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AFRODYNAMIC CHARACTERISTICS OF A SPACE SHUTTLE
BOOSTER WITH A DELTA WING AND CANARD (M = 0.6 TO 2.0)
MAY 1971 TESTS
By

Jack Brownson¥, Willlam Gallsher¥** and John DeBevolse¥*

SUMMARY

This report presents the results of wind tunnel tests of Gb/Convair B-9U
Space Shuttle Booster model (0.0076 scale) cornducted in the 6-by 6-Foot Super-
sonic Wind Tunnel at NASA Ames Research Center. The purpose of the tests wes
to determine the transonic and low supersonic characteristics of this phase B
booster final configurstion. Six-component force snd moment measurements were
made st Mech numbers of 0.6, 0.9, 1.2, 1.5, and #.0. At zero degrees sidezlip
the model was tested through an angle of attack range from =29 to 49° with
particulesr emphasis on the range from -2° to 26°. At 2.5° sideslip, the angle
of attack range was from -6° to 16°. Control effectiveness characteristics of

cenard, elevon, elleron, rudder, and body yaw flap were investigated.

*  NASA-Ames

#% GD/Conveir



ROMENCLATURE
General
PLOT
SYMBOL SYMBOL DEFINITION
8 speed of sound; ft/sec
Cp cp pressure coefficient; (p1 - p,)/a
M MACH Mach number; V/e
p pressure; N/m?, psi
q ansmg dynemic pressure; 1/2 V2, psf
Q{Ps¥ ,
RN/L RN/L unit Reynolds number; per ft
v veloelty; ft/sec
o ALPHA engle of attack, degrees
B BETA angle of sideslip, degrees
Y PST angle of yaw, degrees
¢ PHT angle of roll, degrees
p mags density; slugs/ft3
Reference & C.G. Definitions
Ay base area; fte, in?
b " BREF wing span or reference spen; ft, in
Cege center of -gravity
lREF LREF reference length or wing mean
2 aerodynamic chord; ft, in
3 SREF wing ares or reference ares; £t
MRP moment reference point
XMRP moment reference point on X axis
YMRP moment reference point on Y axis
XMRP moment reference point on Z sxis
SUBSCRIPTS
b base
1 local
8 static conditions
't total conditions
oo free stresm



NOMENCLATURE {Continued)
Body-Axls Syruem

SYMBOL g%}v?gOL DEFINITION
On CN normal-force coefficlent; nggiigfgisi
Ca CA axisl-force coefficlent; EfiﬂiESEEES
Cy cY side-force coefficient; Eiéggzezzs
CAb CAB base-force coefficient; EE§§§£9££S
by (Pp - Bo)/aS
CAf CAF forebody-axiel force coefficlent, Cp - CAb
Cn CIM pltching-moment coefficient; pitching moment
aSLREr
Cn CYN yewing-moment coefficient; Xﬂﬁlﬂggggﬂiﬂﬁ
cy CBL rolling-moment coefficient; r°1liggbm0ment
Stab;lity—Axis System
c, cL 1ift coefficient; l%g&
Cp CD draé coefficient; drag
gs
Cp,, CDB base-drag coefficient; EEE%EQEEE
CDf CDF forebody-drag éoefficient; Cp - CDb
Cy cY side-force coefficient; EiéfaggiES
Cm CIM pitching-moment coefficient; Pltching moment
aslrEr
o CIN yewing-moment coefficient; XEELE§§§EESEE
e/ CSL rolling-monent coefficlent; r°llégg moment
L/D L/D lift-to-drag rstio; Cy/Cy

o



In sddition to the standarad notation, the following are speclsl to this

test:

SYMBOL

I(:

de

da

Or

PLOT
SYMBOL
IC

DE
ELEVTR

DA
AILREN

DR
RUDDER
DF
DCY/DBETA

DCYN/DBETA

DCBL/DBETA

DEFINITION

Canard incldence angle, both surfaces deflected
symmetrically, positive for trailing edge down.

