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ABSTRACT

Experimentai aerodynamic investlgetlons were conﬁucted during
March 1971 at the NASA-Marshall Space Flight Center 1k x_lh inch
Trisonic Wind Tunnel on a 0.003366 scale North Ameri.can Sface Shuttle
Orbiter maoted to a S-IC Booster. Slx component static stabllity force
data were recorded over a Msch number range from 0.60 to 2.0 st snglec
of attack from -8° to +S° at zero degrees sideslip and from _2° 4o +8°
Sid.eslip angle at zero degrees angle of attack. Test Reynolds number
varied from 6.9 x 10° to 8.5 x 105 per unit length. Primary test em-

phasis was on determining the aerodynamic effects of sewersl slze

spoilers and vortex generators.
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SUMMARY

Emperimsntal'aerodynamic investigatlions were conducted during

. Ma.:c‘ch 1971 at the NASA-Mershall Space Fiight Center 14 x 1% inch
Trilisonic Wind Tunnel on a 03003566 scale North American Space Shuttle
Orbiter mated to a S-IC Beoster. ©Six component stetic stability force
dsta were recorded over a Mach number range from 0.60 to 2.0 at angles
of attack from -8° to +8° at zero degrees sideslip and from -2° to +8°
sideslip angle at zero degrees angle of sttack. Test Reynolds number
varied froﬁ 6.9 x 106 to 8.5 x 106 per unit length. Primary test em-

phasls was on determining the aerodynamic effects of several size spoilers

and vortex generators.



Notes:
.+1, Positive ditections of force coefficients
moment coetfficients, and angles are
indjicated by arrows.

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

Figure. 1. Axis systems, showing direction and sense of force and
moment cocflicients, angle of attack, and sideslip angle



SADSAC NOMENCLATURE

COEFFICIENT 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 - CD CDTOTL
Chn Base Drag Force - CDB CDBASE
Copp Forebody Drag Force - CDF CDFORE
Cy, Lift Force - CL CL
CN Normal Force CN - -
Cy Side Force cY CY CC
cy Rolling Moment CBL CSL CWL
Cm Pitching Moment CLM CLM CPM
Cn Yawing. Moment CY¥N 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 - -

SU'MMARY OF SADSAC NOMENCLATURE - AERODYNAMIC FORCE AND MOMENT COEFFICENTS



CONFIGURATIONS INVESTIGATED

Table IT indicates the ex-act configurations investigated and their
nomenclature. It is followed In thls section by descriptive forms that
contain pertinent dimensional informstion for each model component tested.
Sketches and model photographs are lncluded immedlstely preceding the

ploﬁted data. A complebe run summery is contelined in the detaset collation

sheets.
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TEST FACILITY

The Marshall Space Flight Center 14" x 14" Trisonlc Wiﬁd Tunnel is an
intermittent blowdown tunnel which operamtes by high pressure air flowiné
from storage to elther vacuum or atmospherlic conditions. A Mach number
range from .2 to 5.85 is covered by utilizing two interchengeable test
sections. The transonic section permits testing at Mach 0.20 through
2.50, and the supersonic section permits testing at Mach 2.74 through
5.85. Mach numbers betweeﬁ .2 gnd .9 are obtsined‘by using a control-
lable diffuser. The range from .95 to 1.3 is aschieved through the use of
plenun suction and perforated walls. Mach numbers of L.4k, 1.93 and 2.50
are produced by Interchangeable sets of fixed contour nozzle blocks. Above
Mach 2.50 a" set of fixed contour nozzle blocks 18 tilted and transiated

avtomatlcally to produce any desired Mach number in .25 increments.

Air is supplied to a 6000 cubic foot storage tank at approximétely -LooF

dew point end 500 psi. The compressor is e three-stage reclprocating unit

driven by a 1500 hp motor.

The tunnel flow is established and controlled with a servo-actusted gate
valve, The controlled alr flows through the wvalve diffuser inte the stilling
chamber and heat exchanger whefe the air temperature can -be contro;ied from
ambient to approximetely 180%. The alr then passes through the teat sectlon
which contains the nozzle blocks and test reglon.

Downsbream of the test sechbion 1s a hydraulically ccntrolled piteh sector
that provides a tobal angle of atback range of 20° (}10°). Sting offsets

are availeble for obtaining various meximum angles of attack up to 25°.

13



TEST CONDTTIONS

Table I préseﬁts the- range of test variables at which data were recorded

and glvee some estimate of the dsta accuracy.

Trip strips used in the test were #120 grit, 0.06 inch wide located at 10%
chord aft of the leeding edge on all aerodynamic surfaces (see Figure 2).
The nose Qf the éfbiter has & trip strip 0.10 inch wide with #120 grit

‘located 1/2 inch aft of the nose tip.

The model was sting mounted in the tumnel as depicted in Wigure 8. Pitch
runs were made with the model upright while sideslip runs were made in the

tunnel pitch plane with the sting and model rolled 90°.
Base pressures were measured in three locatlons as shown in Figure 2h.

The orbiter was atﬁached to the booster with an orbiter sting. The orbiter
was posifioned at en incidence setting of +1° by pivoting the orbiter about

8 pin 1,897 inches ahead of the orblter base.

The cradle wag cast as an integral pasrt of the orbiter. The gap between

the orbiéer and booster was falred with red wax.

14



" TABLE IT

TEST CONDITIONS

TEST 485
) REYNOLDS NUMBER DYNAMIC PRESSURE STAGNATION TEMPERATURE
MACH NUMBER per unit length (pounds/sq. inch) (degrees Fahrenheit)
0.60 8.5x106 7.3 100°F (Nominal)
0.90 7.7x106 9.0
1.00 7.2x106 9.0 ;
1,10 —6.,8x106 9.0
1,20 6, 6x10% 9.0
1,46 6,9x100 10.0
1.96 _6.9x106 10.0
BALANCE UTILIZED: ____MSEC Ralance. #200
COEFFICIENT
CAPACITY : ACCURACY : TOLERANCE:
NF 175 1bs.
- SF 150
AF 100
PM m_1bs
™ 160
RM 50

COMMENTS :

15




DATA REDUCTION

Six cgmlpoﬁent aerodynamic fo‘rc—e and moment data were rcecorded using an
internal strain gage balange. Base pressure ar;ld balance cavity pressures
were ,also'recordec.i and were utilizgd to corre;ct the axial force measured
reading to a condition corresponding to fz:eestream préssure acling at the
hase a1:1ﬂ ca.vtity fegio’ns.-(CAF = CA - (CAB + CAC?)- ’Both correcled and

uncorrected values of axial force coefficient have been presented herein, -~

The force and moment data were reduced to coefficient form using the follow-
ing rcference values: |

SpEF = 5-IC booster body maximuin X-~sectional areca =1.396 in?

lRiEZi“ * bpor = S-1C base diameter = 1,333 m
1,408 in? (S-IC fins on)

ATy

=~ Boosler base arcas

1.039 in% (5-IC fins off)
Aoay  Booster balance c‘avity arcta in 1,131 in®

The (en coefficients inpuat to SADSAC were GLM, CN, CAF, CAB, CPC, CY,

CYN, CRhi,, Cl,Ch. SADSAC gencrated the following ‘data from that input:

GELMON . longitudinal CP/D

CYN/CY . = laleral CP/D

cur/cy . rotational CP/D -

CA : uncorrected axial force cocfficient

.
-~

NCLM/DCN  Jocal glope of CLM/CN vs ol

YCYN/dCY = local slope of CYN/CY vs{é
A CY /A = local slope of CY vs(g
bCY\i\I/Bﬂ = local slope of CYN vs/

16.



JCBL/ é,é"

local slope of CBL vs/

ACN = = increment of normal force coefficient duc to fins or
flow devices.
A C:'.LM‘ = increment of pitching moment 'c:oeffici_eﬁt due to
fins or rflow devices,
ACA = i;lcremental axial force coefficient due to fins or
flow devices.
A CAF, = incremental forebody axial force coefficient due to
fins or flow devices.
ACY = incremental side f_orce coefficient due to fins or flow
devices.
&»>CYN = incremental yawing moment due to f—'ms or flow devices,
A CBL = incremental rolling mc;meﬁt due to fins or flow devices,
ACY/ = derivative of incremental side force coefficient.
A CYN/} = derivative of incremental‘yawiflg‘moment- coefficient.
4 CBI_';/'J = derivative of incremental rolliﬁg moment coefficient.

