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ABSTRACT

A one-percent scale model of the McDonnell Douglas Corporation Space
Shuttle Booster (Configuration 14) was tested in the Long Beach Low Speed Wind
Tunnel during the period 20 - 28 August, 1970, with the primary objective of
configuration development. Tesis were conducted at a Mach number of 0, 18 and
dynamic pressure of 50 psf over an angle of attack range from -6 to 16 at fixed
sideslip angles of 0° and -6°. The test configurations were varied so an-evalu-
ation of the interference effects of the power off jet flap on a high and low wing
could be made. Similarly tests were conducted to evaluate the interference effects
of a mid-wing aero canard on a high wing and low wing configuration.

Plotted data are presented herein.



TEST CONDITIONS

Table I lists the conditions under which data were taken and an estimate
of the data accuracy, In addition to the six-component force and moment data
measured with an internal balance, two balance cavity pressures, two model
base pressures and two rocket nozzle base pressures were recorded. The
model was sting mounted in the tunnel as shown in Figure 7.



TABLE I. TEST CONDITIONS

TEST DOUGLAS LSWT-1351

REYNOLDS NUMBER

DYNAMIC PRESSURE

STAGNATION TEMPERATURE

MACH NUMBER per unit length (pounds/sq. inch) (degrees Fahrenheit)
0.18 1,25 x 10° . 346
0.16 1.10 x 10° . 278

BALANCE UTILIZED: DAL NO. 58 - 0.75 Task MK X Mifg. Ser. No, 004160

CAPACITY:
N1 100 LBF
N2 100 LLBF
Yl 100 LBFEF
Y2 100 LLBFE
A 50 L.BFE
RM 40 IN-I.BI"
COMMENTS :

ACCURACY :

. 5% Max Load
5% Max Load

5% Max Load
5% Max Load
5% Max Toad
. 5% Max Joad

COEFFICIENT
TOLERANCE:

.02 CN

.02 CY
L0021 CYM
. 005 CA

,000167 CRI.




DATA REDUCTION

The six-component balance loads have been reduced to coefficient form
using the following reference values:

Spef = reference area = 1.0 2
lref = reference longitudinal length = 2.0 ft
bref = reference lateral length = 2.0 ft

Moments are reduced about a reference center of gravity located at the
following position:

XMRP = longitudinal moment reference point = 1. 703 ft (fus. sta.)
YMRP = Ilateral moment reference point = 0.0
ZMRP = vertical moment reference point = 0.0125 ft (water line)

Base pressures were measured during the test and were converted to base
drag which was then substracted from total measured drag to give a forebody drag.

Lift to drag ratios (1/D) have been calculated using the corrected drag values.



CONFIGURATIONS INVESTIGATED

‘ Components and Nomenclature

Bl
w1
W2
El
Jl
T1
F2
V1
V3
V4,
R1
R3

body

wing, high position

wing, low position

elevon

jet flap canard

aerodynamic canard

flap on aerodynamic canard
wing tip fins ,

center mounted vertical fins
cambered wing tip fins
rudder for tip fins

rudder for center vertical fin
rocket engine nozzles

engine pods

wing flap angle

canard flap angle

wing incidence angle

jet flap canard incidence angle
aerodynramic canard incidence angle
rudder deflection angle

tip fin toe-in angle

tip fin roll-out angle

Refer to the immediately following pages for pertinent dimensional data on these

components.



Component Combinations Tesied

B1N1

BINIT1F2P1

B1N1J1

BINIWIEl
BINIWIEIT1F2P1
BINIWIE1J1
BINIW1E1V1
BINIWIE1VIT1F2P1
BINIWIEIV4AT1F2P1
BINIWI1E1V1Ji
BINIW1E1V3
BINIW1E1V3T1F2P1
BIN1IWZ2El
BINIWZE1T1F2P
BINIW2E1J1
BINIWZ2E1V1
BINIW2E1V1T1F2P
BINIW2E1V1J1
BINIW2E1V3

body + rocket nozzles (basic body)

basic body + aero canard

basic body + jet flap canard

basic body + high wing

basic body + high wing + aero canard

basic body + high wing + jet flap canard

basic body + high wing + tip fins

basic body -+ high wing + tip fins + aero canard

basic body + high wing + cambered tip fins + aero canard
basic body + high wing + tip fins + jet flap canard

basic body + high wing + center line vertical fin

basic body + high wing + center line vertical fin+aero canard
basic body + low wing

basic body + low wing + aero canard

basic body + low wing + jet flap canard

basic body + low wing + tip fins

basic body + low wing + tip fins + aero canard

basie body + low wing + tip fins + jet flap canard

basic body + low wing + center line vertical fin

Refer to the data collation sheet for a complete summary on the test conditions,



MODEL COMPONENT: BODY - (B1)

GENERAL DESCRIPTION:  BOOSTER MAIN BODY

DRAWING NUMBER:

DIMENSIONS:

Length

Max. Width

Max. Depth

Fineness Ratio

Area
Max. Cross-Sectional
Planform
Wetted

Base

FULL-SCALE

213,58 £t
- 3L £t
3L £t
6.28

908 rt2

6 553 ft2

19 935 2
908 ft2

MODEL SCALE (0.01)