Effective elevator deflection angle of the in-
board/outboard elevons, positive treiling edge
down.

Effective aileron deflection angle of outboard

elevons, 85 = 2(8r, - dR), positive trailing edge
down.

Rudder deflection angle, positive traliling edge
left, viewed from resr.

Body flap deflection angle, positive trailing
edge down.

Increment of CY due to sideslip divided by the
sideslip angle.

Increment of CYN due to sideslip divided by
the sildeslip angle.

Increment of CBL due to sideslip divided by
the sldeslip angle.



CONFIGURATIONS TNVESTICATED

The model tested was &n 0.00/6 scale of the GD/Convair B-9U booster.
In Teble 3 and Figures B through F srz presented component dimensions. The
model componeats tested sare deccrihoed below:

Configuration Nomenclature

Symbol Description
Bro Baslic body for B-9U wing booster with

rocket engine shrouds but without rocket engilnes.
Full scale length = 3067 inches.

Cs Delta pluiform canard for B-9U booster with full
scale exposed ares of 503.99 £t and AR = 1.87.
Pivot point at 56% of root chord at full scale
stotion 2024 in., end W.IL. 450 in,

Vio0 Basic vert%uul tail with full scale exposed areu
of 1500 £t°, L.E. sweep = 35°, and rudder hinge
line at 65% chord.

ng Delta wing for the B-9U booster, L.E. sweep of 530,
conical camber 20% semi-span from B.L. 340 in, with
¢y, design of 0.35. Semi-span measured from B.L. 340

in.

R2, R3 Rocket engines for B-9U booster. Rp indicates s
total of elght, R3 indicates a total of twelve.

F#g Left hand body flap wlth simulated deflection of 50°.
Full scale planform asres of 75 sq. ft.

Confilgurations Tested
BooRoCaW19V10
W ko

ByoRoCaW19Vi0F 7y,

ByoW1gRoV10

BooVioRe

BooCgVyoRe

BopCgWya® .



TEST FACILITY DESCRIPTION

The NASA-Ames Research Center 6- by 6-Foot Supersonic Wind Tunnel is located
at Moffett Field, California; it is a closed-circult, variable pressure faci-
lity. The test section hes a slotted floor and ceiling, allowing for con-
tinuous operation from Mach number 0.25 to 2.30 et stagnation pressures from
0.3 to 1.0 atmosphere for stagnation temperature of 560°R. These conditions
#1low Reynolds number varistion from 1 - 5 x 106/foot and a8 dynamic pressure

range from 200-1000 lbs/ftg.



RREIGCTTON OF DATA

Aerodynermic forces and moments were meagured with & six-component strsin-
gage balence. Cavlity and bsse-pressure measuremsnts were also obteined. These
precssure messurements were used to mske adjustments to the force datu. With
the model mounted on the straight sting or the blade sting, adjustments to the
axial force were mede to sccount for thne dlfference in pressure betwecn the
balance cavity end model base., In addition, with the model mounted on the
biade sting, adjustments were made to the normsl force and pitching moment to
account for the difference between the balancé cavity pressure and the pres-
sure adjacent to the sting cutout on the body upper surface. The eguations

used for these adjustments were:

Strelght sting

A g
CAT = Cp + (pe - pp) (2222)
Blade sting
A
CAT = Cp + (pe - Pp) (_Eé%E)
q
A
(N = Cy + (pc - prer) (—2-)
qS
CIM = Cp - (B - Prer) (52) (Xp)
= m Pe = Pref/ \=——¢ 2
gS¢
with
P = pressure in sting cavity
Pp = @gverage pressure on model buse

Pref = 9Versge pressure sdjocent to blade cutout



REDUCTION OF DATA

(Continued)
Balance cavity base nrea (Ac)
with streight sting Aggyg = U4.114 in?
with blade sting Acavb = U.L60 1n?

