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ABSTRACT
 

Experimental aerodynamic wind tunnel tests were conducted during
 

May, 1971 on a 1/200 scale model Grumman ROS-NB1 space shuttle model
 

in the GAC 15 inch Supersonic Wind Tunnel at Farmingdale, New York.
 

The basic narrow body ROS-NB1 configuration was tested over an angle
 

° 
of attack rdnge from -3 to 22 at sideslip angles of 00, 2.60, 3.40
 

and 4.20 and over a sideslip angle range from -5 to 10 at set pitch
 

0 0angles of 00, 50, l0 and 15 . Test Mach numbers were 1.75, 2.02 and
 

2.48. Configuration variables included model buildup, symmetric and
 

asymmetric elevon deflection, rudder deflections and an auxiliary
 

ventral fin.
 

All testing was conducted without transition.
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SUMMARY
 

A 1/200 scale model of the Grumman ROS-NB1 space shuttle was tested in
 

the GAC 15 inch Supersonic Wind Tunnel in Farmingdale, New York. Tests
 

dt Mach numbers of 1.75, 2.02 and 2.48 were conducted. Model angle of
 

attack was varied from _30 to 220 at sideslip angles of 00, 2.60, 3.40
 

and 4.20. Sideslip angle was varied from -50 to 100 at set pitch angles
 

°
 of attack of 0, 50, 100 and 15 . Data were taken during a sweep at
 

approximately every 1.00.
 

The basic narrow body ROS-NBI configuration was tested. Test configura­

tions included a model build-up: body alone, body-wing, and body-wing­

tail. Symmetric and asymmetric elevon deflections were tested to deter­

mine longitudinal control effectiveness. The effect of the rudder and
 

an auxiliary ventral fin was also determined.
 

All testing was conducted -without transition.
 

Datasets RCSXXI to RCSXX9 are composite datasets formed from data selected
 

from various other datasets. They were created only to facilitate the
 

plotting of the derivative plots and do not represent actual runs.
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SUMMARY OF SADSAC NOMENCLATURE - AERODYNAMIC FORCE AND MOMENT COEFFICIENTS 

COEFFICIENT 

CA 
PAB 
CAF 

CD 
CDB 
CDF 

CL 

CN 

Cy 

C1 

Cm 

C 

L/D 

L/D 

N/A 

N/A 

COEFFICIENT NAME 

Total Anial Force 
Base Axal Force 
Forebody Axial Force 

Total Drag Force 
Base Drag Force 
Forebody Drag Force 

Lift Force 

Normal Force 

Side Force 

Rolling Moment 

Pitching Moment 

Yawing Moment 

Lift-To-Drag Force Ratio 

Lift-To-Forebody Drag Force Ratio 

Normal-To-Axtal Force Ratio 

Normal-To-Forebody Axal Force Ratio 

SADSAC NOMENCLATURE
 

BODY AXIS STABILITY AXIS WIND AXIS
 

CA 
CAB 
CAF 

-

CN 

CY 

CBL 

CLM 

CYN 

N/A 

CN/CAF 

CD 

CDB 

CDF 


CL 

CY 

CSL 

CLM 

CLN 

L/D 

L/DF 

-

-

CDTOTL 
CDBASE 
CDFORE
 

CL 

-t 

CC 

CWL 

CPM 

CLN 

CL/CD 

CL/CDF 

-

-



CONFIGURATIONS INVESTIGATED
 

The following l/200 scale model components were tested:
 

B1 - basic ROS-NB1 fuselage 

W - basic delta wing for ROS-NB1 

V1 - single vertical tail 

U 1 - ventral fin 

Pertinent dimensional information for each of these components is given
 

in the Model Component Description Forms which follow the figures. The
 

Dataset Collation Sheets which follow immediately contain a summary of
 

the test run schedule and complete configurations tested.
 



TEST GPST 022 DATA SET COLLATION SHEET 

'sicSI( ERSe.3Zt CoaFu DPTrA 00J -TmAF (LAMMAtQ 'LOS- N)St 
SP'E SHUTrTLJE OgeaP- C ~ v0ooE PRETEST 

19 POSTTEST 

DATA SET SCUD CONTROL DEFLECTION NO. MACH NUMBERS 
IDENTIFIER bONFIGURATION , oof-'" 

____ __ __ __ , -,,5 1C' . I UN J1 

Rcsoo0 ,13,WV, o 6_ 0 0 - j 43 .2 3) 

RCs0o3 5,WV, A o o 0 _ 0 5 3_ 2 

RCSO0o+q B,VV, tV, A 0 -20 -20 0 3 49 4 25­
Pc$6o5 SW,-d'C"(V A a-"F -g-q 0 3 42 5 26
 