2.136 ft

0.34 £t

0.34 ft

6.28

0.0908 £t2

0.6553 £t
1.90h f£2

0.0908 ft2
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MODEL COMPONENT:  WING (w1) |

GENERAL DESCRIPTION: BOOSTER MAIN WING MOURTED I THE HIGH POSITION

DRAWING NUMBER:

DIMENSIONS:

TOTAL DATA

Area
Planform
Wetted
Span (equivalent)
Aspect Ratio
Rate of Taper
Taper Ratio’
Diehedral Angle, degrees
Incidence Angle, degrees
Aerodynamic Twist, degrees
Toe-In Angle
Cant Angle
Sweep Back Angles, degrees
Leading Edge
Trailing Edge
0.25 Element Line
Chords:
Root (Wing Sta. 0.0)
Tip, (equivalent)
MAC . ‘
Fus. Sta. of .25 MAC
W.P. of .25 MAC
B.L. of .25 MAC
Airfoil Section
Root
’ Tip
EXPOSED DATA

Area
Span, {equivalent)
Aspect Ratio
Taper Ratio
Chords

Root

Tip

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

FULL-SCALE

6020 £t2
8810 ft2
120.67 ft

6L.T £t
35.6 Tt
612 in.
2496 in.
160 in.
330 in.

KACA 6LA010
RACA 6L4010

3920 £t2
“ 8.7 tt
1.89
G.632

56.3 ft

35.6 1t

55.8 Tt

2627 in.
175 in.

56 in.

MODEL SCALE (0.01)

6020 £t2
8810 ft2
.21 £t
2.k
_0.5h7
76T
3.0 0
00

LBLT f%
.356 £t
6.12 in.
2h 96 in. -
1.60 in.
3.30 in.

_HACA 6LA010
NACA 64A010

.3920 ft2 .

T LB6T ft
1.80 -
0.632

.563 ft
.356 Tt
158 1%

26.27 in.
.75 in.
.58 in.
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MODEL COMPONENT: ELEVON {(E1)

GENERAL DESCRIPTION:  30% FLAP ON BOOSTER WING

DRAWING NUMBER:

DIMENSIONS;

Area

Span (equivalent)

Inb'd equivalent éhord
Qutb'd equivalent chord

Ratio movable surface chord/
total surface chord

At Inb'd equiv. chord

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

Leading Edge

Tailing Edge

Hingeline

Area Moment (Normal to hinge line)

FULL-SCALE

1098 2
980 in.
145 in.

129 in.

234

.30

26.1°
19,3°
26.1°

5h90 £t3

MODEL SCALE (0.01)

L1124 142
9,80 in.
2.00 in.

1.29 in.

.30

.30

26.1°
19,3°

26.1°

.00562 ft3



MODEL COMPONENT:  AERODYWAMIC CABARD (T1)

GENERAL DESCRIPTION: . BOOSTER CANARD QITH SWEPT LEADING EDGE ARD_20% CHORD

PLAIN FLAP MOUNTED IN WMID-BODY POSITION

DRAWING NUMBER:

DIMENSIONS :
TOTAL DATA

Area
Planform
Wetted
Span (equivalent)
Aspect Ratio
Rate of Taper
Taper Ratio
Diehedral Angle, degrees
Incidence Angle, degrees
Aerodynamic Twist, degrees
Toe-In Angle
Cant Angle
Sweep Back Angles, degrees
Leading Edge
Trailing Edge
0.25 Element Line
Chords:
Root {Wing Sta. 0.0)
Tip, (equivalent)
MAC -
Fus. Sta. of .25 MAC
W.P. of .25 MAC
B.L. of .25 MAC
Airfoil Section
Root
Tip.
EXPOSED DATA

Area
Span, (equivaient)
Aspect Ratio
Taper Ratio
Chords
Root
Tip
MAC
Fus. Sta. of .25 MAC
W.P. of .25 MAC
B.L. of .25 MAC

FULL-SCALE

0 ft
{.35 ft
268.8 in.
1251 in.
30.0 in.
208.0 in.

LACAGLAQOS
KACAGLAOQ9D

615 2
L .6 fi
1.61
0.364

20.2 Tt

(.35 £t
A77.8 in.
1261 in.
30.0 in.

360.0 in.

MODEL SCALE (0.01)

1705 ft2
1330 £t2

T

0.229
00
30
OO

30°
00

230 ft
0735 ft
2.688 in,
12.51 in,
.30 in.
2.08 in.

HACA6LA009
NACAG6LAOO9

0615 ft2
ke i

1.61
0.36h

.202_ft

L0735 ft
1.718 in.
12,61 in.

.300 in.
3.60 in.
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MODEL COMPONENT:  FLAP (F2)

GENERAL DESCRIPTION: 20% FLAP® ON AERODYNAMIC CANARD

DRAWING NUMBER:

DIMENSIONS:

Area

Span (equivalent)

inb'd equivalent chord
Outb'd equivalent chord

Ratio movable surféce chord/
totail surface chord

At Inb'd equiv. chord

At OQutb'd equiv. chord
Sweep Back Angles, degrees

Leading Edge

Tailing Edge

HinggTine

Area Moment (Normal to hinge Tine)

14

FULL-SCALE MODEL SCALE (0.01)
123 2 L0123 2
535 in. 5.35 in.