Blade sting cutout planform ares (AS) = 1.775 1in®

Moment area from MRP to centroid of Ag; X5 = 5.673 in

Reference model dlmensions used in computing the serodynamic coefficlents

Full Scale Model Scale
Aresw (Sref) = wlng theoretical ares 8451 fte 70.291 ine
Iength (¢) = wing theoretical M.A.C. TL.72l ft 6.541 1in
Span (b) = wing span 143.5 £t 13.086 in
Totsl base area (A ):
with straight sting, Ay = 8.853 in?
with blede support, 4, = 8.47 in°
XMRP Model Stetion 23.45
7MRP Model Water ILine 3.0k0



TABLE 1.

DATA SET/RUN NUMBER

TEST AMES 66-563 ©
COLLATION SUMMARY
) O PRETEST
B POSTTEST
- bifo]
DATA SET SCHD. CONTROL DEFLECTION . MACH
DENTIFIER]  CONFIGURATION T3 3 ; y OF
o3 Ic |8 mw. SRLdepl dr | °F [RUNS 0.6 10.9 11.2 1.5 12.0
RBA 150 | BpoCgWyqVioRo Ap.sl ol ol ol ol of o} - 5 54 4 31 2 1
158 | 10f 0] 0of-10 - {5 10| 9| 8] 7] 6
15k & ad 10{ 10{ 10| 10 - 5 15 ] bk f13] 12 11
. 25k B{O 10} 10| 10| 10 - 5 20| 19| 181 17| 16
250 w 0] © 0 0 - 5 25 1 24 | 23 j 221 21
251 20 - 5 30 29| 2814 27 | 26
252 - 30 - 5 351 3% 13313 |3
256 +10 - 5 Lo | 391 38| 37| 36 m
571 k30 ] vV ] v - |5 | b5 M |b3|he il -
253 Q }-10)-10 {-10] =10 - {5 1 so}hkg| k8| b7 | k6 %
255 -201-20 | -20 | -20 - |5 | 55]5kh|53]52]51 g
258 10} o} of-10] ¥ | - |5 | 60|59} 58|57 |56 - Z
259 4 0 ol 10| - |s |53l ln @
260 | BooCaW1gV10RoFTL, vl | | olvo |5 |eo|s| 18 77|76
220 | BagWigRoVio - IR v b - 5 85 | 84+ 18318 1% -~
210 | Be2VioR2 - - 4- - - - 5 65 | 64 | 63 | 62 | 61
230 | Be2CBVi0R2 0] -1- - - - 5 70 | 69 | 68 | 6T | 66
2sa | BooCgWigVioRo < 20 0l 0 0 ol v - 5 90 189188 | 87 | 8
340 | BopCgWigRs clvl ol ol ol of of - | - 15 loslobhlozlage|al
1 7 13 19 25 31 37 43 49 55 , 61 67 7576
fecx  jca LM CBL _ |CYN 1CY, CAB, . | CAC L /D 1 L. 1 10

COEFFICIENTS:

a or 8
g IA

| IDPVAR(1)| IDPVAR(2)|NDV

aA

-6, -2, 0, 2, b, 8, 12, 16, O°

aB = -2, 0,2, 4, 8, 12, 16 20, 24, 26, o°

oaC = 20, 24, 28, 32, 36, 4o, 4k, L8, 320

RASA-MSFC-MAF




TABLE 2

TEST CONDITIONS

REYNOLDS NUMBER DYNAMIC PRESSURE STAGNATION TEMPERATURE
MACH NUMBER per unit length (pounds/sq. ft.) (degrees Fahrenheit)
0.6 2.0 x 100 2h1
0.9 321
1.2 : 384
1.5 h11
2.0 Y b1k

BALANCE UTILIZED: NASA Mark II 40065B 1.5 Inch

COEFFICIENT
CAPACITY : ACCURACY : TOLERANCE :

NF 1000 1b +5 1b

SF 500 1b +2.5 1b

AF 300 1b +0.5 1b

PM _1500Q in-1b =15 1in-1b

YM _ 625 in-1b £0,5 in-1b

RM 800 in-1b +3  4n-1b

COMMENTS :

11




S, S T .
TLBLE 2.0 JLLCBL TTMIOONIET Dho

B

MODEL COMPOHENT:  BODY - 22

ARl TIONS

GENERAL DESCRIPTION:

Basic body for E-9U booster with rocket engine shrouds

but without rocket engines. Full scale length = 3067 in.

