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ABBTRACT

Iow speed (M = .18) wind tumnel tests have been conducted on the McDonneli-
Dougles Corporatlon delta.-wling booster to determine directional shabllity
characteristics, The investigations were donducted in the Douglas-Long
Beach Low Speed Wind ?unnel in April of 1970. A 1% scale model of the
booster configuration was used. Test results are included herein and con-

slst of plotted coef#icient date end sketches of flow field studies.



TEST CONDITIONS
TEST /32 |

REYNOLDS NUMBER DYNAMIC PRESSURE STAGNATION TEMPERATURE

MACH NUMBER per unit lengt;t/‘zr (pounds/sq. inch) (degrees Fahrenheit) )
o8 L2150 4,17 ) 28
0,20 /e DHEO 3,47 4

BALANCE UTILIZED: _ MDC (WD) Al0 BarL.no. 5 (695 "D,)

COEFFICIENT
CAPACITY: ACCURACY: TOLERANGCE:
(2 Gﬂ.&fﬂ NF o0 LB //f/)ah' Gna-€ 0.5 70 Fore Eance
(26Ac1$)8F B2 L Jfinch Grek o o _* '
AF 56 LB, 0,5 %o v 0

PM Llsirpn BY NFGacE
™ Lirtires By SFGREE .
RM SO N, -5 D% Ve RaANGE

COMMENTS: Due to excessive buffeting of the model at high angles of attack during

the first run which wes made at q = 50 psf and M = 0,2, all subsequent runs were made

at g - 50 psf, M = ,18 and RN/L = 1.3 x Il.O6 per £+, The model was sting mounted snd
instrumented with a 6~component force and moment internsl balence, and with 2 bglance
cavity pressure taps, 2 model base pressyre taps, and 2 model nozzle base préssure taps.,
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DATA REDUCTLION

A elx component internal strain gege balance (see test conditions) was utilia
zed to measure aerodwngmic forces In the body axils system, Coefficient date

have been reduced about a reference c.g. location 1.260 ft, aft of the nose,

(70% body length) and 0.067 feet below the vertical reference line using

the following reference velues:

Pamp = theoretical wing aves = 10,000 £t%f/s = 1.0 £i2
Iggp = € = wing mean serodynamic chort = 0.8 ft.
b = wing equivelent span = 1.38 ft.

Axial force has been corrected to correspond to a base pressure egual to
free.stream static pressure. Stebillty axls date were calculated utilizing
i

the corrected values of axial force coefficient.



CONFIGURANIONS INVESTIGATED

The wind tunnel model is & 1% scele nodel which is shown in Figures 2 thru k.
As shown in the figures, the lox lines, orbiter mounts, boat telled and £1l-
leted base design, end rocket nozzles are ell simulsted on the model. Model

components tested were:

B. = Dbody or fuselage

Wy = delte wing

V; = small vertical tall
Vo = lerge vertical tail

I. = parallel wing fences
K = booster rocket nozzles
R

= fodnicks {meting ettachments, LOX lines, etc.)

o3
Il

translitlion strips

The immedletely following pages describe the components dlmensional charac-

teristics.

Combinations of the components tested were:
By Wy By Z
Bl Wpo 2 K3
By Wo By 2 Ky
By WoBRLZ1Kp Wy
By Wo By 27 Ky Vo
By Wo Ry Ky Vg
By Wo B 2K VoI Ip
Refer to Figures 2 through T for coqfiguration definition,
by



MODEL COMPONENT: BoDy - B/ l

GENERAL DESCRIPTION: ‘ Foocree Bepy I3

DRAWING NUMBER: W7 -3/ 7O

DIMENSIONS: FULL-SCALE MODEL SCALE
Length 190 FT. /. ZeF7.
Max. Width
Max. Depth

Fineness Ratio

Area
Max. Cross-Sectional
Planform
Wetted -

Base



MODEL COMPONENT: w O
GENERAL DESCRIPTION: __ Soosree Perra W ive

DRAWING NUMBER: W7 33670
DIMENSIONS: FULL-SCALE MODEL SCALE
TOTAL DATA
Area 2
E'i:gfgrm [0, 2000 F7 Lo £FE*
gtte — -

% Span (equivalent) P2D 2.3 1,
Aspect Ratio 2/ 297
Rate of Taper —— -

Taper Ratio 0, 3/7 0317,

Diehedral Angle, degrees /2° i2°

Incidence Angle, degrees Z° >°

Aerodynamic Twist, degrees — -

Toe-In Angle — -

Cant Angie — —

Sweep Back Angles, degrees
_ll._ea?:ll?g Egge S55° 55e
railing Edge (9 ° [§°
0.25 Element Line

Chords: ‘
Root %bﬂng Sta. 0.0) 1317 100 1312
Tip, (equivalent) YiE o, R,
MAC, inches QUL 1w G HE 1
Fus. Sta. of .25 MAC [E7.8. ~, PR IATY,
W.P. of .25 MAC BH2,S M 2 42N,

Airfoil Section —
Root NACH oeoP AAch oo G
Tip NACH 0205 Noch ooo S

EXPOSED DATA

Area _ésporr®t  _ 0658 FrE

% Span, (equivalent) YR, AT
Aspect Ratio /.55 Lo S
Egpeg Ratio 0.3%2 . 3P2

ords

Root [OPE o XA
Tip S8 1y Y IE
MAC FO7 18/ — N,
Fus. Sta., of .25 MAC [P0, 2SI, [ 8. 2L 10l
W.P. of .25 MAC 472 75 14 Y 107 M,



MODEL COMPONENT: VI

GENERAL DESCRIPTION:

Winve 7rp Vertrieac Friy C.Bpg::rrg)

