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ABSTRACT

An experimental aerodynamic wipd tunnel investigation was conducted employing
a 0.00325 scale model of the McDonnell-Douglas space shuttle orbiter configu-
ration during June, 1971. This investigation was conducted in the NASA/Mar-
shall Space Flight Center lh-‘by 14- Inch Trisonic Wind Tunnel. The purpose
| of the investigation was to determine the serodynamic characteristics of the
orbiter over the Mach number range of 0.4 to 5. O, an angle of sttack variation
from -h degrees to 50 degrees, and -6 degrees to 9 degrees angle of sideslip.
Control surface effectiveness was investigated for elevator, aileron, and

" rudder deflections.

Lockheed-Huntsville conducted this investigation for Marshall Space Flight

Center.
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SUMMARY

Lockheed-Huntsville conducted en experimental aerodynemic 1nvestigation

for Mershall Space Flight Center during June, 1971. The investigation

was conducted in the Mershall Space Flight Center 14- by 1%- Inch Tri-

sonic Wind Tunnel employing s 0.00325 scale model of the McDonnell-Douglas
space shuttle orbiter. The purpose of the investigation was to obtain
serodynamic forces, moments, static stability cheracteristics, and control
effectiveness data. These data were measured frﬁm -4 degrees to 50 degrees
- angle of attack from -6 degrees to 9 degrees angle of sideslip over the Mach
number range of 0.4 to 5.0. Control surface effectiveness was investlgated
by varying the elevator, sileron, and rudder deflection engle. Longitudinal
aerodynamic coefficients are presented in both the body and stability axis

system, while lateral-directional coefficients are presented in body axis

system only.



TABLE I SADSAC NOMENCLATURE OF AERODYNAMIC COEFFICIENTS

COEFFICIENT

SADSAC NOMENC

- & fYYTTYV™Y
LD AU ANVAY

COEFFICIENT NAME
' BODY AXIS 'STABILITY AXIS | WIND AXIS

Ca ~ Total Axial Force CA - -
Cap Base Axial Force CAB -- -
CAF Forebody Axial Force CAF - -
Cp Total Drag Force - CDh CDTOTL
Cpp . Base Drag Force : - CDB CDBASE
CDf Forebody Drag Force - CDF CDFORE
CL Lift Force - CL CL.
CN Normal Force ' CN - -
Cy Side Force CY CY CcC
ey Rolling Moment CBL CSL CWL-
Cm Pitching Moment CLM CLM CPM
Cn Yawing Moment CYN CLN CLN
L/D. Lift-To-Drag Force Ratio - L/D CL/CD
L/D Lift-To-Forebody Drag Force Ratio - L/DF’ CL/CDF
N/A Normal-To-Axial Force Ratio N/A - -
N/A Normal-To-Forebody Axial Force Ratio | CN/CAF - -




CONFIGURATIONS INVESTIGATED

The test ftem was a 0.00325 scaled replica of the McDonnell-Douglas model
’.OOOlh orbiter configuration. Refer to Figure 2 for model baseline dimen-
sions. It is basically a one plece model with provisions mede to obtain
vérious control surface deflections. The modei was composed of the fol-

lowing components:

By - beseline body (model 1)
Wi - baseline wing

Vi -  wing tip fins for Wy

'V3 - wing tip extension for Wy

E - ELEVON for Wing Wl

E> - body elevon (flap)

Do - dorssl fin

Ro - rudder for D,

R - rudder for tip fin Vl

Dimensional information for the above components are presented in the Model
Component Description Section which follows the Figures. The Dataset Col-
lation Sheets illustrate the various component combinations tested, data-

set identiflers, parametric date, end run numbers assoclated with each data-

set.
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TEST FACILITY DESCRIPTION

The Marshall Space Flight Center 14" x 14" Trisonic Wind Tunnel is en inter-
.mittent blowdown tunnel which operstes by high pressure air flowiné from
storage ﬁo either vacuum or stmospheric conditions. A Mach number range
from .2 to 5.85 1s covered by utilizing two interchangesble test sections.
The‘transonic section permits testing at Mach 0.20 through 2.50, end the
supersonic section permits testing at Mech 2.T7h4 through 5.85. Mach numbers
betﬁeen .2 and .9 are obtained 5y using a controllasble diffuser. The range
from .95 to 1.3 is achleved through the“use of plenum suction and perforated
walls. Mach numbers of 1.44, 1.93 end 2.50 are produced by interchangesble
sets of fixed cqntour nozzle blocks. Above Maéh 2,50 a set of fixed contour
nozzle blocks are tilted and translated automatically to produée any desired

'Mach number in .25 increments.

Air is supplied to a 6000 cubic foot storage tenk at approximately -40°F dew
point and 500 psi. The compressor is a three-stage reciprocating unit driven

by & 1500 hp motor.

The tunnel flow is established and controlled with a servo actusted gate
valve. The controlled air'flows.through the valve diffuser into the stilling
chamber and heat exchenger where the ai? temperature can be controlléd from

amblent to approximately lBOOF. The alr then passes through the test section

which contains the nozzle blocks and test regilon.

Downstream of the test section is & hydraulically controlled pitch sector.
thet provides a totsl angle of attack range of 20° (#100). Sting offsets are

avallable for obtaining various maximum asngles of attack up to 250.




TEST CONDITIONS

|

t

 Table 1T listé the tunnel conditions which prevailed during these tests
and states the balpnce accuracy. The large angle of attack range yaé
‘ac¢omplished by three separate runs using the ILockheed designéd vafiableé
;‘angle sting. The angle of attack sweeps were from -4° to 100, 109 to 30°
and 30o to 52° in two degrée increments. Figure 3 shows a typiégl tunnel‘

1nstailation for high angle of attack testing.

Model base pressures were recorded snd utilized to determine a base axial

force coefficient. Location of the pressure orifices 1s shown in Figure 2.

To assure turbulent flow over the model the boundery leyer was ertifically
tripped by grit trensition strips as shown in Figure 4. Transition strip
grit size vas determined by the Braslow end Knox Method, NACA TN 4363,

September, 1958,
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 TABLE I

TEST CONDITIONS
TEST 7wr ¥4

REYNOLDS NUMBER DYNAMIC PRESSURE STAGNATION TEMPERATURE
MACH NUMBER per unit length (pounds/aq. tnch) (degrees Fahrenheit)
o.A 3. Y10 | 2.2 \oo - :
1 oL 5.0 A% oo
o.M S < 5.4 1 ©0
O\Q LD~’S » ) -\-4— i loo
Lt ' L.lo 9.1 100
(' L“Ln (a-S v : q\ ; ’ ‘OD
\ Al 1.0 o, 2 100
4.3 A.Q 1. 100
BALANCE UTILIZED: MSF¢C, No, 232
' COEFFICIENT
CAPACITY: - ACCURACY : TOLERANCE:

NF oo L ElLS vn Xp. 013

SF 1432 LR To 1z te t0.0059

AF SO LK ‘ ] S L *o Qo 2. |

PM 400 IN-.B *rz.0 INSLE o coz1l

YM 192 (N-LB 0.9, |N-LO 1‘2,0213

RM (oo iN-LG oS0 \N-LB 10,0007

COMMENTS :

11




DATA REDUCTION

|
T
i

Six component aerodynamic force and moment data were reduced to coefficient

form using the‘follcwing reference dimensions:

SREﬁ wing planform area = 9.025 in2

]

:ZREF‘ = bpep = body length 6.142 inches

Moments are referenced sbout the c.g8. locastion 3.006 inches aft of the nose
on the model center 1line (see Figure 2). Base axial force coefficlents were

calculated as follows:

CAB = [(p - Pb)/QJ (Ay/Spm)
= + +
Pp (Pbl Po, Pb3)
3
A, = bese srea = 0,551 in2

hp/Spgp = 0.551 1n%/9.025 1n°® = 0.06105

12



SUMMARY DATA PLOT INDEX

Longitudinal Characteristics,
Tip Fin Effects

PLOTTED NOMINAL NOMINAL @  NOMINALB

‘ COEFFICIENTS MACH SCHEDULE SCHEDULE
PLOT TITLE SCHEDULE CONDITIONS VARYING NUMRBER ( DEGREES ) ( DEGREES ) PAGES
IMSC/HREC Orbiter Studies, A Freestream Mach. 0.6-5.0 -h - 52 0 1-7
Longitudinal Characteristics, Number
Mach No. Effects
IMSC/HREC Orbiter Studies, B " Mach Number 0.6-5.0 -4 - 52 0 8
Longitudinal Characteristics,
Mach No. Effects
IMSC/HREC Orbiter Studies, A Elevon Deflection 0.6-5.0 -k - 30 0 9-36
Longitudinal Characteristics, Angle
Elevon Effects
IMSC/HREC Orbiter Studies, B Elevon Deflection 0.6-5.0 -4 - 30 0 37-4o0
Longitudinal Characteristics, Angle
Elevon Effects
IMSC/HREC Orbiter Studies, c Aileron Deflection 0.6-5.0 -4 - 30 0 41-52
Longitudinal Characteristics, Angle
Alleron Effects
IMSC/HREC Orbiter Studies, A Body Flap Deflec- 0.6-5.0 -4 - 30 0 53-66
Longitudinal Characteristics, tion Angle
Body Flap Effects ‘
IMSC/HREC Orbiter Studies, B Body Flap Deflec- 0.6-5.0 b - 30 0 67-68
Longitudinal Characteristics, tion Angle
Body Flap Effects
IMSC/HREC Orbiter Studies, A Configuration 0.6-5.0 -4 - 15 0 69-96
Longitudinal Characteristics, :
Tip Fin Effects
IMSC/HREC Orbiter Studies, B Configuration 0.6-5.0 -k - 15 0 97-100

. '13, L



SUMMARY DATA PLOT INDEX

Baseline Longit. Aero. Charact

o (CONTINUED)
PLOTTED NOMINAL  WOMINAL & FoMimiL B

—- COEFFICIENTS A MACH ' SCHEDULE SCHEDULE )
PLOT TITLE SCHEDULE CONDITIONS VARYING NUMBER _(DEGREES ) ( DEGREES ) PAGES
IMSC/HREC Orbiter Studies, D Angle of Attack & 0.6-5.0 0& 10 0 101-107
Longitudinal Characteristics Mach Number '
Versus Mach No.
IMSC/HREC Orbiter Studies, E Angle of Attack & 0.6-5.0 0& 10 0 108-115
Longitudinal Characteristics Mach Number .
Versus Mach Ro. '
IMSC/HREC Orbiter Studies, F Mach Number 0.6-5.0 20 (0] 116-123

- Longitudinal Characteristics
Versus Mach No. :
IMSC/HREC Orbiter Studies F Mach Number 0.6-5.0 0 -4 - g° 124-126
Lat.-Direct. Characteristics » ' :
Mach No. Effects
I.MSC/HREC Orbiter Studies, F Rudder Deflection 0.6-5.0 0 & 20 6 -9 127-138
Lat.-Direct. Cheracteristics, Angle i
Tip Fin Rudder Effects
IMSC/HREC Qrbiter Studies, F Rudder Deflection 0.6-5.0 0 & 20. -6 -9 139-150
Lat, -Direct. Characteristics Angle - ’ '
Vertical Rudder Effects -
IMSC/HREC Orbiter Studies, F Configuration 0.6-5.0 0 & 20 -6 -9 151-162
- Lat.-Direct. Characteristics.' '

Tip Fin Effects
IMSC/HREC Orbiter Studies, A Angle of Atteck 0.6-5.0 -4 -1l 0 163-197
Baseline Longit. Aero. Charact
Stlng Ef‘fects -
IMSC/HREC Orbiter Studies, B Angle of Attack 0.6-5.0 -b - 1h 0 198-202

1

Sting Effects



SUMMARY DATA PLOT INDEX

( CONTINUED )
PLOTTED NOMINAL NOMINAL @  NOMINAL B
COEFFICIENTS MACH SCHEDULE SCHEDULE
PLOT TITLE SCHEDULE CONDITION VARYING NUMBER ( DEGREES) _(DEGREES ) PAGES
IMSC/HREC Orbiter Studies, F NA 0.6-5.0 0 -6 -9 203-220
Baseline Lat.-Direct. Charact.,
Sting Effects :
IMSC/HREC Orbiter Studies, A NA 0.6-0.9 b -1k 0 221-234
Sting Effects on Elevons,
Delta Elevon{1l)=-10 Deg.
IMSC/HREC Orbiter Studies, B NA 0.6-0.9 <k - 14 0 235-236
Sting Effects on Elevons,
Delta Elevon(1l)=-10 Deg.
IMSC/HREC Orbiter Studies, A NA 0.6-0.9 -4 - 15 0 237-250
Sting Effects on Elevons,
Delta Elevon(1)=+10 Deg.
IMSC/HREC Orbiter Studies, B NA 0.6-0.9 -4 - 15 0 251-252
Sting Effects on Elevons,
Delta Elevon(1)=+10 Deg.
IMSC/HREC Orbiter Studies,
Sting Effects on Elevons, A NA 0.6-0.9 -4 -1} 0 253-266
Delta Elevon(l)= -20 Deg. ‘
IMSC/HREC Orbiter Studies, B NA 0.6-0.9 b -1l 0 26T7-268
Sting Effects on Elevons,
Delta Elevon(l)= -20 Deg.
IMSC/HREC Orbiter Studies, Sting c NA 0.6-0.9 -4 <1l 0 269-274
Effects on Ailerons, Delta Aile--
ron = 10 Deg. )
IMSC/HREC Orbiter Studies, Sting c NA 0.6-0.9 ooy o 275-280

Effects on Ailerons, Delta Aile-

ron = 20 Deg.




SUMMARY DATA PLOT INDEX

Baseline Aileron Effects,
Bent Sting

Angle

~(coNTINUED)
. PLOTTED NOMINAL  NOMINAL @ NOMINAL B
COEFFICIENTS MACH SCHEDULE = SCHEDULE

PLOT TITLE SCHEDULE CONDITIONS VARYING NUMBER . (DEGREES) (DEGREES) PAGES
- IMSC/HREC Orbiter Studies, F - NA 0.6-0.9 0 -6 -9 281-286

Sting Effects of Rudders, :

Delta Rudder(2)=0 Deg.

IMSC/HREC Orbiter Studies, F NA 0.6-0.9 0 -6 -9 287-292

Sting Effects of Rudders,

Delta Rudder(2)=10 Deg.

IMSC/HREC Orbiter Studies, F NA 0.6-5.0 0 -6 -9 293-304

Sting Effects on Upswept Tip

IMSC/HREC Orbiter Studies, A Mach Number 0.4-5.0 -5 - 52 0 305-318

Baseline Longit. Charact., )

Bent Sting

DMSC/HREC Orbiter Studies, B Mach Number 0.4-5.0 45 - 52 o 0 319-320

Baseline Longit. Charact.,

Bent Sting

IMSC/HREC Orbiter Studies, A Elevon Deflection 0.6-5.0 -5 - 52 ) 321-348
" Baseline Elevon Effects, Angle

Bent Sting }

IMSC/HREC Orbiter Studies, B Elevon Deflection 0.6-5.0 -5 - 52 0 3kg9-352

Baseline Elevon Effects, Angle
- Bent Sting

IMSC/HREC Orbiter Studies, c Aileron Deflection 0.6-1.95 -3 0 353-361

16



SUMMARY DATA PLOT INDEX

( CONTINUED)

PLOTTED COEFFICIENTS SCHEDULE:

SCHEDULE A

CIM wvs.
CL vs.
CD vs.
L/D vs.
CN vs.
CA vs.
CAB vs.

AR ARRAR R

SCHEDULE D

CIM vs.
CL vs.
CD vs.
L/D vs.
CN vs.
CA vs.
CAB vs.

MACH
MACH
MACH
MACH
MACH
MACH
MACH

SCHEDULE B

CL wvs.

CIM

SCHEDULE E

CIM
CL
CD
/D

CA

CAB
XCP/C

17

vs. MACH
vs. MACH
vs. MACH
vs. MACH
vs. MACH
vs. MACH
vs. MACH
vs. MACH

SCHEDULE C
CYN wvs.
CcY vSs.
CBL, vs.

RRAN

SCHEDULE F

CIN vs. B
CY vs. B
CBL vs. 8



FIGURES

18



Notes:. .

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

2, For clarity, origins of wind and stability
axes have 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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Grit No, 180

Grit No. 150

0.05 Chord
(Typ ~ Wings
& Fins)

Note: Grit is Carborundu=,
All Strips are 1/8
in, Wide :
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MODEL COMPONENT DESCRIPTION SHEETS
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MODEL COMPONENT: BODY - j3 |

GENERAL DESCRIPTION: Lascrine dooy [ Moos )
DRAWING NUMBER: . Ausieodo
DIM\ENSIONS: : | FULL-SCALE | MODEL SCALE
Length | ' VA VA IV o, /42 ¢,
Max. Width | 2779 sa/ zizi‘z (L,
Max. Depth - 20/l.2 4y 2, .32_2 "'d'.
Fineness Ratfio ' - —
Area 4 ‘
~Max. Cross-Sectfonal L — — .‘
Planform Y39 r* bl /N*
Wetted — ' T
Base 365 Frt osgiin’

24



MODEL COMPONENT: \n/ |

25 -

GENERAL DESCRIPTION: Sl i snves  winis, (pMovee 7))
DRAWING NUMBER: Arss 2085
DIMENSIONS : FULL-SCALE MODEL SCALE
. ‘ ' G Y
TOTAL DATA
Area )
zlanfgrm 5599 g% 1071 Iy ©
ette — —
Span (equivalent) 106! N, 3 AL L 4l
Aspect Ratio [. 20 Y
Rate of Taper: — —
Taper Ratio Q. 2.l C.2la?
Diehedral Angle, degrees (0. 2.& (O, 2 5
Incidence Angle, degrees — _—
Aerodynamic Twist, degrees = —_
Toe-In Angle -— —_
Cant Angle . — —
Sweep Back Angles, degrees
Leading Edge le 8.0 2.0
Trailing Edge 2.0, 20, =
0.25 Element Line b2 = lo 2, o7
Chords: ' ‘
Root (Wing Sta. 0.0) (F e L. {602 /.
Tip, (equivalent) ' 3Tl i 2.0/ ,
MAC 07,2 N 7 /.
Fus, Sta. of .25 MAC |50, 24N 7 N,
g{ of .25 MAC _— —
- B.L. of .25 MAC ~
Airfoil Section M 2L (N
Root — —
Tip — —
EXPOSED DATA —_—
Area Qi #r° Y. 947 M.
Span, (equivalent) Lf2.7 /. 2.219 ;4.
Aspect Ratio 2.2%2< Q.72
Taper Ratio o 3692 A
Chords
¥¢1’°t Leez /4, 256 /u.
P 26 N, L2l .,
MAC 73%&& 2.397 /4.
Fus. Sta. of .25 MAC — : —
W.P. of .25 MAC — L —
B.L. of .25 MAC —_—



'MODEL COMPONENT: P2

GENERAL DESCRIPTION: Dpzsde Fn [ Puitch.  supFdcc.

/WJLUVEDD

DRAWING NUMBER: A/sz052

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:
Tip, (equivalent)
MAC '

Fus. Sta. of .25 MAC
W.P. of .25 MAC
B.L. of .25 MAC
Afrfoil Section
Root .
Tip
EXPOSED DATA ~— ~/A

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

26

Root 2Ning Sta. 0.0)

T IIT B R Pt

|
FULL~SCALE MODEL SCALE
(0.00325 )

222.1 £T

—

/ b,d/z’“,‘

o g’ggAaoj
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MODEL COMPONENT: /A~ /

GENERAL DESCRIPTION: Lrevpn) rFor Wing W/  Coum,

LRE [oR  oNE EriEVor) oL AUE AP E Loy

THE 4;:.6?“)

~ DRAWING NUMBER:

DIMENSIONS:

Area

Span (equivalent)

Inb'd equivalent chord
Outb'd equivalent chérd

Ratio movable surface chord/
total surface chord

At Inb'd equiv. chord
At Oufb'd equiv. chord
Sweep Back Angles, degrees
Leading Edge
Tailing Edge
Hingeline
Area Moment (Normal to hinge 1ine)

FULL-SCALE

23856 £r°

MODEL SCALE
(0.00725

Ny ‘




 MODEL COMPONENT: /£ 2.