VACYN/S A CY = derivative of incremental lateral CP/D.

d A_CLM/é ACN = derivative of incremental longitudinal CP/D.

17



SUMMARY DATA PLOT INDEX

PLOTTED
TITLE COEFFICIENTS CONDITIONS
FUMBER TITLE SCHEDULE VARYING PAGES
1 MSFC Test 485, S-IC/NAR HCR A, B, C, D, E Alphs, Msch 1-196
Orbiter - Longitudinal .
Stability
2 MSFC Test 485, S-IC/NAR HCR F Bete, Mach 197-221
Orbiter - Iateral-Directional
Stability
3 MSFC Test 485, S-IC/NAR HCR G, H, I, J Alpha, Mach pp2-312
Orbiter - Fin Load, Ionglitu- .
dinal Stability
n MSFC Test 485, S-TC/NAR HCR K, L, M Beta, Mach 313-33%
Orbiter - Fin Ioad, ILateral- .
Directional Stability
5 MSFC Test 485, S-IC/NAR HCR H, I, J Mach, Alpha 335-368
Orbiter - Changes Due to ' .
Devices, Longitudinsl Stability N Msch Lo5-416
6 MSFC Test 485, S-IC/NAR HCR G, Ts Beta 389-hok

Orbiter - .Changes Due to
Devices, Taterzl-Directlional
Stabllity

18




SUMMARY DATA PLOT INDEX

( Continued) .

COEFFICIENT SCHEDULES:

A

CN, CIM, CA, CAF, D(CPD) vs\. ATPHA

CK vs. CIM

CNALFQ, CIMAFO, CAALFO, CAFAFO, CIMCNO ve. MACE
D{CPD) vs. MACH

(N, CIM vs. MACH

CY, CIN, CBL, CAF, D(CYD) vs. BETA

DCY, DCYN, DCBL, DCYD, DCRD vs. MACH

DCN, DCIM, DCA, DCAF, D{CPD) vs. ALPHA

I}GN vs. DCIM

DCN(ALFO=0), DCIM({ALFO=0), DCIM(CN=0) vs. MACH
DCY, DCYN, DCBL, DCA, DCAF, DCYD vs.- BETA

DCY vs. DCYN; DCY vs. DCBL

DCY, DCYN, DCBL vs. MACH
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S-IC/NAR HCR 0.003366 SCALE ORBITER MODEL
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FIGURE 5.
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FIGURE 9.

PHOTOGRAPH OF MODEL INSTALLED IN MSEC
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MODEL COMPONENT:  BODY - (0) - ORBITER + GRADLE (Sec Figure 13)

GENERAL DESCRIPTION: 0.003366 SCALE MODEL.OF NAR HCR ORBITER. 'BObY INCLUDES

A CANOPY ON THE UPPER SURFACE AFT OF THE NOSE- AND WING (SEE WING SHEET):AND
VERTICAL FIN (SEE FIN SHEET) ' '

DRAWING NUMBER :

DIMENSIONS : S - FULL-SGALE MODEL SCALE
FT/FT2 IN/INZ

Length . ' -182.35 .- _1.367
Max. Width ) : 40,59 1.640
Max. Depth ) . 24,00 0.970
Fineness Ratio ' . 5,906 5,906
Area . ' " ‘

Max. Cross-Sectional .. - 5.28 FT% 0.00860

Planform

- Wetted
Base

bhg -



MODEL. COMPONENT: WING -

GENERAL DESCRIPTION:

DELTA WING (W14), MODEL SCALE FACTOR IS 0.003366

i

DRAWING NUMBER:

DIMENSIONS:
TOTAL DATA

Area
Planform, ft2
Hetted
Span (equivalent)
Aspect Ratio
Rate of Taper
Taper Ratio
Diehedrail Angle, degrees
Incidence Angle, degrees
Aerodynamic Twist, degrees
Wing Sta. 239 :
Wing Sta. 542
Sweep Back Angles, degrees
- Leading Edge
Trailing Edge
0.25 Element Line

"Chords: :
Root (Wing Sta. 0.0} ip.
Tip, {equivalent) in.
"MAC in.
‘Fus. Sta. of .25 MAC in.
W.P. of .25 MAC in,

B.L. of ;25 MAC
Airfoil Section
Root
Tip
EXPOSED DATA -

Area, ft2

Span, (equivalent} in.
Aspect Ratio

Taper Ratio

Chords
Root ' in.
Tip e in.
MAC in.
Fus. Sta. of .25 MAC in.
H.P. of .25 MAC in.
B.L. of .25 MAC in.

LEADING EDGE CUFF DATA
Area (out'bd of fus IL) FT2

LE Intersects Fus IL at Fus.

] l— T._

Sta.

FULL-SCALE

6578.036 _
125,754

2,287

. 1.723

854,722

1563.277
48,722
186.868

NACA_0009-64
NACA 0012-64

- MODEL SCALE

0.074529
5.081

2.287

1,723

2.877
5.262

0.164

0.629

NACA 0009-64
NACA 0012-64

1.379 .

0.00057
4.140

h6G
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MODEL COMPONENT : VERTICAL STABILIZERs(V37)

GEHERAL DESCHIPTION: CENTERLINE VERTICAL STABILIZER WITH 5° (HALF ANGLE)

WEDGE. TRAILING EDGE .

MODEL SCALE FACTOR IS 0.003366

DKAWING NUMBER:

DIMENSLONS -

MODLL SEALT
TOTAL DATA
Area o .

Planforn Ft? _718.448 D.008T4
~ Wetied e —
Span (équivalent) in. 365,326 1.309
Aspect Ratio 1.453 _1.453-
Rate of Taper 0,718 VAL
Taper Ratio ) 0.314 0,314
Diehedral Angle, degrees - o
Incidence Angle, degrees ——— -
Aerodynamic Twist, degrees o -
Toe-In Angle ' 0 O
Cant Angle O 0 .
Sweep Bacl. Angles, degrees \ )

Leading Edga 45.0. 450

Trailing Edge 15.734 15.734

0.25 Element lLine 39,367 39,367 .
Chords: -

Root (Wing Sta. 0.0} in. 405 .82 1.366

Tip, (equ1vaient) in. 126,26 0,425 .

MAC . in. 290.84 0.979

Fus, Sta. of .25 MAC in. 2113.78 J.115

W.P. of .25 MAC in. 445,33 1.499

B.L. of .25 MAC in. ¢} 4]

Airfoil Section, Wedge Shape w1th T
LER & Flat T.E:
. LER, in_(1.6% chd.) in. 6.53 0.022
EXPOSED DATA
Area —
Span, (equivalent)
Aspect Ratio - - 4
Taper. Ratio
Chords

Root
. Tip

MAC ] o S

Fus, Sta. of .25 MAC

W.P. of .25 MAC

B.L. of .25 MAC

FULL-SCALE

by



MODEL COMPONENT: SPOILER (S1) _ {See Figure 14)

GENERAL DESCRIPTION: LARGE PERFORATED PLATE SPOILER

DRAWING NUMBER: ) ._SK5-9434-004

DIMENSIONS : - FULL-SCALE .MODEL SCALE
Area (Front Plan) : 386.7 FT2 - _0.581" N2
Span (équivalent) '
Inb'd equivalent chord Loc in 371.36 1.25
Qutb*d equivalent chord Lot in 563.75 2.02

Ratio movable surface chord/
total surface chord :

~At Inb'd equiv. chord
At Outb'd equiv. chord -
Sweep Back Angles, degrees
Leading £dge (Parallel to) 60° ) 60°
Tailing Edge

Location Ahead of Wing L.E. © _B9,1 IN 0.300 IN
Area Moment (Normal to hinge line} -

L8



MODEL COMPONENT : SPOILER {S2) . (See Figure 15)