°
RCSOO7 8,W V,' A Q 0 to 2 7 28
 
hCsooa S.W,9 V, A 0 -40 -?0 0 -
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Rcsoo/0 B,\v, 0 a I o - 3 44 10 33

RCSO2 a &W,\, 6 0 o ±w0 3 45 12 32
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RCSOI6 .(, A 0 16
 
RC5O/7 ,W, /,,l ) 0 - / 17
 
RCS015 13,\A/,V 5 0 0 o / 18
 

PC5ot9 8,V ,o o o o0 19
 
PC5 00 a\V,&v!" 10 0 0 ±3o 20
 
Rc5o2//, W,' 0, 103 o0 2/1 0 


RC5022 6.V'V, is C)0 0 0 I 22
 
-,CSO278v4 Vl A c -4o - -;o 1 27 1
 

3g - 4 -PQ)O3, SA', 3 , 2 3 

1 7 13 19 75 31 37 43 49 55 61 67 7576
 

D, . .I , I I . I . . . .[C C,' 1 . , 4 C \ . IC.L) . . I . I .. . . ... . . I . I 
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a or $- " 

I
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TEST GFST 022 DATA SET COLLATION SHEET 

0 PRETEST 

I.POSTTEST
 

DATA SET SCl CONTROL DEFLECTIONo MACH NUMBERS
 
IDENTIFIER CONFIGURATION 
 -R-0of of 

_S_ RUNS 1 75 %.02 2 q_.. 
,- , 

Fc503; 5,W, A 3-+ 0 0 o 2 4 8 35
 
RCS036 8,VV, V° A 34 0 0 f30 2 47 3 6
 

r4C50 7 aW,VP A 0 0 0 130 2 +6 37 

Rcs38 5V8 AC 0 0 - 2 50 33
 
RCsxXI 13w, a 100- 2
 
.RCSXXz 3,W, 0 .- 2
 

'-RCSXY3 ,W 10 o - 2 1 !7A 

1csw, 719'3V, 5 C. 0 37C 550O7 757 

,~,L cCX( !0 4C) o ±4 

?CsKZx1 ,: yZ 5 C 0 o ±3a 2 '47 !W7
 

£CsxxS 10)tZC 0 0 :!3c)_ 2 ~ 3
 

. . .. E . . . , , , , ' .i--, I -,Y?, .. ;4 (, ... ! , 

COEFFICIENTS. PA - 5- 4 -DVAR()I IDVAR(2)INV 

SaorS4 , . = /., 
ASe,3EDULES M 



TEST FACILITY DESCRIPTION
 

GRUMMAN 15-INCH SUPERSONIC WIND TUNNEL 

DESCRIPTION: This is an intermittent blowdown to atmosphere facility with 

a 15-inch by 15-inch test section. The tunnel makes use of fixed nozzle 

blocks covering a Mach number range of 1.5 to 4.0. An alumina type air 

dryer is used to dry the air to a dewpoint of 0-10 degrees Fahrenheit at 

3000 psi.
 

PERFORMANCE PARAMETERS: 

Mach Range: 1.5, 1.75, 2.0, 3.0, 3.5, 4.0 

Reynolds Number (x 10 6 /ft): 3.0 to 65 

Stagnation Pressure (psia).: 25 to 500 

Dynamic Pressure (psf): 1550 to 6700 

Stagnation Temperature (OR): 460 

Run Time (sec): 40 to 180 

TESTING CAPABILITIES: This tunnel has a sector, which provides an angle
 

of attack range of t15 degrees, and a four and a six-component internal
 

strain gage force balance for measuring static aerodynamic forces. A pogo
 

stick type of support raises from the floor to restrain sting mounted
 

models during starting and stopping transients. Schlieren and shadowgraph
 

are utilized for flow visualization. This facility is equipped with a
 

computer controlled data acquisition system.
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TEST CONDITIONS 
TEST GFST - 022 

REYNOLDS NUMBER DYNAMIC PRESSURE 
MACH NUMBER per unit length (pounds/sq. inch) 


1.75 12.7 x 106 16.o7 
2.02 9.; x 106 12.29 


2.48 12.4 x lo6 1.36 


BALANCE UTILIZED: _TASK .75 JTIT "A"XL 


CAPACITY: ACCURACY: 
NF ..Q,Ibs,. U6z 

SF lQ..789
AF +± o500AB ts.7 
PM . 