GENERAL DESCRIPTION: Booy Leammyor) (Fegdp)
DRAWING NUMBER: dis2o54
DIMENSIONS : | - FULL-SCALE * MODEL SCALE
, 0032 S
Area _ 12l 2d 7™ 0. 268 JNT
Span (equivalent) 2. YLET /O Z in
Inb'd equivalent chord | k. b1 ~1T Q.260 (1
Outb'd equivalent chord le ol E£T 2. 260 N
Ratio movable surface chord/
total surface chord ,
At Inb'd equiv. chord — — -
At Outb'd equiv. chord | . -
Sweep Back Anglés. degrees |
Leading Edge = o0 0.0
Tatiling Edge 2.0 a0
Hingeline | | o. 0 0,0
Area Moment (Normal to hinge 1ine) —_—— —
f
28
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MODEL COMPONENT: &2 2

GENERAL DESCRIPTION: &ppee  Fop D2 (plasensoms

ARE  rRop L & 2F Eopﬂg-k)

DRAWING NUMBER: | 452052
DIMENSIONS: | - FULL-SCALE  MODEL SCALE
(o.00225
Area | 269,027~ o 429 W
Span (equivalent) | 274 Y. _0.39Z su.
Inb'd equivalent chord - 159.4 (N, 2,512 /M.
Outb'd equivalent chord - [elg,, £ cod. 0. 347 @.
Ratio movable surface chord/ '
total surface chord
At Inb'd equiv. chord o, 36 o, 3l
At Outb'd equiv. chord | 0.36 0. 26
Sweep Back Angles, degrees
Leading Edge | 32.6° 22,4°
Tailing Edge 25.2° 22,%°
Hingeline - 32,2° | 2z,2°
Area Moment (Normal to hinge H_ne) B —

29 .



MODEL COMPONENT: £ 3

GENERAL DESCRIPTION: & ppip  rom oo Ewe Vi Pias.

Adie = FEorqg Lg£, aﬁ‘gz&&Z*,g'ﬂkE ek oME

Lorrer _ esty)

DRAWING NUMBER:

DIMENSIONS :

Area

Span (equivalent)
Inb'd equivalent chord
Outb'd equivalent‘chord

Ratio movable surface chord/
total surface chord

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

Tailing Edge

Hingeline

Alszos4

Area Moment (Normal to hinge line)
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FULL-SCALE

gzt/‘:S ,c;—"‘ |

382, 9 /0.

13

MODEL SCALE
(e.o032S

-

N_ASA-QASF(‘-HA &



MODEL COMPONENT:

- GENERAL DESCRIPTION: __\6//,«/4 TP FIiN Folk

\YAY i

SHOW N [ L

oML )

1/ /

(P/merﬂﬁ =Y VE]

SY B g

A

o

-
o~

=7,

DRAWING NUMBER:

 DIMENSIONS :

TJOTAL DATA

~ Area

Planform
Wetted

Span (equivalent)

Aspect Ratio

Rate of Taper:

Taper Ratio

Ais2054

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:
Tip,
MAC

Root (Wing Sta. 0.0)
equivalent) ’

Fus, Sta. of .25 MAC

W.P. of .25 MAC-
- B.L. of .25 MAC
Airfoil Section '

Root
Tip

Area

Span, (equivalent)

Aspect Ratio
Taper Ratio
Chords .
Root
Tip
MAC

EXPOSED DATA ~— A /A

Fus. Sta. of .25 MAC

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

31
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FULL-SCALE

10, 2
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362,29/
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- MODEL COMPONENT: V 2

'GENERAL DESCRIPTION: b//wg 712 sxrensSion rfor Wi

(jﬂﬁmfmwous ﬁMgﬁa,A%ﬁL_ﬁuL_ﬁMG-z@Mj;ﬂNLVl i}

DRAWING NUMBER:

DIMENSIONS ¢

TOTAL DATA

Area

Planform
Wetted

AlSz o5

w
~
0
’E
P

Span (equivalent)

EXPOSED DATA

Aspect Ratio

Rate of Taper

Taper Ratio

Diehedral Angle, deérees
Incidence Angle, degrees
Aerodynamic Twist, degrees

Toe-In Angle
Cant Angle

Sweep Back Angles, degrees

Leading Edge
Trailing Edge

0.25 Element Lin

Chords:

Root W .. .51
Tip, (equivalent) -~
MAC

Fus. Sta. of. .25 MAC
W.P. of .25 MAC -

B.L. of .25 MAC
Airfoil Section

Root
Tip

Area

Span, (equivalent)

Aspect Ratio
Taper Ratio
Chords
. Root
Tip
MAC

~ N/A

Fus.

NQP.
B'L.

Sta. of .25 MAC
of .25 MAC
of .25 MAC

32

FULL-SCALE

o
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»
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|1

MODEL SCALE
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 NOMENCLATURE

(General)
SADSAC :
SYMBOL SYMBOL DEFINITION
a : ALPHA angle of at'ta‘ck, engle between the projection
: - of the wind X, -axis on the body X, Z-plane and
the body X-axis; degrees
B BETA sideslip engle, angle between the wind X, -axis
' and the projection of this axis on the body
X-Z~-plane; degrees
) PST yew angle, angle of rotation about the body
: Z-axis, positive when the positive X-axis 1is
rotated toward the positive Y-axis; degrees
¢ PHI roll angle, angle of rotation about the body
X-axis, positive when the positive Y-axis 1is
rotated toward the positive Z-axis; degrees
P ~ air density; Kg/m3, slugs/£t3
a IR speed of sound; m/sec, ft/sec
\'S B v Sspeed of vehicle relstive to surrounding
atmosphere; m/sec, ft/sec
q | QiPSI; dynamic pressure; 1/2PV€ psi, psf
: Q(PSF) '
M = MACH Mach number; V/a
RN/L RN/L Reynolds number per unit length; million/ft
p ' ~ static pressure; psi
P total pressure; psi
Cp CP pressure coefficient; (p-pw)/q

33



SIMBOL

ol

lref
bref
Ap

c. g.
MRP

SADSAC
SYMBOL -

SREF

MRP

NOMENCLATURE (Continued)

Reference & C. G. Definitions

DEFINITION

wing erea; m2, £t°

reference srea; m2, £1°

ving meen serodynemic chord or'reference'
chord; m, ft, in (see L op O LREF)

reference length; m, f£t, in.; (see 2)
wing span or reference span; m, ft, 1n
base ares; m?, ft2, ing |

center of gravity

abbreviation for moment reference point

abbreviation for moment reference point
on X-axis

abbreviation for moment reference point
on Y-axis ‘

abbrevistion for moment reference point
on Z-axis

. "

'



~ NOMENCLATURE (Continued)

Axis System General

SYMBO | DEFINITION
F | . force; F, 1bs .
M moment} M, in-1b
Subscript’ | _ Definition
N : , normal force
A exial force
L 1ift force
| D drag force
Y force of moment about the Y axis
Z moment sbout the Z axis
X moment about the X axis
8 ' stabi;ity'axis aystem
W  wind axis system
ref ‘ " reference conditions
0 o - o ’ . - Pree stréam conditions
t ' | : totél condlitions
b S } ~ base

B



SYMBOL

&P

&

L/p
L/Dg

XCP/c

NOMENCLATURE ( Continued)
Body & Stability Axis System

gxg;gg DEFINITION
=== ===t iU

Body Axis System
CN normal force coefficient; Fy/q8
cA axisl force coefficient; Fp/as
CAB base axial force coefficlent;

[-l] [(pb - pm)/QJ (A/8)

CAF forebody axial force coefficient QA - CAb
C‘YN. yawing moment coefficient; M,/qS b, ;
CBL rolling moment coefficient; Mx/qS bpesr

Common to Both‘Axis Systéms

CIM Pitching moment coefficient; My/a8 £res

cY side force coefficient; Fy/qs

Stability Axis System

CL 11ft force coefficient; Fr/qs

CD ) drag force coefficient; Fp/as

CDB | base drag coefficient

CDF fo,rebody drag coéfficient; CD' - CDb

CIN | ya.lwing moment coeffilcient; Mz, ¢/a8 bres
oL rolling moment coefficlent; My /S b,
L/p 11ft-to-drag ratio; Cp/cp

L/OF 1ift to forebody dreg ratio; CL/Cn,
DCIM/CL longitudinal static stability derivative

36



SYMBOL

SURFACE

SUBSCRIPTS

SADSAC
SYMBOL

HORIZT

AILRON

- ELEVON

FLAP
RUDDER
SPOILR
TAB

AIL-L
AIL-R

- ELVN-L
ELVN-R
SPIR-L -

SPLR-R

NOMENCLATURE (Continued)

Surface Definitions

DEFINITION

horizontal teil incidence; positive when
trailing edge down; degrees

symnetricel surface deflection angle; degrees;
poslitive deflections are:

alleron -~ total alleron deflection;
(left sileron - right aileron)/2
canard - trailling edge down

elevon - trelling edge down

elevator - trailing edge down

flap ~ treiling edge down

rudder ~ trailing edge to the left
spoiler ~ trailing edge down ’

tab - trailing edge down with respect

to control surface

antisymmetrical surface deflection angle, degrees;
positive tralling edge down:

left aileron trailing edge down

right sileron tralling edge down

left elevon treiling edge down

right elevon trailing edge down

left spoiler trailing edge down

right spoller trailing edge down

DEFINITION

alleron

base

canard

elevator or elevon
flap

rudder or ruddervastor
spoiler

tall

3T
=7



TABULATED DATA LISTING

.A tabulated date listing, consisting of all serc deta sets, both original
and those created in arriving at the plotted material to be presented subse-

quently, 1s avallable as an addendum to this report. The tebular listing is
made up in two sections:

. (#) a brief summary 1list of all data sets containing the identifier,
the descriptor, and the resident dependent variables.

(b) e full list of all dats sets conteining all resident or
selected serodynemic coefficients of the data sets as well as
the sbove mentioned informetion.

The liéting is currently sent on limited distribution to the following organ-
izations:

NASA AMES Mr., V. Stevens
NASA MSFC Mr. J. Weaver
IMSC HREC Mr. R. R. Ellis

If coples of this listing are desired, please contact the sbove or the cog-
nizant SADSAC personnel who, for this deta, 1s:

Mr. J. R. Ziler

Department 2780

Chrysler Corporation Space Division -
New Orleans, La. 70129

(504) 255-2304

38



PLOTTED DATA
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LMSC/HREC URBITEB STUDIES LGNGITUDINAL CHARACTERISTICS. HACH NO. EFFECTS
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SYNBOL  MACH FARAMETRIC VALUES C REFERENCE INFORMATION
G,596 BETA B.000 ELEVNl 6,606 ~ SREF 9.02506 SQ.IN.,
0,901 RUDER3 0, 6uL . S . . LREF 6.1420 INCHE S
. . . . . BREF 6.1420 INCHES
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LMSC/HREC URBITER STUDIES » LONGI TUDINAL CHARACTERISTICS.

HACH NO EFFECTS
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ANGLE OF ATTACK, ALPHA, DEGREES
SYMBOL  MaCH ) FARAMETRIC VALUES . : REFERENCE INFORMATION .
8 0.596 BETA U.0UG ELEVNI G.6GG SREF 9.0250 Sa. 1IN,
! LREF - 6.1420 INCHES
0'9“_ RUCER3 8.606 ) BREF 6.1420 . INCHES
% 1.100 : XMRF 3.9950 INCHES
1.473 YMRF u.0000 INCHES
1,974 ZMRF - G,.1350 INCHES
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MSFC TWT 494 MSFC/LMSC ORBITER "BIWIVIE] (D3616S8) 22 SEP 71 PAGE 2



LMSC/HREC ORBITER STUDIES LONGI TUDINAL CHARACTERISTICS. MACH NO. EFFECTS
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0.0 .

P S PR S PRI ST S NS ST a2 NS R N .
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ANGLE OF ATTACK. ALPHA, DEGREES
SYMBOL  MACH FARAMETRIC VALUES . REFERENCE INFORMATION

6.596 BETA G. 0G0 ELEVN1 5,060 SREF 9.02505 s@.IN.

6.501 RUCER3 6,660 : LREF S.1420 INCHES

i BREF 6.1420 INCHE S

Q 1.108 _ XMRE . 3.9950 INCHE S
1.473 ] : YMRF 0.60060 INCHES

1.974 X | ZMRF - G,1350 INCHES

: CALE U.GO33 ALE

D 4,959 DATA HIST. CGLE RGE s - e scaL

MSFC TWT 434 MSFC/LMSC ORBITER BIWIVIEL  (D3616S) 22 SEP 71  PAGE 3



LMSC/HREC{GRBITER STUDIES1L0NGITUDINAL'CHARAQIERISTICS. MACH NO. EFFECTS
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SYMBOL  MACH FARAMETRIC VALUES . REFERENCE INFORMATION
g u.596 BETA 6.o00 ELEVN1 u.666 . SREF 9.0250 s@.IN.
6.901 RUDER3 0. 600 LREF 6.3420 INCHES
VoER e : . . : BREF 6.1420 INCHES
o 1.100 . XMRF 3.9950 INCHES
1,473 : YMRF U.,0000 INCHE S
1.974 ZMRF - 0.,1350 INCHES
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LMSC/HREC ORBITER STUDIES. LUNBITUDINAL CHARACTERISTICS. MACH NO. 'EFFECTS
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ANGLE OF ATTACK, ALPHA. DEGREES
SYMBOL MACH FARAMETRIC VALUES : : ) REFERENCE INFQRMATION
2 0.596 BETA 6,000 ELEVN2 6,000 o : ) SREF 9.0250 $a.IN,
G.9061 RUCER3 G.ooo LREF 6.1420 INCHES
’ . . BREF 66,1420 INCHES
O 1.100 . ) XMRF 3.9950 INCHES
1,473 YMRF u,0000 INCHES
1.974 : ZMRF - 0,1350 INCHES
" : CALE G.,0033
D 4,959 CATA HIST. CCDE 2GFE s : SCALE

MSFC TWT 484 MSFC/LMSC ORBITER BIWIVIEL (D3616S) 22 SEP 71 PAGE 5



LMSC/HREC ORBITER STUDIES, » LONGITUDINAL CHARACTERISTICS. MACH RO, EFFECTS
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LMSC/HREC ORBITER STUDIES,LONGITUDINAL CHARACTERISTICS, MACH NO. EFFECTS
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LMSC/HREC ORBITER

STUDIES, LONGITUDINAL CHARAC

TERISTICS,

MACH NO. EFFECTS

B L4 L 2 4 ¥ LIS 2 1 L] mr7r T LN S J T LANER 3 LA 4 T T L LA ¥ I T 7 LENR 8 v r
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' PITCHING MOMENT COEFFICIENT, CLM
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g MSFC TWT 494 MSFC/LMSC ORBITER BiwilviEL -0.300 g.600 G.00G SREF 9.,0250 S@.IN.
MSFC TWT 494 MSFC/LMSC ORBITER ‘BiwilVIEIR3 -0.300 - G.O60 15,0450 LREF €.1420 INCHES
MSFC TWT 494 MSFC/LMSC ORBITER BiWIVIELR3 -0.300 G.050 20,000 BREF 6.1420 INCHES
MSFC TWT 494 MSFC/LMSC ORBITER Biwivigs 20,450 G.000 D.0GU XMRF 3,9950  INCHES
MSFC TWT 434 MSFC/LMSC ORBITER Biwi VIEL1R3 .20.450 6,060 10,600 YMRF U.00006  INCHES
D MSFC TWT 494 MSFC/LMSC ORBITER BiIWiIVIELR3 20.450 o.000 20,000 ZMRF - U.1350 INCHES
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‘ SIDE SLIP ANGLE. BETA, DEGREES
SYMBOL  CONFIGURATION CESCRIFTION ) ALFHA ELEVN!  RUDER3 REFERENCE INFORMATION
R MSFC TWT 494 MSFC/LMHSC ORBITER BiwiviEL -G.300 0,060 0,000 SREF 9.0250 . S@.IN,
MSFC TWY 494 MS5FC/LMSC ORBITER B1WIVIELRS -G,3G0 0,000 10,000 LREF 6.1420 INCHES
MSFC TWT 494 MSFC/LMSC ORBITER BlwiviEiIR3 -0.300 G.GO00 20.au0 BREF 6.1420 INCHES
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SIDE SLIP ANGLE., BETA. DEGREES
SYMBOL  CONFIGURATION CESCRIFTION ALFHA RUCER3 REFERENCE INFORMATION

494 MSFC/LMSC -0.360 6,066 SREF 9.0250  §@.IN.

AVAILABLE FOR ALL CONCITIONS -0.360 10,600 LREF 6.1420 . INCHES

AVAILABLE FOR ALL CONCITIONS ~6,.300 206,660 BREF 6.1420  INCHES

494 MSFC/LMSC 20.4506 0.660 XMRF 3.9950  INCHES

AVAILABLE FOR ALL CONCITIONS 20.450 16,660 YMRF G.0D0D  INCHES

AVAILABLE FOR ALL CONCITIONS 20.450 26,000 ZMRF 0.1350  INCHES
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SIDE SLIP ANGLE. BETA, DEGREES. \
COMFIGURATION CESCRIFTION ’ 3 ALFHA ELEVN1 RUDER3 REFERENCE INFORMATION
8 MSFC TWT 494 MSFC/LMSC ORBITER BilwiviEL’ -0.3060 6,000 b, OLG SREF 9.0250 S@.IN,
CATA NOT AVAILABLE FOR ALL CONDCITIONS -0,306 0.650 10,000 LREF 6.14206 INCHE S
CATA NOT AVAILABLE FOR ALL CONDITIONS -0.300 G.060 20,000 BREF 6.1420. INCHE S
-MSFC TWT 494 MSFC/LMSC ORBITER BiwiviEl 26,450 G,000 G.000 XMRF 3.9950 INCHES
CATA NOT AVAILABLE FOR ALL CONCITIONS 2l .450 G,600 10,006 YMRF g.0u60 INCHES
D CATA NOT AVAILABLE FOR ALL CONCITIONS 20.4_5G G.Go0 20,060 ZMRF -~ 0.1350 INCHES
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-SIDE SLIP ANGLE, BETA, DEGREES
SYMBOL  CONFIGURATION CESCRIFTION ALFHA ELEVNI  RUBER3 REFERENCE INFORMATION
g MSFC TWT 494 MSFC/LMSC ORBITER BiwWiViE1 -0.,366 G.0060 6,606 SREF 9.0250  s@.IN.
MSFC TWT 494 MSFC/LMSC ORBITER B1WiV1ELR3 -6,300 B.00G 36.06GG LREF 6.1420  INCHES
MSFC TWT 494 MSFC/LMSC ORBITER BiwiVIELIR3 -G,300 G.000 26,006 BREF 6.1420  INCHES
MSFC TWT 494 MSFC/LMSC ORBITER BiwiviEl 20.450 6.0G6 0,000 XMR P 3.9950 INCHES
MSFC TWI 494 MSFC/LMSC ORBITER BIWLVIELIR3 20.450 0,000 16,000 YMRF 0.0000 | INCHES
[y MSFC TWT 494 MSFC/LMSC ORBITER BIWIVIELR3 20,450 G.GGG  2G.060C ZMRF - U.1350  INCHES
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MSFC TWT 494 MSFC/UMSC ORBI TER BIWIVIELIR3 -0.,3006 b.bLGo 10,000 LREF 6.1420 INCHES

HSFC TWT 434 MSFC/LMSC ORBITER BIWiIVIELIR3 -0.306 6,000 2u.,.0uu BREF §.1420 INCHES.