GENERAL DESCRIPTION: . SMALL PERFORATED PLATE SPOILER

DRAWING NUMBER: . SK5-9434-004

DIMENSIONS : FULL-SCALE MODEL_SCALE.
Area (Front Plan) ' 177.75 FT2 . 0.2895 IN2

Span (equivalent)
Inb'd equivalent chord Loc in 371.36 1.25
OQutb'd equivalent chord Loc in 537.72 1.81

Ratioc movable surface chord/
total surface chord

At Inb'd equiv. chord
At Outb'd equiv. chord
Sweep Back Angles, degrees '
Leading Edge (Parallel to) 60° ' 60°
Tailing Edge . ‘
Location Ahead of Wing L.E. . 89.1IN _ 0.300 IN

Area Moment (Normal to hinge line)

ko



MODEL COMPONENT: 'SPOILER (S3) . ‘(See Figure 16)

GENERAL DESCRIPTION: _ LARGE PERFORATED PLATE SPOILER (MODIFIED S7/S7,

- SHIFTED. INBOARD)

DRAWING NUMBER: - SK5-9434-005 (REF. ONLY)
DIMENSIONS: ‘ ' . FULL-SCALE MODEL SCALE

Avea (Front Plan) | 356.7 12 _0.581 IN2 -
.Span (equivalent) ‘ o

“Inb'd equiyafent chord Loc in - 315.57 ‘ ].062'. K
Outb*d eduivalent chord Loc in 544.27 1832

Ratio movable surface chord/
" total surface chord

o Aﬁ‘Inb'd‘equiv. chord
. - At Qutb'd equiv. CQOfd
-Sweep Back ‘Angles, deérees ’
| Leading Edge (Paraliel to) 60° - _ 600
Tailing-Edgé ' |
- Locatjon Ahead of Wing L.E. 107.84 ©0.363

Area:Moment (Normal to hinge 1ine).

50



MOREL COMFPONENT : YORTEX_GENERATOR VD1 ﬁ$%ewﬁjgurc L7)

GERLRAL DLSCRIPTION: L ARGE REVERSE SWEEP TRIANGULAR PLANFORM SURFACE'

DRAUING HUMBER: $K5-9434-003 & 001,
DIMERSTOKS FULL-SCALE MODEL SCALE
" TOTAL DATA '

Area

Planform .

Wetted , S T
Span (equivalent) : T
Aspect Ratio T
Rate of Taper o
Taper Ralio B

Diehedral Angle, degrees 0 0
Incidence Angle, degrees 0 0_
Aerodynamic Twist, degrees ) 0 0 _
Toe-In Angle )

Cant fAngle . : ) R
Sweep Back Angles, degrees ;
Leading Edge 6Q° - 60°’

Trailing Edge 0 0 )
0.25 Element Line : -
Chords: :
Root ( Sta. 0.0) in. . 0 0
;;p, (equivalent) in. 323,82 1.090
C

Fus. Sta. of .25 MAC o
W.P. of .25 MAC "
E.L. of .25 MAC

Airfoil Section —— -
¥90t Circular
ip . —_— e
. . — «  Elat Plate
EXPOSED_DATA B i (Modi fied. bizrgnd
Area - 2106 FT12 . 0.343 IN2
Span, (equivalent) in. - 187.-16 . __ 0,630
Aspect Ratio : L
Taper Ratio . N
Chords - . T ' ) -
Root . - :
Tip : . :
MAC

Fus. Sta. of .25 MAC
W.P. of .25 MAC
B.L. of .25 MAC
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MODEL COMPONERT : VORTEX_GENERATOR VD>

"(See Figure 18)

SMALL REVERSE SWEEP TRIANGULAR PLANFORM SURFACE

GENERAL DESCRIPTION:

‘DRAUING NUMBER :

SK5-3434-003 & 001
:DINENSIONS

"

TOTAL DATA

Area )
Planform
Wetted

. Span (equivalent)

-Aspect Ratio

Rate of Taper

Taper Ratio

Diehedral Angle, degrees

Incidence Angle, degrees

Acrodynamic Twist, degrees

Toe-In Angle

Cant Angle

Sweep Back Angles, degrees
Leading Edge
Trailing Edge :
0.25 Element Line :

"Chords:

. Root (Wing Sta. 0.0)
Tip, (equivalent) in.
MAC
Fus. Sta. of .25 MAC
W.P. of .25 MAC
B.L.. of .25 MAC

Airfoil Section
Root
Tip

EXPOSED. DATA

Area ’
Span, {equivalent) in.
Aspect Ratio -

Taper Ratio . v

Chords
Root
Tip
MAC 5
fus. Sta. of .25 MAC-
W.P. of .25 MAC
B.L. of .25 MAC

FULL=SCALE

53.05 FT2

MODEL SCALE

Lircular _
Fidt Plate -

(Modified Diamond)

0.0864 INZ



MODEL COMPONENT: BODY - (G) - FOREBODY *  (See Figurc 19)

1

GENERAL DESCRIPTION: _ MLV CONE FRUSTUM CYLINDER

DRAWING NUMBER : SK5-9434-002

_DIMENSIONS: FULL-SCALE MODEL SCALE
Length 1538.91 5.18
Max. Dia. 396.01 1.333 :

25°712.5° Stepped

Cone/Frustum

Fineness Ratio

Area .
Max. Cross-Sectional 857,144 FT? 1.396_IN?
. Cone/Frustum/ -
Planform . : Cylinder
Wetted
Base

23



MODEL COMPONENT: BODY - B _(See Figure R1)

GENERAL DESCRIPTION: SATURN V/S-IC BOOSTER (0.003366 SCALE)

. DRAWING NUMBER: GDC 383-4
DIMENSIONS : _ FULL-SCALE MODEL SCALE
126.25 5.101 in. {1)
Length, ft. ' 130,28 5.264 in. (2)
Max. Width, ft, ' 46,85 1.893 in.
Max. Depth, ft. ) : . 46,85 _ 1,893 in.
Fineness Ratio 0,276 0.276
%33%-016- : .33 ft, -_1.333 in.
Max. Cross-Sectional _ B57.14 ET2 1,396 N2 '
Planform
Hetteq :
Base. 1332,38 FT2 2 170 .IN?
Cavity 694,43 FT12 1.131 IN2

Solid Base 637,94 FT2 1,039 IN2

(1) To end of engine fairing.
(2} To Station‘0.0

5h



MODEL COMPONENT:

S-IC°FIN

! (See Figure 22) *

GENERAL DESCRIPTION:

884 SQ: FT:’ 440“ SPAN

DRAWING NUMBER:

DIMENSIONS :

Ara (Front Plan)

Spin (equivalent)

Inu'd equivalent chord Loc in
Qutb'd equivalent chord Loc in
Ratio movable surface chord/.
total surface chord
Chords ;
" Root -
Tip
Sweep Back Angles, degrees-
Leading Edge (Parallel to)

Tailing Edge

Area Moment (Normal to hinge 1ine)

Aspect Ratio
Trailing Edge Thickness
At root
At tip

FULL-SCALE

875.56_FT2
107.66 FT

16,51 FT
_53.83 FT

37,13 FT

10.64 FT .

36° 52!