(0.0076 scale)

7620241

DRAWING NUMBER:
DIMENSIONS :

Length
~Max. Width
Max. Depth
Fineness Ratio
Area
Max., Cross-Sectional
Planform
Hetted

Base
Sting Cavity

Balance Moment Center
Fuselage Station
Water Line

Reference Moment Center
Fuselage Station
Water Line

FULL-SCALE

255.583 ft
36.0 ft

bo.274 ft

6.346

bttt e et et

gttt

8728 rt°
29,64 £t°
1064 .4 £4°

3125.4 in

400.0 in

MODEL SCALE

_23.309 in

3.283 in

3.673 in
6.346

72.595 in°

246.562 in®

8.853 in°

”~
4,016 in

23.439 in
2.915 in

23.450 4p

3.040 in




. TABLE 3 -~ Continued
MODEL COMPONENT: Wing - Wig

GENERAL DESCRIPTION: _Delta wing for B-9U booster, 53 dep. 1.
Conical Camber 20% Semi-Span from B.L. 340 1in,

E. Sweep,

Semi-Span Measured from B.L.

340.0 in, C, design = 0.35 (0.0076 Scale)

DRAWING NUMBER: ' 620241
DIMENSIONS: ’ FULL-SCALE MODEL SCALE
TOTAL DATA |
' Area .
Planform 8451 pe2 ~70.291 1n?
igggct Rat1o : "57%?%‘23” "%§ﬁ§j’“iﬂ”
Taper Ratin. B Lo TR

Diehedral Angle, degrees 3.0 3.0

Incidence Angle, degrees 2.0 2.0

Aerodynamic Twist, degrees

TJoe-In Angle .

Cant Angle

Sweep Back Anjles, degrees

-. . Leading Edge 53.0 53,0
Trailing Edge 0.0 0.0
0.25 Element Line 55.2 )

Chords: .

Root (Wing Sta. 0.0) 106.g £t 9. 713 in
Tip, 2equ1va1ent) o . 11.289 £t 1,030 in
MAC : : 71.721 ft 6,541 1n
Fus. Sta. of .25 MAC 21.35 in 26,002 in
W.P. of .25 MAC — -
B.L. of .25 MAC 26.172 ft .

Airfoil Section - 2387 1
Root NACA 0007.1-64  NACA 0007.1-64
Tip NACA 0010-6L4 NACA 0010-64

EXPOSED DATA - _ ACA 0010-6%

Area - ols 142 41,966 in°
Span, (equivalent) 107.55 rt 9,799 in
Aspect Ratio 2.2 g 2,289
Tapeg Ratio 0.13 0.1368
Chords .
Root B2.617 rt 7.535 1o
T{; 11.289 rt 1.030 ir
HAg 55.982 ft 5.105 1n
Fus. Sta. of .25 MAC 3562.909 in 27-079_in
W.P. of .25 MAC L
B.L. of .25 MAC 38,033 1t 3.459 in

13



TARLE 3.~ Continued

MODEL COMPONENT: Elevons

GENERAL DESCRIPTION:

Elevons for delta wing (W,,) for B-9U booster

Dimensions for total of inboard and outbcard elevons on one gide

DRAWING NUMBER:

DIMENSIONS :

Area

Span (equivalent)

Inb'd equivalent chord
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)

478,07 ft
531,97 in

FULL-SCALE

2

193.95 in,
64.87 in.