HMSFC TWT 494 MSFC/LMSC ORBJ TER BiwWiViE) 20.450 0,000 o,0006 XMRF 3.99506 INCHES

MSFC TWT 494 MSFC/LMSC ORBITER BIWIVIELIR3 20..450 G, aag 16,060 - YMRF v.a000 INCHES

D MSFC TWY 494 MSFC/LMSC ORBITER BIWIVIEIR3 20.450 a,o60 26,0060 -ZMRF -~ G.1350 INCHES
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SIDE SLIP ANGLE, BETA, DEGREES
SYMBOL  CONFIGURATION LESCRIFTION } ALFHA ELEVNT  RUDER3 REFERENCE INFORMATION
8 MSFC TWT 494 MSFC/LMSC ORBI TER BiwWiVviEl -0,300 6,060 G, 000, SREF 9.0250 S@.IN,
CATA NOT AVAILABLE FOR ALL CONDCITIONS -G.360 6,600 16,560 | LREF 6.1420 INCHES
CATA NOT AVAILABLE FOR ALL CONCITIONS. -0.360 G.G00  20.GUD BREF 6.1420 INCHES
MSFC TWT 494 MSFC/LMSC ORBITER BiwWiVIES 20,456 .00 8.600 XMRF 3.9950 INCHES
CATA NOT AVAILABLE FOR ALL CONCITIONS 20,450 0,060 1G.000 YMRF U.6o00 INCHES
D CATA NOT AVAILABLE FOR ALL CONCITIONS 20,450 6,000 2au.0gu0 ZMRF - 0.13506 INCHES
A CH SCALE 0.0033 SCALE
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SIDE SLIP ANGLE, BEGREES
CONFIGURATION DESCRIFTION RUCER3 REFERENCE INFORMATION
MSFC TWT 494 MSFC/LMSC . ) 0,660 SREF . S@.IN,
CATA NOT AVAILABLE FOR ALL CONDITIONS 10,000 LREF INCHES
DATA NOT AVAILABLE FOR ALL CONCITIONS 20,000 BREF INCHES
MSFC TWT 494 MSFC/LMSC 0,000 XMRF INCHES
CATA NCT AVAILABLE FOR ALL CONCITIONS 16,060 YHRP INCHES
DATA NOT AVAILABLE FOR ALL CONCITIONS 20,0600 . ZMRF INCHES
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_ SIDE SLIP ANGLE. BETA, DEGREES '
SYMBOL CONFIGURATION CESCRIFTION ALFHA . ELEVN? RUCER3 REFERENCE INFORMATION
g MSFC TWT 494 MSFC/LMSC ORBI TER BilWlVIE1L -0.300 0,068 0.060 SREF ) 9.0250 SQ.IN,
MSFC TWT 494 MSFC/LMSC ORBI TER BIWlVIEIR3 -0.,300 o.aGo 16.060 LREF 6.1420 INCHES
MSFC .TWT 494 MSFC/LMSC ORBITER BIWIVIELIR3 . =0.3060 u.0Go 26,6060 BREF 66,1420 INCHES
MSFC TWT 494 MSFC/LMSC ORBITER BiIWiVIEL 20,450 0,000 0U.000 XMRF 3.995G INCHE S
MSFC TWT 4948 MSFC/LMSC ORBI TER BIWIVIELIR3 206,450 6,660 10.0060 . YMRPF U,0000 INCHE S
D MSFC TWT 494 MSFC/LMSC ORBI TER BI1WIVIEIR3 20,450 G,GG0 20.000 ' ZMRF - U.1350 ° INCHES
MACH o.597 . SCALE g,0033 SCALE

.



LMSC/HREC ORBITER STUDIES,LAT, -DIRECT. CHAR‘ACTERI'STICS.

.08
.08
.04
fan)
wn
; .03
< .
>
)]
© .02
m
—
J
D,

ROLL ING MOMENT COEFFICIENT.
o
N

-.04

-.06

CATA SET

tE3eu1p)
(A36300)
(A3611p)
(A36G16)
(A3610¢)
{A36116)

TIP FIN RUDDER EFFECTS

},'_" YTrTT rTrTTrT TTrrI LAN A Ty 'l!‘ AL 2 0 ) L2R 20 28 § TPIT TR YYTY rTrrrs TTr+ryrrirr TITT TYrYr L L AR § rrry
r -~
s 4
[ 1
4 -
s 4
L .
L .
| ‘ 4
i ]
L¢ g )
“‘"“‘-ﬁ
3 1
4 -
lﬂﬂ:::: ~\\‘~\7\\~s~
[ &L : e B ]
\\\ // - 1
S e E/
L
. i
A .
s d
! E
s .
S N
H N
| B
J
4 N
R e T E WS EY WYY FEUWY PR SFUTTER P T T DT T PO T
8 -7 - 6 -5 - 4 -3 -2 -1 0 1 2 3 4 . 5 € 7 8 8 10
, SIDE SLIP ANGLE. BETA., DEGREES : A
SYMBOL CONFIGURATION DESCRIFTION_ . ALFHA ELEVN1 RUCER3 REFERENCE INFORMATION
MSFC IWT 494 MSFC/LMSC ORBITER - BiwiviEs -0.3D0 0.0060 6,600 SREF 9.0250 S@.IN,
MSFC TWT 494 MSFC/LMSC ORBITER BiWIVIELIR3 -0.300 0.0006 10,600 . LREF 6.1420 INCHES
MSFC TWT 494 MSFC/LMSC ORBJ TER BIWIVIELIR3 -0.,300 B.000 20.006 BREF 6.1420 INCHES
MSFC TWT 494 MSFC/LMSC ORBITER BiwiviEs 20,450 L.0Ga G.0606 XMRF 3.9950 INCHES
MSFC TWT 494 HSFC/LMSC ORBITER B1WIVIELR3 20,450 6,660 10,000 YMRF uv.opu0 INCHES
E) MSFC TWT 494 MSFC/LMSC ORBITER BilWIVIELIR3 20.456 u,600 20,000 ZMRF - u.1350 INCHES
SCALE G,0033 SCALE
MACH 0.900 .
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"SIDE SLIP ANGLE, BETA., DEGREES
SYMBOL CONFIGURATION CESCRIFTION ALFHA ELEVN1 RUCER3 REFERENCE INFORMATION
8 MSFC TwT 4354 MSFC/LMSC ORBITER BlwiviES -G.300 0,066 0.66u0 - SREF g.0250 SQ.IN,
CATA NOT AVAILABLE FOR ALL CONCITIONS -0.360 U.606 16,0060 LREF 6.1420 INCHES
CATA NOT AVAILABLE FOR ALL CONCITIONS ~G.,300 0,600 20.0606 BREF 6.1420 INCHES .
MSFC TWT 494 MSFC/LMSC ORBITER Biwivigid 20.450 6,000 U.600 XMRF 3.9950 - INCHES
CATA NOT AVAILABLE FOR ALL CONDITIONS 20,450 6,000 16,000 YMRF g.0000 \INCHES
D CATA NOT AVAILABLE FOR ALL CONDITIONS 20,450 0,600 20.0600 ZMRF - 0,1350 INCHE S
. : -SCALE D.ou33 SCALE
MACH 1.872 .
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SIDE SLIP ANGLE. BETA., DEGREES
CATA SET SYMBOL  CONFIGURATION CESCRIFTION ALFHA ELEVN?  RUCER3 REFERENCE .INFORMATION
(E36DIC) Q MSFC TWT 494 MSFC/LMSC ORBITER BIWIVIE1 -0.300 U.0GU u.000 - SREF 5.0250  sa.IN,
(A361060) CATA NOT AVAILABLE FOR ALL CONCITIONS -0.360 6.086  1v0,000 LREF 6.1420  INCHES
CA36110) CATA NOT AVAILABLE FOR ALL CONCITIONS ~-0.3060 6,006 20.000 BREF 6.1420  INCHES
(A36D036) MSFC TWT 394 MSFC/LMSC ORBITER BIWIVIES 20,450 G.660 0.000 XMRE 3.9950  INCHES
(A36106) CATA NOT AVAILABLE FOR ALL CONCITIONS 20.450 0,666 10,086 YMRP U.UGOYO  INCHES
€436116) [y CATA NOT AVAILABLE FOR ALL CONCITIONS 20,450 0.0G0 20,066 2ZMRF - D.1350 INCHES
) : SCALE 0.0033  scaLE
MACH 4.960 - -5



LMSC/HREC URBITER STUDIES, LAT. -DIRECT, CHARACTERISTICS.
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VERTICAL RUDDER EFFECTS

L1

rrTY TTrTrT YTrrry L LB ] LLAE 2 § T TY Trry LALL 2 ¥rrrr FTTTT TTTrT Trrvy r7rrr rryrrT LR r‘
L E
[ 4
| g
L -
L -
o -
L N
o . T
i //”"<> ]
- .
=
[ 7 B
- ~ = i ]
! C}___—__—.——E}__—ﬂ“ S —————1E;:::: R
s ""‘f”/f’ v -4
' T B S ]
F . L————— . -1
L <’ ———’—”:k_-‘-__ ) -
L 1 .
]
§ -
8 o
o . . b |
Lasd 25,8 .2 P WY L2 i & L h gk bkt g (W AU WA W L a g AL A} FOE W AW A Loasa b4 4 ia g et 3
8 -7 - 6 -~ 5 -4 -3 -2 -3 [+] S 2 3 4 5 6 L4 8 9 10
SIDE SLIP ANGLE. BETA. DEGREES
SYMBOL  CONFIGURATION CESCRIFTION ALFHA ELEVNL1 ' RUDER2 REFERENCE INFORMATION
MSFC TWT 494 MSFC/LMSC ORBITER Biwiv3L2ELIR2 -G.360 o.ou6 G.6060 SREF 9,6250 Sa.IN.
MSFC TWT 494 MSFC/LMSC ORBITER BiwWlv3D2ELIR2 ~-0.300 6,660 16,0006 LREF 66,1420 INCHES
MSFC TWT 494 MSFC/LMSC ORBITER Bawiv3p2ELIR2 20.456G 6.0060 ¢.ouo BREF 6.1420 INCHES
MSFC TWT 494 MSFC/LMSC ORBITER B1WiVv3L2ELR2 20.450 G.60C 10,666 XMRF 3.9950 INCHES
MSFC TWT 494 MSFC/LMSC ORBITER BIWIV3D2ELIR2 20.450 0.066 20,0060 YMRF 0.co00 INCHES
) IMRF - G.1350 INCHES
C 0.6
HACH 6,597 SCALE Ge33 SCALE
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(A36146G)

DIRECT CHARACTERISTICS.

(VERTICAL RUDDER EFFECTS
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_ : - SIDE SLIP ANGLE. BETA, DEGREES _
SYMBOL  CONFIGURATION CESCRIFTION ALPHA  ELEVNS  RUDER2 REFERENCE INFORMATION
8 MSFC TwT 494 - ORBI TER Bi1wiv3p2E1R2 0,360 6,060 (s SREF 9.,0250 SQ.IN.
MSFC TWT 494 ORBI TER BiwWlV3C2E1RZ ~0,3060 6,060 16,0600 LREF 6.1420 INCHE'S
MSFC TWT 494 ORBI TER BIWIV3L2E1R2 20,450 G,G0G G,660. BREF 6.1420 INCHES
MSFC TWT 494 CRBI TER BiWiIV3L2E1R2 20,450 0,600 10,060 XMR-F 3.9950 INCHES
MSFC TWT 494 ORBI TER Bi1wilVv3L2ELIR2 20,450 G.0oo 26.0u0 YMRF 0.0000 INCHE S
. ZMRE - 0,1350 INCHES
b.ou33 SCALE
MACH 0.904 Scate : :
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'LMSC/HREC ORBITER STUDIES.LAT. -DIRECT. CHARACTERISTICS, VERTICAL RUDDER EFFECTS
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CYN (BODY AXIS)
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CATA SET
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(A3623F)
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(A3614G)

Y rryverrr

LB A §

™7 Tr

TT Ty T i TTTTY ITY rrvy LB B ) TyTrT LALBE BLE LU LB LELAR AN 3 —lllr_lf-" Ty Ty
L
L -
.
s -
[ ) A
" . P, D Sy 7
| 4T % I & ~
- A | —4— | ]
L R
-
L .
[ | ]
e S L T Y IR I I NI DU T U P R P e
8 -7 - 6 -5 -4 -3 -2 -1 o H 2 3 4 E] € . T 8 9 10
SIDE SLIP ANGLE., BETA., DEGREES
SYMBOL CONFIGURATION CESCRIFTION ) ALFHA ELEVN? RULER2 REFERENCE INFORMATION
8 MSFC TWT 494 MSFC/LMSC ORBITER B1WilVv3L2E1R2 ~G,306 " G.000 U,600 SREF s.0250 S@.IN,
MSFC TWT 494 MSFC/LMSC ORBITER BiWiV3L2ELR2 -0.3066 §.000 106,008 LREF - 6§,1420 INCHES
’ CATA NOT AVAILABLE FOR ALL CONCITIONS 20,450 G.000 6,606 BREF 6.1420 INCHES
CATA NOT AVAILABLE FOR ALL CONCITIONS ' 26,450 G060 16,000 XMRF. 3.9950 INCHE S
CATA NOT AVAILABLE FOR ALL CONCITIONS 20,450 6,000 26,6460 YMRF U,0060 INCHES
: : . ZMRF - U,1350 INCHES
SCALE U.0u33 SCALE
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SIDE SLIP ANGLE. BETA. DEGREES
"BATA SET SYMBOL  CONFIGURATION CESCRIFTION ALFHA ELEVN!  RUCER2 REFERENCE INFORMATION
(A3622F) MSFC TWT 494 MSFC/LMSC ORBITER BlwWiV3D2ELR2 -G.300 u.000 G.0G0 SREF 9.0250  .s@.IN.
(A3623F) MSFC TWT 494 MSFC/LMSC. ORBI TER Bi1Wiv3ID2E1R2 -06,300 U.006 10,000 LREF 6.1420 INCHES
(A36126) CATA NOT AVAILABLE FOR ALL CONDITIONS 20,450 6,000 5.0506 BREF 6.1420. INCHES
(A36130) CATA NOT AVAILABLE FOR ALL CONCITIGONS 26,450 U.000 10.6G60 XMRP © 13,9950 INCHES
(A36146) EATA NOT AVAILABLE FOR ALL CONDITIONS 20,450 U066 20.000 YMRE 0.6000 INCHES
’ . ZMRF - G.1350  INCHES
: A 0,5033 CALE
MACH 4,960 ScaLe ? :
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LMSC/HREC URBITER STUDIES LAT -DIRECT. CHARACTERISTICS,
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(A3622F )
(A3623F)
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VERTICAL RUDDER EFFECTS
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8 ~7 ~ 6 -5 -4 « 3 -2 -1 [} 1. 2 3 4 s [ k4 8 ] 10
SIDE SLIP ANGLE, BETA. DEGREES
SYMBOL CONFIGURATION DESCRIFTION ALFHA - ELEVN1 RUCER2 - REFERENCE INFORMATION
g MSFC TWT 494 MSFC/LMSC ORBITER Biwlv3D2EIR2 -0.300 G.060 G.060 SREF . 9.0250 Sa.IN,
MSFC TWT 494 MSFC/LMSC ORBITER ‘BIWiV3D2E1R2 ~0.300 0.006 10,0660 LREF 6.1420 INCHES
MSFC TWT 494 MSFC/LMSC ORBI TER Biwiv3p2ElR2 20.450 G.0660 U.0060 BREF 6.1420 INCHE S
MSFC TWT 494 MSFC/LMSC ORBITER B1Wiv3D2ELIR2 20,450 G.000 10,0600 . XMRF 3.9950 INCHES
MSFC TWT 494 MSFC/LMSC ORBITER BiWiv3D2E1R2 20.450 G.GUG  .20.6GU YMRF v.uooo INCHES
ZMRF  ~ . G.1350 INCHES
SCALE G,6033 SCALE
MACH v.597 ; Co




LHSC/HREC ORBITER STUDIES. LAT.-DIRECT. CHARACTERISTICS.
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LATA SET
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(A3623F)
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VERTICAL RUDDER EFFECTS
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. SIDE-SLIP ANGLE. BETA. DEGREES
SYMBOL  CONFIGURATION CESCRIFTION ALFHA ELEVNL RUCER2 REFERENCE INFORMATION
MSFC TWT 494 MSFC/LMSC ORSI TER B81wWiv3D2E1R2 -6.3066- 0,060 0,566 SREF 9.0250  sa.IN.
MSFC TWT 494 MSFC/LMSC ORBITER B1WIVID2EIR2 -0.300 6.606 106,000 LREF 6.1420  INCHES
MSFC TWT 494 MSFC/LMSC ORBITER BiWiV3D2E1R2 20,450 G.060 G.0U0 BREF 6.1420  INCHES
MSFC TWT 494 MSFC/LMSC ORBITER B1wiv3D2EIR2  20.45G 6,666 16,006 . XMRF 3.9950  INCHES
MSFC TWI 494 MSFC/LMSC ORBI TER B81wWiv3L2EtR2 26.450 0,000 20,000 YMRP D,0000  INCHES
’ : ZMRP - U.1350 . INCHES
4 0.,0633 CALE
MACH 0.904 ‘sc LE s
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.34

CATA SET
(A3622F )
(A3623F)
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CHARACTERISTICS, VERTICAL RUDDER EFFECTS
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ER STUDIES, LAT. -DIRECT.
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SIDE SLIP ANGLE. BETA., DEGREES
SYMBOL  CONFIGURATION CESCRIFTION . ALPHA = ELEVNI RUDER2 REFERENCE INFORMATION

Eg MSFC TWT 494 MSFC/LMSC ORBITER - BIWIV3L2E1R2 -U.300  0.066 0.G0G SREF 9.0250  sa.IN.

© MSFC TWT 494 MSFC/LMSC ORBITER BiWiV3L2E1R2 -6.306  G.GGG  10.GGU LREF 6.1420 . INCHES
CATA NOT AVAILABLE FOR ALL CONCITIONS 20,456 0,000 G.OGo ‘BREF 6.1420  INCHES

CATA NOT AVAILABLE FOR ALL CONLITIONS 20.4506 0,060 15,0660 XMRF 3.9950  INCHES

EATA NOT AVAILABLE FOR ALL CONCITIONS 20.450 0,060 20,000 YMRF G.0DGD  INCHES

ZMRF - - U.1350  INCHES

.G
wACH ‘.93 SCALE 0.0033  scaLe
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, SIDE SLIP ANGLE, BETA. DEGREES
CATA SET SYMBOL CONFIGURATION CESCRIFTION . ALFHA ELEVN1  RUCER2 REFERENCE INFORMATION
(A3622F) Eg. MSFC TWT 494 MSFC/LMSC ORBITER Biwiv3D2E1R2 -0,3006 6,060 6,660 SREF 9.06250  sa.IN.
(A3623F) MSFC TWT 494 MSFC/LMSC ORBITER B1wiVv3L2EiR2 -0.3606 G.000 16,008 LREF 6.1420 INCHES
(A36126) CATA NOT AVAILABLE FOR ALL CONCITIONS 20,450 U.060 u.Gu0 BREF 6.1420 INCHES
(A36130) - © DATA NOT AVAILABLE FOR ALL CONCITIONS 26,450 0,060 106,000 XMRF 3.995G  INCHES
(A36146) CATA NOT AVAILABLE FOR ALL CONDITIONS 20,450 U.GOG . 20,006 YMRP 0.6000  INCHES
: ZMRF - 0.1350  INCHES
U.,0033 SCALE
"MACH 4.960 SCALE :

LMSC/HREC URBleR STUDIES.LAT

-DIRECT, CHARACTERISTICS. VERTICAL RUDDER EFFECTS
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"ROLLING MOMENT COEFFICIENT, CBL (BODY AXIS)
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CATA SET
(A3822F)
(A3623F)
(A36126G)
(A36136G)
(A363145G)

RBITER‘STUDIES.LA,T.—DiRECT. CHARACTERISTICS, VERTICAL RUDDER EFFECTS
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SIDE SLIP ANGLE, BETA, DEGREES
SYMBOL  CONFIGURATION DESCRIFTION : ALFHA.  ELEVN!  RUDERZ REFERENCE INFORMATION
MSFC TWT 494 MSFC/LMSC ORBITER BiwiV3C2E1R2 -G.300 o.Goo 0.000 SREF . 9.o250 SQ.IN,
MSFC - TWY 494 MSFC/LMSC ORBITER BiWIV3ID2EIR2Z -6.366 G.GG0 16,0060 LREF 6.1420 INCHES
MSFC TWT 4394 MSFC/LMSC ORBITER B1W1V3D2E1R2 20.450 0.000 6,006 BREF 6.1420  INCHES
‘MSFC TWT 494 MSFC/LMSC ORBITER BiWlV3p2ELR2 20.450 0,000 10,6606 XMRP 3.9950° . INCHEs
MSFC TWT 494 MSFC/LMSC ORBITER BiwiVv3L2E1R2 20,450 G.000 26,600 YMRP L.6000 INCHES
) . : ‘ZMRF - 0,1350  INCHES
©o.00 .
MACH 6.597 SCALE }35 SCALE
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CATA SET
(A3622F)
(A3623F)
(A3612G)
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LHSC/AREC ORB1TER STUDIES: LAT. -DIRECT. CHIRACTERISTICS, VERTICAL RUD
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SIDE SLIP ANGLE, BETA, DEGREES :
SYMBOL. CONFIGURATION CESCRIFTION: ALFHA  ELEVNI  RUDER2Z REFERENCE INFORMATION

8 " MSFC TWT 494 MSFC/LMSC ORBITER B1Wiv3L2E1RZ -6.306 0.000 p.oop SREF - ' 9.025G  sa.iIn,
MSFC' TWT 494 MSFC/LMSC ORBITER BIWIVIBZEIR2  -0.300  0.006 10.066G " LREF 6.1420 . [NCHES

MSFC TWT 494 MSFC/LMSC ORBITER BIWiv3D2E1R2 26.450 0,006 . 0,000 BREF 6.1420  INCHES

MSFC TWT 494 MSFC/LMSC ORBITER BiWiv3C2E1R2 20.450 5,006 10,060 XMRE - 3.9950  INCHESs

MSFC TWT 494 MSFC/LMSC ORBITER Bi1wiVv3L2E1R2 20.450 0,056 20,000 YMRF U.6000  [NCHESs

: : . B ZMRF - 0.1350  INCHEs
u.60 a :
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EC URBiTER'STUDIES.LAT;—DIRECT. CHARACTERISTICS, VERTICAL RUDDER EFFECTS
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, . SIDE SLIP ANGLE. BETA, DEGREES
SYMBOL - CONFIGURATION CESCRIFTION | ALFHA  ELEVNI  RUDER2 REFERENCE INFORMATION
MSFC TWT 494 MSFC/LMSC ORBITER "B1WiV3IL2E1RZ -0.300 0,000 0,068 SREF 9.0250  sa.in.
MSFC .TWT 494 MSFC/LMSC ORBITER B1W1V3D2E1R2 -0.360  G.006 106,000 LREF, 6.1420  INCHES
DATA NGT AVAILABLE FOR ALL CONGITIONS 206.456  G.00G  ©£.040 BREF 6.1420  INCHES
CATA NOT AVAILABLE FOR ALL CONCITIONS 20,456  G.000 16.000 XMRF 3.9950  INCHES
CATA NOT AVAILABLE FOR ALL CONDITIONS 20.450  o.060 20,000 YMRF 0.6080  INCHES:
» ZMRF ~  0.1350  INCHES
00
wach 1063 scaLe U.0033  SCALE
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- taze22F)
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LMSC/HREC ORBITER STUDIES.LAT.-DIRECT.