0.0

e e P et

3.17

34,710 IN
8.61 IN

MODEL_SCALE

1,426 N2

4,35 IN _
0.667 IN

1.500 IN .
0.430 IN-

36° 52'
0.C

0.115 IN
0.029 IN
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NOMENCLATURE

SADSAC
SYMBOL SYMBOL
Ay
a
AR ASPECT
b REEB
C
e
C.g.
#
C.P.
c, cA
¢ CAB
Ay
c, CAF
£
¢, CDTOTL

o7

DEFINITION

base area; mz, ftz, in2

speed of sound; m/sec, ft/sec

aspect ratio, bz/ S

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

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

cente'r of gravity

center of pressure

axial force coefficient, F A/ que £

base axial force coefficient, [(p_ -py)/q |
(A/8 )
re

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

system, FD/q Sref



m, 8

m,w

NOMENCLATURE (continued)

SADSAC

SYMBOL

CDh

CL
CBL

CSL

CWL
CLM
CLM
CPM

CN

58

DEFINITION

drag force coefficient in the stability axis
systermn, FD/q Sref

1iff force coefficient (stability or wind axis)
FL/ 4 E”ref

roiliﬂg moment coefficient in body axis
system, M 1_:/q Sref b

rolling moment coefficient in the stability
axis system, Mx,s/q 8 s P
rolling moment coefficient in the wind axis

system, Mx, w/q Sfefb

pitching moment coefficient in the body axis
Byster, My/ 4 Sref £ ref

pitching moment coefficient in the stability
axis system, Cm-, a= Cm1
pitching moment coefficient in the wind axis

system, M&,w/qs £

ref ~ref

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



SYMBOL

NOMENCLATURE (continued)

SADSAC

SYMBOL

CYN

CLN

CLN

CP

CY

cC

29

DEFINITION

yawing moment coefficient in the body axis

system, Mz/ q Sre ¢ b

yawing moment coefficient in the stability

axis system, C =C
n,s n

yawing moment coefficient in the wind axis )
system, M v/q b

pressure coefficient, (p-pw)/d

side force coefficient (body or staba.hty axis
system), F y/q s

side force coefficient (wind axis system),

Fy/ 4 Sref

axial force; N, lb

drag force in wind axis system; N, lb -

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

normal force; N, 1b



SYMBOL

ref

L/D

L/D

MRP

NOMENCLATURE (continued)

SADSAC
SYMBOL

" N/A

REFL
L/D

CL/CD :
MACH
MRP
XMRP
YMRP

ZMRP

60

DEFINITION
side force; N, 1b

normal to axial force—fatio

reference length; m, ft, in (see -6)

lift~to-drag ratio, C_/C_, (stability axis
L' Db

gystem) ' .

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

Mach number
abbreviation for moment reference point

abbreviation for moment reference point
on x-axis

abbreviation for moment reference point
on y-axis

abbreviation for moment reference point
on z-axis :
rolling moment in the‘body axis system;
N-m’ ft"‘lb i '

rolling moment in the stability axis system;
N-m; it-Ib



NOMENCLATURE ( continued)

SADSAC
SYMBOL, SYMBOL,
M
X, W
M
y
M
YW
M
A
M
W
P
Q(PSL)
Q(PSF)
RN/L RN/L
S
S REFS
ref
T
v

61

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

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

Isitching moment in the wind axis systemj
N-m, ft-1b

1

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

yawing moment in the-wind axis system;
N-m, fi-1b

static pressure; N/m2; psi
total pressure: N/m?2; psi

dynamic pressure; N/mz, psi, pst

Reynold’s number per unit length; million/ft.
wing area; m2, 2

reference area; m2, ft2

temperature; °K, °C, °R, °F

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



SYMBOL

<l

NOMENCLATURE ( continued)

SADSAC
SYMBOL

ALPHA

BETA

DIHDRL

AILRON
ELEVTR
RUDDER
FLAP
TAB

62

DEFINITION

tail incidence positive when trailing edge
down, deg

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

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

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

ratio of specific heats
wing dihedral angle; deg

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

air density; K g/m'?', slugs/ft3 .



NOMENCLATURE (continued)

_ SADSAC
SYMBOL . SYMBOL DEFINITION

') . . pitch angle, angle of rotation about the body
Y-axis, positive when the positive Z-axisg is
rotated toward the positive X-axis; deg

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

v PsI yaw angle, angle of rotation about the body
Z-axis, positive when the positive X-axis is
rotated foward the positive Y-axis; deg

63



SUBSCRIPTS

e T o I o

o W

ref

NOMENCLATURE (continued)

6l

DEFINITION

aileron

base

canard

elevator or elevon

flap

rudder or ruddervator
stability axis system
tail, or total conditions

wind axis system

_reference conditions

freestream condition



SYMBOL
e CN

bCA

ACAF

ACY

cp

NOMENCLATURE ADDITIONS

SADSAC
SYMBOL

DCN

DCA

DCAF

DCBL

DCYN

DCLM

DCY

Increment of normal force coefficient due to

component addition ACN = (CNWith - CNwithout)

Increment of axial force coefficient due to component

addition & Cp = (CAwith B CAwith'out)

Increment of forebody axial force coefficient due to

component addition; A Cm = (Cm - C
with Mywithout

Increment of rolling moment coefficient due to com-

ponent addition; & C = (C

)

- C .
with without

Increment of yawing moment coefficient due to com-

onent addition; A C_ = (C - G
P n={ Nyrith nwi.thout)

Increment of pitching moment coefficient due to com-
onent addition; AC_, = {C - C
P m = Mywith Myithout
Increment of side force coefficient due to component
addition; & C_ = (C -C )
’ Y ( Ywith Ywithout

Body diameter

Center of Pressure
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MSFC TEST 485, S-1C/NAR HCR ORBITER- LONGITUDINAL STABILITY

1 T ¥ T ¥ T L) T T T F 1 L G T T T L | E ] T T LI | 7 LI} ¥ LIRS T TF T
2.4 5
}. -
L . .
2.2
2.8
LA -© ]
A ij
e——-—-—-——:ﬁ# 2 J
<' 1.8 A 9*——%———-—6—- A e
& | d
. J
— i
= 1.6
Lt i |
—
0 J
Yt 4
B aa a
Iy L | _e___._‘- .
) | eﬁ\"“& a""'"'—“ e .
&} | ~ ]
Lt 1.2
5 | 4
o 3 o
= 2 N
L
1.6
- r -
b L _
> " p
= 0.8
o.€
0.4
0.2
u u P ) 1 L, A N A 1 A A L L '] i 1 1 i i '3 i i Y S R | Y L 1 Il A I L i L i 1 i 1 i
e ¥ -10 -8 -8 -8 -2 1] 1] 1] 2 4 6 8 10 12
ANGLE 0OF ATTACK. ALPHA. DEGREES
SYHBOL  MACH FARAMETRIC VALUES . REFERENCE INMFORMATION
N 9,506 BETA g.960 REFS 11,3960 SQ,IN.
1,004 - REFL 11,3330 IN
. REFB 1,333p iN
o) 1,207 . XMRP = 0.0370 N
YMEE 6,580 IN
ZMRF 0,0000 IN
0.0
CATA HIST. CODE SE ScaLe 934

M485-MSFC-S1C NAR HCR ORBITER 0BFS1 (C300413 0B MAY 7! PAGE 21



P:IJSFC TEST 4853, S-1C/NAR HCR ORBITER- LUNGITU{D?NAL STABILITY
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MSFC TEST 485, S-1C/NAR HCR ORBITER- LONGITUDINAL STABILITY
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MGFC-TEST 485, S-1C/NAR HCR ORBITER- LONGITUDINAL STABILITY
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MSFC TEST 485, S-1C/NAR HCR ORBITER- LONGITUDINAL STABILITY
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MSFC TEST 485, S-1C/NAR HCR ORBITER- LONGITUDINAL STABILITY
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MSEC TEST 485, S-1C/NAR HCR ORBITER-

LONGITUDINAL STARILITY
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MSFC TEST 483, '5-1C/NAR HCR ORBITER- LONGITUDINAL STABILITY
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MSFC TEST 485, S-1C/NAR HCR ORBITER- LONGITUDINAL STABILITY

M485-MSFC-S1C NAR HCR BRBITER 0B52
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MSFC TEST 485, S-1C/NAR HCR ORBITER- LOGNGITUDINAL STABILITY

B _l L T I r I T r7 1T T ¥ L B e B o LI 2 L T T F ¥ LI R L} T 1 & % T T LENLIRE BEJ LA B B ) T I F 1 L L l'_'
.F ]
s =
s ]
3 4: K\ G\\ E
O L _ a e \9\ ]
RO NNl Y ]
E e LA :
w AN N N ]
o \ J
= L \S\\\ LN ]
L. N 1
LeJ [ 7
o) L \B\ \A \ 4
8] afF < X " R
€ : \ \& ]
8] -
5 . .
o \é‘\ :
z -2 e .
b o E
o 8 b
% -3 r E‘.\ Q\ 2
= _
. _5: :
- :
_ssu,...as.J..en....15....10..#.5...g0. .n_....-ﬂ.uls..L:w...l”...:qu_L :25 " -'3n
) PITCHING MOMENT COEFFICIENT, CLM

SYHBOL  HALH FARAMETRIC VALUES REFERENCE INFORMATION
2.501 BETA 0,040 REFS 1.3960 5Q.IN.