RM 80 inl.-lbs. "-- ,4002
 

COMMENTS: 

9 

STAGNATION TEMPERATURE 
(degrees Fahrenheit)
 

°30 

wO
 
°
 30
 

COEFFICIENT
 
TOLERANCE: 

.0020
 

.0032
 

..__o _ 



DATA REDUCTION
 

The Ot75 inch TASK NK XLIII six component strain gage balance was used
 

to measure orbiter forces and moments. All final data were presented along and
 

about the stability axis passing through a nominal center of gravity located
 

at F.S. 1485, W.L. 377, and B.L. 0. Data were converted to standard NASA
 

coefficients using the following constants:
 

Reference area: Sref =20.689 sq. in.
 

Reference length: 1ref = 9.648 in.
 

Reference span: bref = 5.838 in.
 

No adjustment to the final data was made to account for the base and
 

cavity pressure contributions.
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SUMMARY DATA PLOT IMDEX 

PLOTTED
 
COEFFICIENTS CONDITIONS
 

TITLE SCHEDULE VARING PAGES
 

Figure I Charecteristics in Pitch (A) Mach 1-3
 

Figure 2 Elevon SEfectiveness (A) Elevon Deflection 4-12
 

Figure 3 Aileron Effectiveness (B) Elevon Deflection 13-15
 

Figure 4 Rudder Effectiveness (B) Rudder Deflection 16-21
 

Figure 5 Component Buildup (A) Configuration 22-24
 

Figure 6 	 Effect of Flared Rudder in Pitch, (A) Rudder 25-30
 
Delta Elevon - 0
 

Figure 7 	Effect of Flared Rudder in Pitch, (A) Rudder 31-33
 
Delta Blevon -40
 

Figure 8 	 Characteristics in Sideslip - (0) Configuration 34-42
 
Component Buildup, Alpha = 0
 

Figure 9 	Characteristics in Sideslip - (a) Configuration 43-45
 
Component Buildup, Alpha Approx. 10
 

Figure 10 Characteristics in Sideslip - (C) Alpha 46-48
 
Variation vith Alpha
 

Figure 11 Characteristics in Sideslip - (B) Bets 49-51
 
Variation vith Alpha
 

Figure 12 	Charateristcs in Sideslip - (B) Beta 52-57
 
Component 	Buildup
 

Figure 13 Effect of Flared Rudder in Sideslip - (C) Rudder 58-66
 
Alpha = 0
 



SUMMARY DATA PLOT INDEX 
(CONTINUED) 

TITLE 

PLOTTED 
COEFFICIENTS 

SCHEDULE 
CONDITIONS 
VARYING PAGES 

Figure ' Effect of Flared Rudder in 
Sidesli-p - Alpha Approx. 10 

(C') -,udder 67-69 

Figure 15 Effect of Flared Rudder in 
Sideslip - Variation with Alpha 

(B) Rudder 70-75 

Figure 16 Derived Parameters - Basic 
Configuration in Pitch 

(D) 76-78 

Figure 17 Lateral-Directional Derivatives, 
Alpha = 0 

(E) Configuration 79-81 

Figure 18 Lateral-Directional Derivatives, 
Alpha Approx. 5 

(E) Configuration 82-84 

Figure 19 Lateral-Directional Derivatives, 
Alpha Approx. 10 

(E) Configuration 85-87 
H 

PLOTTED COEFFICIENTS SCHEDULE: 

(A) CL vs. a, CL vs. CLM, CL vs. CD 

(B) CLN, CSL, CY vs. a 

(C) CN, CSL, CY vs. 16 

(D) DCL/DALPHA, DCUM/DCL, Cn(MIh) vs. Mach 

(E) DCLNDB, DCSLDB, CYBETA vs. Mach 



FIGURES
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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.
 

YCCCn 

ZW_ 
Cto& 

Cet 

Figure I.. Axis systems, showing direction and sense of forceand 
moment coefficients, angle of attack, and sideslip angle 
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MODEL COMPONENT DESCRIPTION SHEETS 
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MODEL COMPONENT: BODY -

GENERAL DESCRIPTION: BASIC RQS-Ul BOTDY 

DRAWING NUMBER: 

DIMENSIONS: 

Length 

Max. Width 

Max. Depth 

Fineness Ratio 

Area 

Max. Cross-Sectional 

Planform 

Wetted 

Base 

FULL-SCALE 

(I'. or F2) 

16o,8 

28,0 

28.7 

.61 

P 6v0 

59l 

MODEL SCALE 

(IN. OR IN.2) 

9.68 

7pp 

9.6_ 

ILL 2 

4r. q6 

2.124 
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MODEL COMPONENT: m - W,
 

GENERAL DESCRIPTION: BASIC ROS-B I WING
 

DRAWING NUMBER: 	 518 moD 902
 

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 Babk Angles, degrees
 

Leading Edge 

Trailing Edge 

0.25 Element Line 


Chords:
 
Root (Wing Sta. 0.0) 

Tip, (equivalent) 

MAC 

Fus. Sta. of .25 MAC 

W.P. of .25 MAC 

B.L. of .25 MAC 


Airfoil Section
 
Root 

Tip


EXPOSED DATA
 

Area 

Span, (equivalent) 

Aspect Ratio 

Taper Ratio 

Chords
 

Root 

Tip 

MAC -46.4-


Fus. Sta. of .25 MAC
 
W.P. of .25 MAC
 
B.L. of .25 MAC
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FULL-SCALE MODEL SCALE 
(Yr. 0R IT. ) 

577 20.7 in.2
 

7780 28 in.2
 

97.3 	 5.84 in.
 