48,5 in. 186 in.
17.72 in. LA7T in,
.20 .20
.20 20
6050 6t5°
0° o°
£.5° 6.5°
184.5. 73 .000185_£t3



MODEL COMPONENT: JET CANARD (J1)

GENERAL DESCRIPTION: BOOSTER RECTANGULAR PLANFORM (MO FLAP) SIMULATED

JET FLAP CANARD -

DRAWING NUMBER:

DIMENSIONS:
TOTAL DATA

Area
Planform
Wetted
Span (equivalent)
Aspect Ratio
Rate of Taper
Taper Ratio
Diehedral Angle, degrees
Incidence Angle, degrees
Aerodynamic Twist, degrees
Toe-In Angle
Cant Anglé
Sweep Back Angles, degrees
Leading Edge
Trailing Edge
0.25 Element Line
Chords:
Root (Wing Sta. 0.0)
Tip, (eguivalent)
MAC
Fus. Sta. of .25 MAC
W.P. of .25 MAC
B.L. of .25 MAC
Airfoil Section
Root
Tip .
EXPOSED DATA

Area
Span, (equivalent)
Aspect Ratio
Taper Ratio
Chords
Root
Tip
MAC )
Fus. Sta. of .25 MAC

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

FULL-SCALE

1250 _ft2
1760_rt2
62.5 ft
3.12

20.0 ft
20,0 ft
20.0 ft

1069 3in.

=172.5 in.

187.8 in,

MODEL SCALE {0.01)

.20 f%

.20 £t

.20 £t
"10.69 in.
=-1.725 in.
1.878 in.

“Front 35% of theoretivat—366%
chord is NACA63-018

_Same_as above

15

0863 f£t2
34 £t
1.3k

1.0

.20 ft
.20_ft
.20 _ft

JQ 69 -
-1,725 in,
2.895 in.
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MODEL COMPONENT: VERTICAL (V1)

GENERAL DESCRIPTION: BOOSTER WING TIP VERTICAL

DRAWING NUMBER:

DIMENSIONS: FULL~SCALE MODEL SCALE (0.01)
TOTAL DATA
Area
Planform 1100 £t° L1100 12
Wetted 2200 f42 200 _ 1.2
Span (equivalent) 38,8 £+ 388 ft
Aspect Ratio 1.36 1.26
Rate of Taper —— ———
Taper Ratio 0.5 0.5
Diehedral Angle, degrees —— I
Incidence Angle, degrees N e
Aerodynamic Twist, degrees
Toe-In Angle 0° and 6° 0°_ =nd 6°
cant Angle 25° 25°
Sweep Back Angles, degrees '
Leading Edge 40 Lo
Trailing Edge 19 19
0.25 Element Line 35 15
Chords:
Root (Wing Sta. 0.0) 37.75 £ 378 ft
Tip, (equivalent) 18.88 ft 189 ft
MAC ’ 29.h Tt .29L £t
Fus. Sta. of .25 MAC 2920 in, 20,2 in.
W.p. of .25 MAC 382 in. 3.82 in.
B.L. of .25 MAC 815 in. 8.15 in.
Airfoil Section i —
Root HACAGLACQY _JACAGLACOY
Tip HACAGLAOOY NACAGLAOQY
EXPOSED DATA —_— S ——
Area Same _ss_shove Seme_as shove

Sspan, (equivalent)
Aspect Ratio
Taper Ratio
Chords
Root
Tip
MAC
Fus. Sta. of .25 MAC
W.P. of .25 MAC
B,L. of .25 MAC

AN



MODEL COMPONENT:  VERTIcAL (Vk)

GENERAL DESCRIPTION: BOOSTER WING TIP VERTICAL

DRAWING NUMBER:

DIMENSIONS :
TOTAL DATA

Area
Planform
Wetted
Span (equivalent)
Aspect Ratio
Rate of Taper
Taper Ratio
Diehedral Angle, degrees
Incidence Angle, degrees
Rerodynamic Twist, degrees
Toe-In Angle
Cant Angle
Sweep Back Angles, degrees
Leading Edge
Trailing Edge
0.25 Element Line
Chords:
Root {Wing Sta. 0.0)
Tip, (equivalent)
MAC '
Fus. Sta. of .25 MAC
W.P. of .25 MAC '
B.L. of .25 MAC
Airfoil Section
Root
Tip.
EXPOSED DATA

Area
Span, (equivalent)
Aspect Ratio
Taper Ratio
Chords
Root
Tip
MAC
Fus. Sta. of .25 MAC
H.P. of .25 MAC
B.L. of .25 MAC

18

FULL-SCALE

1100 ft2
2200 fte

35.8 £t
1.3

0.5

60
250

37.75 £t
18.88 f¢
29 .4 ¢
2920 in.
382 in.
815 in.