8 1,002 REFL 11,3330 IN

REFB 1,33390 IN

& 1.204 v, XMRE - 4,035 IN

YMRF B, 5080 IN

: ZMRF a,12000 ™

CATA HIST. COCE *E ScALE 9.0034
M4A83-MSFC-S1C NAR HCR BRBITER oBc2 (C30051) 06 MAY 71 PAGE 30



MSFC TEST 485, S-1C/NAR HCR ORBITER- LONGITUDINAL STABILITY
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zPiSFC TEST 485, S-1C/NAR @QRBITER* LONGITUDINAL STABILITY
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MSFL TEST 483, S 1C/NAR HCR ORBITER- LONGITUDINAL STABILITY
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ePESFC TEST 4835, S5-1C/NAR HCR GRBITER- LONGI

TUDINAL STABILITY
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MSFC TEST 485, S-1C/NAR HCR ORBITER- LONGITUDINAL STABILITY
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MSFC TEST 485, S-1C/NAR HCR URBITER LBNGITUDINAL STABILITY
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HSFC TEST 485, S

-1C/NAR HCR ORBITER- LONGITUDINAL STABILITY
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HSFC TEST 485, S-1C/NAR HCR ORBITER- LUNGITUDINAL SIABILITY
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MSFC TEST 485, S-1C/NAR HCR ORBITER- LONGITUDINAL STABIL{TY
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MSFC -TEST 483, S-1C/NAR HCR GRBITER- LUNGITUDINAL STABILITY
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MSFC TEST 485, S-IC/NAR HCR GRBITER- LONGITUDIN
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MSFC TEST 485, S—lL/NAR HCR ORBITER- LONGITUDINAL STABILITY
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MSFC TEST 485, S-1C/NAR HCR ORBITER- LONGITUDINAL STABILITY
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MSFC TEST 485, S-1C/NAR HCR ORBLTER- LONGITUDINAL STABILITY
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MSFC TEST 485, 5-1C/NAR HCR ORBITER- LONGITUDINAL STABILITY
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MSFC TEST 485, S-1C/NAR HCR ORBITER- LONGITUBINAL STABILITY
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MSFC TEST 485, 5-1C/NAR HCR ORBITER- LONGITUDINAL STABILITY
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MSFC TEST 485, S-1C/NAR HCR ORBITER- LONGITUDINAL STABILITY
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MSFC TEST 485, S-1C/NAR HCR OR3ITER- LONGITUDINAL STABILITY
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485, S-1C/NAR HCR ORBITER- LONGITUDINAL STABILITY.
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MSFC TEST 485, S-1C/NAR HCR _ORBITER- LUNGITUDINAL STABILITY
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MSFC TEST 483, S-1C/NAR HCR ORBITER- LONGITUDINAL STABILITY
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MSFC TEST 485, S-1C/NAR HCR ORBITER- LONGITUDINA
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MSFC TEST 480, S-1C/NAR HCR ORBITER- LONGITUDINAL STABILITY
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. REFB 1.3330 ™
< 1.202 YHRP -  0.0370 In
YMRF o,0009 IN
IMRF u.,0000 IN
CATA HIST. COBE *E ScaLE g.0034
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ai"!.SFC TEST 485, S-[C/NAR HCR ORBITER- LONGITUDINAL STABILITY
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YMRF o, 80006 IN
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MSFC TEST 485, S-1C/NAR HCR ORBITER- [ONGITUDINAL STABILITY
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MSFC TEST 4835, S-1C/NAR HCR ORBITER- LONGITUDINAL STABILIT\}
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M485<MGFC-51C NAR HCR ORBITER UBrS3 {(C30131) 0B MAY 71  PAGE 78



MSEC T

EST 483, 5-1C/NARK HCR ORBITER- LONGITUD

INAL_STABILITY

IR W

a8 T ik A | T T LI b Ll B | LI I Ll T T 77 T _I ¥ T R
7 E ?
of ]
of pauy. 3
o A d ]
" A B ]
4 - .
. s P
S LE /pr’/ (
~ I ]
: AP _
=R /g:// ;»_1/ /B/f/a/ ]
) C ]
5ol wd /Af Vadu! :
i 4 L,/ /m/ ‘
8 t ]
o a - et
‘ /a, 4 { :
5 1 A o ]
e L /d / f/ p
? A A ~
= [
5 _F » / r;/
T A P S
f A / /| /
3 G/ 7)0 ]
- L / j
e f (/ —]
-7 - ]
3 ]
“Aaz ixn"'-‘-au'-s”-'-sl':z'_“n)"u'”n“'al“a_l”u'_‘_‘a S 8 To iz
. ANGLE OF ATTACK. ALPHA. DEGREES
SYMBGL  MACH FARAMETRIC VALUES REFERENCE INFORMATION
g a.897 BETA a,0ap REFS 1.396d SQ.IN.
G.90% REFL 1.3530 IN
O s.ans NWRF - Ulesrs N
E 1,102 YMRP D.Jggg xs
b .1 ZMRF 9 I
o :.923 CATA HIST. CODE #E SCALE #0034 :
M485-MSFC~SIC NAR HCR ORBITER 0B:-vD2 (C30201) 06 MAY 71 PAGE 79



JISFC TEST 485, S-1C/NAR HCR ORBITER- LONGITUDINAL STABILITY
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M483-MSFC-S1C NAR HCR ORBITER -

REFERENCE INFORMATION
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REFL 1.3330 IN
REFB 1.3330 N
XMRE® - 9,030 IN
YMRF 0 50035 N
ZMRF o opoo IN
SCALE 6.0034
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MSFC TEST 485, S-1C/NAR HCR ORBITER- LONGITUDINAL STABILITY
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BPLSFC TEST 485, S-1C/NAR HCR ORBITER- LUNGITUDIML}TABILITY-
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-MSFC TEST 485, S- IC/NI\R HCR ORBITER- LONGITUDINAL STABILITY:
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REFB 1,3330 N
XMRP -  D,037g 1N
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MSFC TEST 485, S-1C/NAR HCR ORBITER-.LONGITUDINAL STABILITY
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_MSFC TEST 485, S-iC/NAR HCR CRBITER- LONGITUDINAL STABILITY
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~ MSFC.TEST 485, S-IC/NAR HCR ORBITER- LONGITUDINAL STABILITY
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MSFC TEST 485, S-1C/NAR HCR ORBLTER- LONGITUDINAL STABILITY
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MSFC TEST 485, S-1C/NAR HCR ORBITER- LONGITUDINAL STABILITY
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MSFC TEST 485, 5-1C/NAR HCR OR

BITER- LONGITUDINAL STABILITY
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MSFC TEST 485, S-1C/NAR HCR ORBITER- LONGITUDINAL STABILITY
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ZHRF u, 4009 . IN
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M483-¥SFL-S1C NAR HCR ORBITER

'MACH NUMBER
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REFL 1.,3339
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MSFC TEST 485, S-1C/NAR HCR ORBITER- LONGI
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QSFC TEST 485. S-1C/NAR

HCR_GRBITER-

LONGITUDINAL STABILITY
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MSFC TEST 485, S-IC/NAR HCR ORBITER- LONGITUDINAL STABILITY
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aI‘lSF[; TEST 485, 5-1C/NAR HCR ORBITER- LONGITUDINAL STABILITY
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0 0,600 BETA 0,046 REFS 1.3950 sa.IN.
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] I'lSFC TEST 485, S-1C/NAR HCR ORBITER- LONGITUDINAL STABILITY
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STABILITY