DRAWING NUMBER: 7-33

DIMENSIONS:
TOTAL DATA

Area
Planform
;- Wetted
~Span (equivalent)
Aspect Ratio
Rate of Taper
Taper Ratio
Diehedral Angle, degrees
incidence Angle, degreas
Aerodynamic Twist, degrees
Toe-In Angle
Lant Angle
Sweep Back Angles, degrees
Leading Edge
Traiiing Edge
0.25 Element Line
Chords:
Root {Hing Sta. 0.0)
Tip, (equivalent)
MAC, inches
Fus. Sta. of .25 MAC
W.P, of .25 MAC
Airfoil Section
Root
Tip

EXPOSED DATA

Area
Span, (equivaient)
Aspact Ratio
Taper Ratio
Chords
Root
Tip
MAC
Fus. Sta. of .2% MAC
W.P. of .25 MAC

FULL-SCALE

1639 FT*

X0 1,

it

—l2l

4

—l 2
23 42

——

1

445’”3

SO ¥,
A
L. XA

b r‘f W
MACA boog

NcaoooS

MODEL SCALE

0.403% Fr*

.30 14
Hhas

.23,

:




MODEL EOMPONENT ; V2

GENERAL DESCRIPTION:

Wiwve 717 Vepricae Sy (éeaﬁTF‘c}

P

DRAWING NUMBER:
DIMENSIONS:
TOTAL DATA

Area
Planform
Hetted
Span (equivalent)
Aspect Ratio
Rate of Taper
Taper Ratio
Diehedral Angle, degrees
Incidencé 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, inches
Fus. Sta. of .25 MAC
W.P. of .25 MAC
Afrfoil Section
Root
Tip

EXPOSED DATA

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

W 7—-2307e

'i

e

FULL -SCALE

12 45 F72

5304,
LSas

s
o /

328 3¢

Yol 1M,
L1224,
BEEN

24 G0 1y,
AN

NACA 0007
NACH D205

e

(I

il

MODEL SCALE

O 12Y5 Fr#

. 7 af A
22934

H, 85 14,
2202 s
2, gf I# ¥

n. Lo wy,

lhch eeed
Nichn ceLs

T



TEST RESULT

Configuration BjW,V1K1R1Z Basic Aerodynamics

C. = 0.037
By

Cp. ° 0.0084 at CL =0

B
Cle = 0.0473

ﬁcL a ( = "3.5°

Ng @ 0.76L for -6° ¢ a < 5°
No = 0;70‘. fOE‘ Q> 50

C.a = 0.00035 for -4° < o < 5°
€ . = -0.002 for o > 9°

né

Aan!ﬁl‘lS = 0000348 for -4° <a < 59

8C g|fins = 0.00161 for a > 9°

L/DMAX = 5.9

G‘L » 205° al‘ld 5°
JDMAX
Configuration B]WoV2K1R}1Z Basic Aerodynamics

[ =(,038
Do

¢, =0.0082 at( =0

Og
CLa =0.0472
e

c =0

No ® 0.76L a < 5°
N0 = (0,72l 5° <a<9®



A3-830-8550-302
bates B/13/70

NO = 0.68L 9°<a<17°®
= A0 ¢ o
an 0.00075 -4° <g<?
C,q °~0-00185 a > N°
AC o o
ng|fins =0,00403 - 4° < a < 7
4C gifins =0,00194 o > 11°

Lomax = 6.3

o
L romax = 2-6°

Configuration ByW K RjZ Basic Aerodynamics ¥

€, =0.032

Do

Cp

= 0,0076 at CL = 0
8

C,., =0.0392
a
QCL. 0 ® -3,3°
fy = 0.72L -6° § a < 0°

Ng = 0.75L 2° < a < 10°

No = 0,71L 10° < a < 17°
# This configuration not tested during this test series.

10



A3-830-8550-303
Date: §/13/70

CnB 2-0,00310 to -0.00400 decreasing (more
negative) with increasing angle
of attack

L/pmay = 56

GI L/DMAX = 4. 7°

Flow field studies with tuft wand:

Due to the directional instability discovered during the
initial series of runs, an extensive amount of time was

devoted to isolating the cause.

As can be seen from Figures 5 and 6, the apparent cause of

the loss in fin effectiveness results from the strong wing
leading edge vortex washing out the leeward (low pressure)
side of the windward fin., At Jow angles of attack the vortex
has not experienced the bursting phenomena which results in
significant increases in the local pressure, while at high
angles of attack this phenomenon has occurred resulting in

the almost total loss of the windward fin effectiveness.

In addition to the tuft wand studies, the following data

support these conciusions:

1. The coﬁsistent reduction at high angles of attack
in fineffectiveness to one half the low angle of

attack ivalues indicate the loss ofi one fin.

il



A3~-830-8550-303
Date: 5/18/70

2. The forward motion of the aerodynamic center indicated

above for both finned configurations indicates
a redistribution of 1ift forward of the trailing
edge and can be explained by a loss of 1ift on the
wing tips near the wing fin intersection which is
consistent with a lTocal increase in pressure due to

vortex bursting,

Fences
Configuration BiW,VoK R1ZLLp The addition
of two fences (0.05c) at Y/b/2 =0.381 and Y/b/2 =0.692 had
1ittle effect at the low angles of attack on the directional
stability. For the range 7 <a< 10 the fins improved the
directional stability to an acceptable level. For a = 11.5°
and « = 13.0°, the addition of fences produced neutral
directional stability. For a = 15.8 the fences lost their
effactiveness as they were jumped by the strong leading edge
vortex. The addition of the fences produced a decrease in
L/D max of approximately 0.2, and an increase in zero lift
drag of0.0038,

Protuberances
The 3 orbiter mounts produced a destablizing moment of “Cns
=~0,00026. The protuberances produced no change in zero

1ift drag or L/D. The protuberances decreased base drag at

12



A3-830-B550-303
Date: 5/13/70

zero 11ft by 0.0006. This change can be traced to the effects
of the orbiter mount vortices on the ability of the flow to turn
the corner on the top of the base region. Thus, the increase in
profile drag caused by these protuberancesis offset by the de-

crease in base drag.