MODEL SCALE

3,976 in2
4,043 in.

e i e

1,474 in,
0.493 in,

NASA-¢ FC-MAF



GENERAL DFSCRIPTION:

TABLE 3 - Continued

MODEL COMPONENT: Canard Cg

Delta planform canard for B-9U booster S, = 503.99 ft2

full scale, AR = 1.87, Pivot point @ 56%

Root chord @ fus. sta. (full scale) = 2024 in, W.L. (full scale) = 450 in

(0.0076 scale)

DRAWING MNUMBER:

DIMENSIONS - EXPOSED:

Area

Span (egﬁivalent)

Aspect Ratilo

Taper Ratlo

. Dihedral Angle

. Incidence Angle

Sweep Back Ahgles
Leading Edge
Tralling Edge
0.25 Chord Line

Chords
Root,
Tip
 MAS
Airfoll Section
Root
Tip

Fuse. Sta. of .25 MAC

W.L. of .25 MAC
B.L. of .25 MAC
Pivot Location

Percent root chord

Fuselage station
Water line

7620241

15

FULL SCALE
503.956 £t

4,392 in

30.70 £t

MODEL SCALE
2

1.87

Ls

2.800 in®

0.106

1.87

OOO

0.106

000 .

0.0

60.0 deg

0.0

0.0 deg

60.0 deg

52.4 deg

0.0 dég

29.698 ft

52-11- deg

3.133 £t

2.708 1in

19.998 ft

0.286 in

0014-6.6,5

| 0014-6.5,5

1.824 in

001h—6:6,§7

2000.821 in

0014-6.6,5

450.000 in

15.206 in

283.260 in

3.42 in

56.0

2.153 in

2024.000 in

56.0

450.000 in

15.382 in

3.42 in




TABLE 3 ~ Continued

Vertical Tall V.

MODEL COMPONENT: 10

GENERAL DESCRIPTION: Vertical tall forlB~9U booster Sv = 1500 fte(fUll scale),

L.E. sweep = 35°; 65% rudder hinge line

(0.0076 scale)

Area Moment (Normal to hinge line)

DRAWING NUMBER: 7620241
DIMENS IONS : ( EXPOSED) FULL-SCALE MODEL SCALE
~ Area 1500 £t 12,476 in°
Span (equivalent) | 4. 483 £t 4.057 in
Inb'd equivaient,chord' 46.3h2 £t §.227 in
AOutb'd equivalent chord 23.167 £t 2.113 in
Ratio Rudder chord/Verticai
tail chord -
At Inb'd equiv. chbrd 0.35 0,35
At Outb'd equiv. chord 0.35 0.35
Sweep Back Angles, degrae£
| ‘Leading Edge 35.0 35.0
Tailing Edge. 10.161 10.161
Hingeline 21.188 21.188



TABLE 3 -~ Continued

MODEL COMPONENT : Rocket Engines - R, , Ry

GENERAL DESZRIPTION:

Rocket engines for B-9U booster,

R, outside 8 engines only, R, all 12 engines

Dimensions given for one engine

DRAWING NUMBER /ENGINE: 7620241

DIMENSIONS :

Length
Max. Width
Max. Depth
Fineness Ratio  2/g,
Area
Max. Cross-Sectional
Planform
Wetted

Base

17

FULL-SCALE

MODEL SCALE

0.13 in

0.547 in
0.547 in
1.335

.235 8q.in
M

.314 sq.in
——————

2.071 8q.in
——i

.235 8q.in
——..m—-p



TARTT 7 o (er 21483

40
MODEL COMPONENT: Body Flap Fop

GENERAL DESCRIPTION: Delta planform body flap with trailing edge at wing

trailing edge, hinge line swept back 50 degrees. Full scale undeflected

area = 75 sq. £t. (0.0076 scale).