.65 1.65
 
.87 1._7
 
129 	 .129
 
° 
5	 50
 

+ 2u Vbody--3Q@tip - 31W-Thp
 

0 600
 
"-8.4:0 ..P
 
42.9u -42.90
 

o4.6 	 6.276 in.
 
13.5 	 0.T1 in.
 
59.0 	 3.54 in.
 
1580 	 157To
 
302.6 	 3o2.6
 
PgO 	 290
 

±8% max.camber 10% thickness
 
1%max- bamer ±0% thickness
 

3217 11.58 in.2 

'69.3 
1.5 
.172 

4.16 in. 
1.5 
.172 

78.25 
13.5 

_ 

4.7 in. 
0.81 in. 
.7in. 



(For the W Wing)
MODEL COMPONENT: Elevon 


GENERAL DESCRIPTION: Moveable Control Surface Associated With the W, Wing
 

DRAWING NUMBER: ,518 MOD 902 

DIMENSIONS: 

Area 

FULL-SCALE 
(ft. or ft.) 

364 

1/200 
MODEL SCALE 
(in. or in.A) 

1.310 

Span (equivalent) 35.5 2.130 

vchord 12.75 .765 

Outb'd equivalent chord T.T5 .465 

Ratio Elevator chord/horizontal 
tail chord 

At Inb'd equiv. chord 

At Outb'd equiv. chord .... 

Sweep Back Angles, degrees 

Leading Edge 

Tailing Edge 

0 

-8.4 

00 

-8.4 ° 

Hingeline 

Area Moment (Normal to hinge line) 
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MODEL COMPONENT: £ VERTICAL TAIL - V1 

GENERAL DESCRIPTION: BASIC ROS-1h 1IVERTICAL TAIL 

DRAWING NUMBER: 518 MOD 902 

DIMENSIONS: FULL-SCALE 
(FT. OR K. 

MODEL SCALE 
(IN. OR IN. 

Area 809 2.898 

Span (equivalent) 33.3 .99 8 

Inb'd equivalent chord 94.6 P.G76 

Outb'd equivalent chord 19.75 .829 

Ratio movable surface chord/ 
total surface chord 

At Inb'd equiv. chord . 3 

At Outb'd equiv. chord .3 

Sweep Back Angles, degrees 

Leading Edge 450 450 

Tailing Edge 19.70 19.70 

Hingeline 28.7' 28,70 

Area Moment (Normal to hinge line) 945 , 2o4 

AIFOIL SECTION 64Ao±o 64Ao1o 

22 
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MODEL COMPONENT: Rudder (for the Vi vertical tail)
 

GENERAL DESCRIPTION: Moveable Control Surface Associated With the VI
 

Vertical Tail 

DRAWING NUMBER: 518 MOD 902 

DIMENSIONS: FULL-SCALE, 
1/200 

MODE SCALE 
(ft. or It) (in.or in.2 ) 

Area 24o .864 

Span (equivalent)ROOT -­ 33.3 1.998i'9­

pvbt___ chord 10.4 .624 

Outb'd equivalent chord 4.02 .241 
RUDDER 

Ratio tnwator chord/horizontal 
tail chord 

At Inb'd equiv. chord .3 .. .,._ 

At Outb'd equiv. chord .3 . 

Sweep Back Angles, degrees 

Leading Edge _ 9.5a 29.5 ° 

Tailing Edge 19.70 19.70 

Hingeline 

Area Moment (Normal to hinge line) 
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NOMENCLATURE 

(General) 

SADSAC 
SYMBOL SYMBOL DEFINITION 

a ALPHA angle of attack, angle between thb jfojection 
of the wind Xw-axis on the body X, .­plane and 
the body X-axis; degrees 

BETA sideslip angle, angle between the wihd Xw-axis 
and the projection of this axis on the body 
X-Z-plane; degrees 

PSI yaw angle, angle of rotation about the body 
Z-axis, positive when the positiire X-hxis is 
rotated toward the positive Y-aeis; degrees 