Rocket Nozzies

The effect of the rocket nozzles on directional stability is
negligible. The effect of the rocket nozzles is as follows:
base drag is reduced byAcDB = =0,0024, zero-1ift drag is
reduced by ACDO = =0,0016 and L/D max is increased by Al/D/max =
0.3.

High Wing Configuration

Runs at high negative angles of attack of Configuration BiW,V2K1R|Z
indicate that the booster maintains excellent directional

stability to the maximum C, tested (cL a «0.65, a= ~16.4°)., In
addition, the directional stability increases with angle of

attack which can be attributed to the reduced sweep of the

tip fins relative to the free stream.

13



FACILITY DESCRIPTION

The Douglas Long Beech Iow Speed Wind Tunnel has & test sectlion with dimensions

of 54 inches wide x 38" high x 10 feet long.

ik



TEST DAC LSwT 1321 DATA SET COLLATION SHEET

O PRETEST
K POSTTEST
Igggl‘éﬂs"?gR CONFIGURATION 5';C:I'1DS II(_:%.I;TROSI; DEFLECTION ;?EM 70 MACH NUMBERS |
RCZOTZ |RIWORIZ Alole e /9 |
o1 ¥ -6 /8
032 IR)wWo RIZ K] 0 15
o3l { -6 3
062 |Biwo  Z Ki o) /6
06l ¥ -6 17
oIZBIwo RIZ Kl V| } o jid
ol t ~b /
22 R\Wo RIZ I V2 o 5
02 ¥ -G 2 9
027 Bio /0
023 Bl6 9
o4 .3| ¢ i
025 ieolc /12
oo \ k4l D 13
oH[RIWORL K1 V2, I_A—efo ‘ 4
Y osiBIwWoRI EKIVZLYL2 IA L)Y L Y 7
|
1 7 13 "19 25 31 37 4 3 49 55 61 67 75 76
ea . caM . ocp . Gy CBL . CA L CAE 0L CDFE L/D

COEFFICIENTS: —g—

¢ or B

SCHEDULES

5
T EE 5

B= _’5-'4._4.2.:.;@

Gz -6 225 iy

D= -4 A2 _>¢

i o b,
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TEST 122 {

DATA SET DESCRIPTOR SHEET

DATA SET
IDENTIFIER

DATA SET DESCRIPTOR

CURVE SLOPE RANGE
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SYMBOL

%9

a

‘AR

ol

C. B

BADBAC

SYMBOL

ASPECT
REFB

CA

CAB

CAF

CDTOTL

HOMERELATURE

DEFINITION
base area; mz, ftz, in2
speed of sound; m/sec, ft/sec

aspeot ratio, bz/ 8

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

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

center of gravity

center of pressure

axial force coefficient, ¥ A/qsref

base axial force coefficient, [ (p, -pp)/al
(Ab/sref)

forebody axial force coefficient, c,-C
A Ab

drag force coefficient in the wind axls'
gystem, FD/q Sref

T



NOMENCLATURE ( continued)

SADSAC

SYMBOL

CDh

CL

CBL

CSL

CWL

CLM

CLM

cPM

CN

DEFINITION

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

1ift force cobfficient (stability or wind axis)
FL/ q Sref

rolling moment coefficient in body axis
system, Mx/q Sref b
rolling moment cosificient in the stdbility
axis system, Mx, B/r.1 Sicef b
rolling moment coefficient in the wind bxib
system, Mx,w/ a4 Sref b

pitching moment coefficient in the body sxis
system, My/ d Sref 4 ref
pitching mothent coefficient in the stability
axie gystem, C =C

m,s m
pitohing rhoment cosfficient in the wind axis
system, My, w/ 4 Sref L ref
normal force coeffivient in the body axis
gystem, FN/q Sref

18



NOMENCLATURE (continued)

SADSAC
SYMBOL SYMBOL DEFINITION

C CYN yawing moment coefficient in the body axis

n system, M /qS__b

' y 'y ref

C CLN yawing moment coefficient m the stability

n,s

axis system, C =C
n,s n
Cn w CLN yawing moment coefficient in the wing axis
¥
‘ gystem, Mz, w/q Srefb

Cp CcP pressure coefflcient, (p-pw)/q
c cY side force coefficient (body or stability axis

y system), F_/q S

! 3/ ref

Cc CcC side force coefficient (wind axis system),

© F /a8

y/ Tof

F A axial force; N, 1b
FD drag force in wind axis system; N, 1b
Fi) drag force in the stability axis system; N, lb
FL Lift force (stabhility or wind axis system); N, ib
FN normal force; N, 1b

19



NOMENCLATURE (continued)

SADSAC
SYMBOL SYMBOL DEFRINITION
FY side force; N, ib
N/A normal to axial force ratio
‘eref REFL reference length; m, {t, in (see c)
L/D L/D Iift-to-drag ratio, 'C L/ CD ( stability axis
system)
L/D CL/CD lift-to-drag ratio, CL/ CD (wind axis gystem)
M MACH Mach number
MRP MRP abbreviation for moment reference point
XMRP abbreviation for moment reference poiht
on x-axis
YMRP abbreviation for moment raeference point
on y-axis
ZMRP abbreviation for moment reference point
on z-axis
M rolling moment in the body axis system;
X
N-m, ft-lb
M 5 roiling moment in the stability axis system;
% N-m, £-1b
N st.ick fixed neutral point
0
L body length

20



RN/L

Sref

NOMENOLATURE (continued)

SADSAC
BYMBOL

Q(Pal)
Q(PSE)

RN/L

REFS

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

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

pitching moment in the wind axis system:
N-m, ft-lb

yawing moment in the body axis system;
N-m, fi-ib

yawing moment in the wind axis system;
Ne-m, ft-1b

static pressure; N/m2; psi
total preasure; N/mz; psi
dynamic pressure; N/mz, pei, psf

Reynold’s number per unit length; million/ft,
wing ares; m2, fi2

reforence area; m2, ft%

temperature; °K, °C, °R, °F

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

2l



SYMBOL

n

"{'}.