_FACA Bl15
_HACA Wh15

_Same as above

11
17

n

T

17
—
et e e
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LE)

MODEL SCALE (o0.01)

.1100 £t2
520 2

. 308 Tt :
1.36
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19
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.189 ft
.204 £t
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_Same as above

"
[
__—"-.-.'——_



19

BoasreR Wwe TIP VERTICAL (0.01)
i VERTICAL AIRFOlL 3IECTION: MALA &44 00F
/e VeERTICAL

ArRFoLl

S TrOA }

(IVAcA F5/5

urintl
"\433

S

Filgure 5.  Wing 'ITF VERT)CAL Fn-m (V,))(V4)



MODEL COMPONENT: VERTICAL {V3)

GENERAL DESCRIPTION:

CEINTER VERTICAL FIN

DRAWING NUMBER:

DIMENSIONS:
TOTAL DATA

Area
Planform
Wetted
Span (equivalent)
Aspect Ratio
Rate of Taper
Taper Ratio
Diehedral Angle, degrees
Incidence Angle, degrees
Aerodynamic Twist, degrees
Toe-In Angle
Cant Angle
Sweep Back Angles, degrees
Leading Edge
Trailing Edge
0.25 Element Line
Chords:
Root {Wing Sta. 0.0)
Tip, (equivalent)
MAC
Fus, Sta. of .25 MAC
W.P. of .25 MAC
B.L. of .25 MAC
Airfoil Section
Root
Tip.
EXPOSED DATA

Area
Span, (equivalent}
Aspect Ratio
Taper Ratio
Chords
Root
Tip
MAC
Fus. Sta. of .25 MAC
W.P. of .25 MAC
B.L. of .25 MAC

20

FULL-SCALE

See below
—2e8 DeloW

2500 Tt2
B g
———
T

—

£

Lgo
B 2SN
)450

_See below,
L

1t

T

1"
———————

KACA 000
TACA 0009

1245 £t£2
530 in,
1.57

L R

L65 in.

212 in.

355 in.

2583 in,
LLO in.

0.0

MODEL SCALE

See below
-

.2500 e

_See below
1"t

1
—_—
—————
——————

NACA Q00

NACA 0009

1245 1t2
5.30 in,
1.57

U156

4.65 in.

2.12 in.

3.55 in,

25.83 in.
L. 4o din.

0.0

(0.01)
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TEST MPAC-w LSWT /35/DATA SET COLLATION SHEET
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TEST FACILITY DESCRIPTION

Long Beach Low Speed Wind Tunnel

The DAC-Long Beach Low Speed Wind Tunnel is a convention 3 ft X 5 ft

return flow low speed tunnel.

The tunnel is capable of operating up to a dynamic pressure of oU psf and a test

section mach number of .20.

The tunnel has an on-line analog to digital converter with direct read out and
card punching capabilities. In addition to forces and moments, the tunnel has

extensive pressure measuring capabilities using pressure transducers and manometers.

The photograph below illustrates the test section and sting mount used in the present

test.

FIGURE 7. TYPLCAL TUNNEL INSTALLATION
26




SYMBOL

SADSAC

SYMBOL

ASPECT
REFB

CA

CAB

CAF

CDTOTL

NOMENCLATURE

27

DEFINITION

bhase area; mz, ftz, inz

speed of sound; m/sec, ft/sec

aspect ratio, bz/ s

wing span or reference span; m, ft, in
wing chord; m, ft, in n

wing mean aerodynamic chord or reference
chord; m, ft, in (see ﬂref or refl)

center of gravity

center of pressure

axial fo:t"ce coefficient, F A/ qsref
base axial force coefficient, {(p_ -pp) /q ]
(Ab/ Sref)

forebody axial force coefficient, C A" Cc Ab
drag force coefficient in the wind axis

system, FD/ q Sre ¢



NOMENCLATURE (continued)

SADSAC

SYMBOL

CDh

CL

CBL

CSL

CWL

CLM

CLM

CPM

CN

28

DEFINITION

drag force coefficient in the stability axis
system, FD/q Smf

liff force coefficient (stability or wind axis)
FL/ 4 Sref

rolling moment coefficient in body axis
system, MX/ q Sre ¢ b
rolling moment coefficient in the stability
axis system, Mx, S‘/q sref b

rolling moment coefficient in the wind axis
system, Mx, W/q Sref'b ’
pitching moment coefficient in the body axis

system, My/q 8 o £ rof

pitching moment coefficient in the stability
axig system, C =C

m,s m
pitching moment coefficient in the wind axis

system, My, w/q S . £

ref " ref

normal force coefficient in the body axis
system, FN/q Sref



SYMBOL

NOMENCLATURE (continued)

SADSAC

SYMBOL

CYN

CLN

CLN

CP

CY

CcC
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DEFINITION

yawing moment coefficient in the body axis

system, Mz/q Sref b

yvawing moment coefficient in the stability
axis system, Cn o= Cn

yawing moment coefficient in the wind axis
system, M /a8 .b
Z, W ref

pressure coefficient, (p-pe)/q

side force coefficient (body or stability axis
system), F y/ q Sref

side force coefficient {wind axis system),
Fy/ q Sref

axial force; N, 1b

drag force in wind axis system; N, 1b.-

drag force in the. stability axis system; N, 1b
1ift force (stability or wind axis system); N, Ib

normal force; N, 1b



SYMBOL

ref

L/D

L/D

MRP

X, 5

NOMENCLATURE (continued)