B T T T ¥ 1 T T LN T T T T T T T T T T T T | a1 T T R
7.5 | .
~ 3
) r.o
o - N
O - ]
(] I~ -
C s f
- o -
= s k
8 sof ;
~ L -
] r éih@ﬁ;__‘+ 3
_l b £ o
&) 5.5 F 7 7]
(] L ]
. -
i 5.0 .
> L -
Lo | L -
— L -1
<< 4. i
> F J
o - ]
[41] 4.0
] P i
> i N
= 3.5
— N 3
I - N
= N ]
[e4]
= 3o .
— L h
oy r .
1 eS [ .
< L o
z - ]
O 2.ef .
o [ N
— L 4
- - 4
3 1.5 -
=z I N
so] L i
! L 3
1.0
o ]
= -
- L
< o5
— C
w [ 3
D-D 5 T j — s e s i rs P rs " A - A 1 'l A
5.0 n.z 0.4 p.6 6.6 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4

SYMBOL  ALPHA FARAMETRIC VALUES
0 0,509 BETA 0,948
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MSFC TEST 485, S-1C/NAR HCR ORBITER-

L4 L L] ¥ T T T T ¥ T T T T T B
o
7.5 - 5
- . 1
o T,0 1
cl_ E_ -
3] r .
et N -
o} 6.5
-
= ]
8 6,8
\ -
= ]
O s |
e ! N
L,:; s.a | N
> r ]
— [ N
< 4.5 5
= X ]
s . 3
[} 4.0 )
0 N ]
b [ ;
N 20 ]
.| r 3
T s .
i-a = ot
w - N
_I 2.5 N ]
< B J
= - p
- - -5
] 2.0
- [ N
— [ ]
— N
= 1.5
= [ 3
o [ 3
_] L —
2,0
O L ]
-€ DS
—_ 3.
w r ]
U.D [ L L l‘ Il 1 1 1 X, 'l L L s F3 - 1. i — 1 elrmared. L N
D.0 .2 0.4 0.6 u.8 1.8 1.2 1.4 1.6 1.8 2.4
MACH NUMBER
S5YMBOL ALFHA PARAMETRIC VALUES REFERENCE INFORMATION
0 8,005  BETA g.05¢ REFS 1.3960 $@.IN,
REFL 1.,3330 " IN
REFB 1.3330 IN
XMRF 0.0379 IN
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DATA HIST. CODE  #E{ SCALR o.oo3s -
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MSFC TEST 485, S-1C/NAR HCR ORBITER- LONGITUDINAL STABILITY
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MSEC TEST 485, S-1C/NAR

HCR ORBITER- LONGITUDINAL STABILITY
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MSFC TES] 485, S-1C/NAR HCR ORBITER- LONGITUDINAL STABILITY
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MOFC TEST 489, S5-1C/NAR
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MSFC TEST 485, S-1C/NAR HCR ORBITER- LONGITUBINAL STABILITY
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MSFC TEST 485, S-1C/NAR HCR ORBITER- LONGITUDINAL STABILITY

PER DEGREE

¥ L) T T + L} T ¥ T L] L} T L) ¥ r L] T v. T T T L) T ¥ ¥ T T T T
25
20 |-
15
10
— : J - :
= N J
!
o sr ,
bt .
= [ — Lty B ]
ul g ke b
= L - _
f— ! ]
< i i
=
= o-s
o F 4
Lt - 4
D o =
= -0
=z L |
T3] B -
= | ’ i
5 [ 1
=
-1i5
(4] i E
= - -
T, I -
O -zo
— . E
“ ]
-25 =
_an . —r N . Lo s s . . . .
4,0 0.2 o.4 0.6 0.8 -1.0 1,2 1.4 . 1.6 1.8 o 2.2 2.4
MACH NUMBER
PARAMETRIC VALUES REFERENCE -INFORMATION
BETA 0,040 REFS 1.3560 S2.IN,
: REFL - 1.3330 N
REFB 4.3330 IN
XMRF - 8.0375 N
YHRF 0.Ja00 . IN
. ZMRF 5,000 ™
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MSFC TEST 485. S-1C/NAR HCR ORBITER- LONGITUDINAL STABILI
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REFERENCE INFORMATION

71 PAGE 187

REFS 1.3960 S@.IN.
REFL 1.3339 N
REFH i.3330 iN
XMRF - 0.0570 N
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ZMRF 9.,09009 IN
SCALE 9.0034



m!’iSFC TEST 483. 5-1C/NAR HCR ORBITER- LONGITUDINAL STABILITY
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MSFC TEST 480, 5- 1C/NAR HCR ORBITER- LONGITUDINAL STABILITY
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MSFC TEST 485, S-1C/NAR HCR ORBITER- LONGITUDINAL STABILITY
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MSFC TEST 485, S-1C/NAR HCR ORBITER
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MSFC TEST 485. S-IC/NAR HCR GRBITER- LONGITUDINAL STABILITY
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MSFC TEST 485, S-1C/NAR HCR CRBITER- LNGITUDINAL STABI

PER DEGREEL
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LONGITUDINAL STABILITY
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PER DEGREE
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485, S-1C/NAR HCR CRBITER- LONGITUDINAL STABILITY
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MSFC TEST 485, S-IC/NAR HOR CRBITER: LATERALDIRECTIONN, STABILITY
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MSFC TEST 485, S-10/ HOR CRBITER: [ATERA -DIRECTIOVAL STABILITY _
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MSFC TEST 480, S-1C/NAR HCR ORBITER- LATERAL-DIRECTIONAL STABILITY
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MSFC TEST 485, 5-1C/NAR HCR ORBITER- LATERAL-DIRECTIONAL STABILITY
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PZSFC TEST 485. S-1C/NAR HCR ORBITER- LATERAL-DIRECTIONAL STABILITY
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MSFC TEST 485, S-1C/NAR HCR ORBITER- LATERAL-DIRECTIONAL STABILITY
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" MSFC TEST 483, S-1C/NAR HCR ORBITER- LATERAL-DIRECTIONAL STABILITY
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?l"lSF(‘I TEST 485, 5-1C/NAR HCR ORBITER- LATERAL-DIRECTIONAL STF\BILIIT\C
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MSFC _TEST 485, S-1C/NAR HCR ORBITER- LATERAL;DIREC
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ySFQ TEST 485, S-1C/NAR HCR 0
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MSFC TEST 485, -5-1C/NAR HCR ORBITER- LATERAL-DIRECTIONAL ?TﬁBILITY
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MSFC TEST 483, S-1C/NAR HCR ORBITER- LATERAL-DIRECTIONAL STABILITY

L0085 T 1. T 1 T il ™17 L ™7 T ™17 1T LI B UM M SR e T—T R
Exi' ]
4l Looo f ]
[} [ ]
] .
a  .eo0 F ~T 3
e / \ ] : ]
o Lowe | K E \\ ]
~ .o00 | e B R R ]
2 : / \ / N E
& Lom F E
S \ 1/ 5
.oo0 E .
< r ./ 3
N . 3
Ej cos E N \ \ ih //h ]
m - . / b
S /S NN/ - ]
o - [\ -
@ d ﬁi // : ;
8 .o 73] :
L_{E 020 1N \ , /J E
A % .
: o : ——— \\\ / ]
-~ N :
% om | :
. o\ A/ f
o \ A/ -
g o J
b L ]
5 -.c040 .
ol /AN
Q2 -.oes L"\ // ;
o neo / / R
i -.055 F - / .
< ! \ \hl / ]
U - 3 / .
= -, 080 [ wy ]
: = :
"““n.;:u 5.z D.4 N T v e EXE W
" MACH NUMBER

SYMBOL  BETA PARAMETRIC VALUES REFERENCE INFORMATIGN
g -~ 2.000  ALFHA a.0r0 REFS 1.3980 sa.1n.