PHI roll angle, angle of rotation sbadt the body 
X-axis, positive when the positive Y-axis is 
rotated toward the positive Z-sxis' Elgrees 

P air density; Kg/m 3 , slugs/ft3 

a speed of sound; m/sec, ft/see 

V fpeed of vehicle relative to sur:-ounaing 
atmosphere; m/sec, ft/sec 

q Q(PSI 
Q(P) 

dynamic pressure; 1/2PV, psi, psf 

M MACH Mach number; V/a 

RN/L RN/L Reynolds number per unit length; miliion/ft 

p static pressure; psi 

P total pressure; psi 

CP pressure coefficient; (p-po)/q 

24
 



NOMCLATURE (Continued) 

Reference & C. G. Definitions 

SADSAC 

JYMBOL SYMBOL DEFINITION 

S 

S SREF 

wing area; m2 , ft2 

reference area; m2 , ft2 

4 ef 

bref 

Ab 

ISE 

BREF 

wing mean aerodynamic chord or reference 
chord; in, ft, in (see I ref or LREF) 

reference length; m, ft, in.; (see a) 

wing span or reference span; m, ft, in 

base area; m2 , ft 2 , in 2 

c. g. center of gravity 

MRP MRP abbreviation for moment reference point 

MP abbreviation for 
on X-axis 

moment reference point 

)IRP abbreviation for moment reference point 
on Y-axis 

ZMBP abbreviation for moment reference point 
on Z-axis 

25
 



INMCLATURE (Continued) 

Axis System General 

SDMBOL DEFINITION 

F force; F, lbs 

M moment; M, in-lb 

Subscript Definition 

N normal force 

A axial force 

L lift force 

D drag force 

y force or moment about the Y axis 

Z moment about the Z axis 

X moment about the X axis 

a stability axis system 

w wind axis system 

ref reference conditions 

free stream conditions 

t total conditions 

b base 

26 



NOMENCLATURE (Continued) 

Body & Stability Axis System 

SYMBOL 
SADSAC 
SYMBOL DEFINITION 

ON 

CA 

CA 

CA 

Cn 

b 

CN 

CA 

CAB 

CAF 

CYN 

Body Axis System 

normal force coefficient; FN/qS 

axial force coefficient; FA/qS 

base axial force coefficient; 
~[_]I(Pb - P)q,(Ab/S) 

forebody axial force coefficient; CA - CAb 

yawing moment coefficient; MzqS bref 

CI CBL rolling moment coefficient; MX/qS bref 

Cm CIM 

Common to Both Axis Systems 

pitching moment coefficient; My/qS t ref 

CY side force coefficient; Fy/qS 

CL 

CD 

CL 

CD 

Stability Axis System 

lift force coefficient; FL/qS 

drag force coefficient; FrqS 

CDb CDB base drag coefficient 

CDf 

Ct 

CDF 

CLN 

forebody drag coefficient; CD - CDb 

yawing moment coefficient; MZ,s/qS bref 

CI CSL rolling moment coefficient; MXs/qS bref 

L/D L/D lift-to-drag ratio; CJCD 

L/Dr L/DF lift to forebody drag ratio; CJf 

27
 



NUOI CLATURE (Continued) 

Surface Definitions 

SADSAC 
SYMBOL SYMBOL DEF=ION 

it HORIZT horizontal tail incidence; positive when 
trailing edge dawn; degrees 1 

6 symmetrical surface deflection angle; degrees; 
positive deflections are: 

AILRON aileron - total aileron deflection; 
(left aileron - right aileron)/a 

CANADT canard - trailing edge down 
ELEVON elevon - trailing edge 4own4 
ELEVTR elevator - trailing edge d&own 
FLAP flap - trailing edge down 
RUDDER rudder - trailing edge to the left 
SPOILR spoiler - trailing edge down 
TAB tab - trailing edge down with rebpect 

to control surface 
8 antisymmetrical surface deflection angle, degrees; 

positive trailing edge dawn: 

AIL-L left aileron - trailing edge down 
AIL-R right aileron - trailing edge down 
ELVN-L left elevon - trailing edge down 
ELVN-R right elevon - trailing edge down 
SPLR-L left spoiler - trailing edge down 
SPLR-R right spoiler - trailing edge down 

SURFACE 

SUBSCRIPTS DEFINITION 

a aileron 

b base 

c canard 

a elevator or elevon 

f flap 

r rudder or ruddervator 

a spoiler 

t tail 

28 
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TABULATED DATA LISTING
 

A tabulated data listing, consisting of all sero data sets, both original 
and those created in arriving at the plotted material to be presented subse­
quently, is available as an addendum to this report. The tabular listing is 
made up in two sections: 

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

(b) 	 a full list of all data sets containing all resident or
 
selected aerodynamic coefficients of the data sets as well as
 
the above mentioned information.
 