SADSAC

SYMBOL

N/A

REFL

L/D

CL/CD

MACH
MRP
XMRP

YMRP

ZMRP

30

DEFINITION -

sidg force; N, 1b

normal to axial force ratio

reference length; m, ft, in (see c)

lift-to-drag ratio, C_/C., (stability axis
L'"D

system) - :

lift-to-drag ratio, CL/ CD (wind axis system)

Mach number
apbreviation for moment reference point

abbreviation for moment reference point
on x-axis

abbreviation for moment reference point
on y~axis

abbreviation for moment reference point
on z-axis

rolling moment in the body axis system;
N-m, ff-lb

rolling moment in the stability axis system;
N-m, fit-1b



RN/L

Sref

NOMENCLATURE (continued)

SADSAC
SYMBOL

Q( PSD)
Q(PSF)

RN/L

REFS

DEFINITION
rolling moment in the wind axis system;
N-m, it-1b

pitching moment in the body (or stability)
axis system; N-m, ft-1b

pitching moment in the wind axis system;
N-m, ft-Ib

yawing moment in the body axis system;
N-m, ft-1b

yawing moment in the wind axis system;
N-m, fi-lb

static pressure; N/_mz; psi
total pressure; N/m?2; psi

dynamic pressure; N/m?, psi, psf

Reynold’s number pér unit length; million/ft.
wing area; m?2, £t2

reference area; m2, £t2

temperature; °K, °C, °R, °F

speed df vehicle relative to surrounding
atmosphere; -m/sec, fi/sec

3L



SYMBOL

<l

NOMENCLATURE (continued)

SADSAC
SYMBOL

ALPHA

BETA

DIHDRL

ATLRON
ELVATR
RUDDER
FLAP
TAB

DEFINITION

tail incidence positive when trailing edge
down, deg

velocity of vehicle relative to surrounding
atmosphere; m/sec, ft/sec

angle of attack, angle between the projection
of the wind Xy,~axis on the body X, Z-plane
and the body X-axis; deg

sideslip angle, angle between the wind X,-axis
and the projection of this axis on the body
X-Z-plane; deg

ratio of specific heats
wing dihedral angle; deg

contreol surface deflection angle; deg
positive deflectiions are:
aileron - left aileron trailing edge down
elevator - trailing edge down
rudder - irailing edge to the left
flap - trailing edge down
tab - trailing edge down with respect
to confrol surface

air density; K g/m3, slugs/ft3

32



NOMENCLATURE (continued)

SADSAC
SYMBOL SYMBOL DEFINITION

5] pitch angle, angle of votation about the hody
Y-axis, posiilve when the positive Z-axis is
rotated toward the positive X-axis; deg

¢ PHI roll angle, angle of rotation ahout the body X-
axis, positive when the positive Y-axis is
rotated toward the positive Z-axis; deg

¥ PSI yaw angle, angle of rotation ahout the hody

Z-axis, positive when the positive X-axis is
rotated toward the positive Y-axis; deg

33



NOMENCLATURE (continued)

SUBSCRIPTS DEFINITION
a aileron
b base
¢ canard
e ’ elevator or elevon
f flap
T rudder or ruddervator
5 stability axis system
t tail, or total conditions
w wind axis system
ref reference conditions
) freestream condition

3k
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FIGURE 10. (a) BNjWiEVyJ; (SIDE VIEW)
MDC(WD) SPACE SHUTTLE 1% BOOSTER SCALE MODEL JET FLAP CANARD HIGH WING CONFIGURATION




» FIGURE 10. (b) BllelE]_VlJl (FRONT VIEW)
MDC(WD) SPACE SHUTTLE 1% BOOSTER SCALE MODEL JET FLAP CANARD HIGH WING CONFIGURATION
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Lo

FIGURE 10. (c) BIN{WE1V1Jq (REAR VIEW)
MDC(WD) SPACE SHUTTLE 1% BOOSTER SCALE MODEL JET FLAP CANARD HIGH WING CONFIGURATION
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FIGURE 11. (a) ByNjWyE;V,T{FoP; (SIDE VIEW)
MDC(WD) SPACE SHUPTLE 1% BOOSTER SCALE MODEL AERODYNAMIC CANARD LOW WING CONFIGURATION
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3 FIGURE 11. (b) ByNiWpE;V{T{FoP; (FRONT VIEW)
MDC(WD) SPACE SHUTTLE 1% BOOSTER SCALE MODEL AERODYNAMIC CANARD LOW WING CONFIGURATION




Notes:

1. Positive directions of force coefficients
moment coefficients, and angles are
indicated by arrows.

2. For clarity, origins of wind and stability
axes nave been displaced from the center
of gravity.

<\

Figure 1. Axis systems, showing direction and sense of force and
moment coefficients, angle of attack, and sideslip angle
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FIGURE :11¢08(e]) BllezElvlTlFZPl (REAR VIEW)
MDC(WD) SPACE SHUTTLE 1% BOOSTER SCALE MODEI, AERODYNAMIC CANARD LOW WING CONFIGURATION
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DATA PLAT T{NpEX ~