NOMENCLATURE ( continued)

SADSAC
SYMBOL

ALPHA

BETA

DIHDRL

AILRON
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 X,,-axis on the body X, Z-plane
and the body X-axis; deg

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

ratio of spetific heats
wing dihedral angle; deg

control surface deflection angle; deg
positive deflections are:
alleron - left aileron trailing edge down
elevator - trailing edge down
rudder - tralling edge to the left
fiap - trailing edge down
tab - trailing edge down with respect
to conirol surface

afr density; K g/m3, slugs/ft3

22



ROMIESCLATURS (conddnuca

SADSAC
SYRMBOL SYMBOL DEFINITION

2 pitch angle, angle of votaticn about the body
Y-anis. positive wher the positive Z-axis is
vorated toward the positive X-axias; deg

& PEI voll angle, angle of rotation about the boay X~
axis, positive when the positive Y-awis ig
rotated toward the positive Z-axis; deg

¢ PEY yew angle, angle of ro:ation abodat the bedy

Z-axis, posiiive when the pesitive X-axig is
rotated toward the posilive Y-axig; deg

a3



NOMENGCLATURE (continued)

SUBSCRIPTS DEFINITION

aileron

b base

c canard

e elevator or elevon

f flap

T rudder or ruddervator
stah}lity axis gystem

t tail, or total conditions

w wind axis system

ref reference conditions

0 frepstream condition

2L



FIGURES
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Noteszs

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 systemg, showing direction and sense of force and
moment coefficients, angle of attack, and sideslip angle
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FIGURE 2. FRONTAL VIEW OF B;W_ VK R; INSTALLED
IN DAC-LSWT
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FIGURE 3. THREE-QUARTER LEFT REAR VIEW OF
ByW, V1K R; INSTALLED IN DAC-LSWT
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) <

FIGURE 4. McDONMNELL-DOUGLAS DELTA WING BOOSTER CONFIGURATION
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FIGURE 5, FLOWFIELD STUDIES CONFIGURATION
BIWOVZKIR].Z c = 4. 90, B = -'60
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FIGURE 6. FLOWFIELD STUDIES CONFIGURATION
BIWOVEKIRIZ a=9 5O g = .50
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DATA DISPIAY INDEX
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LCONF [ GURAT [ON’ COMPONENY EFFECTS AT BETA = 0 DEGREES
OEPENDENT VARIABLE VS INDEPENDENT VARIABLE, MUBTIPLE DATASETS

DATASETS FLOTTEDS, |

Re2a72 RcZns2 Rc203%2 R 2152 Ha2o22
DEPENGENT INDEFENDENT . PLOT FKGE
VARIABLE VARTABLE BEGINNING 7/ ENDING
T Tl T ALPHA I
chF AP HA 4 2 _
cN APHA ¥ 3
- e v 2 CAF . . APHA ¥ K
CLM ALPHA 5 5
L0 AP HR B & &

2CONFIGURATION COMPONENT EFFPECTS AT BETA = ~b DEGREES

DEPENDENT VARIABLE VS INDEPENDENT VARIABLE, MULTEPLE NATASETS

DATASETS PLOTTEDY

rRc207L Ré20s¢t RCZD 2N RC201 Re2021 R 2 (81
DEPENDENT NDEBENREMT . PLOT PRGE__ . .
VARIABLE VARTABLE BFGINNTNG , ENDING

cL ALPHE 7 7
COF ALPH2 g 8
cK ALPHA 9 9
CAF __ .. ALPHA . 10 ro
¢LM ALPHA i1 It
- L/0 . ____ALPHA 12 12
cy ALPHA 113 1
CYN ALPHE 4 14
cnL AL PHA 15 I's

v e e -

3CONFIGURETTON COMPONENT EFFECTS AT BETA = 0 DEGREFS

DEPENDENT VARIABLE VS DEPENDENT VARLABLE, MULTLPLE DATASETS

DATASETS PLOTTED:

Re2017 2 RC2062 RCI0Y2 ReZitZ RC20°22

B nigﬁﬂﬁaﬂf DEBPENDENT _ _ PLOT PAGE _
VARIABLE VARTABLE BEGINNING 7 ENDING

S ct 7 "ceor T ) ) 14 15
ch Cl.M 17 . 17

I 31!-



-t

4CONFIGURATION COMPONENT E¢FECIS AT BETA u =& DEGREES
DEPENDENT VARIABLE VS DEPENDENT VARIABLE, MULTIPLE DATASETS

 DATASETS PLOTTEDGS

RC2171 RC2041 RC203} RC2011 RC2021 RCZ0S1
.. DERENRDENT DEPENDENT e PLBT _PAGE -
VARTABLE VARIABLE BEGINNING s ENDING \
cL CoF h 18 18

Cl il Cl.M i¢? \9 .

5EFFECTS aF SIDFSLIP aNGLE ON BASIC AERODYNAMIC CHARACTERISTICS

] e em - S
DEPENDENT VARIABLE VS INDEPENDEMNT VARIABLFE, PARAMETRIC STUDY

PDATASETS PLOTTED!