WT-T1-106201
DRAWING NUMBER: Snt. 1 of 1, Chg. Ltr. A
DIMENSIONS: FULL-SCALE
Area 75 sq.ft
Span (equivalent) | 1l.2 £t
Aspect Ratio _iﬁfgi;____
Taper Ratlo 0.0
Chords
Root | 13.4 ft
Tip 0.0 ft
Sweep Back Angles, degrees
Leading Edge 50.0
Tailing Edge 0.0
Hingeline 50.0
Fuselage Station of Trailing Edge LO6T in
Butt Line of Root Chord 0.0 in

18

MODEL SCALE

0.0

0.0 in

50.0
0.0

50.0

0.0 in

1.023 in
1.68

1.220 in

30.909 in

P a

0.624 8q.in

(YT Sl Y I o



FIGURE

NUMBER

TABLE 4 - INDEX OF MODEL FIGURES

Axls System
Model General Arrangement
Booster Body

Body Flap, FT

Base Geometry and Pressure Tap Locations
Plen View of Blade Cutout
Photographs of Model Installation

(a) PFront View

(b) Rear View

19

25

26

27

29



FIGURE

AVh)

10

11

-
)
<.

14

15

16

TABLE 5 - INDEX QF DATA FIGURES

Body Build-Up

Longltudinal Characteristics for
Alpha Range - 2 to 48 Deg.(Subsonic)

Longitudinal Chesracteristics for
Alpha Range - 2 to 48 Deg.(Supersonic)

Longltudinsl Characteristics for
B-9U Neutrs1l Controls

Mach Vurlstion, Neutral Controls

Elevon Effect, Longltudinal
Charuacteristics

Canuard Incldence, Longitudinal
Churacteristics

Elevon Effectiveness, Other Controls
Neutral

Canard Effectiveness, Other Controls
Neutral

Trim Chsracteristics, Elevon
Trim Charocteristics, Cenard

Lateral Chorncteristlics for the B-9U,
Betn = 2.5 Deg., Elevons = 0 Deg

Effect of Bets and Alleronc on
Longitudinal Charscteristics

Lateral Characteristics for the B-9U,
Beta = 2.5 Deg., Elevons = 10 Deg.

Sideslip Derivastive, Weutral Controls
(Increment Dutn Used)

Sideslip Derivatilves

, Blevons = 10 Deg.
(Increment Dty ijsai)

PLOT
TYPE

PLOT
PAGE

L6

Tl

116

161

186
211

216

hG

c0l

316



TABLE 5 - INDEX OF DATA FIGURES

PLOT PLOT
FIGURE TYPE _PAGE
17 Sideslip Derivatives Aileron = 10
Deg. (Increment Data Used) 9 326
18 Effect of Aileron, Rudder, and Body
Flup 1, 8 331
19 Alleron Effectiveness, Aileron = 10
Deg. Other Controls Neutral 10 Lo
-0 Rudder Effectiveness, Rudder = 10
Degrees 10 Lo6
21 Body Flap Effectiveness, DF = 40 Deg. 11 hia
Definition of Plot Type -
PLOT
TYPE, PARAMETERS
1. CN, CA, CIM, CL, CD, L/D, CAB vs. ALPHA
CN vs. CIM, CL vs. CD
. : CN, CA, CIM, CL, CD, L/D vs. MACH
3. CN, CIM, CA, CAB vs. ALPHA CN vs. CIM
h. ELVTRM, L/DTRM, CLTRIM, CDTRIM vo. MACH
5. ICTRM,  L/DTRM, CLTRIM, CDTRIM vs. MACH
6. DCN, DCIM, DCA, DCL, DCD vs. ELEVTR
Ts DCN, DCIM, DCA, DCL, DCD vs. IC
8. CY, CYN, CBL, CIN, CSL vs. ALPHA
9. DCY/DBETA, DCYN/DBETA, DCBL/DBETA, DCLN/DBETA, DCSL/DBETA vs. MACH
10, - DCY, DCYN, DCBL, DCIN, DCSL vs. ALPHA
11. DCY, DCYN, DCBL, DCN, DCIM, DCA vs. ALPHA

21



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 A. Axis systems, showing direction and sense of force and
moment coefficients, angle of attack, and sideslip angle
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