CHARACTERISTICS, VERTICAL RUDDER EFFECTS
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SIDE SLIP ANGLE, BETA, DEGREES _
SYMBOL  CONFIGURATION CESCRIFTION © ALFHA ELEVND  RUDER2 REFERENCE INFORMATION

Eg MSFC TWT 494 MSFC/LMSC ORBITER - BiwlVv3D2ELR2 -0.300 G.GGG. 0.006 SREF 9.0250 S9.1IN.
MSFC TWT 494 MSFC/LMSC ORBITER Biwlv3L2E1R2 ~0.3606 0,000 10,000 " LREF 6.1420 INCHE S

" BATA NOT AVAILABLE FOR ALL CONCITIONS 20,450 0.6G0 [T 1 BREF - €.,1420 INCHES

CATA NOT AVAILABLE FOR ALL CONDITIONS . 20.450 6.600 10,600 XMRF 3.9950 INCHES
CATA NOT AVAILABLE FOR ALL CONCITIONS 20.450 6.GG0  20.06G0. YMRF 0,0000 INCHE S

: . ZMRF - U,1350 . INCHES

SCALE 8.0033 SCALE

MACH | ' 4.960
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LMSC/HREC ORBITER STUDIES,LAT. -DIRECT. CHARACTERISTICS, TIP FIN EFFECTS
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v SIDE SLIP ANGLE, BETA, DEGREES
LDATA SET SYMBOL  CONFIGURATION CESCRIFTION . ALFHA ELEVN1  RUDER3 -+ REFERENCE INFORMATION
(E361i6F) MSFC TWT 494 MSFC/LMSC ORBITER BiwiviEL -0.360 4,000 U, 000 . SREF - 9.0250 S@.IN.
(A3624F) MSFC TWT 494 MSFC/LMSC ORBITER Biwiv3El ~0,3006 G.00u ’ LREF : 6.1420 INCHES
(A36016) MSFC TWT 494 MSFC/LMSC ORBITER BiwiviEL T 20,456 G.Go0 G, 000 BREF 6.1420 INCHES
(A36356) MSFC TWT 494 MSFC/LHUSC ORBITER B1wWiVv3EL o 20.450 G.000 . XMR F . 3.9950 - INCHES
. . o . . YMRF g.q000 INCHES
ZMRP - 0.1350 INCHES

MACH 0.601 SCALE . bB.Gou33 SCALE
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LMSC/HREC ORBITER STUDIES'LAT -DIRECT CHARACTERISTICS. TIP FIN EFFECTS
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_ SIDE SLIP ANGLE. BETA., DEGREES
BATA SET SYMBOL  CONFIGURATION DESCRIFTION ) ALFHA ELEVN1I  RUDER3 REFERENCE INFORMATION
(E3616F) Eg MSFC TWT 494 MSFC/LM5C ORBITER BiWiVIES -0.360 4,060 G.6606 SREF 9.u250 SQ.IN,
(A3624F) MSFC TWT 494 MSFC/LMSC ORBI TER Blwiv3El © =0.300 [ Tr : © . LREF 6.1420 INCHES
(A36G16) MSFC. TWT 494 MSFC/LMSC ORBITER ~ BiwiViEl - 20,450 8.660 U.660 : BREF . 6.1420 INCHES
(A36156) MSFC TWT 494 MSFC/LMSC ORBITER Blwiv3El 20,450 6.0006 © o XMRP 3.9950 INCHE S
: - ' ' " YMRF u.6000 INCHES
ZMRF -~ U.1350 INCHE S
SCALE 0.00633  §CALE

MACH 0.900
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CYN (BODY AXIS)
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LMSC/HREC URBITER STUDIES LAT--DIRECT CHARACTE
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STICS, TIP FIN EFFECTS
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CONFIGURATION CESCRIFTION

TWT 494 MSFC/LHSC ORBITER
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TWNT 494 MSFC/LMSC ORBITER

1.963
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SIDE SLIP ANGLE, BETA. DEGREES
REFERENCE INFORMATION

Biwivigs SREF 9.62s50 S@.IN.
BiwiVv3EL LREF 6.1420 INCHE S
B1wWiVI1EL BREF €,1420 INCHES
B1wWiv3ElL XMRF 3.9950 INCHE S
YMRP 84,0000 INCHE S
ZMRFE G,1350 INCHES

SCALE U.0033 SCALE
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8

CATA -SET
(E3616F)
LA3624F )
(A36G16G)
LA3615¢ )

FIN EFFECTS

C/HREC ORBITER STUDIES, LAT,

-DIRECT.

CHRICTERISTICS, TIP

ML I8 3 TIT Y rey Tvyy LAR 2R 2B ) L TrTy LELELER L2 A B FIrr TrrTr Trrr LA A 4
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R Y Sk b4 I A d b 3 bkod & i _a LA 2 s At L 4 b b A dd i L L4 4 4 L L 4 3 i i 4 Ao A B 44 3 RSy | TN Y ) J_A Fay
& -7 -6 -5 -4 3 -2 -1 o 1 2 3 4 . 6 r 8 P 10
) SIDE SLIP ANGLE. BETA. DEGREES
SYMBOL  CONFIGURATION CESCRIFTION : ALPHA  ELEVN! RUDER3 REFERENCE INFORMATION
8 MSFC TWT 494 MSFC/LMSC ORBITER B1WiVIEsL -0,300  0.000 0,006 SREF 9.0250  sa.IN.
MSFC TWT 494 MSFC/LMSC ORBI TER BiwWiv3EL -G.300  G.00G LREF €.1420 INCHEs
MSFC TWT 494 MSFC/LMSC ORBI TER BiWiVIEL 20,456  G.000  Dp.OGG BREF 6.1420  INCHES
MSFC TWT 494 MSFC/LMSC ORBITER B1W1V3E1 20.450  g.o60 XMRF 3.9950  INCHES
YMRF 0.0GOU  INCHES
ZMRP - 0.1350  INCHES
g.0033 CALE
MACH 4.960 scatk s



LMSC/HREC ORBITER STUDIES,LAT, -DIRECT, CHARACTERISTICS. TIP F IN EFFECTS
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s -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 [ 7 8 9 10
SIDE SLIP ANGLE. BETA, DEGREES
CONFIGURATION CESCRIFTION ALFHA ELEVN1  RUCER3 REFERENCE INFORMATION
MSFC TWT 494 MSFC/LMSC ORBITER BIWIVIES -G.,3060 0.066 [T SREF 9.0250  sa.iIN.
MSFC TWT 494 MSFC/LMSC ORBITER B1WIV3EL -6.300 6.6UG LREF 6.1420  INCHES
MSFC TWT 494 MSFC/LMSC ORBITER BiwlviE1 26.450 6.GGU 6,660 BREF 6.1420  INCHES
MSFC TWT 494 MSFC/LMSC ORBITER BlWiv3E1 20,450 G.050 XMRF 3,9950  INCHES
’ YMRF 0,600 INCHES
ZMRF - 0.1356  INCHES
A 06,6033
wACH 0. 601 SCALE 3 SCALE
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CATA SET
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(A3624F)
{A3601¢)
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FIN EFFECTS

LHSC/AREC ORBITER STUDIES; LAT. -DIRECT. CHIRICTERISTICS, Tip
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. SIDE SLIP ANGLE, BETA, DEGREES .
SYMBOL  CONFIGURATION CESCRIFTION ° ALFHA  ELEVNI  RUDERS3 REFERENCE INFORMATION
8 MSFC TWT 494 MSFC/LMSC ORBITER BiwlViE1 -0.300  G.600  G.ous SREF 9.0250  sa.IN.
MSFC TWT 494 MSFC/LMSC ORBITER B1wiv3E1 -0.360 o.pGo LREF 6.1420  INCMES
" MSFC TWT 494 MSFC/iMSC ORBITER BLWIVIEL 20,456 . 0.000  0.006 BREF 6.1420  INCHEs
MSFC TWT 494 MSFC/LMSC ORBITER ©  Biwiy3El 20.450  §.gooo XMRF 3.9950 INCHEs
. YHRF G.6600  INCHESs
. ZMRF - G.1350  INCHEs
SCALE G.0633  scaLE
HACH G.900



LMSC/HREC ORBITER STUDIES LAT DIRECT CHARACTERISTICS. TIp FIN EFFECTS
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SIBE SLIP ANGLE., BETA, DEGREES
SYMBOL CONFIGURATION CESCRIFTION ALFHA ELEVN: RUDER3 REFERENCE INFORMATION
MSFC TWT 494 MSFC/LMSC ORBITER BiwWlVIE1L -0.350 6,000 6.0006 SREF 9.0256 SQ.IN.
MSFC TWT 494 MSFC/LMSC ORBITER BiwiV3E1 ~-G.3066 G.G60 - LREF 6.1420 INCHES
MSFC TWT 494 MSFC/LMSC ORBITER BiWIVIEL 20,450 G,GG0 G.0060 BREF §,1420 INCHES
MSFC TWT 494 MSFC/LMSC ORBIJER B1WiV3EL 20,450 G.GGO . XMRE 3.9950 INCHES
. . YMRF L.ooow INCHES
) ZMRF - U.1350 INCHES
HACH +.963 SCALE U,0533 SCALE
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CATA SET
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LHSC/HREC ORBITER STUDIES, AT, DIRECT, il

RISTICS, TIP
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SIDE SLIP ANGLE., BETA, DEGREES
SYMBOL  CONFIGURATION CESCRIFTIGN ALFHA ELEVN1I  RUDER3 REFERENCE INFORMATION
8 MSFC TWT 494 MSFC/LMSC ORBITER BlwiViEL -0,3060 6,066 0. GGG SREF 9.0250  s@.IN.
MSFC TWT 494 MSFC/LMSC ORBITER B1W1V3EL -G.300 6,006 LREF 6.14206 INCHES
MSFC TWT 494 MSFC/LMSC ORBJITER BiwiviEl 26,450 U066 G.000 . BREF $.1420 INCHES
MSFC TWT 494 MSFC/LMSC ORBITER BiW1V3EL 20,450 u.4600 XMRF 3.9954 INCHES
YMRE 0.0000  INCHES
ZMRF - 0U.1350  [NCHES .
SCALE G.0033  SCALE
MACH 4.960
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LMSC/HREC ORBITER STUDIES, LA, DIRECT

ROLLING MOMENT COEFFICIENT- CBL (BODY AXIS)

-.06

CATA SET
(E3636F)
(A3624F)
(A36016)
(A3615G)

CHARACTERISTICS. TIP FIN EFFECTS
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SIDE SLIP ANGLE. BETA, DEGREES
SYMBOL CONFIGURATION DESCRIFTION ALPHA = ELEVN1 RUCER3 REFERENCE INFORMATION
Eg MSFC TWT 494 MSFC/LMSC .ORBITER - BAWLVIEL -G, 306 6,060 0.06G SREF 9.0250  sa.IN.
MSFC TWT 494 MSFC/LMSC ORBITER BIWIV3EL -0.366 6.0GG LREF 6.1420  INCHESs
MSFC TWT 494 MSFC/LMSC ORBITER BiWiVIEL 26,450 0.560 0,000 BREF 6.1420  INCHESs
- MSFC TWT 494 MSFC/LMSC ORBI TER Biwiv3El 26,456 0,006 XMRF 3.995G INCHESs
YMRF G,000606 . INCHES
] ZMRE - 0.1350 ' INCHESs
MACH G.661 SCALE 0.0033 SCALE



LMSC/HREC ORBITER STUDIES.LAT,
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—DIRECT CHARACTERISTICS. TIP FIN EFFECTS

Frry rrTry LELELER rerrT LA LSS | T YT LR SLAN LI AR B 7Ty LA SR 2 ) LEE S 4 § Lk 2 0 3 TV¥y TYYY ¥r LA TT 7T
; B
~
4
L 4
3 -
s 4
I =
3 B
- -
S .
L .
o 1 .
L p
- -
r -
o -
F \\E\ -
[ P——-—-_qg§> B
L "‘-_1B .
\'I\E) n
L ' 4
s E
S 4
L B
L 4
S -
- o
s ]
L 4
)
- ’ -4
8 -7 -6 -5 - 4 -3 -2 -1 o 1 2 . 3 4 5 6 4 8 9 10
SIDE SLIP ANGLE, BETA, DEGREES
SYMBOL  CONFIGURATION DESCRIFTION ALFHA ELEVNI  RUDER3 REFERENCE INFORMATION
g MSFC TWT 494 MSFC/LMSC ORBITER BiwivigEl -0.300 U.UG6 0,660 SREF 9.025a Sa.IN.
MSFC TWT 494 MSFC/LMSC ORBITER Bi1wiv3EL -0.3060 0,600 LREF 6.1420 INCHES
MSFC TWT 494 MSFC/LMSC ORBITER BilwiviEl 20.450 U.6G60 G.800 BREF 6.1420 INCHES
MSFC TWT 494 MSFC/LMSC ORBITER Biwiv3EL 20,450 L.6060 XMRF 3.9950 INCHES.
. "YMRF U,6000 INCHES
ZMRF - U,2350 . INCHES
. o003 CAL
MACH 6.900 SCALE 3 s E
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~-.02

ROLLING MOMENT COEFFICIENT., CBL (BODY AXIS)
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CATA SET
(E3616F)
(A3624F)
(A36616)
(A36156)

TICS

FIN EFFECTS

LISC/IREC RBITER STUDIES, AT, DIRECT, CHARICTERIS
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8 -7 - 6 -85 -4 -3 -2 -1 a 1 2 3 4 5 (] 4 8 9 10
SIDE SLIP ANGLE. BETA, DEGREES
SYMBOL CONFIGURATION CESCRIFTION . ALFPHA ELEVN1 RUCER3 REFERENCE INFORMATION
MSFC TWT 494 MSFC/LMSC ORBITER BIWiviEL -G.366 0,000 6,600 SREF 9.u2s50 5Q.1IN.
MSFC TWT 494 MSFC/LMSC ORBITER BiwWlv3EL -U,360 [ ] ) LREF 6,1420 INCHE S
T MSFC TWT 494 MSFC/LMSC ORBITER B1WiviEs 20.456 0.0606 6,000 BREF 6.1420 INCHE S
MSFC . TWT 494 MSFC/LMSC ORBITER Bi1wiv3Ed 20.450 G.06606 XMRF 3,9950 INCHES
: YMRF 0,0000 - INChESs
ZMRF - U,1350 INCHE S
CALE 6,00
MACH 1.963 s 33 scaLe
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LMSC/HREC ORBITER STUDIES,LAT. -DIRECT CHARACTERISTICS.
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SIDE SLIP ANGLE., BETA, DEGREES

SYMBOL  CONFIGURATION CESCRIFTION ALFHA ELEVN?  RUCER3 REFERENCE INFORMATION
g MSFC TWT 494 MSFC/LMSC ORBITER BiwiviEl -0.300 6.0U06 U.000 - SREF 9.6250 S@.IN.
© MSFC TWT 494 MSFC/LMSC ORBITER Biwiv3EL -G.30D U.0006 LREF 6.1420 INCHES
MSFC TWT 494 MSFC/LMSC OkBI TER BlwiviEL 20.450 G.0606 6,060 BREF 6.1420 INCHES
MSFC TWT. 494 MSFC/LMSC ORBITER Bilwlv3El 20.450 G.060 XMRF 3.9950 INCHES
YMRF o.6000 INCHES
ZMRF - v.1350 INCHE S

€ 0.6633 SCALE
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LMSC/HREC ORBITER STUDIES,BASELINE LONGIT, AERO. CHARACT., STING EFFECTS
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- ANGLE OF ATTACK, ALPHA. DEGREES
CATA SET sSYMBOL CONFIGURATION CESCRIFTION BETA ELEVN? RUCER3 REFERENCE INFORMATION
(F3616E ) g MSFC TWT 494 MSFC/LMSC ORBITER BilwiviEl G.Gu0 G.0606 G.U6G SREF 9.,0250 S@.IN,
(E360%2A) MSFC TWT 494 MSFC/LMSC ORBITER BiwiviEL - G.000 G.6006 U.000 LREF 66,1420 INCHES
. . : . BREF 6.1420 INCHES
- XMRF 3.9950 INCHES
‘YMRFP G,0000 INCHES
ZMRF - U,1350 INCHES
MACH 0.596 SCALE u.0033 SCALE -
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LMSC/HREC GRBITER STUDIES,BASELINE LONGIT, AERO. CHARACT., STING EFFECTS
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ANGLE OF ATTACK. ALPHA, DEGREES
CATA SET SYMBOL  CONFIGURATICN CESCRIFTION BETA ELEVNYI  RUCER3 REFERENCE INFORMATION
(F3616E) Eg . MSFC TWT 494 MSFC/LMSC ORBITER BiWiviEL G.GG0 Q.600 6.600 " SREF 9.0250 Sa.IN.
(E36u1A) MSFC TWT 494 MSFC/LMSC ORBITER BilWiviEl 0,660 0,600 0.660 LREF 6.1420 INCHES
. . . . BREF 66,1420 INCHES
XMRE 3.9950 INCHES
YMRF U.,v0000 INCHES
ZMRF - 0.,1350 INCHES
SCALE G.,0033 ' scaLe
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LMSC/HREC ORBITER STUDIES, BASELINE LN IT, AERO. CHARACT.. STING EFFECTS
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ANGLE OF ATTACK:, ALPHA, DEGREES
BATA SET SYMDOL  CONFIGURATION DESCRIFTION. BETA - ELEVNL RUBER3 REFERENCE INFORMATION
(F3616E) E? MSFC TWT 494 MSFC/LMSC ORBITER BIWIVIEL 6.600 5.0 G.Goo : SREF. 9.6256  sa.IN.
(E36014) MSFC TWT 494 MSFC/LMSC ORBITER BIWIVIEL 0.606 G.0GU 0,600 LREF 6.142G  INCHES
BREF 6.1420  INCHES
XMRF - 3.9950 - INCHES
YMRF . D.0GBOU  INCHES
. ZMRP -~ UG,1350  INCHES
CALE G.00
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LMSC/HREC ORBITER STUDIES,

BASELINE LONGIT, AERD. CHARACT., STING EFFECTS
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(F3616E) - Eg MSFC TWT 494 MSFC/LMSC ORBITER BiwWiviEl G.060 0.660 G.0006 SREF ' 9.0256 sa@.IN,
(E3601A) MSFC TWT 494 MSFC/LMSC ORBITER Bi1wlviEl 6,006 0,606 G.060 LREF 6.1420 INCHES
’ . ' BREF 6.142U  INCHES
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LMSC/HREC_ORBITER STUDIES, BASEL INE LONGIT, AERO. CHARACT.. STING EFFECIS
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CATA SET SYMBOL  CONFIGURATION CESCRIFTION BETA ELEVN1  RUDER3 REFERENCE INFORMATION
(F3616E ) g MSFC TWT 494 MSFC/LMSC ORBITER BiwilviEl 0.0066 0.600 0,060 SREF 9.6250  sa.IN.
(E36U14) MSFC TWT 454 MSFC/LMSC ORBITER BilwWiVviEL 0.060 0,060 0,066 LREF 6.1420 INCHE S
BREF 6.1420 INCHES
_ XMRF 3.9950 INCHES
© 5 YMRE v.6000 INCHES
ZMRF - U,1350 INCHES
SCALE u,0033 SCALE

MACH 1.106
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NORMAL FORCE COEFFICIENT.