0,000 REFB 1:3330 In

< 2.o00 XMEF -~ g.u.;r:; I

. YMRE 900
T e TEE Dot
Y .00 CATA HIST., CODE  #EIG ScaLe 0034
M4853-MSFC-S1C NAR HCR BRBITER BRFVIIZ . (H30202) 06 MAY - 71 PAGE 7244



MSFC TEST 485, S-1C/NAR HCR GRBITER- LATERAL-DIRECTIONAL STABILITY
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C TEST 480, 5-1C/NAR HCR ORBITER- LATERAL-DIRECT IONAL STABILITY
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MSFC TEST 485, S-1C/NAR HCR ORBITER- FIN _LOAD, _LONGITUBINAL STABILITY
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- NSFC TEST 483, S-1C/NAR HCR ORBITER- FIN LOAD, LONGITUDINAL STABILITY
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MorC TEST 483, S-1C/NAR HCR ORBITER- FIN LOAD. LONGITUDINAL STABILLIY..
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HSFC TEST 483, S-iC/NAR HCR ORBITER- FIN LOAD, "LONGITUDINAL STABILITY
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MSFC TEST 485, S-1C/NAR HCR ORBITER- FIN LOAD. LONGITUDINAL STABILITY
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MSFC TEST 485, S-1C/NAR HCR CRBITER- FIN LOAD, LUNGITUDINAL STABILITY
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MSFC TEST 485, S-1C/NAR HCR ORBITER- FIN LOAD, LONGITUDINAL STABILITY
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MSFC TEST 485, S-1C/NAR HCR GRBITER- FIN LOAD, LONGITUDINAL STABILITY
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MSFC TEST 485, S-1C/NAR HCR ORBITER- FIN LOAD, LONGITUDINAL STABILITY
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- MSFC TEST 480, S5-1C/NAR HCR ORBITER- FIN LOAD. LONGITUDINAL STABILITY
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MSEC TEST 485, 5-I1C/NAR HCR ORBITER- FIN LOAD, LONGITUDINAL STABILITY
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MSFC TEST 485, S-1C/NAR HCR URBITER FIN LOAD, LONGITUDINAL STABILITY
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MSrC TEST 485,

S-1C/NAR HCR ORBITER- FIN LOAD, LONGITUDINAL STABILITY
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HSFC TEST 485, S-1C/NAR HCR ORBITER- FIN LOAD, LONGITUDINAL STABILITY
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HSFC TEST 485, S-1C/NAR HCR ORBITER- FIN LOAD, LONGITUDINAL STABILITY
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MSFC TEST 485, S-1C/NAR HCR ORBITER- FIN LOAD, LATERAL-DIRECTIGNAL STABILITY
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MSFC TEST 485, S-1C/NAR HCR ORBITER- FIN LOAD, LATEPAL DIRECTIONAL STABILITY
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MSFC TEST 483, 5-1C/NAR HCR ORBITER- FIN LOAD, LATERAL- I}IRECTIUNAL STABILITY
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MSFC TEST 485, S-1C/NAR HCR GRBITER- FIN LOAD, LATERAL-DIRECTIONAL STABILITY
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- MSFC TEST 483, S-1C/NAR HCR ORBITER- FIN LOAD. LATERAL-DIRECTIONAL STABILITY

7T

L2ul B

0.5 | ]
8 .0 : -]
e L -4
[ i ,
;= b ;
. : . ’ /3 - 3
> ook -
-]
N F T ;
Z a0 W -
48] - I ]
O 4
. oer 1 - —F ]
;_'_" 0.0 71 P, ) R
< o ]
> [ ]
% -0,.5 - L 3
o . e y ]
z :
— L ) /E}—‘\Q—"—E) 3
= 7 K{ o ]
@° - y . —f .
f =20
w 3
_..1 - 3
< 2.5 R
a4 N
ul - N
< -3 .
- 4
8 3,5 : "
— - .
< - ]
5 0 :
¥ 1
s | .
_5-212 1. 'l 4‘:’0 - I AL, l_ a N :.' P .' L A- . i ' I.. 2 L 1 L n [ ) 2 I A ] p i X, 1 . 1 [l A s 10 PR T ] iz
SIDE SLIP ANGLE. BETA. DEGREES _
SYMBOGL  MACH PARAMETRIC VALUES REFERENCE INFORMATION
R e o weoooLEm B
N
O 1.0 XuRe - olbzrn im
M .10 YHR 0 uscoe IN
{ZS. : .;ug zui.'-z:== B .u;uu IN
™ i.959 EATA HIST. CODE HEI#CM scate v.o03d
M483-MSFC-S51C NAR HCR ORB. FIN INCREMENT 0B (A300153 . 06 MAY 71 PAGE 318



MSFf‘ TEST 485, S-1C/NAR HCR ORBITER- FIN LOAD. LATERAL-DIRECTIONAL STABILITY
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MSFC TEST 485, S5-1C/NAR HCR ORBITER- FIN LOAD, LATERAL DIRECTIONAL STABILITY
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MSFC TEST 485, S- IC/NAR HCR ORBITER- FIN LOAD, LATERAL-DIRECTIONAL STABILITY
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MSFf‘ TEST 485, S-1C/NAR HCR ORBITER- FIN LOAD, LATERAL-DIRECTIONAL STABILITY

‘ l ¥ ¥ I R | T w1 T T L) 7 L] T T ) L] 1 ¥ ¥ T ¥ T L) ¥ T ¥ T T T T L T T ¥ 3
~ 3.5 .
w F 3
et L -
=
% 3.0 ]
. . 1
0O 2,8 .
[ E E
m I ]
s -
2.0 -
- ]
< 1.5 ]
O [ h
=] [ ]
1.0 F g
- F ;
Z o.s ]
w R
— 3]
O s
— - 5
L r ]
L C y
[13) 0.0
() ]
3] .
f= 0.0 -
= ]
w 3
% -o.s | .
= F ]
~t.0 - 7
o . ]
g " NN .
— . .
= -1.5 [ .
< ]
> ! :
o4 "20r 3
( -
2 N\ :
Z g5
5 C
o \
@ -3.0F ¥ .
4] [ 4
= 3
R \ .
4%z -ig -8 -6 -4 -2 o ) 4 G [V 10 12
SIDE SLIP ANGLE. BETA. DEGREES
SYMBOL MACH PARAMETRIC VALUES REFERENCE INFORMATION
0,500 a.00p REFS _1.3960 SG.IN
1.000 REFL 1.3330 IN
REFB VR33 EN
< 1.200 XMRF -  0.0370 IN
YHRF . agun N
ZHRP + o000 N
CATA HIST. CODE MEET%CH SCALE 9.0034
[A30115] 0B MAY 71 PAGE =~ 322

M485-MSFL~-S1C NAR HCR ORB., FIN INCREIENT GB



MSFC TEST 489, S-1C/NAR HCR ORBITER- FIN LGAD, LATERAL-DIRECTIONAL STABILITY
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MSFC TEST 485, S-1C/NAR HCR ORBITER- FIN LOAD, LATERAL-DIRECTIONAL STABILITY
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SYMBOL  MACH FARAMETR1C VALUES REFERENCE INFORMATION
0,800 o.00p REFS 1.3960 se.IH,
8 1.000 REFL 1.3330 IN
REFB 1.3330 IN
& 1.200 XMRP - 0.,9370 IN
TMRF 0 .,o000 IN
ZMRF J.0000 In
DATA HIST. COBE  #EI#A%CM ScaLe ¢.0034
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HSFC TEST 485, S-1C/NAR HCR URBITER- CHANGES DUE TG DEVICES. LAT.-DIR. STABILITY
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< 1,200 XMRF - 0.9570 i
YMRP 4.0000 In
ZHR? J.o00p IN
SCALE 0.9034
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MSFC TEST 485, S-1C/NAR HCR ORBITER- CHANGES DUE T0 DEVICES, LAT.-DIR. STABILITY
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SIDE SLIP ANGLE. BETA. DEGREES
SYMBOL  MACH FARAMETRIC VALUES REFERENCE INFORMATION
o,s00 0.000 REFS 1.3960 5@ .IH.
8 :.08060 REFL 1.:33u IN
’ REFB 1.5330 N
< 1.200 XMRE = 0.8376 IN
YHRP 0 .9060D I
ZMRP J.0008 N
DATA HIST, COBE HETEAKCH SCALE u.,003s .
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MSF(} TEST 485, S-1C/NAR HCR ORBITER- CHANGES DUE TC DEVICES, LAT.-DIR. STABILITY