RC2021 AB2022 RC2023
DEPENDENT INDEPENDENT _ _ _ PLOT PAGE _ . _
VARTABLE VARIABLE BEGINNING / ENDING
cL ALPHA 20 20
CDF ALPHA. 21 21
eN ALPHA 22 22
CAF ALPHA 23 23
cLu ALPHA 24 24
o L/D ___ALPHA . 25 25
cY ALPHA 26 26
o ____CYN ALPHA 27 _ 27
cBL ALPHA 28 28

~

6EFFECTS BF ANGLE OF ATTACK ON AASIC AERODYNAMIC CHARZCTERISTICS

DEPENDENT VARIARBLE VS INDEPENDENT VARIABLFE, PARAMETRIC STUDY

DATASETS PLOTTEDS

RC2026 RCZOZY RC2U25 . -
DEPENDENT __ ____INDEPENDENT PLOT PAGE
VARIABLE VARIABLE BFGINNING / FHNDING

cL RETA 29 29
COF RETA — 3830
CN RETA 31 3l
CAF BETA 32 32
CLH RETA 33 33
L/ . ._.BETA 14 34
cY BETA a5 as
o CYN BETA 36 < LI,
) T TeBL BETA a7 a7

b 3


http:2_JLPE.pE

TEFFECTS OF Sifnl 1 ANGLE ON BASEC AERODYMAMIC CHARACTERISTICS

UEPENDENT vARPIABLE VS DEPENDEMT VARIABLFE, PARAMFTRIC STUDY

DATASETS PLOTTED:

rRC2021 ARZ202% Rczoz23 i e o e e m e e
PEPENDENT_ . _ _  DEPENDENT PLOT PAGE
VARTABLE VARTARLE BEGINNING / ENOTUG
cL ) “enr 38 38
o LM 39 39

BEFFECTS OF ANGLE OF ATTACK ON RASIC "AERODYMAMIC {CHARACTERISTICS

DEPENDENTY VAR[ABLE VS DEPENDEEI VARLAHLF, PARAMETRIC STUDY

UATASETS PLOTTED:

_RC2024 RC2024 Rc2n25 - e
DEPEMDENT DEPENDENT _ A PLOT PAGE
VARIABLE VARTABLE REGINNING / FNDING

T ey T T eyw T T 40 40
CY QDF ql ql_ I

QEFFECTS nF TRANSITION STRIPS (RETA ® =& DEGREES)

DEPENDENT VARIABLE VS INDEPENDENT VARIABLE, MULTIPLF DATASETS

DATASETS PLOTTED?

o Re2051 RC2U41 — R
PEPENDENT INDEPENDERT P1LLOT PAGE
VARTABLE VAR ABLE BFGINNING / ENDING
CL ALPHA 42 42
SV of o 1 20 ALPHA e . B3 83
cN ALPHA 44 4y
CAF ALPHA 45 45
cLM ALPHA 44 “b
LD ALPHA 47 47
cy ALPHA -48 244
L cYN ALPHA L 49 49
cHL ALPHA 50 50
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IOLFFECTS OF TRAISITION STRIPS (RETA ©® =4 DEGREES)

DEPCHDENT VARIAGLE VS DEPENDENT VARIABLE, HULTIRLT DATASETS

DATASETS PLOTTED:

.. hReZnsl RC204] I .
DEPENDENT DEPENDENT PLOT PAGE
VAR LABLE VARTABLE REGINNING / FMDING
cL CoF 51 51
cL SR CLM 52 5z

11CROSS DERIVATIVES IN SIDESLIP - CONFIGURATION BlwoR1Z

DEPENDENT VARIABLE VS INDEPENMDENT VARIABLE

OATASETS NEPENDENT |  INDEPENDENT PLOT PAGE
PLOTTED _ VARIASLE ! VARTABLE BEGINNING 7/ ENDING
KC2BTI1 CYBETA . ALPHA _ __ __ 53 53
RC2BT1 NC3LDB i ALPHA G4 54
PC2BTL neYNDe ALPHA 55 5%

12CRDSS5 DERIVATIVES IN SIDESLIP = CONFIGURATION BIWQZK 1

. ——
DEPENOENT vA2[ARLE VS INDEPENDENT VARIARLE

VATASETS NEPENDENT IMDERENDENT PLOT pAGF
PLOTTED . VARIABLE — JMARIABLE _BEGINNING / ENDING
KC2BTZ CYRETA ALPHA 54 oY)
RCPHT? nCBLDY ALPHA 57 57
RC2BT2 DCYNDA ALPHA HE SH

13CRO5S DERIVATIVES [N SIDESLIP « COMFIGURATION BIWQRIZK1

DEPENDENT vARTABLE VS IMDEPEMDEME VARTARLF

DATASFTS rEPIMUENT INDEPENDENT PLOT PAGK
PLOTTED VARIABLE _ _  VARIABILE _ _AEGINNING /_ FMDENG
RC2MAT3 CYHETA ALPHA 59 . 59
RCz2H13 NCHLDB ALPHA 60 &0
RC2BT3 NCYNDB ALPHA &1 &l

37



140 009S NERIVATIVES IN SIDESLIP - CONFIGURATIUN BIWQRIZKIVI

VEPFNDENT VARFIABLE VS INDFPENDENT VARIABLF

BATASETS  SEPFLDENT INDFPENDENT PLOT PAGE

PLUTTED VARIABLE = _ _  VARIABLE __ _  BEGINNING / FMIINC
RC2BTH CYRETA ALPHA 52 X4
hC2BTH NCBLDB ALPHA 63 63
RC2ZBTH nCYNDB ALPHA 64 64

15CR05S DERIVATIVES IN SIDESLIP = CONFIGURATION BIWORIZKIVZ (ALPHA SCHEDULE A}

DEPENDENT VARIABLE VS INDEPENDFNT VARIABLF

DATASETS  DEPEMNDFNT INDE PENDENMT PLOT PAGE
PLOTTED . _VARIABLE — _VARIABLE BEGINNING /7 ENDING
Rz (b CYBETA _ALPHA _ bh 64
Rc281Th nDeBLDD ALPHA &é 66
RC2BTH pCYHDB ALPHA 67 &7

6CROSS PERIVATIVES IN SIDESLIP -~ COMFIGURATION BIWQRIZKIVZ (ALPHA SCHEDULE B)

DEFIrNDEDT VARTAULE VS INDFPFNDENT VARIARALF

DATASLITS DEPENDENT IMDEPENDRENT PLOT PAGE
PLOITED JMARIABLE, 0 VARIABLE BEGQINNING / FMD]ING
RCz2BTS CYBLETA ALPHA &8 64
RC2BTA DCBLDA ALLPHA &9 &9
RC2BT6 DCYNDB ALPHA 70 70

