DATA
Area (Theo) - Ft° .
Planform 413.25 0.678
Span (Theo) - In. 31§.Zg 12.787
Aspect Ratio 1.675 1.675
Rate of Taper 0.507 0.507
Taper Ratio 0.Lob a.kob .
Sweep~Back Angles, Degrees.
‘ Leading Edge 45,000 45.000
¢ Trailing Edge 25.947 25,947
‘ 0.25 Element Line 833 W33
5 ‘ Chords:
: Root (Theo) WP (2, = 500 In.) 268.%0 10.874
Tip (Theo) WP (2, = 815.72 In.) _108.47 _h.393
MAC el = __ 8.0 _
Fus. Sta. of .25 MAC 1463. 35 59264
W.P. of .25 MAC £35.52 25.738
B.L. of .25 MAC 0.00 000
Airfoil Section o
Leading-Wedgs +ngle— Dog. 10 Sym.; 60-U0 Medge
Tredling - .odge smgie—Dog. NR Mod o
Seading-Edge-Radivs
Void Area
1 Blanketed irea
1.
§
35




TABLE III. - MODEL DIMENSIONAL DATA - Continued.

MODEL COMPONENT: _ WING=W

~yoi—
AEVERAL DESCRISTION: _-240A/R inoer moldline doubls delid orhiiar Jiné uatd oo ...
Bod .__Dimensions a '

MODEL _CALE; 0.04QS

—z§T v, NG, NO. ss,m‘"’m“eg,,
DIMENS .ONS: FULL=SCALE MODEL SCALE
TOTAL DATA 2
rea]\.weo.) ft
2lanform 260,00 b2
Span (Theo In, . 23668 37938
Aspect Ratio 2 265 2,265
Rate of Taper
Taper Ratio 20 »
Dihedral Angle, degrees 3,500 3,500
Incidence Angle, degrees Q.50 0.500
Aerodynamic Twist, degreas 3,000 3,000
Sweep Back Angles, degrees '
Leading Edge 5. 000
Trailing Edge -_10.056 - ;g:gg:
o rg.zs Element Line 15,209 - 35,200
ords:
Root (Theo) B.P.0.0. b
ug. 21’!»00 8.P. %:%g
Fus, Sta. of .25 MAC E:Sﬂ%
W.P., of .26 MK
B.L. of .26 MAC . 8213 1316
EXPOSED DATA 2
rea €0 Ft
Span, (Theo) 1In, BP108
Aspect Ratio
Taper Ratio
Chords
Root BP108
Tip 1,00 %
MAC
Fus. Sta. of .25 MAC
W.P, 0f .25 MAC

B.L. of .25 MAC
Afrfoil Section (Roclawell Mod NASA)
XXXX=64

Root% ® Y, =199 IO ML
Tip%- 0012-64 Modif.

Jata for (1) of (2) Sides
Leading Edge Cuff 2
Planform Area Ft
Leasing Edge Intersects Fus M, L. 0 Sta
Leading Fdge Intersects Wing @ Sta

3 w’
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TABLE III1. - MODEL DIMENSIONAL DATA - Continued.

MONEL COMPONENT:  WING-W ___

e ]

REVERAL DESCRITION: - LOA/D inper moldline double dslia orbiter.winguged on

—~sr ¥o, Mg, No,  SS-A0LLES
DIMENSIONS: . FQLL-SCALE MODEL SCALE
TOTAL DATA 2
rea ,.1e0,) Ft
?lanform

Span (Theo In,

Aspect Ratio

Rate of Taper

Yaper Ratio

Dihedral Angle, degress
Incidence Angle, degrees
Aerodynamic Twist, degrees
Sweep Back Angles, degrees

s o bl
:

Leading Edge 45,000
6135 Elament L do.ask

. ement Line

OiordR:; Theo} 8.P.0.0
t ” eV eVeVe i

Lo, 2rm 8.P. 2L~ a3

o
Fus. Sta, of .25 MAC _“ﬁt
W.P. of .25 MAC
B.L. of .25 m +

EXPOSED DATA 2
oKr—ea (Theo) Ft
Span, (Theo) In. 8P108
Aspert Ratio
Taper Ratio
Chords
Root BP108
Tip 1.00 %

MAC
Fus. Sta, of .25 MAC
W.P, of ,25 MAC
B.L. of .25 MAC
Afrfoil Section (Rociwell Mod NASA)
XXX X564

Root% - Y, = 199 QCIOMOMASL. e
Tip % . 0012-64 Modif.

Sata fo: 91) ofr(z) s1g¢s
eading E Cuff
P'lanf:gm ma g .‘tz
Leading Edge Intersects Fus M, L. 0 Sta
\esding Edge Intersects Wing @ Sta

37
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TABLE II1I. - MODEL DIMERSIONAL DATA - Continued.

MODEL COMPONENT: TRANSITION GRIT - X29

- - —— - — —— o ma e e - - - 4 e- - R,

GENERAL DESCRIPTION: Crit composed of glass beads located aft of model nose
wing and vertical tail to provide forced boundary layer transition.
Dimensions are in the streamwise direction aft of the local leading edge.
MODEL SCALE: 0.0405

DRAWING NUMBER: NONE

DIMENSIONS:

Grit Diameter - In.

Fuselage 0.0054
Swept surfaces 0.0076
Strip width In. 0.10
Location aft of Leading edge - In. 1.00
38




TABLE III., - MODEL DIMENSIONAL DATA - Concluded.

MODEL COMPONENT: TRANSITION GRIT - X31

GENERAL DESCRIPTION: Grit composed of glass beads located aft of model

nose and wing to provide forced boundary layer transition. Dimensions

are in the streamwise direction aft of the local leading edge. Same as

x29 except vertical tail not gritted.
MODEL SCALE: 0.0405
DRAWING NUMBER: NONE
DIMENSIONS:
Grit diameter - In.
Fuselage
Swept surfaces
Strip width - In.

Location aft of leading edge ~ Inc.

39

0.0054
0.0076

0.10

1.00
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b. MODEL ATTITUDE DEFINITION

Figure 1. -~ Cortinued.
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Rudder and
—\ Speed Brake

Deflections

6SB

SelL-8eR
Sa = 2
s Sep Sep
€ 2
\‘~ (+)Ge
\

Aileron & Elevon Deflections

Body Flap Deflections

¢ . Sign Convention for Control Surfaces

Figure 1. - Concluded.
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b. BASE PRESSURE ORIFICL LOCATIONS

Figure 2. - Concluded.
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FIGURE 3. - MODEL INSTALLATION PHOTOGRAPHS.
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DATA FIGURES
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APPENDIX
TABULATED SOURCE DATA

Tabulations of plotted data are available on request from
Data Management Services
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