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

NASA AMES Mr. V. Stevens 
NASA MSC Mr. Ray Nelson 
GAC Mr. M. Quan 

If copies of this listing are desired, please contact the above or the cog­
nizant SADSAC personnel who, for this data, is:
 

Miss Betty J. Fricken
 
Department 80
 
Chrysler Corporation Space Division
 
New Orleans, La. 70129
 

(5o4) 	255-23o4
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PLOTTED DATA 
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FIGURE I CHARACTERISTICS INPITCH
 

I 
-) 

-.1
 

-4 - a 2 4 6 a lD 1 14 'B is 20 22 Z4 

ANGLE OF ATTACK, ALPHA. DEGREES
 
SYMBOL MACH PARAMETRIC VALUES REFERENCE INFORMATICR 
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FIGURE S EFFECT OF FLARED RUDDER INPITCH. DELTA ELEVON= 0
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FIGURE 7 EFFECT OF FLARED RUDDER INPITCH, DELTA ELEVON -40
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FIGURE 7 EFFECT OF FLARED RUDDER INPITCH, DELTA ELEVON = -40 

I­

u.z
 

CD 

I4I 

B E 5 "S I N 
Li.
 

in ZMR p 7 O '
 

.04 *-5. -D5*2 0 - 05 .D - 1 .1 1 - 2 0 -03 -

PITCHING MOMENT COEFFICIENT. CLM
 
DATA SET SyMSoL CONFIGURATION DESCRIPTION LELEYN RELEYN LRUDCR RRUDDR RErERENCE INFORMATION 

H GFST 000 20MACSC05) 022 C0F p0O-Nfl 0±WtC-40,-40)VL -40 -40 000 SREF 09 50 IN 
(RCSOI7) oFsT 022 CONY. RO5.1 1541 (-4D040V1-30,3D -40 000 -40.000 -30.000 30 000 L3EF S 0480 IN 

fiREF 5 8500 IN 
XMRP 1485 0040 IN. 
YNRP 0 01100 IN 

ZMRP 37? 0004 IN
 

SCALE 0 og5C
 

MACN 2 480
 

PAGE 32
 



__ 

FIGURE 7 EFFECT OF FLARED RUDDER INPITCH, DELTA ELEVN -40
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FIGURE 8 CHARACTERISTICS INSIDESLIP- CiIPONENT BUILDUP ALPHA= 0
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FIGURE 8 CHARACTERISTICS INSIDESLIP- COMPONENT BUILDUP, ALPHA= 0
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FIGURE 8 CHARACTERISTICS INSIDESLIP- COMPONENT BUILDUP, ALPHA= U 
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FIGURE 8 CHARACTERISTICS INSIDESLIP- COMPONENT BUILDUP9 ALPHA= 0
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FIGURE'8 CHARACTERISTICS INSIDESLIP- COMPONENT BUILDUP, ALPHA= 0
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FIGURE 8 CHARACTERISTICS INSIDESLIP- COMPONENT BUILDUP, ALPHA= 0
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FIGURE 8 CHARACTERISTICS INSIDESLIP- COMPONENT BUILDUP, ALPHA= 0
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FIGURE 8 CHARACTERISTICS INSIDESLIP- COMPOENT BUILDUP, ALPHA= 0
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FIGURE 8 CHARACTERISTICS INSIDESLIP- COMPONENT BUILDUP, ALPHA= 0
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FIGURE 9 CHARACTERISTICS INSIDESLIP- COMPONENT BUILDUP, ALPHA APPROX. 10
 
*025 rrr---l rrr -rrrrr "-r -rlrrrill J~ ,-rrr * -rJ rr1- rrt­ru--rut-61 	 -rrr l-r-r -nu-iy 


015
 

.0200__
 

.005 	 ___ 

m 

-03 

z -. z 

-0 4 
I-I 

-. 04. 

SIDE SLIP ANGLE. BETA. DEGREES
 
DATA SET SYMSOL CONFIGURATION DESCRIPTION ALPHA LEL9VN RELEVN RUDDER REFERENCE INFORMATION 

CRCSOI7) 2 GFST 022 COHF ROS-NBI SIIJ 1a0 a O D a 000 SREF 20 6890 so IN 
1R.5.9) 6FST oz? CONF POS-Nal alwiVI IV.000 O*OVO a 0VO 0 000 LREF 9 S460 1. 
(Rcsaz1) 0 GFST 0ZZ CONF ROS-N81 SiWlVlUl 10 000 a0 0 ODO 0 000 	 BREF 5 8360 IN 