38
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CL

LIFT COEFFICIENT,

CONFIGURATION COMPONENT EFFE

CTS AT BETA = 0 DEGREES

LI mait T T L2 2l L] T L3 ] T T T r T ¥ T
$
oy

1 s

5 H 4
0.8 //, ~—

3 - T ——

-_ /"// 0 i
L, g 7 ]
0.8 j;///)k/jf

/ }
o.5 " / 74 4
- 3 ’iffﬁjﬁ P
d.3 7/

i //// ]

o2 P -
KA
G.0 /
-0.1 I [ ]
-0 2
- 8 -6 - & -2 o 2 4 6 8 10 -4 14 16 2 ]
ANGLE OF ATTACK, ALPHA., DEGREES
SYMBOL CONFIGURATION DESCRIFTION DATA SET DATE MACH REFERENCE INFORMATION

O $321-DAC-LSWT-DELBOOST-BIWERLZ {8 D10s5CL) {RC2872) 18 SEFP 70 d.181 REFS 1 gong sa Fr

5] 1321 ~DAC-LSWT-DELBOOST-BIWOKLZ (0 6203} {RC2062) 18 SEP 70 REFL 0 8000 Fr.

Q 1321~DAC-LSWI-DELBOOST-BIWOKIPLZ {0 o1asCL) ({RC2032) 18 SEF 7D REFB 1 3500 FT

A 1321 -DAC~-LSWT-DELBCOST-BIWOVIKIRIZ {D.0105CL) {RC2812) 18 SEP 70 XHRP 1 2600 FT

[ 1321 -DAC-LSWT-DELBOOST-BIWOVEKIRLIZ {0 §105CL) {RC2aag) 18 SEP 7O YMRFE 0 0006 FT.

ZMRP - 0 oser FT.
SCALE o.0108 SCALE

REFERENCE FILE

HDC (WD) SPFACESHUT~A



ChOF

FOREROOY ORAG COEFFICIENT,

CO

NFIGURATION COMPONENT EFFECTS AT BETA = 0 DEGREES

.38 RIS SN —t 1
.34 . - :
;32 |
o R
A
- F B - - S 1
+28
r N ]
3 P 4
.28
i L
+ 24
o2
20 J
18 .
N T
.18 57/ Z 7
Mt //!//; ]
az b 7 ‘ ]
[ )/ . \ ]
-10 //
. 4 1
[ j ) . ]
o8 N 7 3 +
.08
: ‘ / -
os - i P A - =Y
' e s — , T
.oz
L i \ “
- i R L -
o - f i - .
o s -8 -4 -2 1] 2 4 [ 3 10 12 14 is 18
ANGLE OF ATTACK, ALPHA. DEGREES
SYMBOL  CONFIGURATION DESCRIFTION ‘ DATA SET DATE HACH REFERENCE INFORMATION
O iszl-DlC-LSHT-DELBOOST-SIUURIZ {0 0105CL) (rRca2orz} 18 SEP 7B o.181 REFS 1 goag 8¢.FT
O  1321-DAL-LSHT-DELBOOST-BIWNOX1Z (0 016sCL}  {RC2082) 18 SEP 78 REFL B adon Fr
Py 1321-DAC-LSHT-DELBOOST-BIWOKIR1Z (0 D16SCL)  (RC2032} 18 SEP 70 REFS 1 3800 FY
A 1321-DAC-LSNT-DELBOOST-BIWDOVIXIRLZ (D D10SCL)  (RC2012) 18 SEP 70, XHRF 1 2600 T
N 1321 ~DAC-LSHT-DELBOOST-B1WOVZKIRIZ {0 0i0ScCL) (RC2022) 18 SEP 70 YMRP 46500 FT
ZHGP - D oeer Fr
REFERENCE FILE MDE (WD) SPACESHUT-A SCALE o bioe SCALE
PAGE 2



CN

NORMAL FORCE COEFFICIENT,

CONEIGURATION COMPONENT EFFECTS AT BETA = 0 DEGREES

gt gt — ettt
1
. +
I 1
3 N 1
6.9 gt
. / h
I / 1
i A & ]
t.8 = <
r //?jf e ]
) //
s 7/?
s
/ 4 )
0.s | 4 +
0.3 i ///5 > )
0.2 ’///
- /]H -3
0.1
g.o /
i ]
~g.1
; 4
-0.2 ¥ ]
€ g -6 L4 -2 0 z 4 F 8 10 12 14 16 18
ANGLE 3F ATTACK, ALPHA, DEGREES
SYMBOL  CONFIGURATION DESCRIPTION DATA SET DATE MACH REFERENCE IKFORMWATION
o 1321 -DAC-LAWI-DELBOOST-BLWIRLZ (0.010SCL)  {RC2072) 18 SEF 70 G.181 REES 1 pooo s¢ FT
i 1321 -DAC-L 3WT-DELBOOST-B1WOK1 Z (D.0108CL)  (RC2062) 18 SEF 70 REFL. 1. e000 Fr
r 1321-DAC-LSWT -DELBOOST-BIWOKIRIZ (G 010sCL)  (RC2932) 18 SEP 70 REFB 1.3000 Fr
A 1321-DAC-LSWI-DELBOOST-BIWOVIKIRLZ (0 GADSCL)  (RC201Z7 18 SEF 70 XMRP 1 zeno =7
& 1581-DAC-LAWT-DELBOOST-BIWOVEKIRIZ (G 010SCL'  (RCE2022} 18 SEP 70 YMRP o noocg Py
ZMRP - 0 0667 Ft
SCALE 0 9100 SCALE