1. Lk B LERAE b LA N LI i LA S 4 LENNN B 1T [ ¢ 1 I R
0.5 -
= ) ~ :
g
& v v, i
st -
[n] -
-  op.o0 £ A
> ]
O 4
0 : :
Z 0.0 {5
< |
o 4
© ]
. -5
(] 3
- 4
il i
= 1.0 ]
> B B
— a
o . N
L -1.5
a N
P i
—_ i
— -2.0
I r 3
m N .
= 2.5 | 1
w3 L i
:{1 L ]
o 3¢ -
L -
- _
- -
= =35,
O N
- 4
< ~4.0
— ]
w ]
¥
_,‘_5
- . 1 1 Fl L 1 L i (1 i ] § B} ] L L 1 I L 1, L L 1 L L i ] L i 3
52,2 ~10 -8 -6 -2 -2 o 2 4 5 ) 8 10 12
SIDE SLIP ANGLE, BETA. DEGREES
SYMBOL  MACH PARAMETRIC VALUES REFEREMCE INFORMATION
g 6,000 0,600 REFS . 1,3960 S9.IN,
1.008 REFL : .3330 IN
REFB .3330 IN
& 1.200 KMRF - 0,u379 IN
YHRF 2,000 IN
! ZMRF 5.0800 IR
CATA HIST. CODE FEIEAZCH ScaLE 0.0034
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MSFC TEST 485, S-1C/NAR HCR ORBITER- CHANGES DUE T0 DEVICES, LAT.-DIR, _STABILITY
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SYMBOL  MACH FARAMETRIC VALUES REFERENCE INFORMATION
¢.s00 o.oo0 REFS 1,3360 sa.IN,
Y ¢ .000 REFL 1,3330 in
REFB 1.3330 N
< 1.200 XMRP -. D.0370 N
YMRF B.0909 N
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. AL r.o034
DATA HIST. CODE  ¥EI%A#CH ScALE .
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MSFC TEST 485, S-1C/NAR HCR ORBITER- CHANGES DUE TO DEVICES, LAT.-DIR. STABILIT
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ZHRP 5.p000 i

SCALE JLOO034

PATA HIST. CODE HEIFAXCH
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MSFC TEST 485, S-1C/NAR HCR ORBITER- CHANGES DUE T DEVICES. LONGITUBINAL STAB.
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REFL 1.3330 IN
REFB 1,33386 IN
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ZHRF ¢, 0000 I
SCALE o0.0034

CATA HIST., CODE  SEIXA%CH
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MSFC TEST 485, S-1C/NAR HCR GRBITER- CHANGES DUE TO DEVICES. LONGITUBINAL STAB.
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MACH NUMBER

. PARAMETRIC VALUES
o.,oo0

DATA HIST, CODE *EIFA¥CH

M485-MSFC-S1C NAR HCR ORB. SPLR(S1JINCREMENT.OBF {A30043)

REFERENCE INFORMATION

REFS 1,32€0
REFL 1.3330
REFB 1,3330
XMRP = 0,3370
YHRF -, 5000
ZMRP 4, 0080
SCALE 0.0034
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MSFC TEST 485, S-1C/NAR HCR URBITER-‘CHANGES DUE TO DEVICES, LONGITU

DINAL STAB.
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MACH NUMBER
PARAMETRIC VALUES
.000

CATA HIST. CORE AEIZAZCHM

REFERENCE INFORHATION

REFS £,3980
REFL 1.3330
REFB 1.13450
XMRF - g.9579
THRP S.ouad
ZMRP ~.0300
SCALE o,.0054
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MSFC TEST 485, S-1C/NAR HCR ORBITER- CHANGES DUE T0 DEVICES. LONGITUDINAL STAB,

INCREMENTAL PITCHING MOMENT DERIYATIVE, D{CLM).
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MACH NUMBER
PARAMETRIC VALUES REFERENCE INFORMATION
0,000 REFS 1.3960 S@.IN.
REFL 11,3330 IN
REFB i1.3330 IN
XMRP - 0.0378 N
YHRF ©.,0000 I
ZHRF 0600 In
SCALE 0,6034

BATA HIST. COBE ZFETFAZCH
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MSFC TEST 485: 9-1C/NAR HCR ORBITER- CHANGES DUE TO DEVICES, LONGI TUDINAL STAB.
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MACH NUMBER
FARAMETRIC VALUES . REFEREMCE INFORMATION
B.o00 - : REFS 1.3960 S@.IN.
REFL 1,3330 N
REFB 1.3330 AN
XMRE = 0,0370 IN
YMRF 5,p0a0 IN
ZMRF g9.0000 IN
SCALE e.a03a

EATA HIST. CODE WEI¥ASCH
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M“EC TEST 485, S-1C/NAR HCR ORBITER- CHANGES DUE TG DEVICES, LONGITUBINAL STAB.
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MACH NUMBER

PARAMETRIC VALUES
u.0o00

DATA HIST. COCE SE1HARCH

M485-MSFC-S1C NAR HCR ORB. VTX(VD1)INCREMENT,OBF (A30083)

REFERENCE INFORMATION

REFS 1.3960 53,IN.
REFL £.3330 IN
REFB 1.3330 IN
XHRP = 0,9370 N
YHRF a.o06on IN
ZMRF 4. 0000 "IN
SCALE 2.0034
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I‘ISFC TEST 485, S5-1C/NAR HCR ORBITER- CHANGES DUE 10 DEVICES, LONG] TUDINAL STAB.
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MACH NUMBER
PARAMETRIC VALUES REFERENCE INFORMATION
0069 REFS . 1,39860 5@.IN.
HREFL 1.3330 IN
REFB 1,3330 N
AMRP - 0,331 IN
YHRP £.ao0o0 IN
ZMRF 49,0000 N
SCALE u.0034

EATA HIST. CODE HETXAECH
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HSFC TEST 485, 5-1C/NAR HCR ORBITER- CHANGES OUE TO DEVICES, LONGITUDINAL STAB..
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0.009 REFS 1.3980 SQ.IN.
REFL 1,3330 IN
REFB 1.33390 IN
XMRF - - D.G37C IN
YHRF 0.9c99 IN
ZMRE -.0000 IN
SCALE s.ou3

DATA HIST. COBE FEI*A¥CH
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MSFC TEST 485, S-1C/NAR HCR ORBITER- CHANGES DUE TG DEVICES, LONGITUBINAL STAB.
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PARAHETPIC YALUES REFERENCE INFCRMATION
BETA 0,003 REFS 1.3960 §@.IN.

REFL 1,3330 IN
REFB 4.3330 In
XMRE - o,0370 IN
YHMRE [ Ja S T IN
Zuga D, 0059 IN
SCALE 2.0034

CATA HIST. COLE REI*C
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MOFC TEST 480, S-1C/NAR ﬁQR GRBITER- CHANGES BUE TG DEVICES, LONGITUDINAL STAB.
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MACH NUMBER

FARAMETSIC VALUES
BETA 6,400

DATA HIST. CODE HEI%C

M483-MSFC-S1C NAR HCR ORB. VTX(VD2)INCREMENT.0BF (A30203)

REFERENCE INFORMATION

REFS 1.3980 58.
REFL 1,3330 N
REFB 1,3330 IN
XMRP - 0,8370 IN
YMRP N, gEan IN
ZMRF o .o000 IN
SCALE d9.0034
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MSFC TEST 485, S-

ICES, LONGITUBINAL STAB.

1C/NAR HCR CRBITER- CHANGES DUE T0 DEV
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REFL 1.3330 IN
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YHRF g,8¢00 IN
ZHRFP 8, 0600 in
DATA HIsT. CODE SETFABCH ScaLE o.0834
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MSFC TEST 485, S-1C/NA

R HCR ORBITER- CHANGES DUE

10 0y

ICES, L@

NGITUDINAL STAB.

PARAMETRIC VALUES

6, oo

PATA HIST. CODE

*EI%A*CH

. MACH NUMBER-

M485-MSFC-S1C NAR HCR ORB. SPLRCS3)INCREMENT, CBF {A30133]
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REFERENCE INFORMATION
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