-0.2

LONGI

T. AERO. CHARACT., STING EFFECTS

LMSC/HREC ORBITER STUDIES, BASEL INE

Y

1

VY

L.

CATA SET SyMBOL

(F3616£)
(E36G3A)

R

HACH

n Y S b2
- 4 -2 a

CONFIGURATION DESCRIFTION

MSFC TWT 494 MSFC/LMSC ORBITER
MSFC TMT 494 MSFC/LMSC ORBITER

4.959

2

ANGLE OF ATTACK.,

BiwiviEL
BiwiviEl

4

BETA
0.000
0.606

ALPHA, DEGREES

ELEVN2
0.000
0.06G

RUCER3
U.0600
0,000

10

12

14

16

REFERENCE INFORMATION

SREF 9.0250
LREF 6.1420
BREF 6.1420
XMRF 3.9950
YMRF 0.g00u00
ZMRFP -~ g.1350
SCALE g.0033

PAGE

Sa.IN,
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LMSC/HREC ORBITER STUDIES, BASELINE LONGIT, AERD. CHARACT. STING EFFECTS

L
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™ - 4 -2 0 2 . 4 -] 8 10 12 14 16
_ ANGLE OF ATTACK, ALPHA, BEGREES
CATA SET SYMBOL  CONFIGURATION CESCRIFTION BETA ELEVNY®  RUDER3 REFERENCE INFORMATION
(F3616E) Eg MSFC TWT 494 MSFC/LMSC ORBITER BiwiVviEl . G.000 0,000 U.000 SREF’ 9.0250 SQ.IN.
(E3603A) MSFC TWT 494 MSFC/LMSC ORBITER BiwiviEl 0.006 G.Guo 6,060 LREF 6.14206 INCHES
’ BREF 6.1420 INCHES
XMRF 3.9950 INCHES
YMRF 0.0000 INCHES
ZMRF - v.1350 INCHES
o

SCALE L0633 ScALE

MACH G.596
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LHSC/HREC GRBITER STUDIES, BASELINE LONGIT, AERD. CHARACT... STING EFFECTS

LJ T L
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20 [ 4. 4 s PR L Y L L PR N s " i 2 POt i 1 4 i i X
T e - 4 -2 o 2 4 6 . 8 10 12 14 16
ANGLE OF ATTACK. ALPHA, DEGREES
CATA Sér SYMBOL CONFIGURATION CESCRIFTION BETA ELEVNI1 RUCER3 REFERENCE INFORMATION
(F3616E) g MSFC TWT 494 MSFC/LMSC ORBITER BiwWiviEl 6,000 0.060 G.000 SREF 9.0250 SQ.IN.
(E360U1A) MSFC TWT 494 MSFC/LMSC ORBITER . BIW1ViE1l G.60G G.0G0 0.600 LREF 6,1420 INCHES
. BREF 66,1420 INCHES
XMRF 3.9950 INCHES
YMRF U,00600 INCHES
ZMRF. -~ U,.1350 INCHES
MACH 0,702 SCALE U.0033 SCALE



LMSC/HREC ORBITER STUDIES, BASELINE LONGIT, AERO. CHARACT., STING EFFECTS

T LANEEE Bitan |
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-.08
-.10
-.15
.20 N . M e 2 N N R NS PP
tes -4 -2 o 2 4 6 .8 10 12 14 16
ANGLE OF ATTACK, ALPHA, DEGREES
BATA SET SYMBOL  CONFIGURATION CESCRIFTION " BETA ELEVNY RUDER3 REFERENCE INFORMATION
(F3616E) Eg MSFC TWT 494 MSFC/LMSC ORBITER BiwiviEl 0.066 0.06G0 U.0600 SREF 99,0250  $@.IN,
(E36014) MSFC TWT 494 MSFC/LMSC ORBITER  BlWiVviEl 0.060 G.000 0,660 LREF 6.1426  INCHES
: : BREF 6.1420  INCHEs
XMRF 3.9950  INCHES
YMRF U.0000 INCHES
IMRF -~ U.1350 INCHES
A u.0033 ALE
MACH 0,961 ScaLe sc



LHSC/HREC ORBITER STUDIES, BASELINE LONGIT, AERD. CHARACT., STING EFFECTS

1 LIENNE Bam
p
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fl s - 4 -2 1] 2 4 [ .8 10 12 14 16
ANGLE  BF ATTACK, ALPHA, DEGREES
CATA SET SYMBOL  CONFIGURATION CESCRIFTION BETA ELEVND  RUDER3 REFERENCE INFORMATION
(F3616E) Eg MSFC TWT 494 MSFC/LMSC ORBITER -Blwivigs G.,060 0,660 U060 SREF 9.u250 S3.IN.
(E36014) MSFC TWT 494 MSFC/LMSC ORBITER BiwilvigEs 0,006 G.600 0,060 LREF ©6.1420 INCHES
. BREF 6.,1420 ' INCHES
XMRF 3.9950 INCHES
YMRF. 0.0600 INCHES
ZMRF - 00,1350 INCHES
o,
A CH 1.100 SCALE ou33 SCALE
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 LMSC/HREC ORBITER STUDIES, BASELINE LONGIT. AER, CHIRACT. , STING EFFECTS
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_ ANGLE OF ATTACK. ALPHA., DEGREES -
DATA SET SYMBGL  CONFIGURATION DESCRIFTION BETA ELEVNI RUCER3 : REFERENCE INFORMATION i
(F3616€) g "MSFC TWT 494 MSFC/LMSC ORBITER BiwWiviEs v.o6o 0,066 0.0650 SREF 9.0250 SQ.IN. -
(E36G1A) MSFC TWT 494 MSFC/LMSC CRBITER BiwivigEL 6,000 .00 6,000 LREF. 6.1420 INCHES W
. BREF 6.,1420 INCHE S -
XMRF 3.9950 INCHES ~
YMRF v.0000 INCHES
ZMRF - 0,1350 INCHES
SCALE 0.,0033 SCALE
MACH 4.959
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LHC/HREC ORBITER STUDIES,BASELINE LONGIT. AERD. CHARACT.. STING EFFECTS
-080 . T I. ’ l»_l ¥ LA B LA e Ty L | S -
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-.010 o - - 2 P 3 Py Y 1z 14 16
ANGLE OF ATTACK. ALPHA, DEGREES
DATA SET SYMBOL  CONFIGURATION BESCRIFTION BETA ELEVN!  RUDER3 REFERENCE INFORMATION
(F3616£) g MSFC TWT 494 MSFC/LMSC ORBITER BIwiviEl G.606 6,060  0.60G SREF 9.0250  sa.IN.
(E36G14) MSFC TWT 494 MSFC/LMSC ORBITER BIWiVIEL G.000  G.000  ©0.600 LREF 6.1420 INCHES
. - BREF 66,1420 INCHE S
XMRF 3.9950  INCHESs
YMRE v.00pG INCHES
ZMRF - G.135p INCHES
' SCALE G.CL33
MACH G.596 . ) 3 SCALE



LHSC/HREC ORBITER STUDIES. BASEL INE LONGIT. AERD. CHARACT.. STING EFFECTS

CAB

BASE AXIAL FORCE COEFFICIENT.
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- e -4 . -2 o 2 4 6 8 10 B ¥ © 14 16
ANGLE OF ATTACK. ALPHA, DEGREES
CATA SET SYMBOL CONFIGURATION CESCRIFTION BETA ELEVNI  RUCER3 ' REFERENCE -INFORMATION
(F3616E) Eg MSFC TWI 494 MSFC/iMSC ORBITER BIWiVIEL 0.60G 0.000 6,600 SREF 9.02506  s@.IN.
(E3sU14) MSFC TWT 494 MSFC/LMSC ORBITER B1WiVIEL G.DUG [N 0,060 LREF 6.1420  INCHES
. BREF 6.1420 INCHES
XMRF 3.9950  INCHES
YMRF o.,6000 INCHES
| ZMRF - 0,1350  INCHES
MACH 8,702 SCALE U,0033 SCALE
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ING EFFECTS

LMSC/HREC GRBITER STUDIES. BASEL INE LGNGIT. AERG. CHARACT., ST
.OSD:l‘lIllll LI B o T 1. ll'v-l'll. T 7 |
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n’u e A A 3 e A -- 2 i 'y 4 rs 'S 2. A i A A N A r's i 4 L 'l 'l ' i r A 4 4 i
T E -4 -2 o 2 4 - 6 8 1o 12 14 16
ANGLE OF ATTACK. ALPHA., DEGREES
CATA SET SYMEGL  CONFIGURATION CESCRIFTION BETA ELEVN1  RUDER3 REFERENCE ' INFORMATION
(F3616E) "MSFC TWT 494 MSFC/7LMSC ORBITER BilwiviEl G.G006 - U.GG6 g.0665 " SREF 9.0250 S@.IN.
(E3601A) MSFC TWT 494 MSFC/LMSC ORBITER BiwWiviEs | 0.0060 G.660 0,096 . LREF 6.1420 INCHES
. BREF 6.1420 INCHE S
XMRF 3.9950 INCHES
YMRF u.0000 INCHES
ZMRF - U,1350 INCHES
SCALE G.0u33 CALE
MACH G.901 . scaL
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LMSC/HR

EC ORBITER STUDIES,BASELINE LONGIT. AERO, CHARACT., STING EFFECTS
T ek ST ING EFFECTS

16
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- 6 -4 2 o 2. 4 ] [ 8 10 12 14
. ANGLE OF ATTACK. ALPHA, DEGREES
CATA SET SYMBOL  CONFIGURATION CESCRIFTION BETA  ELEVNI RUCER3 REFERENCE INFORMATION
(F3616E) 8 MSFC TWT 494 MSFC/LMSC ORBITER B1WiVIEL 6.660 .60 u.006 SREF 9.0250  Sa.IN.
(E36G14) MSFC TWT 494 ‘MSFC/LMSC ORBI TER BiwiVIEL 6.606 0.0G0 G.G50 " LREF 6.1420  INCHES
BREF 6.1420 _ INCHES
XMR & 3.9950 INCHES
YMRF G,0000 INCHES
ZMRF - 0,1350  INCHES
0,0033 A
MACH SCALE SCALE
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 LNSC/HREC.

ORBITER STUDIES,BASELINE LONGIT. AERD, CHARACT.. STING EFFECTS

1 0.4 3

BASE AXIAL FORCE COEFFICIENT,
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- 6 - a4 -2 o 2 4 6 8 10 12 14 16
ANGLE OF ATTACK. ALPHA, DEGREES
CATA SET SYMBOL  CONFIGURATION CESCRIFTION . BETA ELEVN:  RUCER3 REFERENCE INFORMATION -
(F3616E ) 5§ MSFC TWT 494 MSFC/LMSC ORBITER Biwivigl 0.066 . 6,605 0,606 SREF 9.6250 S@.IN,
(E3601A) MSFC- TWT 494 MSFC/LMSC ORBITER BilwiviEL G.G60 G060 G.LLO LREF 6.1420 INCHE S
BREF €.4420 INCHES
XMRF 3.9950 INCHES
_YMRF U.6oo00 INCHES -
IMRFE - 0.1350 INCHES
MACH 6.959 vSCALE‘ U.6033 SCALE



LANNN SOt 2aan | LA e e § LA B S

LHSC/HREC ORBITER STUDIES,BASELINE LONGIT. AER, CHARACT., STING EFFECTS
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PITCHING MOMENT COEFFICIENT., CLM
CATA SET sSvyMBOL CONFIGURATION CESCRIFTION ) BETA .ELEVN1 * RUCER3 REFERENCE INFORMATION
(F3616E) 8 MSFC TWT 494 MSFC/LMSC ORBITER BiwWiViE1 0,000 G.060 0,000 ) SREF 9.6250 S@.IN,
(E3601A) MSFC TWT 494 MSFC/LMSC ORBITER BiWiViEL 0.600 0,660 0.0600 LREF .1420 INCHES
. BREF .1a20 INCHES
XMR# 9950 INCHES

ZMRF - 0.1350 INCHES

6
6
3
YMRF g.0090 INCHES
o
SCALE G.0033 SCALE

MACH G.596
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LMSC/HREC ORBITER STUDIES,BASELINE LONGIT. AERO. CHARACT.. STING EFFECTS
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PITCHING MOMENT COEFFICIENT. CLM
CATA SET SYMBOL CONFIGURATION CESCRIFTION ' BETA ELEVN1 RUCER3 REFERENCE -INFORMATION
(F3616E) g MSFC TWT 494 MSFC/LMSC ORBITER BilwiviE1L G.000 6,060 g.606 - - SREF 9.0250 S@.IN.
(E36L1A) MSFC TWT 494 MSFC/LMSC ORBITER BiwiviEl 6.066GG U.060 U.G00 LREF 6.1420 INCHES
: BREF 6.1420 INCHE S
) XMRF 3.9950 INCHES
i . YMRF 0.ocoo INCHES
ZMRF - 0.1350 INCHES
SCALE G,0033 SCALE

MACH 6,762
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 LMSC/HREC ORBITER STUDIES, BASELINE LONGIT, AERO. CHARACT.. STING EFFECTS

LIFT COEFFICIENT.
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, . PITCHING MOMENT COEFFICIENT, CLM
CATA SET SYMBOL  CONFIGURATION DESCRIFTION ’ BETA ELEVN1  RUCER3 ) REFERENCE INFORMATION
(F3616E) Q MSFC TWT 494 MSFC/LMSC ORBITER BiWiVIEL 0.GGo. 0.0660 6,006 SREF 9.0250 Sa.IN.
(E36G14A) MSFC TWT 494 MSFC/LMSC ORBITER BIWiV1EL 0.600 6.G0G 0,600 : LREF 6.1420  INCHESs
: BREF 6.1420  INCHESs
XMRF .3.9950  INCHEs
YMRF 0.0000 .  INCHES
ZMRF - 0.1350  [NCHES
o

SCALE U033 SCALE

MACH G.901
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LMSC/HREC URBITER STUDIES BASELINE LUNGIT AERO. CHARACT.o STING EFFECTS

LIFT ‘COEFFICIENT.,
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PITCHING MOMENT COEFFICIENT., CLM
CATA SET SYMBOL CONFIGURATIGN CESCRIFTION BETA ELEVNI RUCER3 REFERENCE INFORMATION .
(F3616E) MSFC TWT 494 MSFC/LMSC ORBITER BiwiViEl G.000 ﬁ.ﬂﬁlz l?.UL'!L? SREF 9.6250 SQ.IN,
CE360614A) MSFC TWT 494 MSFC/LMSC ORBITER BiwiviEl 6,060 6., 6060 0.6006 - LREF 6.1420 INCHES
. . . BREF 6.14206 INCHE S
XMRF 3.9950 INCHES
* YMRF U.0600 INCHES
ZMRF - G.1356  INCHEs
SCALE 0.0633  scALE

MACH 1,100
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LMSC/HREC ORBITER STUDIES » BASEL INE LONGIT AERO. CHARACT..

STING EFFECTS

T T LI § LI A 4 L L T ¥ L LI § ¥ 1) L | T ¥ L] l LI ) L] l L) T LA N S § TT T
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. _ PITCHING MOMENT COEFFICIENT. CLM
CATA SET SYMBGOL CONFIGURATION DESCRIFTION BETA ELEVNI RUCER3 REFERENCE INFORMATION
(F3616€) g MSFC TWT 494 MSFC/LMSC ORBITER BIWIVIEL 0.600 D.60G U.0600 SREF 9.0250  sa.iIN.
{(E36U1A) MSFC TWT 494 MSFC/LMSC ORBITER BIWIVIE] U.000 0,666 6,06 LREF 6.1420 INCHES
! BREF 6.,1420 INCHES
XMRF 3.9950 INCHES
YMRF 0.,0000 INCHES
ZIMRF -~ 0,1350 INCHES
G,.0U33 CALE
MACH 4,959 'SCALE s L
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LMSC/HREC ORBITER STUDIES,BASELINE LAT.-DIRECT. CHARACT
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SIDE SLIP ANGLE., BETA, DEGREES

CONFIGURATION CESCRIFTION ALFHA ELEVNI RULER3 REFERENCE INFORMATION .

MSFC TWT 494 MSFC/LMSC ORBITER Biwivigl -G,306 G.000 4,000 SREF 9.0250 SQ@.IN.

MSFC TWT 494 MSFC/LMSC ORBITER BiwiviEl ~-G,300 U,660 G.600 LREF 6.1420 INCHE S

BREF 6.1420 INCHES

XMRF . 3.99506 INCHES

YMRE U.0000 INCHES

ZMRF - U.1350  INCHES

. - SCALE U.0033 SCALE
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LMSC/HREQ ORBITER $TpDIES BASEL INE LAT. -DIRECT. CHARACT.. STING EFFECTS
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SIDE SLIP ANGLE. BETA. DEGREES
CATA SET SYMBOL  CONFIGURATION CESCRIFTION ALPHA ELEVND  RUDER3 . 'REFERENCE INFORMATION
(F36010) Q MSFC TWT 494 MSFC/LMSC ORBITER BilwiviEL ~0.3060 U.060 6,000 SREF 9.6250 S@.IN.
(A3616F) MSFC TWT 494 MSFC/LMSC ORBITER BilwiviEl ~G.300 G.G60 6,050 LREF 6.1420 INCHES
BREF 6.1420 INCHES
XMRE 3.9950  INCHES
. TMRF v.opoD INCHES
ZMRF - G.1350 INCHES
o

SCALE L0633 SCALE

MACH - G.699
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LMSC/HREC ORBITER STUDIES BASELINE LAT.-DIRECT. CHARACT.. STING EFFECTS

CYN (BODY AXIS)

YAWING MOMENT COEFFICIENT,

TTTrr FyTrYy Trry rrvy rYrYy rrrr LA A B 4 Trrr rTrovrT TITrr LA B A § Trrry lll’l
.08 P—
04—
§ .
- -
.03 t—~*
.02
.01 Ay X
. / -
_,-.-—““‘ -
— .
.00
~.01 :
G____._——— ]
A
-.02
-.03
4
~.04
o -4
-.0s
Lt e = T WUE P NPT FIUTY ST P Y e TN P P T
P2 8 -7 -6 -5 - 4 ~ 3 -2 -1 1} 1 2 3 4 .5 € 7 8 s 10
.SIDE SLIP ANGLE. BETA., DEGREES _
CATA SET SYMBOL CONFIGURATION DESCRIFTION ALFHA ELEVN1I  RUDER3 REFERENCE INFORMATION
(F36051p0) E§ MSFC TWT 494 MSFC/LMSC ORBITER BI1W1VI1EL -6.300 6,666 G.GGG - SREF 9.0250  Sa.IN.
(A3616F) MSFC TWT 494 MSFC/LMSC ORBI TER BlwiVigl ~G.300 L.ooG G.GuG LREF 6.1420 INCHES
) . BREF 6.1420  INCHES
XMRF 3.9950 INCHES
YMRF bU,000p INCHE S
ZMRF  ~ G,135¢6 INCHES
SCALE 0.663
MACH 0.960 3 SCALE
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LMSC/HREC'ORBITER

'§TUDIE$18ASELINE LAT, DIRECT CHARACT.. STING EFFECTS

CYN (BODY AXIS)

YAWING MOMENT COEFFICIENT,

T ¥ LN ] TrrYy AL A J TVFT r7rry TIrvy
L -
L -
- Rk
.08
4
.04
per 4
L 4
- -
.03
- A -
o2 .Qr”,,d“’r T
/4 iy
<01 .
; -
<00
-.01 /
-.02 G//d/
-.03
1 4
~.04
s 4
~,05
-.06 . Ml BN R . e .
-8 - - 6 -5 -4 -3 5 [ T 8 9 10
SIDE SLIP.
CATA SET syMBOL . CONFIGURATION CESCRIFTION ' REFERENCE INFORMATION .
{F36G1C) 8 MSFC TWT 494 MSFC/LMSC ORBI TER SREF - g.0250 S&.IN.
(A3616F) MSFC TWT 494 MSFC/LMSC ORBITER - LREF 6.1420 INCHES
. - BREF €.1420 INCHES
XMRF 3.9950  INCHES
YMRF g.oouu0 INCHES
ZMRF - 0.1350  INCHES
£ 0.0033 CALE
MACH 1.096 scat s



YAWING MOMENT CQEFFICIENT,

LMSC/HREQ'U

RBITER STUDIES BASEL INE LAT. -DIRECT. CHARACT., STING EFFECTS

ll'l TFrry Try¥y VT T 1717 LALLM § LI 2 B § rrrrv Tr5y LELALELE TV 1Y TTT1y rvrr TFTrTr LAR SR} TrTT
- .
.05 pP——
L -
§ -
L +4
04
L -
. | .
r - -4
wn S E
—
> .03
< [ ]
> | e
(] i 7]
[\ .02
m - <
L) - - -
£ H =====J££) E
z:, .01 :
P E)ansﬂ@?=’=== ]
.00 -
o1 /_/H
-.02
5 .
3 -t
-.03
-.04
~-.08
—06 A Al i F . VI Aod L. 1 R | A A W L A A A P | bob L % At AL Aodo 8 od b b VO 1 F S 1 LA 4 1 AJ‘A-
Y- 8 -7 - 6 -5 -4 -3 -2 -1 [+] 1 -2 3 4 5 6 4 8 9 10
SIDE SLIP ANGLE. BETA, DEGREES
CATA SET SYMBUL  CONFIGURATION DESCRIFTION ALPHA ELEVN!  RUCER3 REFERENCE INFORMATION.
(F36010) E§ MSFC TWT 494 MSFC/LMSC ORBITER BilwiviEs -G.300 6.060 4.600 SREF 9.,0250 SQ.IN.
(A3616F) MSFC TWT 494 MSFC/LMSC ORBITER BiwiviEs . -0.300 G.GGO G.6860 LREF "6.1420 INCHES
: BREF 66,1420 INCHES
XMRF - 3,9950 INCHES
YMRF . U,0000 INCHES
ZMRE - 80,1350 INCHES
MACH 1.072 SCALE 0,0033 ScaLE
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.04

.01

.00

YAWING MOMENT COEFFICIENT., CYN (BGDY AXIS)

- .06

.»_STING EFFECTS

AFSCREC ORBITER STUDIES, BASELINE LAT, DIRECT, oo

AL AL

LI e B §

TrTry

.03 .