REFERENCE FILE

HDC (WD} SFACESHUT-A

PAGE



CAF

FOREBODY AX1AL FORCE COEFFICIENT,

CUNFIGURMEUN COMPONENT EFFECTS AT BETA =

0 DEGREES

-gen, —r—t —t—t r—t—1 —t e
.038 = ]
: :»
.03¢ | p
[ i 3
034 | - 1
| ) E
~032 N J// /ﬁ - E
A . i
.0 c 7 /
N / ; ‘ N NN £
H v \ \ *’L—‘_-"“-_. 4
oza s A \.___A - >
[ // @\\\ \ / b \_}e 3
N (S | E
Jze - < AN & 2 B
\ ! /:R Q Ao i v
r A o 4 Lo
<024 / \ [ ..——Q'/ f I
b * 1 -+
Gza i / A / u\ \@5% - k ! /R’ { h
E J / % - ' B
-02n I / /// = N -1
woze | /n; 3
A // / ' b1
ois A F
.14 T N g
3 v ‘ H E
012} % , S S 3,
- - -
r 4 . .
010 3
i : 3
.008 - = v ]
-0pé E . e
.oos [ , 1
ooz | : N
-8es g s - & o 0 2 4 P P 10 12 [y 18 18
*
ANGLE QF ATTACK, ALPHA. DEGREES
SYRHOL CONFIGURATION DESCRIFTION DATA SET DATE MACH REFERENCE INFORMATION
0 1321 -DAC-LSWT-DELBOOST-BINORLZ (0.010SCL)  (RC2072) 18 SEP 70 0 181 REFS 1.opoo: Eq.FT
0 1321-DAC-LSWT-DELBCOST-B1WOKIZ {0 0105CL)  (RC2062) 18 SEP TO REFL -0 B0As FT
o 1321-DAC-L SWT-DELBOOST-BIWOKIR1Z (0 D10SCLY  (RC2032) 18 SEP 70 LBEFB 2 38by Fr
A 1321-DAC-L SWT-DEL BOOST-BIWOVIKIR1Z (0 0L03CL)  (RC2B12) 18 SEP 7D AERE 4.2800 FT
b 1321 -DAC-L SWT-DELBOOST-BiWOV2K1R1Z (0 6105CL)  {RC2G2Z) 18 SEP 7D YHRP “0,05008 FT.
ZHEPE - ,g 0867 T
SCAL CALE
REFERENCE FILE HDC (WD) SPACESHUT-A s fzep SeAL
PAGE 4



CLM

ICIENT,

-~
hd

PITCHING MOMENT €O

i)

-04

NFIGURATION COMPONENT EFFECTS AT BETA = 0 DEGREES

PR

<035

T

«02

-0l

+00

-.02

=03

-.05

—.08

-.07

-.09%

~. 10

~.11

SYHBOL

T

T

bl

bbb

ik

!

-4

=

x

ddodad

i

bbbl

it

Q

[rdrleln]

- 4 ~ 2 0 z 4

ANGLE OF ATTACK.

CONFIGURATION DESCRIFTION

1321 =-DAL~LSWT-DELBQOST~BIWDRLZ (0 010sCL)
1523 -DAC~LSWT-DELBOOST~BIWDKLZ (0 G10s8CL)
1321 -DAC-LSWT-DEL BOOST~BIWOK1IR12Z {0 MoscL)

1321 ~-DAC-LSWT-DELECOST-BIWOVIKIRIZ {a 0108CL)
1321 -DAC-LSWT-DELBOOST-BIWOVEKIRIZ (0 D10sCL)

REFERENCE FILE HOC (WD) SPACESHUT-A

[ 8 10
ALPHA, DEGREES
DATA SET DATE HACH
{RC2O72) 18 SEF 7O 0 181
{RC2062) 18 SEP 70
(RC2032) 18 SEF 78
(RC2012) 18 SEP 70
(RC2022) 18 SER 70

1z 14 1¢ 18

s

REFERENCE INFORMATION

REFS 1 agog sq FT
REFL D soeg Fr
REFB t 5806 T
XMRP 1 2600 F1
YMRP 0.00080 FTe
ZHRF - 06,0667 F1
SCALE 0 sipp SCALE

PAGE S



./D

LIFT-DRAG RATIQ,

CONFIGURATION COVPONENT EFFECTS FT BETA = 0 DEGREES

r—t — —r o iy
- %
- +
ok 1
3 3
N -
5 By
b o I Ny
/ L ll»
of f//,/?'f N '
g Uﬁ// / :‘% -
af ){//fﬁ/ 3
5 [ / "/// B SO
of / / : ]
: V4 | _
| /A '
" M | ]
! / :
i f ]
3
: | 1
; 3
4r J/ 1
: g/ ]
s | e .
of .
7 f ]
i 1
L g -4 -z o 2 P 6 5. 10 12 14 s
ANGLE QOF ATTACK. ALPHA. DEGREES
SYMBOL  CONFIGURATION DESCRIFTION DATA SET  DAIE HACH REFERENCE INFORMATION
O 1321-DAC-LSWT-DELBOOST-BiWCR1Z (0 PLOSCL)  {RC2G72) 18 SEF 70 O 181 REFS 1 oooo se FT
B 1521-DAC-LSWI-DELBOOST-B1WIK1Z (G 010SCL)  (RC2062) 18 SEF 70 REFL o anoo s
©  1321-DAC-LSWT-DELBOOST-BIWIKIR1Z (B 010SCL)  (RCZG32) 18 SEP 70 REFE 1 ss00 £t
R 1321-DAC-LSWI-DELBOOST-BIWOVIKIR1Z (0 010SCL)  (RC2012) 18 SEP 70 XMRP + 2600 FT.
N 1321-DAC-LSWI-OELBOOST-BIWOVEKIRiZ {0 0105CL)  (RC2022) 18 SEP 70 YHRP 5 0000 7.
ZHRF = 0 gs67 +T
REFERENCE FILE HDC (WD) SFACESHUT-4 StaLe 8.0100 SCALE
PAGE 24