ELEVUN eEFFECTIVENESS HIuH WING SBC BOUSTEeR AITH AERODYNAMIC CANARD

DEPENDENT VARTABLE VS TNDEPENDENTY VaARI[AGLEs FPARAMETIRIC STUUY [FPALFA]

TTVATASETS PLGTTEDS

KCCul2 RcCOug gCCUNS RCCOL S
DEPENDENT INDEPENDENT PLOT PAGE
T VAN TAGICE VR RTRITLE ZEQINNING 7 ETUING
T L ALPHA i i
Lt ALPHA 2 2 _ —
Tt COF - ALPHA 3 3
o ) L/V ALPHA 4 4

ELEVON EFFECTIVENESS HIGH BING 5gC BOOSTER AITH AERODYNAMIC CANARD

DEPENUVENT VARTABLE VS pEPENDENT VARIAGLEs FPARAMEIRIC STUDY (FPDVAR)

VATASETS PLOTTED:

RCcol2 rRCCOQnY RCCnos RCCO!3
DEPENDENT DEPENDENT PLOT PAGE
VARIABLE YARTEOCE BEGIWNING 7 ERNDING
CDF CL ~ 5 5
Ci.M CL & 6
enm T L/0 cL 7 7

T U —



DATA PLOT INDEX

TELEVUN EFFECTTIVENESS LUW WING 5gC BUOSTER WITH AERODYNAMIC CANARD

VEFPENDENT VARTASLE VS INDEPENDERT VARTABLEs PARAMETRIC STUDY (FPALFA}

) Ve e e

T UATASETS PLOTTEDS

rCCU27 ReCO24 RCCU22 RCCO2p
DEPENDENT INDEPENDENT PLOT PAGE

VAR TADLEC VARTAHLE BEGINNING 7 ENDING

T e ALPHA B 8

CuM ALPHA 9 9

T - CoF ALPHA 10 10

- L/ ALPHA il 11
”'EEEVUW"EFFgclI?ENESS‘”_EﬁW“WLNu SBC BOOSTER WITH AERODYNAMIC, CANARD

DEPENDENT VARTABLE v5 DEFENGENT VaARTAnLEs FARAMETRIC STUDY (FPDVAK)

DATASETS PLOTTEDS

RCCga7 RCCo24 RCCp22 RCCoz28
PDEPENDENT DEPENDENT PLOT PAGE
VAR LTABLCE YA RTABLE BEGINNING 7 ENDTING
T . LDF R 12 12
cLM CL 13 i3
T /0 “CL 14 14

,hT




T DATA PLOT INDEX

CANARD FLAP EFFECTIVENESS T HIGH WING S4C BOOSTER WITH AERGDYNAMIC CANARD

DEPENDENT VARTABLE Vs INDEPENDENT VARTABLEsy FANAMETRIC STUDY (TPALFA]

"DATASETS PLOTTED:

rRCcCo09 RcCODID RCCGL
L DEPENDENT INDEPENDENT _PLOT PAGE
— - VARTABLE VERIABLT BEGINNING 7 ENDING
) o CL ALPHA 15 15 T
I o ALPHA ) 1g la )
TC€DF T ALPHA 17 17
—e L/D ALPHA ia 18

T CaNaRD FLAP EFFECTIVEWNESS HIGH WING 53C pUOSTER WITH RERODYNAMIC CANARD,

DEPENUENT VARIAGLE VS DEPENDENT VARIABLEs PARAMEIRIC STUDT (rroval)

UATASETS PLOTTEDS

RCcUOGy RCCO 0 RCCOL
DEPENDENT DEPENDENT PLOT PAGE
VARTABTE VARTABLE BEGINNING ™7 TWUING
CDF CC ) 19
cLM cL 20 20
T Ty pe— 70 T Z1 21




) i ’ GATA PLOT INDEX

JET FLAF TANARD VS AERUDYNAMIC CANARD  HIGH WING S@C BOOSTER

SEPENGENT VARTABLE VS TNDEPENDENT VARIABLEs WULTIPLE DATASETS (FHALFA)D

DATASETS PLOTTED

L RCCpDOL RcCoO5
DEPENDENT INDEPENDENT . PLOT PAGE
T VARTABLE VA RTABLCE BESINNING 7/ £ENDING
T CL ALPHA 22 27
CLM ALPHA 23 23
T COF ALPHA 24 24
/D ALPHA 25 25

JET FLAP TANARD VS AERODYNAMIC CANARD MIGH WING SBC BUOSTER

DEFENDENT VARIABLE V3 DEPENDENT VARIABLE, MULTIFLE DATAS:zI> {FRLVAR)

DATASETS PLOTTED!

grCCUGI RcCOOs
DEPENDENT DEPENDENT PLOT PAGE
- VARIABLE VARTABLE BEGINNING /7 ENDING
T CDF Ch 26 26
CLM CcL 27 &7
T L/0 Ch 28 Z8

TTJET FLAP CANARD VS AERGDYNAMIC CANARD HigH WING SBC BUOSTER

DEPENDENT VARTABLE VS INDEPENRERT VARTABEEs PMULTIFLE DATASETS (FHALF &)