‘IJII llllllJll i3t 1 A4 11 it 19 | S llll‘l«lll‘lll‘ lljlj

CATA SET SYMBOL

{(F3e601r)
(A3616F)

RS TR PN SIS P P WS S PPN I . s
-7 -6 -85 -4 -3 -2 -1 o 1 2 3 4 s 6 7 8 ) 10
SIDE SLIP ANGLE, BETA. DEGREES
CONFIGURATION CESCRIFTION ALFHA ELEVNI  RUDERS REFERENCE INFORMATION
g MSFC TWT 494 MSFC/LMSC ORBITER BiwiviEl -0.3060 0.660 0,600 SREF $.0250  sa.IN.
MSFC TWT 494 MSFC/LMSC ORBI TER BIWIVIEL" -0.300 0,666 6. 066 LREF 6.1420  INCHES
. ) BREF 6.1420  INCHES
XMRF 3.9950  INCHES
YMRF U,0000 INCHES
ZMRF - ,1350  INCHES
E G,0033 - ALE
MACH 4.960 scaL scat



LNSC/HREC ORBITER STUDIES B{\SELINE LAT. -DIRECT. _CHARACT., STING EFFECTS

Yrryyrrrs T L L | LR LN 2 B A A B N BN BB i BE S A0 2w 8 TTTITTorry TrrYrTyvyeyryrrri

38 P—

.18 P———

v14

BT

r -

4

t -4

.0 a -
" .08 -

]

D&

.02 -
.00 [ . . \ . | .
-.02

LATERAL FORCE COEFFICIENT., CY

! ' - \\\\
—ma: . | ‘. | v . ‘\\ﬁ

~.10 -
9
L p
~.22 ]
NIV I T eTe Y D P e enaa S S FIFWFEFE PRI TN P T P P
B T T -3 -z -1 0 1 2 3 a4 5 © 7 8 s 10
: SIDE SLIP ANGLE. BETA, DEGREES
CATA SET SYMBOL CONFIGURATION PESCRIFTION ALFHA ELEVN1 RUDER3 © REFERENCE INFORMATION
(F3601C) MSFC TWT 494 MSFC/LMSC ORBITER BiwiviEl -0.300 G,.GCH [Ny SREF g.u250 S@.IN.
(A3616F) MSFC TWT 454 MSFC/LMSC ORBITER BIWiViEs -0,.306 G6.000 G,000 LREF 6,1420 INCHE S
BREF 6.14206 INCHES
XMRF 3.9950 INCHES
YMRF .b,0000 INCHES
ZMRF - 00,1350 INCHES
SCALE 0,006033 SCALE

MACH 0.597
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Ty L) L 2 2 | rrriy TTrTry TTrY TrrT
o -
.18
.16
.14
.12
> t 1
o .10
- =
- s [€ -
- L E
Z o
ut -oe T 4
- 3 -
(&} ’ 2 -
— .08
™ L o
(W b .
w s 4
O .04
Q + b
[ 4
IJJ - -
(@) .02
o b .
o ]
w 4
.00
) 4
= N
fo b
W -.,02
by .
< J
= i
-.04
-.06 \\k —
{ \'\ﬁﬁﬁ ]
-.08 g \a
-.30
-.12
- 14 Sdek b, Aok 24 koA A o LA A4 kL3 bAoA AL ed i 4 P L.l A 2 A L 4 T | dod i s A A At4
-8 -7 - 6 -5 -4 -3 -2 -1 [} 1 2 3 4 5 6 . 7 8 9 10
SIDE SLIP ANGLE., BETA, DEGREES
BATA SET SYMBOL  CONFIGURATION CESCRIFTION ALFHA . ELEVND RUDERS3 REFERENCE INFORMATION
(F3601C) g MSFC TWT 494 MSFC/LMSC ORBITER BiWiVIE1 -6.300 6.660 0.00606 SREF 9.0250  5@.IN.
(A3616F) MSFC TWT .494 MSFC/LMSC ORBITER B1WivIEL -5.,300 U500 0.660 LREF 6.1420  INCHESs
BREF 6.1420  INCHEs
XMRE 3.995G . INCHES
YMRF U,00006 INCHES
IMRF - U.1350  INCHEs
SCALE U.6033  gcaLe
MACH 0.699

TING EFFECTS

LISC/HREC, (RBITER STUDIES BASELINE LAT, DIRECT, CHARACT,. S




"RC/HREC ORBITER STUDIES,BASELINE LAT.-DIRECT, CHARACT., STING EFFECTS

hALAL AR LA AR Bt A BLEN A B O Sk NN S DS 2N BN A BN AN g 2n a¢ an s PP T T T T T Y T I T Y T T Y T T T

18

.12
> 1
© .10
— [
=z
L -
— L -
T A
o~ 06 \
(T b
L s -
gg L -
«04
(@8] | ‘~§§§ -
L) - p
) .02
& [ .
[P I .
.00 N |
-4 F i
< 1 -
o i -
ul ~-.oz
i~ - 3
< i N
3 L

O

-.08

-.10
-.12
;‘ Y PN N e LN PIFEY P BTN ST PO R TS VIS BT RN T
TC 8 -7 - 8 -5 -4 -3 -2 -1 o 1 2 3 4 5 6 7 8 9 10
SIDE SLIP ANGLE., BETA, DEGREES
DATA SET SYMBOL  CONFIGURATION CESCRIFTION ALPHA ELEVNI  RUCER3 ' REFERENCE INFORMATION
(F3601p) EQ MSFC TWT 494 MSFC/LMSC ORBITER BiWlVviEL -G .36y 06,0605 5.GOD : SREF 9.0250 Sa.IN.,
(A3616F) MSFC TWT 494 MSFC/LMSC ORBITER BIWIVIEL -5.360 6,600 6.06606 LREF 6.142y INCHES
BREF 6.142¢ INCHES
XMRF 3.9950 INCHES
YMRF G.6GoG INCHES
ZMRF - G.1350 INCHES
SCALE G.0D33 SCALE

MACH 0.900
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'LMSC/HREC ORBITER STUDIES, BASEL INE LAT -DIRECT, CHARACT

LATERAL FORCE COEFFICIENT.

'lll LEE IR ER TT 17 T I T TrrT rrry L] TrrT LI B 2 ) ll’Tl LA A 4 LELAR IR LA B A § TrrT LB T T T
4
.18
.16
.16
.12
> R
O e Q
4 \ -y
.08. \
.06
.04
a \\ 4
.02 \
.00
- -4
-.02
~.04
~-,06 L\
-.08 Y’ ]
N ]
-.10 \ \
-.12 \\
.14 e e RIS WIS INFIS P WY U PO T Y s M .
e -7 -6 -5 -4 -3 -2 -1 o 1 2 3 E) s 6 7 8 9 10
. SIDE SLIP ANGLE. BETA, DEGREES
CATA SET SYMBOL  CONFIGURATION CESCRIFTION ALFHA ELEVNI  RUCER3 REFERENCE INFORMATION
(F36010) 8 MSFC TWT 494 MSFC/LMSC ORBITER BiwiViEl . -0,300 0.ouo G.000 SREF 9.0250 Sa.IN,
(A3616F) MSFC TWT 494 MSFC/LMSC ORBITER BiwWiViEL -0.300 0.660 G.000 LREF 6.1420 INCHE S
BREF 6.,1420 INCHES
XMRF 3.9950 - INCHES
YMRF 0.0000 INCHES
ZNRF - G,1350 INCHES
0.0033 . SCALE
MACH . 1,096 ScaLE scaL
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LMSC/HREC ORBITER STUDIES, BASELINE LAT, —DIRECT CHARACT.. STING EFFECTS

LATERAL FORCE COEFFICIENT.

Trrr TTTFF LA 2 I ) LA 2 B ) LAN BB B 4 LA B LAR LR LALELAN TETYT TEVT LOLIE LELELE S L 'll"-
L .
«18
P
.18
i .
14
-
2
§ s
L -4
> 8 -
o «10
.08 e
»'4
.08 K\‘
§ 4
04
.02
F b
00 \ T
-.02
S\ 1
-.04
-
-.08 \
T \
-,30 N
-.12
s N
14 ., i FAr B LA ALt 4 oA b A Aol L 4 i it FEE W AN Soed b LA A Ao b b Akl 2 i 1 " L...
‘e s -7 -8 -5 -~ 4 -3 -2 -3 ] 1 2 3 4 L) 6 7 8 9 10
SIDE SLIP ANGLE. BETA, DEGREES '
DATA SET SYMBOL CONFIGURATIQON CESCRIFTION ALPHA ELEVN1 RUBER3 REFERENCE INFORMATION
(ngu;c) g MSFC TWT 494 MSFC/LMSC ORBITER - BiwiviEL ~0.300 o,.000 v,060 SREF 9,0250 SO.IN,
(A3616F) MSFC TWT 494 MSFC/LMSC ORBJTER BlwiviEl . ~8.300 g.u000 . 0,006 LREF 6.1420 INCHE S
: BREF 6.1420° [NCHES
XMRP 3.9950 INCHES
YMRF U,0000 INCHES
ZMRP - U,1350 INCHES
o,
MACH 1,972 SCALE uo33 SCALE




LMSC/HREC ORBITER STUDIES, BASELINE LAT. -DIRECT, CHARACT. . STING EFFECTS

(00 4

LA BN 2 J L2 S L A 4 LEL2E J ryYyy 1T vrTT L Trre TFTrTY TrrT FFrTT TTrr
o N . - . . -
+10
L . p
s . 4
.16 - - - - - —
5 4
.14
* -
2
.10
S J
.08
4 ~
.08 . \
i -
<04

LATERAL FORCE COEFFICIENT,

= .04 : - : [ x . ]

L | \\\\\ .
-.o8 : P
-.10
| .
-.52
.
N -1
- 1a e S ST S NI TR FIFSWS NS U SO PO P DT T TR T T
R -7 -6 -5 -4 -3 -2 -1 o 1 .2 3 4 5 3 4 8 9 10
SIDE SLIP ANGLE. BETA. DEGREES
BATA SET SYMBOL  CONFIGURATION CESCRIFTION ALFHA ELEVNI  RUCER3 © REFERENCE INFORMATION
(F3661LC) EQ MSFC TWT 494 MSFC/LMSC ORBITER BilwiViEL -0.360 6.GG6 0.606 SREF 9.0250  sa.IN.
(A3616F) MSFC TWT 494 MSFC/LMSC ORBITER B1WIVIEL -0.360 0.G0G 6,060 . LREF 6.1420  INCHES
. o BREF 6,1420 INCHES
XMRF 3.9950 INCHES
YMR P 0.GUUG  INCHES
ZMRF - 0.1350  INCHES
G

SCALE Lou3s SCALE

MACH 4,960
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LMSC/HREC ORBITE
.06 FTW‘T- Ty

R STUDIES, BASELINE LAT.-DIRECT. CHARACT.. STING EFFECTS

Tr ¥y T TyrTYy TVETY LA L ) LA 2N 2 § rrrr LEE 2R 2N § rTrrr T I3 T Frirr rrvy TITT TITrr TTryy LR AR S
| 4
1 J
| J
.05 p——
A 4
[ 4
04—
N - -
wn 9 p
—
= .03 P—
< i 4
N 4
a i
[\ .02
m - -1
o G . i
U | : ]
L
83 .01
. y
- 4
= A
L .00
— \ -
Q -
—— -
[ . i
L (2} 3
ST ——K ]
O — 5 ]
F— -
Z  _.oz
(AW} -
b 4
© B
3 N
¢ -.03
pd [ p
~— 3 -
| - 1
o I ]
-.04
o L 4
- -
-.05
]
-.06 . P T TN UE PRI I T PO Y e R P . . .
Ces -7 <~ e -5 -4 -3 -2 -1 o 1 2 3 4 5 6 7 P P 10
SIDE SLIP ANGLE. BETA., DEGREES
CATA SET SYMBOL  CONFIGURATION DESCRIFTION ALFHA ~ ELEVN® RUDER3 REFERENCE [NFORMATION
(F366G1p ) EQ MSFC TWT 494 MSFC/LMSC ORBITER B1WIVIES -0.306 0.6506  G.06O SREF 9.0250 - sa.IN.
© (A3616F) . MSFC TWT 494 MSFC/LMSC ORBITER BIWIV1E1L ~0.3066 6.GGG G.0GO LREF 6.1420  INCHES
. . BREF 6.1420  INCHES
XMRF 3.9950 INCHES
YMRF 0.,0000  INCHES
ZMRF - 0.1350  INCHES
MACH ,0-597 SCALE a.,0633 SCALE



LMSC/HR!EC URBITER STUDIES BASELINE LAT. DIRECT CHARACT.. STING EFFECTS

TTY T T YITTTTYT FTYY YT rIT TR TTTY rTrryrrryyrrey LN LAR B S B B N B AN A 20 N A BN B e A B BN A A 2 B 4

il 4 1

T

.04

ﬁ
1.1 1

.03

VS )

] ' GK\H&_.

.00

11 1.1

1 1

01

B |

ROLLING MOMENT COEFFICIENT, CBL (BODY AXIS)
O

~.02
L
L
~.03
- -
L 4
*, -
-.04
= -
-.0s
| .
S ) R
_us AL Ak A4 Adod A IS | dedo AL AL L A Sk b2 kL IR | it 2 4 d b 4 bt i 4 O e N VU i i 4 P a1 P et 44 4
- 8 -7 -6 -5 -4 -3 -2 -1 [} 1 2 3 4 5 © 7 8 9 10
SIDE SLIP ANGLE. BETA, DEGREES
CATA SET SYMBOL CONFIGURATION CESCRIFTION . ALFHA ELEVNI  RUCER3 REFERENCE INFORMATION
(F36G1p) Eg MSFC TWT 494 MSFC/LMSC ORBITER BiwiviEl -G,3060 6,600 0,066 SREF 9.0250° sa@.IN.
(A3616F ) MSFC TWT 494 MSFC/LMSC ORBITER BiwiviEL -0.3G06 G.668  0.606 LREF . 6.1420 INCHE S
BREF 6.1420 INCHES
XMRF 3.9950 INCHE S
- YMRF 0,6000 INCHES
ZMRF - 0.,1350 INCHES
SCALE o

L0033 SCALE
MACH 0.699 .
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LHSC/HREC URBITERTSTUDIES BASELINE LAT.-DIRECT. CHARACT.. STING EFFECTS

LELELELE TTY TTFTr I IrreryTrirers TY¥TT I VYT T T I T Iy TITTYTTTY TI VT yI T T Ty Ty rerTy TTTTyTrYY

i1 1 1

.05 P———

141

.04 P——

14 1 4

.03

.01 Ar\

.00

ROLLING MOMENT COEFFICIENT., CBL (BODY AXIS)

:
g *179- -

[T R e W WS DN I TS DTN P T T P Farws Wwwa N
T2 s -7 - 6 -5 - 4 -3 -2 -3 [} 1 2 3 4 5 € 7 8 -] 10
SIDE SLIP ANGLE., BETA, DEGREES
CATA SET syYMBOL CONFIGURATION CESCRIFTION ALFPHA ELEVN! RUCER3 REFERENCE INFORMATION
(F36L10 ) 8 HMSFC TWT 494 MSFC/LMSC ORBITER BiwlviE1l ~0,366 4,066 G.00G SREF 9.0256 SR.IN.,
(A3616F) MSFC TWT 494 MSFC/LMSC ORBITER BiwiviEl -G.306 6,000 G.600 LREF 6.,1420 INCHES
. ) BREF 66,1420 INCHES
XMRF 3,9950 INCHES
YMRF G,6o00 INCHES .
ZMRF - 0,13506 INCHES
SCALE: 6.,0633 SCALE

MACH G,.900
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LMSC/HREC ORBITER . STUDIES, BASE

.03

.04

.03

.02

.00

ROLLING MOMENT COEFFICIENT. CBL (BODY AXIS)

{(F3e6010)
(A3616F)

LINE LAT. -DIRECT, CHARACT..'STING EFFECTS

¥ TFr L2028 2 ) Trvy L] Tri Yy LI 3 B 3 TrTTr LN L 2N LERL K BB LI B B 4 TTrTrT RELELES
]
[ ]
1 ]
i )
[ ]
]
]
[ R==$F§§§ -
I 7
3 -
\\<§ ]
L . \E -
3 -
[ ]
]

AL U 1 bbb i Bed AL A i A A i A Y O | i FLA Il T | A A 2 2 TR T N 1 F N Y 1 i i A4 2 A
8 -7 - 6 - § -4 -3 -2 -1 a 1 2 3 4 5 6 7 8 9 10
SIDE SLIP ANGLE. BETA, DEGREES
CATA SET SYMBOL - CONFIGURATION CESCRIFTION ALFHA ELEVNE RUCER3 REFERENCE INFORMATION

@ MSFC TWT 494 MSFC/LMSC ORBI TER BiwiviEl -~G,3006 6.660 6,000 SREF 9.0250 S@.IN,
MSFC TWT 494 MSFC/LMSC . ORBITER BiwiViE1L -0.300 U.G00 6. 060 LREF €.1420 INCHE S

BREF 66,1426 INCHE S

XMRF 3.9950 INCHES

YMRF a.,0000 INCHES

© . IMRF -~ 0,1350 INCHES

G,0633 CALE -

MACH 1.G96 SCALE s
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(@]

'—-

Z .oz

wul

b

[}

>

[} -.03

pd

-—

—

s |

8 -.04
-.05
-.06

(F36G6ip)
(A3616F)

L3N B B rrrr ryrvYr TYTr TITy TITT T l T LI I 2 L l' LAk 2 N

4 B
—

4

.

v 4

Gm-~-_£t==E :

s L“Q-—\ . -1

L “*k\\ : g

- -

AL Ad Ld b o O S N AT P W R ST TS W ik 22 i S 0 & L i a3 A s A Ad 22 oo a sl 44 5 i A S04 3 L2 4 4 id 1.2 ...,1

8 -7 -6 -5 -4 -3 -2 -1 ] 1 2 3 4 5 6 4 8 9 10

SIDE SLIP ANGLE., BETA, DEGREES . _
CATA SET SYMBOUL  CONFIGURATION CESCRIFTION ALFHA ELEVN1  RUDER3 . REFERENCE INFORMATION

MSFC TWT 494 MSFC/LMSC ORBITER BiWiviEl -0.360 6,056 0.960 SREF 9.0250 S@.IN.