CL

LIFT COEFFICIENT,

(CONFIGURATION COMPONENT EFFECTS AT BETA = -B DEGREES _

1 ¥ F LI i T —r—T T T L ng Lg T L L T T L] T'_Y*Y*1
+
{
0.9 +
g 3
3 //‘ :
] _C’h/ ¥ 33 ]
c.a o3
L ,r”/’ b — oyt

N
Y

0.8 a

Ge2

¥
bee Bk
dmndr

o.1
0.0
-0.1
-0.2
2 g - Y ~ e u 2 Py 6 P 10 12 14 T 15
ANGLE OF ATTACK. ALPHA. DEGREES
SYKBOL  CONFIGURATION DESCRIFTION DATA SET DATE MACH REFERENCE INFORMATION
O 1324-DAC-LSWI~DELBOOST-BiWOR1Z (0 010SCL)  (RC2071) 18 SEP 7@ O 181  REFS 1 oobo se FT
in] 1321 -DAC-LSWI~-DELBOOST-BIWOK1Z {8 0108CL) (RC2081} 18 SEF 70 REFL ¢ sogo FT
®  1321-DAC-LSWI-DELBOOST-B1WOKLRIZ {0 DI1OSCL)  (RC2031) 18 SEP 70 REFB 1.3800 FT
H 1323 -DAC-LSWT-DELBOOST-BIWOVIRIRLIZ (0 01038CL) {RC201%} 18 SEFP TO XMRP 1.2600 FT
b 1321-DAC-LSWT-DELBOOST-BIWAY2RiR1Z {0 GiOSCL)  (RE2021) 18 SEP 70 YHRR o noon Fr
B 1321-DAC-LSWI-DELECOST-BIWOYZKIRILIL2Z(G B1OSEL)  (RC2DS1} 18 SEP 70 IMRE -  © 0667 Fr
REFERENCE FILE HDC (WD} SPACESHUT-A SCALE 9.0100 SCALE
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COF

FOREBODY ORAG COEFFICIENT,

CO

NFIGURATION COMPON

ENT EFFECTS AT BETA = -6 DEGREES

31 T A +—¥ —t—t —r—+—
34 | 1
.32
- -+
30
.25
.26
24
a2
20 | %
-.18 // 1
- 16 F /'/‘r ]
+14 / r/r ]
.tz | v // ]
.10 | / 4 x 1
.08 A y
-0s /
[ == ]
]
™
=04 A &_ /_% 7
i Gs e G| 1
.oz
.00
s ™ -4 -z 0 z 4 6 e 10 12 14 18 18
ANGLE OF ATTACK. ALPHA. DEGREES
SYMHOL  CONFIGURATION DESCRISTION DATA SET DATE MACH REFERENCE INFORMATION
o) 1521 -DAL-LSWT-DELBOOST-B1WORLZ (0 010S€L)  (RC2071) 18 SEF TO 0 181 REFS 1 0Goo s FT
a 1321 -DAC-LSWT-DELBOOST-81WOK1Z (0.010SCL)  (RC2061) 18 SEF 70 REFL o 8oos ET
P 1321-DAC-L SWT-DELBOOST-BIWOKIR Z (0 g10SCL)  (RC2031) 18 SEP 70 REFB L 3200 Fr
A 1321 -DAC-LSWT-DELBOOST-B1WOVIK2R1Z (0 D10SCL]  (RC2011) 18 SEP 70 XHRP 1.2600 FT
& 1321-DAC-LSWT-DELBOOST-BIWOV2KIR1Z (0 DIDSCL)  (RC2021) 18 SEF 70 YHRP 0,0000 £T
o 1321-DAC-L SWT-DELBOOST-BIWOVAKIRILIL2Z (0 0108CL)  LRCZ05t) 18 SEP 70 ZHRP - U OS§7 ET
REFERENCE FILE HDC (WD) SPACESHUT~A SCALE 0 gio0 SCALE
PAGE 8



CN

NORMAL FORCE COEFFICIENT,

CONFIGURATION COMPONENT EFFECTS AT BETA = -6 DEGREES

1.0 I B —t Lt I A I § L et
0.9
/}
0.0 i - ’/:E'
T //’;H
a > ]
b E
a.e | ;//
5.3 /é
I j
ot f 7 74 )
:
- -
o3 4
.
0.2 ) -
L 1
0.1
]
]
0.0
-o.1
-0.2
Y s -4 PP 0 2 4 é 8 10 1z 14 1e 19
ANGLE OF ATTACK. ALPHA, DEGREES .
SYMBGL  CONFIGURATION DESCRIPTION CATA SET DATE HACH REFERENCE INFORMATION
0 £321 -DAC~LSWT-DELBOOST-BINORLZ (0 010SCL)  (RCEZO71) 18 SEP 70 D.181 REFs 1.0000 sq FT
O 1321-DAC-LSWi-DELBOOST-BIWOK1Z (0 GIO0SCL)  (RC2061) 18 SEP 7O REFL o soon £y
o 2321--DAC—| SWT-DELBOOS T-BAWOKIR1Z {0 0:0sCL}  (RC2023) 16 SEP 70 REFB 1.3800 Fr
A 1321-DAC-LSWT-DELECOST-BIWO¥IKIRIZ  (0.0i0SCL)  {RC2011) 18 $Ep 70 XHRE 1.2600 F1.
B 1321 DAC-LSWT-DELBOOST-BAWAV2RiRiZ (D 0LascL)  (RC2023) 16 SER 76 YHRP 0" acon Fr
D 1321-DAC-L SHT-DELBOOST-B1WOV2K1R1LAL2Z(0.010SCL)  (RC2051) 18 SER TQ ZMRP - 0O D&Y Fr
REFERENCE. FILE HMDC (WD} SFACESHUT=A SCALE o e1oa SCALE
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CAF

FOREBODY AXIAL FORCE COEFFICIENT.

CONF

+040

03s I

«058
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