Tt DATASETS PLOTTEDS

cccpol Cccoos
DEPENDENT " INDEPENDERT PLOT PAGE
VARTABLE YARITABLE BEGIWNING 7 ENDING
- o CYBETA ALFHA Z9 29
DCYNDB ALPHA 30 30
T DCBLD3 ALPHA 31 31

k9




TBATa PLOT TRGEX ~ - ]

JET FLAP Cawmaru VS FEKODYNAMIC CANARD HiGH "INy SBC gOUSTER

DEPENUVENT VArTAGLE VS DEPENDEST VARIABLE, NMULTIPLE DATASETS (FHULVER]

JATASETS PLOTTELS

cCCyul Cccoos
DEPENWENT DEPENDENT PLOT PAGE
- - VARTROLE VERTABLL pEQINNING 7 ENUING
T LCypnpd CYBETA 32 az

50




T T DATAa PLOT TNDEX
LOW WENG SBC BUOSTER

JET FLAP TANARD VS AERODYNAMIC CANARD
DEPENDENT VARTABLE VS INDEPENDENT VARTABLE, NULTIFLE DATASETIS TFHALFA)

DATASET> PLOTTED:

o RCCO19 RcCO22
o DERPENDENT INDEPENDENT PLOT PAGE
- VARTABLE VARTABLE BEGINNING /7 ENDING
- — ran ALPHA 33 33
CLM ALPHA 34 34
R COF ALFHA 35 35
L/0 ALPHA 36 36

NULTTPLE DATASETS (FRUVAR)

DEFENDERT VARITABLE VS DEPENDENT VARIABLE.

T " DATASETS PLOTTED!

RCCo1 9 RcCOz2
DEPENDENT DEPENDENT _PLOT PAGE
VARITABLE VARTABLE BEGIN
T COF cL 37 37
cLH cL 38 38
T L/0 (o 39 ig

UEPFENUEWNT VARTAGLE VS INDEPENDENT VARTABLE ﬁULTléLE DATASETS TFHMALFA)

T DATASETS PLOTTED:

ccCuly Cccu2?
DEPENDENT INDEPENDENT PLOT PAGE
VARTABTEE VARTXBLE BEGINNING 7 ENDING
T CYBETA ALPHA L) 30
o LCYNDB ALPHA 41 4
pceLlps ALPHA 42 42

DEPENDENT VARTABLE VS DEPENDENT VAK}ABLEIAHULTIPLE DATASEI= {(FHpVaR)

- DATASETS PLOTTEDS

ccloly Ccccuzz
DEPENDENT DEPENDENT PLOT PAGE
VARTAGLE" VAT ABELE BFEGINNAING 7 ENDING
pCYnNUB CYBETA 43 43
51




T - GATA PLOT INOEX

LATERAL DIRECTIUNAL CHARs HIGH WING SBC BOUSTER/AERODYNAMIC CaNARD/& BpEG TOE [N

DEPENDENT VARTABLE VS [NDEPENDENT VARJABLEy PARAMETRIC STUUY (FPALFA)

T UATASETS PLOTIED:

) RCCUD& RcC0O05
DEPENDENT INGEPENDENT PLOT PAGE
VAKTABLE VARIAQLE BEGINNING /7 ENDING
T CY T ALPHA. 44 54
CYN . ALPHA 45 45
h cCBL ALFPHA 14 46
" LATERAU DIRECTIOUNAL CHARs HIGH WING 58C BOOSTER/AERODYNAMIC CANARD/6 DEG YOE N

VEPENUENT VARIABLE v5 DEFENDENT VARJABLE, PARAMETRIC STUDY (FFOVAR)

VATASETS PLOTTERS?

RCCOOé RCCODS
! DEPENGENT DEPENDENT PLOT PAGE
VARTASTE YARTABLCE BEGINWNING /7 ENDING
CYN Cy 47 47

52

P e



TODATA PLOT INDEX

LATERAL wTRECTIONRAL CHARe ~ LUW WING SaC gOOSTER/AERODYNAMIC CANARD/& pEG TOE IW

DEPENVENT VAn{ABLE VS INDEPENDENT VARIABLEs PARAMETRIC STUDY (FPALFA)

)

VATASETS PLOTTED:

RCCO23 RCCU22
VEPENDENT INDEPENDENT PLOT PAGE
VARTAGLL VEARTABLCE SEGINNTNG 7 ERDING
T Cy ALpHA ] T8 48
LY AL PHA 49 49

CBL ALPHA 50 50

TLATERAL DIRECTIONAL CriaRs LOW AIRG SupC ROOSTER/AERODYNAMIC CANARD/6 NEw TOE IWN

DEFELUENT VARIABLE VS5 DEPENDENT VAR[AB_Es PARAMETR]C oTUDY (FFDVARJ

UDATASETS PLUTTED

RCLI23 gRCCL22
pEFENDENT DEPENDET PLOT PAGE
VARITADLE VARTABLE BEGINNING 7 ENDING
. - ra
CYu Y 5t . =% | \

& S
///é? /
$/
Q

. 7S

~
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DATA PLOT INDEX

T URTERAL DIRECTIONAL CHARe HIGH WING SpC pUUSTERZJET FCAP CANARD/76 DEGe TOE IN

VEPENDENT VAKTASLE VS INDEPENDENT VARIABLE, PARAMETRIC 3TUDV (FPALFA)

UATASETS FLOTTED;

RCCQO2 RcCOD]
DEPENDENT INDEPENDENT PLOT PAGE
AT ASTE YRR AELEE BEGINNING 7 ENDTING
o cY ALPHA 52 52
CYH ALPHA 53 53
o cBlL ALPHA o4 b4

-

"TRATERAL UIRECTIUNAL CHARe HIGH WING SpC BOOSTER/JET FLAP CANARD/S Die._TﬁE I'N

VEPERUVENT VARIABLE vS DEPENDENT VAR[ABLEs PARAMETRIC STUDY (FBDVAR]

DATASETS PLOTTED:?