MSFC TWT 434 MSFC/LMSC ORBJTER Biwivigsl -0.3060 ' G.6GO 6.6UG LREF 6.1420 INCHES

. BREF 66,1420 INCHES

XMRF 3.9950° INCHES

YMRF 0,6000 INCHES

ZMRF - U.1350 INCHES

. CALE 0.,0033
MACH 1,972 S SCALE

ﬂAR@CT.. STING EFFECTS

LM?Q[HREC URBITER STUDIES,  BASELINE LAT. -DIRECT C
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LMSC/HREC URBITER STUDIES BASELINE LAT. -DIRECT. CHARACT., STING EFFECTS

.08 vlll Ty TIrrYyyryryvrrriyrrry TTrYrryrrrr Yy vy r rryrrrryyrrry

I ]

Lol 4 i

.04

1 1 1

Q3

AL 4 1

.02

L4 1 4

N:1}

.
l

ROLLING MOMENT COEFFICIENT. CBL (BODY AXIS)

~.01 ]
~.02
-.03
-.04
-4
-.08
s _
.
B e I Saman e TS WIS INPE NPT PUNTE FTT NPT DT O P WIS WIS R P B
‘Y- s -7 -6 -s - 4 -3 -2 -1 o 1 2 3 “ 5 6 4 8 9 10
SIDE SLIP ANGLE. BETA. DEGREES
CATA SET SYMBOL  CONFIGURATION CESCRIFTION ALFHA ELEVNI  RUCER3 REFERENCE INFORMATION
(F36010 ) E§ MSFC TWT 494 MSFC/LMSC ORBITER BiwlViEL -0.300 6.000 G.0GG SREF 9.G250  SQ@.IN.
(A3616F) MSFC TWT 494 MSFC/LMSC ORBI TER BiwlviEl -0.300 6.0060 U.060 LREF 6.142G  INCHES
C BREF 6.1420  INCHES
XMRF 3.9950  INCHES
YMRP 0.0006G  INCHEs
ZMRF - 0.1350 INCHESs
SCALE | u.u033 SCALE

MACH 4,960
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.13

.30

.03

.00

PITCHING MOGMENT COEFFICIENT, CLM

LISC/REC ORBITER STUDIES, STING EFFECTS ON ELEVONS, DELTA ELEVONC1)=-10 DFG,

L 4.1 1

1.3 1.1

T

[ B |

| . |

I |

LATA SET syHBOL

(D36G3A)
(E3618E)

N B R e d o, . .
- & - 2 o 2 4 K3 ] 10 12 14 16
ANGLE OF ATTACK. ALPHA, DEGREES

CONFIGURATION CESCRIFTION BETA ELEVN1 RUDER3 REFERENCE INFORMATION
MSFC TWT 494 MSFC/LMSC ORBITER Bilwivigl G.666 ~10,0060 6,000 SREF 9.0250 S@.IN,
MSFC TWT 494 MSFC/LMSC ORBI TER BlwiviEL 6,060 -106.0600 G.0Go LREF 6.1420 INCHES
) BREF 6.1420 INCHES
XMRF 3.9950 INCHES
YMRF G.6600 INCHES
ZMRF -~ U.1350 INCHES

g,
MACH G.593 SCALE o33 SCALE
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CLM

PITCHING MGMENT COEFFICIENT,
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.00

.05

10

«15
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.25

«30

.35

CATA SET SYMBOL

{C36034)
(E3616E)

LHSC/HREC ORBITER STUDIES. STING EFFECTS ON ELEVONS. DELTA ELEVON(1)=-10 DEG.

L1 4}

A4 1

Ty

!

—r—r—r

b
i b ] 111 i L.t ¢ 1 A L 1 U IJIITIIIILILI . | A

L]

ANGLE OF ATTACK,

CONFIGURATION CESCRIFTION

MSFC TWY 494 MSFC/LMSC ORBITER
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CATA SET SYMBOL  CONFIGURATION CESCRIFTION ALFHA ELEVN? RUCERZ REFERENCE INFORMATION
(A3652D ) MSFC TWT 494 MSFC/LMSC ORBITER Bi1wWiV3D2E1R2 -U.360 0.0660 0.606 SREF 9.6256 s@.IN,
(E3622F) MSFC TWT 494 MSFC/LMSC ORBITER BiWIV3L2E1R2 -G.300 0,060 6,600 LREF 6.1420  INCHES
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Q MSFC TWT 494 MSFC/LMSC ORBITER B1wWiV3C2E1R2 -6.360 0,660  D,0u0 SREF 9.0250  sa.IN.
MSFC TWI 494 MSFC/LMSC ORBITER B1WiV3D2E1R2Z -6.306 G.606 0,060 LREF 6.1420 INCHES
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| glBMSC/HREC ORBITER STUDIES. STING EFFECTS ON RUDDERS. DELTA RUDDER(2)= 0 DEG..
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CATA SET SYMBOL  CONFIGURATION DESCRIFTION ALFHA ELEVN1  RUDERZ REFERENCE INFORMATION
(A36120) MSFC TWT 494 MSFC/LMSC ORBITER B1WIV3C2E1R2 -0.360 0,000 0,000 SREF 9.0250 S@.IN.
(E3622F) MSFC TWT 494 MSFC/LMSC ORBITER B1WIV3L2E1R2 -0.300 G.CUD 6,000 LREF 6.1420 INCHES
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LMSC/HREC ORBITER STUDIES, STING EFFECTS ON RUDDERS. DELTA RUDDER(2)= 0 DEG.
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(A3612C) 8 MSFC TWT 434 MSFC/LMSC ORBJTER B1wWlv3D2ELIR2 -0.300 6.000 0,060 . SREF 9.0254 Sa.IN.
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LMSC/HREC ORBITER STUDIES, STING EFFECTS ON RUDDERS. DELTA RUIDER(2)= 0 DEG,
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CATA SET SYMBOL  CONFIGURATION CESCRIFTION ALFHA ELEVN:I  RUDER2 ’ REFERENCE INFORMATION
(A3612C) 8 MSFC TWT 494 MSFC/LMSC ORBITER BiwWlVv3D2E1R2 -0,300 0.000 0.06G6 SREF 9.U250  sa.iIN.
(E3622F) MSFC TWT 494 MSFC/LMSC ORBITER BiwWlV3D2E1R2 -0.300 G.,GUG 0.Gue LREF 6.1420 INCHES
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RC/HREC ORBITER STUDIES, STING EFFECTS ON RUDDERS, DELTA RUDDER(2)= 10 DEG.

YAWING MOMENT COEFFICIENT. CYN (BGDY AXIS)

TITr T ¥ rrvy LERLAR } TTrer " rrr L 2R A ) LER 2R A 3 FTrr¥y Trrr Lk B
.08 N
4
.04 .‘
.03 .
i J
.02 T
.01 ]
.00 - - — ]
o aEaRe . -
-.02 -
g— ]
{ -
-.02 .
-.03 -
-.04 -4
-.08 ]
L
e T o SN WS FuIrY e WY I T P e ST PP IO B I O
TS e o et -3 -2 -3 o 1 2 3 K 5 6 7 Py s 10
SIDE SLIP ANGLE. BETA, DEGREES
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SIDE SLIP ANGLE. BETA. DEGREES
LATA SET SYMBOL CONFIGURATION DESCRIFTION ALFHA EL'EVNI‘ RUDERZ2 REFERENCE INFORMATION
{A36130) MSFC TWT 494 MSFC/LMSC ORBITER BlWIV3IL2E1R2 ~6.,3G0 G.060 106,060 SREF 99,0256 SQ@.IN.
(E3623F) MSFC TWT 494 MSFC/LMSC ORBI TER - BilwWlv3L2E1R2 -G.,3006 g.G006 10,0656 LREF 6.1420 ° [INCHES
i BREF 6.1420 INCHES
XMRF 33,9950 INCHES
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LMSC/HREC ORBITER STUDIES, +STING EFFECTS UN RUDBDERS. DELTA RUDDER[2)“ 10 DEG
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DATA SET SYMBOL  CONFIGURATION CESCRIFTION ALFHA ELEVNI  RUCER2 REFERENCE INFORMATION
(A3613p) EE MSFC TWT 494 MSFC/LMSC ORBITER Blwiv3D2E1R2 ~G,300 6,006 10.000 SREF g.0250 SQ.IN.
(E3623F MSFC TWT 494 MSFC/LMSC ORBITER BIWIV3D2ELIR2 -0.300 0.000 10.000 LREF’ 6.1420 INCHES
BREF 6.1420 INCHES
XMRP 3,9950 INCHE S
YMRF o,v000 INCHES
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LUSC/AREC ORBITER STUDIES, STING EFFECTS ON RUDDERS. DELTA RUDDER(2)= 10 DEG,
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BATA SET SYMBOL  CONFIGURATION CESCRIFTION ALPHA ELEVNY  RUDER2 REFERENCE INFORMATION
(a3613p) Eg MSFC TWT 494 MSFC/LMSC ORBITER Blwiv3IL2ELRZ -0.3560 0,066 16,0666 SREF 9.06256 S@.IN.
(E3623F) MSFC TWT 494 MSFC/LMSC ORBITER BIWIV3D2E1R2 -0.3066 0.0086 16,646 LREF 6.1420 INCHES
BREF 6.1420 INCHES
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LMSC/HREC ORBITER STUDIES, STING EFFECTS ON RUDDERS. DELTA RUDDER(2)= 10 DEG.
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SIDE SLIP ANGLE. BETA, DEGREES ‘
CATA SET SYMBOL  CONFIGURATION CESCRIPTION ’ : ALFHA ELEVN!  RUCER2 REFERENCE INFORMATION
{A3613C) EQ MSFC TWT 494 MSFC/LMSC ORBITER Biwiv3IL2ELR2 -0.300 G.066 10,600 SREF 9.0250° sa.IN.
(E3623F) MSFC TWT 494 MSFC/LMSC ORBITER B1wWiVv3C2E1R2 -  -G,30C 6.066  t0.600 LREF €.1420 INCHES
BREF 6.1420 INCHES
XMRF 3.9850 INCHES
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LMSC/HREC ORBITER STUDIES,STING EFFECTS ON UPSHEPT TIP
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CATA SET SYMBOL  CONFIGURATION CESCRIFTION ALFHA ELEVNS . REFERENCE INFORMATION
(A3615D) 8 MSFC TWT 494 MSFC/LMSC ORBITER 81wiv3EL -0,300 v.000 . SREF 9.u250 S@.IN.
(A3624F MSFC TWT 484 MSFC/LMSC ORBITER Biwiv3EL -0.,360 0,000 LREF 6.t1420 INCHES
: BREF 6.1420 INCHES
XMRF 3.9950 INCHES
YMRE u,0000 INCHES
ZMRFE - 0,1350 INCHES
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SIDE SLIP ANGLE. BETA. DEGREES
SYMBOL CONFIGURATION CESCRIFTION ALFHA ELEVN1 REFERENCE INFORMATION
EE MSFC TWT 494 MSFC/LMSC ORBITER Biwiv3El -G.300 6.006 SREF 9.u250 SA.IN.
MSFC TWT 494 MSFC/LMSC ORBITER Biwilv3iEgs -6.300 U.600 LREF 6.1420 INCHES
BREF 6.1426 INCHES
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LMSC/HREC ORBITER STUDIES, STING EFFECTS ON UPSHEPT TIP
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(A38150C) Eg MSFC TWT 494 MSFC/LMSC ORBITER Biwiv3EL -0.360 0,600 SREF 9.0250 S@.IN.
(A3624F) " MSFC TWT 494 MSFC/LMSC ORBITER Biwiv3EL -0.300 6.660 LREF 6.1420 INCHES
BREF 6,1420 INCHES
XMRF 3.,9950 INCHES
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ANGLE OF ATTACK, ALPHA, DEGREES

SYMBOL  CONFIGURATION CESCRIFTION BETA ELEVN:I  RUCER3 REFERENCE INFORMATION
MSFC TWT 494 MSFC/LMSC ORBITER BiWiViEl 0,000 . -30.000 6.006 SREF 9.0250  sa.IN.
MSFC TWT 494 MSFC/LMSC ORBI TER BIWLVIEL 0.G00 -20,000 0.0G0 LREF 6.1420  INCHES
MSFC TWT 494 MSFC/LMSC ORBITER BlWiVIEL U.600 -10.000 0.000 BREF 6.1420  INCHES
MSFC TWT 494 MSFC/LMSC ORBITER BiwiVviEl 6,000 0.500 0.600 XMEE 3.9950 INCHES"
MSFC TWT 494 MSFC/LMSC ORBITER - BlWiVIEL 0.6G6 10,000 0.600 YMRP U.0000  INCHEs
. . IMRF - U.1350  INCHEs

SCALE 0.0033  SCALE
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ANGLE OF ATTACK. ALPHA. DEGREES
CATA SET SYMBOL CONFIGURATICN DESCRIFTION BETA ELEVN1 RUCER3 . REFERENCE INFORMATION
(C36058) MSFC TWT 494 MSFC/LMSC ORBITER BlwiVviEl G,000 -36,.600 u.066 SREF 9.0250 SQ.IN.
(C36G4s) MSFC TWT 494 MSFC/LMSC ORBITER Bi1W1V1E1L 0,006 -20.060 G.0066 LREF 6.2420 INCHES
{C366L3s) MSFC THT 494 MSFC/LMSC ORBITER BiwiVviEl 0,000 -15,000 6.000 BREF 6.1420 INCHES
(E36018) MSFC TWT 494 MSFC/LMSC ORBITER BlwiviEl G.0006 0,060 U,000 T XMRP 3.9950 INCHES
(c3602s) MSFC TWT 494 MSFC/LMSC ORBITER B8iWiVIE: G.0GG 16,600 G,000 YMKRF o.0000 INCHES
. ZMRP - g.,1350 INCKES
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. ANGLE OF ATTACK. ALPHA. DEGREES
CATA SET sYMBoL CONFIGURATION DESCRIFTION BETA ELEVNS RUCER3 REFERENCE INFORMATION
(C360585) MSFC TWT 494 MSFC/LMSC ORBITER B1wWiVIEL 0.000 -30,000 0,060 SREF 9.0250 SQ.IN.
(C36D45) MSFC TWT 494 MSFC/LMSC ORBITER Bi1wWiViEL 0.006 -26.000 0.000 LREF €,1420 INCHES
(C36035) MSFC TWY 494 MSFC/LMSC ORBITER BiwiViEL 6.086 -10.000 0,000 BREF 6.1420 INCHES
(E36015) MSFC TWT 494 MSFC/LMSC ORBITER BiwWiVIiEL 0,000 0,000 0.000 XMRF 3.9950 INCHES
(C3e02s) . MSFC TWT 494 MSFC/LMSC ORBITER BLwiVI1E1L 0.000 10,000 0,000 YMRF 0.,0000 INCHES
. ZMRF - 09,1350 INCHES
A U,00633 CAL
HACH 0,903 ScALE ¢ £
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ANGLE OF ATTACK, ALPHA,. DEGREES
CATA SET SYMBOL  CONFIGURATICN CESCRIFTION BETA ELEVNY  RUCER3 REFERENCE INFORMATION
(C3605S) MSFC TWT 4954 MSFC/LMSC ORBITER BiWiViE1 G,000 -30.000 0,060 SREF 9.0250 SQ@.IN,
(C3604S) MSFC TWT 494 MSFC/LMSC ORBITER BiWIViEL 0.000 -26.06L0 6,600 LREF 6.1420 INCHES
(C3603s) MSFC TWT 494 MSFC/LMSC ORBITER BI1WiVIESs G.6G00 -10.000 6,000 BREF 6.1420 INCHES
(E36018) MSFC TWT 494 MSFC/LMSC ORBITER BiwiviEl 0.606 a,006 6,060 XNRP 3.9950 INCHES
(C36628) MSFC TWT 494 MSFC/LMSC ORBITER BiwiviEt 0.000  106.0060 6,000 YMRF g,0000 INCHES
ZMRF - 8.1350 INCHES
SCALE 0,0033
MACH 1.966 3 SCALE
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ANGLE OF ATTACK, ALPHA, DEGREES

CATA SET SYMBOL CONFIGURATION DESCRIFTION . BETA ELEVNL RUCER3 REFERENCE INFORMATION
(C36055) A MSFC TWT 494 MSFC/LMSC ORBITER BilwiviEl 0.600 -30.000 0,000 SREF 9.6250 Sa@.IN,
{C36045) MSFC TWT 494 MSFC/LMSC ORBITER 8i1wWiviEL G.000 -20,.000 0,000 LREF 6.1420 INCHES
(C36a3s) MSFC TWT 494 MSFC/LMSC ORBITER BiwWiviE1 6.606 -10,0006 6,060 . BREF 6.1420 INCHES
(E36018) MSFC TWT 494 MSFC/LMSC ORBITER BiwWiviEL o.000 0,000 0,000 XMRF 3.9950 INCHES
{c3enzs) MSFC TWT 494 MSFC/LMSC ORBITER B1WIVIEL G.000 16,000 0.6006 YMRF T o.,o0000 INCHE S
ZMRF - 0,1350 INCHE S
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SYMBOL CONFIGURATICH CESCRIFTION BETA ELEVN1  RUDER3 REFERENCE [INFORMATION
13 MSFC TWT 494 MSFC/LMSC ORBITER BiwWiviEl 0.0066 -30.600 G.600 SREF 9,025G S5@.IN,
MSFC TWT 494 MSFC/LMSC ORBITER BiwiviE: 0,000 -26.6GG 6,060 LREF 6.1420 INCHES
MSFC TWT 434 MSFC/LMSC ORBITER BiwWilViEL 0,008 -26,G6U 4,060 8REF 6.1420 INCHES
MSFC TWT 494 MSFC/LMSC ORBITER BiwWilviElL G.000 6,000 6,060 XMRF 3.9950 INCHES
MSFC TWT 494 MSFC/LMSC ORBJ TER Bi1wiviE? G.000 15,0060 U,600 YMRFE 0,0000 INCHE S
ZMRFE - 0,1350 INCHES
SCALE U,0033 SCALE
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CONFIGURATION CESCRIFTION BETA ELEVN! RUDER3 REFERENCE INFORMATION
A uSFC TWT 494 MSFC/LMSC ORBITER B1WIVIEL 0.606 -30.G06. 0,060 SREF 9.0250  Sa.IN.
MSFC TWT 494 MSFC/LMSC ORBITER B1wiViEL 6.000 -26,06606  G.GGO LREF 6.1420  INCHES
MSFC TWT 494 MSFC/LMSC ORBITER BIWLVIEL 6.666 -106.006 0,000 BREF 6.1420  INCHES
MSFC TWT 494 MSFC/LMSC ORBITER BIWIVIEL 0.660 0,060 0,060 XMRP 3.9950  INCHEs
MSFC TWT 494 MSFC/LMSC ORBITER BiwiV1EL 0.006 10.604 0.660 YMRF 0.0G00°  INCHES
ZMRF - G.1350  INCHEs

v.0033 CALE

MACH 0.903 SCALE s




CN

NORMAL FORCE COEFFICIENT,

~0.2

CATA SET
(C36U5s)
(C3604s)
(C3603s)
(E36015)
(C3ei:25)

EFFECTS, BENT

LYSC/HREC ORBITER STUDIES, BISELINE ELEVON

STING

LENR 2 BN | LR LA S LAELS LANEE B B LR B S 4
L -
!
L -
a/a
A
A
-
e / 1
Aﬁ’}& ]
| .
- E
L .
L N
PR PN PR BN e SR SrEray Pl SRR BT PN T P
5 ] 5 10 35 20 25 30 35 40 45 50 55
ANGLE OF ATTACK, ALPHA. DEGREES. _
SYMBOL CONFIGURATION CESCRIFTION BETA ELEVN? RULERS3 REFERENCE INFORMATION

A usFc tur 494 MSFC/LMSC ORBITER BiWwiViEL 0.000 -30,500 U.o0o SREF 9.v0250 SQ.IN.
MSFC TWT 494 MSFC/LMSC ORBI TER Biwivigs G.00G -20,000. 6,000 LREF 6.1420 INCHES