XMRF 1485 0040 IN 
yMRF 0 0 00a IN 
ZH P 377 0004 IN 

MAH DS 	 CALE a 0050
 

PACE 43 



FIGURE 9 CHARACTERISTICS INSIDESLIP- COMPONENT BUILDUP, ALPHA APPROX. 10
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FIGURE 9 CHARACTERISTICS INSIDESLIP- COMPONENT BUILDUP. ALPHA APPROX. 10
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FIGURE 10 CHARACTERISTICS INSIDESLIP- VARIATION WITH ALPHA
 

HI 

*ODg
 

)'c~~~E .0± ______ 

-ovu 

Cu 

r: ­

z 

z 

z 
to 

-5 -4 -3 2 1 1 2 5 6 7 a 9 10 11 1 

SIDE SLIP ANGLE. BETA, DEGREES
 
DATA SETSYMBOL CONFIGURATION DEZCRIPTION ALPHA LELEVN RELEVN RUDDER REFERENCE INFORMATION 

(ACSOOZI r_ OFST D22 CCWF. ROS-NEI DWIVI 0 000 a oo 0.000 0 000 SREF 20 6890 SQ,IN 

1CSO1)
1.0S191 

GFST 022 CONF. ROS-NDI 
OFST 022 CONF. ROS-NB1 

DIWIV1 
11Vi 

500ov 
10 DOD 

0 coD 
0.0 

0000 
DOD 0 

a .D00 
000 O 

LREF 
aREF 

9 6480 
$ 8380 

in 
in 

(MCSOZO)[ OFST 022 CONF ROS-NE1 VlW Vl(-30,30) L0.000 0ovaD 0 000 XMRP 1485 0040 IN 
YHRP o Soon in 
ZM RP ... 0 , 4 in 
SCALE O 00S 

MACH 2.020 

PAGE 46 



FIGURE 10 CHARACTERISTICS INSIDESLIP- VARIATION WITH ALPHA 
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FIGURE 10 CHARACTERISTICS INSIDESLIP- VARIATION VITH ALPHA
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FIGURE 11 CHARACTERISTICS INSIDESLIP- VARIATION ITH ALPHA
 

02g
 

(o1) 

I 

CD 
-J 

.000
 

U) 
L"_Z-. 01 

c-i 

- 020
 

z 

-. 035 

. .	 .. , . .._.045 . . ... . • , . I0-4 2 2 4 8 _ _101 14 16 is 	 20 22 24 

ANGLE (IFATTACK. ALPHA, DEGREES
 
DATA SET SYMBOL CONFIGURATION VE$CRIFTION 	 BETA LELEVN RFEVN RUDDER REFERENCS INFORMATION 

AC Ova) GFST OZZ CONF ROS:Nal BIWIV1 	 0J000 0J000 0 00f 0 000) SREF 20 :890 SN IN 
(RCSD24) OFST 022 CRF RO-B 5 BlWsVl 	 4 20 a 000 a 0o 0 000 LREF 9 648so 
CRC5015) O.¢FST 022 CONF nos-1 BI Biwiv 2 6[ O a 000 0 OD D 0 000 	 BREF 5 8380 IN
 

XMRF 14a$ 0040 IN
 
I RF 0 D0 00 I N
 
ZHPP SIT 0.04 IN
 

MACH 2 az0 
 SCALE 0 0050 

PAGE 49 



FIGURE 11 CHARACTERISTICS INSIDESLIP- VARIATION VITH ALPHA
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FIGURE 11 CHARACTERISTICS INSIDESLIP- VARIATION WITH ALPHA 
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FIGURE 12 CHARACTERISTICS INSIDESLIP- CONP6NENT BUILDUP
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FIGURE 12 CHARACTERISTICS INSIDESLIP- COMPONENT BUILDUP
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FIGURE 12 CHARACTERISTICS INSIDESLIP- COMPONENT BUILDUP
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FIGURE 12 CHARACTERISTICS INSIDESLIP- COMPONENT BUILDUP 
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FIGURE 12 CHARACTERISTICS INSIDESLIP- COMPONENT BUILDUP
 
.10 J= r,--- -r--r -.- r- r-rr rr-r -r--r -rrr r-r-r -,--r -rrr -r--r r*-r- -r 

.04
 

.02
 

U 

LL. 