] RCCO0Z RCCUQ! : :
UEPENDENT DEPENDENT PLOT PAGE
VARIABLE VARTABLTE BEGIWNING 7 EWUING
CYnN cY 55 55
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- DATa PLOT INGEX
LATERAL wTRECTTONAL CAAR» Lod #ING S5aC BOOSTER/JET FLAP CANaARD76 DEG, TOE IWN
PtTyuvk IAGL S InD ND_N AR] LE AM I ( ALF
UATASETS PLOTTED S
RCCu2Y RCCOLl9
e e DEPENDENT IRDEPENRDENLT PLOT PAGE
- VARTAGLEL VARTABLEL BESIWNING 7 ERDING
T T CY ALPHA 56 56
CYH ALPHA 57 b7
o7 T (oL ALPHA : 58 Y
"LATERAL DTRECTIONAL CHaRs LO® wING S3C QOOSTERJJET FLAP CANARD/& DEGe VOE IW.
QEPENUVENT vAnjASLC v3 DEPENUENT VARIABLEs PARAMEIRIC SITUDY (FPDVAKR)]
T VATASETS PLOTTEDS
RLCH2U ARCCLLY
CEFENULNT DEPEHDENT PLUT PAGE /z\}
VARIARGBLCE VARITABLE BEGINFNING /7 LNUTNG / c::/
' ~
YA Y 59 5y / =
. Ly
- . X |
. o |
. / S/
S
| =]
r~—
— - — / r1~, h
o -y
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T TOATA PLOT TwpEX

Ctalbmal uIReCTIONAL CHAR,  HIGH WING 5pC 80OSTER,AERODYNAMIC CANARD,U DEw TOE [W

UEPEWUENT VARIABLE Vs [NDEPENUDENT VARIABLEs PARAMEIRIC STUDY (FPALFA)

JATASETS PLOTTED:

o rRECUlL RCcCO1y
LEPENDENT THDEPENPENT PLOT PAGE
VAN T ABLE YA ABLT BEGSINNING 7 ENUING
) T Y ALPHA 50 60
CrH ALPHA 61 61

N 8L ALFHAA 52 62

LATERAL UIRECTIONAL CHaRe HIGH WING 58C GOUSTIER/AEROLYNAMIC CANARU/U pEG TUE W

DEPENVENT VAR[ABLE vS DEPENDENT VARIABLE, PARAMETRIC STUDY (FPUVAK)

JATASETS PLOTTEL S

RCCOLS RCCU4

DEPENDENT DEPENLENT PLOT PAGE

YyARTANEE YA Rt aptt FEO NG 7 ENDING
CYN Cy 63 )

56




DATA PLUT INOER

LaTeraL wlRbECTIUNAL CTAARY TEDW WIRG S3C BOUSTER/AEROUUYNAMIC CANARG/0 DEG JOE 1N .

DEPEHUEWT VAR ABLE Vg INJEPENDENT VARJAOLEs PARAMEIRIC =TUDY (FFALFA)

T OATASETS PLUTTEL .

wCCuig ReCues
o VEFENyE T [94pePeEhpE=T PLOT PAGLE
VARTASLE VARILADLE LEGTHNING /7 ENDING
- oY ALPtA ay &4
CYa ALPHA 65 ob
T (sL ALPRA 64 ab

i

LaTERAL WiIRLCTIONAL CrARs  LO. ®iNu 53C sOUSTER/AFROUTNAMIC C4NARD/U UEG TUE W

VEPLGobnT VAR [AYLL  v3  DJEPEubyl VAR[ABLEs PARAMETR[C STUDY ({FPDVAK)

CATASETS PuuTlhod

nliadu RCCUZY
o VEPLNGE T BEPENDe,T PLOT PAGE
VARLAGLE VARIndLE SEGINNING 7 EdDING
. . //\\
o CYH <Y &7 &7 % )2
e
U ; N S
/QQ -
- -
Y
2
A
- e e — Q'\ z
<w\
e L o —_—
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DATA PLUT 1mnpEX

HluH WING VS LOw WING S58C BOOSTER #ITH AERODYWAMIC CANARD / 4 DEG, TOE IN

VEPENLENT VARIABLE VS INpDEFENDENT VARTABLE, MULTIPLE DATASETS (FAALFAl

UATASETS PLOTTED?

RCCOS ReCU22
DEPENDE 8T INDEPENDENT PLOT PAGE
VAR L1 AGL T VAN T ABLT BELINNING 7 CNUJING
cL ALpHA 68 6d
CLM ALPHA 69 b9
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