MSFC TWT 494 MSFC/LMSC ORBI TER BiwiVviEl U.000 -10.000 0,000 BREF 6.1420 INCHES

MSFC TWT 494 MSFC/LMSC ORBITER B1wivies G.GGoG 0,600 G,uo0 XMRF 3.9950 INCHES

MSFC TWT 494 MSFC/LMSC ORBITER BiwtvigEl 0.000 16,060 0.00Y YMRF U.oo00 INCHES

’ ZMRF - 0,1350 INCHES

CA 0.0
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ANGLE OF ATTACK., ALPHA. DEGREES
SYMBOL CONFIGURATION CESCRIFTION BETA - ELEVNS RUCER3 REFERENCE INFORMATION )
MSFC TWT 494 MSFC/LMSC ORBITER BiwiviEl 0.000 -36.000 G.0660 SREF 9.,0250 SQ@.IN.
MSFC TWT 494 MSFC/LMSC ORBITER BiwiviEl 6.000 -26.000 6,000 LREF 6.1420 INCHES |
MSFC TWT 494 MSFC/LMSC ORBI TER BlwiviEl 0.006 -~16,600 u.00u - BREF 6.1420 -INCHES
MSFC TWT 494 MSFC/LMSC ORBI TER BiwiviEs g.000 0.000 G.o00 XMRF 3.9950 INCHES
MSFC TWT 494 MSFC/LMSC CORBITER BiwiviE: 0.0660 16.600 U.066 YMRF u,00006 INCHES
) ZMRF - G.1350 INCHE S
| SCALE 0,0033 SCALE
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ANGLE OF ATTACK, ALPHA, DEGREES
SYMBOL CONFIGURATION CESCRIFTION BETA ELEVN] RUCER3 REFERENCE INFORMATION
MSFC TWT 494 MSFC/LMSC ORBITER BIWIVIEL 0,060 -345.6G50 6,000 SREF 8.0256 S@.IN.
MSFC THT 494 MSFCrLMSC ORBITER BiwWiviEl G.600 -206.000 4,000 LREF 6.1420 INCHES
MSFC TWT 494 MSFC/LMSC ORBITER BiIWiVIEL 0.G06 -10.600 G.000 BREF 6.1420 INCHES
MSFC TWT 494 MSFC/LMSC ORBITER BiwWivVIE: &.000 G.600 G,660 XMRF 3.9950 INCHES
MSFC TWT 434 MSFC/LMSC ORBITER B1WiVIEL 0.G6o 16.0600 g,ao0 YMRF U.000606 INCHES
. : ZMRF - U.1350 INCHES
SCALE o.0G63
MACH 0,591 '. 3 SCALE
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ANGLE OF ATTACK, ALPHA. DEGREES
BATA SET SYMBOL  CONFIGURATION CESCRIFTION BETA ELEVNLI  RUCER3 REFERENCE INFORMATION
(C3605s) MSFC TWT 494 MSFC/LMSC ORBITER BlwiviEl 0.060 -30,.000 U.0006. SREF 9.v250 S@.IN,
(C3604s) MSFC TWT 494 MSFC/LMSC ORBITER BiwiviEs 0.000 -20,000 0,060 LREF 6.1420 INCHE S
(C3603s) MSFC TWT 494 MSFC/LMSC ORBI TER BiwWiviEL 0.000 -10,060 0,000 ©  BREF 6.1420 INCHES
(E3661s5; MSFC TWT 494 MSFC/LMSC ORBITER BilwiviEl G.0oo 6.666 6,060 XMRF 3.9950 INCHES
te36cas) MSFC TWT 494 MSFC/LMSC ORBITER B1wWivViEL 0.006 10,000 G.uoo YMRF U.0000 INCHES
IMRF - U,1350 INCHES
E 0,0033 CALE
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LHSC/HREC RBITER STUDIES: BASELINE ELEVON EFFECTS, _BENT
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ANGLE OF ATTACK. ALPHA, DEGREES
SYMBOL CONFIGURATICHN CESCRIFTION BETA ELEVN:  RUCER3 REFERENCE INFORMA TICN
MSFC TWT 494 MSFC/LMSC ORBITER 81wWiViE1L 0.U06 -3G,000 G,000 SREF 9.0250 S@.IN,
MSFC TWT 494 MSFC/LMSC ORBITER BlwiviEs G.006 -2G.0600 0,660 LREF, 66,1420 INCHES
MSFC TWT 494 MSFC/LMSC CRBITER BlwiviEl 0.006 -1G.6G0U 0,000 BREF 66,1420 INCHES
‘MSFC TWT 494 MSFC/LMSC ORBI TER BiwiviEl G.6006 G.0006 D_.UUU XMRF 3.9950 INCHES
MSFC TWT 494 MSFC/LMSC ORBITER B1WIViESL a.o60 16,000 G,0060 YMRF v.6000 INCHE S
ZMRF - 0.1350  InCHEs
SCALE 0.,0033 ALE
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ANGLE OF ATTACK. ALPHA., DEGREES |

CONFIGURATION DESCRIFTICN BETA ELEVN] RUDER3 REFERENCE INFORMATION
MSFC 494 MSFC/LMSC ORBITER Biwivigl 0.000 .-30.000 0,660 SREF 9.0250 . sa.IN.
MSFC 494 MSFC/LMSC ORBITER BiwlviEl bU.U60 -20,000 4,000 LREF 6.1420 INCHES
MSFC 494 ‘MSFC/LMSC ORBITER Bi1wWiviEL 6,000 -10.000 G,600 BREF 6.1420 INCHES
MSFC 494 MSFC/LMSC ORBI TER BlwiviElL 8.060 G.G00 0.ooo XMRF -3.9950 INCHES
MSFC 494 MSFC/LMSC ORBITER Bilwivigl G.6u0 16,000 G.o000 YMRF ¢.0000 INCHES
ZMRP U.1350 INCHES
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ANGLE OF ATTACK. ALPHA, DEGREES
CONFIGURATICN DESCRIFTION BETA ELEVN1 RUCER3 REFERENCE INFORMATION
MSFC TWT 494 MSFC/LMSC ORBITER BilwiviEl G.000 -3G.660 U.000 SREF s.0250 SA.IN.
MSFC TWT 494 MSFC/LMSC ORBI TER Bi1WiVIE1L 6.006 -20.00G 4.0600 LREF 6.1420 INCHES
MSFC TWT 434 MSFC/LMSC ORBI TER BiWiVIEL 0,000 -16.000 0,600 BREF 6,1420 INCHES
MSFC TWT 454 MSFC/LMSC CORBITER Biwivigsl G.006 0.060 0,066 XMRF 3.9950 INCHES
MSFC TWT 494 MSFC/LMSC ORBITER BiWIVIEL G.606 16.060 4,060 YMR U.0600 INCHES
ZMRF - U.1350 INCHES
SCALE 0.00633
MACH g.591 3 SCALE
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ANGLE OF ATTACK. ALPHA, DEGREES
CONFIGURATICN DESCRIFTION BETA ELEVN!  RUCER3 REFERENCE INFORMATION
MSFC TWT 494 MSFC/LMSC ORBITER B1wiVviEL 0.0606 -30,000 0,060 | SREF 9.,.u250 S@.IN.
MSFC TWT 494 MSFC/LMSC ORBITER BilwiviEl 0.000 -26.000 - u.,ou0 LREF 6.1420 INCHE S
MSFC TWY 494 MSFC/LMSC ORBITER BilwiViEl U.000 -$16G.000 U.860 BREF 6,.1420 INCHES
MSFC TWT 494 MSFC/LMSC ORBI TER BIWiVIEL U.006  G.00C 0,660 XMRF 3.895G6 INCHES
MSFC TWT 494 MSFC/LMSC ORBITER BilwiviEgl -g.a00 16,6006 G,u00 YMRF 0.0000 INCHES
. IMRF - v.1350 INCHE S
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ANGLE OF ATTACK., ALPHA. DEGREES
CONFIGURATION CESCRIFTION BETA ELEVN1  RUCER3 REFERENCE INFORMATION

MSFC TWT 494 MSFC/LMSC ORBITER BiwilVviEl G.6G06 -30.0006 G.006 SREF 9.0250 SQ.IN.

MSFC TWT 494 MSFC/LMSC ORBITER Bi1WIVIEL 6.G00. -20.006 0,060 LREF 6.1420 INCHES

HMSFC TWT 494 MSFC/LMSC ORBITER BiWlVIEL 0.006 -30,066. G.U000 BREF 6,1420 INCHES

MSFC THT 494 MSFC/LMSC ORBITER BiwiVviEL G.000 D.600 6,000 XMRF 3.9950 INCHES

MSFC TWT 494 MSFC/LMSC ORBITER BlWIVIES b.0BD 10,008 G Lo YHRF 0.,0000 INCHES

ZMRF - J,1350 INCHES
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MACH 1,966 s 3 SCALE
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ANGLE OF ATTACK, ALPHA, DEGREES -
CONFIGURATION CESCRIFTION BETA ELEVN1 RUCER3 REFERENCE INFORMATION
MSFC TWT 494 MSFC/LMSC ORBITER BIWIVIE2 b.00G -30.000 0,000 SREF 9.,0250 SQ@.IN.
MSFC TWT 494 MSFC/LMSC ORBITER BiwlviEl 6.600 -26.006° G.GOO LREF 6.1420 . INCHES.
"MSFC TWT 494 MSFC/LMSC ORBITER BiwiviEL G.060 -10.006G6 U.0600 BREF 6.1420 INCHES
MSFC TWT 494 MSFC/LMSC ORBITER BIWiIVIEL 0,000 0.000 0.G0U XMRF 3.9950 INCHES
MSFC TWT 494 MSFC/LMSC ORBITER BIWIVIEL 0,006 10,0065 G.000 YMRF 0.6000 INCHES
ZMRP - 0.,1350 INCHES
0.06G33 CALE
MACH 4.959 scaLe s
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CATA SET SYMBOL
(C3605s)
(C3604s)
(C3603s)
(E36D15)
(C3662s)
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PITCHING MOMENT COEFFICIENT, CLM

CONFIGURATION DESCRIFTION

MSFC
MSFC
MSFC
MSFC
MsSFC

TWT 49¢
TWYT 494
TWT 494
TWT 494
TWT 494

0,592

MSFC/LMSC
MSFC/LMSC
MSFC/LMSC
MSFC/LMSC
MSFC/LMSC

ORBI TER
ORBITER

ORBITER .

ORBITER
ORBITER

.00

-.08 ~.10

Biwivigl
B1wWiviEL
BlwWivViEL
BiwiviEl
BiwiviEl

BETA
g.060
0.000
G.000
G.000

. 0,000

-.15

ELEVN1
~36.000
-20.0600
-16.006
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10.0660
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RUCER3
6. 000
U.600
G.0U0
0.0600
G.0G6

REFERENCE INFORMATION

SREF
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XMRFP
YMRF
ZMRF
SCALE

9.0250
6.1420
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3.9950
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0.1350
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SCALE
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CONFIGURATION CESCRIFTION

MSFC
MSFC
MSFC
MSFC
MSFC

TWT <494
THT 494
TWT 494
TWT 494
TWT 494

1.966

MSFC/7LMSC
MSFC/iLMSC
MSFC/LMSC
MSFC/LMSC
MSFC/LMSC

ORBI TER
ORBITER
ORBITER
ORBI TER
ORBITER

LO00

~.05

BiwWiviEl
BiWiviEl
BiwiviEl
Biwivigsl
B1WiVIEL

-.10

BETA
0,000
8.000
u.0u0
6,000
G.Guo

"
~.15

ELEVN1
-30.000
-20.005
-10.060

0.000

10.000

-.20

RUCER3
u.060
6,000

0,000

- 8.000
g.660

-.25

REFERENCE INFORMATION
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. PITCHING MOMENT COEFFICIENT. CLM
CATA SET SYMBOL  CONFIGURATIGMN DESCRIFTICN BETA - ELEVNI RUCER3 REFERENCE INFORMATION
(C36058) MSFC TWT 494 MSFC/LMSC ORBJTER BI1WLVIEL 0.000 -30,000 6,060 SREF 9.0250  $a.IN.
- (C36048) MSFC TWY 484 MSFC/LMSC ORBITER BiWlVIE1 0.000 -26.000 6,000 LREF 6.1420  INCHES
(C3603s) MSFC TWT 494 MSFC/LMSC ORBITER BiwiviEL 0.000 -16G.660 G.060 BREF 6.1420  INCHES
(E36018) MSFC TWT 494 MSFC/LMSC ORBITER BIWiIVIEL 0.000  0.000  G,d00 XMRF 3.9950  INCHES
(C3662s) MSFC TWT 494 MSFC/LMSC ORBITER BiwiViEl 0.600 10,000 0,660 YMRF D.000U  INCHES
ZMRF - 0.1350 INCHES
 SCALE D.0D033  SCALE

MACH 4,959
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ANGLE OF ATTACK, ALPHA, DEGREES
SYMBOL CONFIGURATICN CESCRIFTION BETA ELEVN? RUDER3 ALLRON REFERENCE INFORMATION
MSFC TWT 494 MSFC/LMSC ORBITER Bi1wiVviEL g.680 0,000 a.5046 SREF 9.0250 SQ.IN.
MSFC TWT 494 MSFC/LMSC ORBITER B1WiV1ElL 06.000 6.000 U,060 i10.600 LREF 6.1420 INCHES
O MSFC TWT 494 MSFC/LMSC ORBITER Biwivigl g.006 ©,000 G.600 26,006 BREF 6.1420 INCHES
XMRF 3.9950  [NCHES
YMRF U.,0000 INCHES
ZMRF - G,1350 INCHES
SCALE 0,0033 ALE
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: ANGLE OF ATTACK. ALPHA, DEGREES

CATA SET SYMBOL  CONFIGURATION DESCRIFTION BETA ELEVNI  RUCER3  AILRON REFERENCE. INFORMATION
(H36017T) Eg MSFC TWT 494 MSFC/LMSC ORBITER B1WIV1E1L 6.0006  p.006 SREF 9.0250  sa.1IN,
(H36065) MSEC TWT 494 MSFC/LMSC GRBITER B1WIVIEL 0.0D0  G.GOO 16,660 LREF 6.142U  INCHES
tH36075) ()  MSFC TWT 494 MSFC/LMSC ORBITER BiwiVIEL 6.006 0,660 20,000 BREF 6.1420  INCHEs
. XMRFP - 3.9950 . INCHES
YMRP 0.0000  INCHES
ZuRP - U.1350  INCHES
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CONFIGURATIC®: DESCRIFTICN
MSFC TWT 494 MSFC/LMSC ORBITER
MSFC TWT 494 MSFC/LMSC ORBITER
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15 20

ANGLE OF ATTACK. ALPHA., DEG

BETA ELEVNL
0.000 o.ubu
G.000 0.006
G.600 6.000G

REFERENCE INFORMATION
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- BREF
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YMRF
ZMRF
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ANGLE OF. ATTACK. ALPHA, DEGREES

CONFIGURATI® CESCRIFTION
MSFC TWT 494 MSFC/LMSC ORBITER
MSFC TWT 494 MSFC/LMSC ORBITER
MSFC TWT 494 MSFC/LMSC ORBITER
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REFERENCE INFORMATION
SREF 9.0250  SQ.IN.
LREF 6.1420 INCHES
BREF 6.1420 INCHE S
XMKF 3.9950  INCHES
YMRF 0.ouce INCHES.
ZMRFP U,1350 INCHES

SCALE 0.G0G33  SCALE
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ANGLE OF ATTACK, ALPHA, DEGREES

syMBOL CONFIGURATION CESCRIFTION ) BETA ELEVN? RUCER3 AILRON REFERENCE INFORMATION .
Q MSFC TWT 494 MSFC/LMSC ORBITER BIWiVIEL G,0006 4,600 6,600 SREF 9.0250 S@.IN.
MSFC TWT 494 MSFI/LMSC ORBITER BiwWiViEL b.066o 6.0660 0,060 16,000 LREF 6.1420 INCHES

O MSFC TWT 494 MSFC/LMSC ORBITER BIWIVIEL 0,000 U,000 0,060 2L, 0006 8REF 6.1420 INCHE S
XMRF 3.9950 INCHES

YMRF v.ouoo INCHES

ZIMRF -~ G.,1350 INCHES

U.0033
MACH 0.9063 SCALE o SCALE
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ANGLE OF ATTACK. ALPHA, DEGREES
SYMBOL  CONFIGURATICN DESCRIFTION ‘BETA ELEVNL  RUDER3 AILRON REFERENCE INFORMATION
Q MSFC TWT 494 MSFC/LMSC ORBITER Biwivigl G, 000 6,056 0.000 SREF 9.0250  sa.IN.
MSFC TWT 494 MSFC/LMSC ORBITER BiwiviEl 0.006 0.060 U.606  10.000 LREF 6.1420  INCHES
O MSFC TWT 494 MSFC/LMSC ORBITER BiWiViEL 0.000 g.v00 G.00G 25,606 BREF 6.1420  INCHES
)  XMRF 3.9950  INCHES
YMRF ‘0.0006  INCHES
T INRF - 0,1350  INCHES
v.o03
MACH 1.9¢7 SCALE VB33 SCALE
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, ANGLE OF ATTACK. ALPHA. DEGREES
SYMBOL CONFIGURATION CESCRIFTION BETA ELEVNZ RUDER3 ALLRON REERENCE INFORMATION
Eg MSFC TWT 494 MSFC/LMSC ORBITER Biwivigl © b.060 0,006 0,060 SREF 9.0250 S$@.IN.
MSFC TWT 494 MSFC/LMSC ORBITER BilwilviEl o,000 0.606G 0.6060 10.000 LREF 6.1420 INCHES
O MSFC TWT 494 MSFC/LMSC ORBITER BiwlviEs G.066 6,606 G,a00 20.000 BREF 6.1420 INCHES
XMRFP 3.9950 INCHES
YMRF 0,0000 INCHES
ZMRF - U.1350 INCHES
CA G.
MACH 0.594 SCALE vo33 SCALE
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SYMBOL CONFIGURATION CESCRIFTION BETA ELEVNL RUCER3 AILRON REFERENCE INFORMATION
MSFC TWT 494 MSFC/LMSC ORBITER BiwiviEl c.u0o G,000 S.ougu SREF 9.6250 S@.IN.
MSFC TWT 494 MSFC/LMSC ORBITER BiwiviEl 6.06006 6,000 6,000 16.6060 LREF 6.1420 INCHES
MSFC TWT 494 MSFC/LMSC ORBLTER BiwiviEl G,.900 0.600 G,.Goo 2UG.0600 BREF 6.1420 INCHES
. B XMRF 3.9950 INCHES
YMRF 0.0000 INCHES
ZMRF - D,1350 I1NCHE S
. 0.0G33 CA
MACH o.90z2 SCALE s Le

360



.08
.04
[an)
[7p]
< .03
<
>
(]
(] .02
m
~—
|
@,
.
'_
z .
Ll .00
—
(]
—
[T
L -
O
Q
—
Z .oz
wt
b
(]
=
M -.03
P4
puint
4
4
§ -.o0e
~.05
-.06
CATA SET
(H36017)
(H36G56S)
(H3607s)

LH§QHREC ORBITER STUDIES,BASELINE AILERON EFFECTS. BENT STING
.06 LANN T T T T Y T T ¥ L T T 1"; Y ¥ T 7 Y -‘l T T L2 L]

T T LANEED Samnn 4
L i E
L -
L B
—
L -
b =
[ o—o—F" O T0 ]
i A A A A A L B A N
P - fd “1
L —at—a—=_-—a—0—H- o 0 ]
[ .
L =
[ e
L -
L -
PR ST S O VY T T P P S S P S S — PR " L " PR "
s o 5 10 15 20 25 30 35
ANGLE OF ATTACK, ALPHA, DEGREES
SYMEOL CONFIGURATION CESCRIFTION BETA ELEVN1" RUCER3 AILRON REFERENCE INFORMATION
MSFC TWT 494 MSFC/iMSC ORBITER BiwiViEL G.080 6.600 0.00606 SREF g.0250 S@.IN.
MSFC TWT 494 NSFC/LMSC ORBITER BiwiVviEl 4,000 6.0606 G.600 10,006 - LREF 6.1420 INCHES
O MSFC TWT 494 MSFC/LMSC ORBITER BiwiviEl o.aoo 6,660 0.6606 24.6u0  BREF 6.1420 INCHES
XMR P 3.9950 ° INCHES
YMRF g.6000 INCHES
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