Lii
o- - 04 _ _
 

u 

- 06
 

LI-

IR -~. Pll_ 012_ cCf.0 S aw SE 0 80 oI 

-4 2 0 2 4 6 a lo 12' 14 16 is 20 RE 24 

ANGLE OF ATTACK, ALPHA, DEGREES
 
DATA SET SY.SOL CCWFJGU9ATI DESCRIPTION BETA LEEN iRELEVN RUDDER REFERENCE ZNFORHATION 
CR CSO38) GFST 022 CONF ROS-Val BIWI 0 000 0 GD 0 DODSE D69 GI 

CR S 3 ) G F 0 % B W .4 0 1, 0 .0 0 D o u LR E F 9 6 4 8 D 1 0 
&PSO 022 CONF. ROS-NBI a coo a OD 0 OC 5 8380 

(RCSO35) [ GFST 022 CONP. ROS-N81 01WIVI 3 400 a 000 0 000 0 000 XNRP 1499 0040 in
 
YNRP a 0000 IN
 
ZMRP 377 OD04 IN
 

MACK Z 460 


GST OliVI 0000 SREF IN
 

SCALE a 0050 

PAGE 57 



FIGURE 13 EFFECT OF FLARED RUDDER INSIDESLIP- ALPHA = 0
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FIGURE 13 EFFECT OF FLARED RUDDER INSIDESLIP- ALPHA 0
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FIGURE 13 EFFECT OF FLARED RUDDER INSIDESLIP- ALPHA 0
 

- 0 - - - - -- _ ___ _
 

C -, o 

LLi 

LL-

O -. 04 

LL 

Li -.14
 

- 20 

-. 18 

. .
. . .... ...i i ... ,.... r e..... l I. .... ... .... .... I. . -. 8.......................................... 


- - 1 2 3 4 5 6 8a 9 10 1 12 

SIDE SLIP ANGLE. BETA, DEGREES
 
DATA SET SYMBOL CONFIGURATION DESCRIPTION ALPHA LRUDDR RUDDR RUDDER REFERENCE INFORMATION 
(RC 002) GFST 022 CONF ROS-NBI BIWIVI 0.000 0 000 SREF 20 6890 so IN 

GFST BIWI 0 -30 LREF 6480LRCS012 022 COUF ROS-NB± I(-3,30) 000 o0 9 IN 
BREF 5 8380 IN 
XNRP ±48S 0040 IN 
YMRP 0 000a IN 
ZNRp 37 0004 IN 
SCALE 0 0030

MACH Z.400 

PAGE 66
 



FIGURE 14 EFFECT OF FLARED RUDDER INSIDESLIP- ALPHA APPROX. I0
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FIGURE 14 EFFECT OF FLARED RUDDER INSIDESLIP- ALPHA APPROX. 10
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FIGURE 14 EFFECT OF FLARED RUDDER INSIDESLIP- ALPHA APPROX. 10
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FIGURE 15 EFFECT OF FLARED RUDDER INSIDESLIP- VARIATION WITH ALPHA
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FIGURE 15 EFFECT OF FLARED RUDDER INSIDESLIP- VARIATION WITH ALPHA
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FIGURE 15 EFFECT OF FLARED RUDDER INSIDESLIP- VARIATION VITH ALPHA
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FIGURE 15 EFFECT OF FLARED RUDDER INSIDESLIP- VARIATION WITH ALPHA
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FIGURE 16 DERIVED PARAMETERS- BASIC CONFIGURATION INPITCH
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FIGURE 16 DERIVED PARAMETERS- BASIC CONFIGURATION INPITCH
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FIGURE 16 DERIVED PARAMETERS- BASIC CONFIGURATION INPITCH
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FIGURE 17 LATERAL-DIRECTIONAL DERIVATIVES, ALPHA = 0 
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FIGURE 17 LATERAL-DIRECTIONAL DERIVATIVES. ALPHA = 0 
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DATA SET 
RCSOIC) 
"SC~xt , 

( CS0021 
fRC xx.) 
cz CIE) 
(RC.X.T) 

MACH NUMBER 
SYMBOL CO1NFIGURATION DESCRIPTION ALPHA LRUDCR 

GF T O Z CONF RO$-N8t BtWt O.OaD 
Zq vT ZZ CONNpoSITC DATASET 01WI (ALFHA 10 0) 0 COD 
< ' OFST 02Z COMF ROS-NB1 SBiVl1 a00cooO.00 

GFST 022 COMPOSITE DATASET 51WIVI tALPHA IS 0) 0 000 
GrST 020 CONF. RO$-N81 BlWIVI(-30,30) a 000 -30 000 
GFST OZZ COMP DATA 31IVI(-30,30, (ALPHA IS 0) 0.0D0 -30 000 

RUDDR RUDDER 

0 000 

REFERENCE INFORMATION 
S 
R E F  

20l 689f0 SQ IN 
LREF 9 6480 IN 
SREF 5 8380 IN 
XHRP 148$ 0040 IN 
YORP a 0000 IN 
ZMRP 377 0004 IN 
SCALC 0 014. 
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FIGURE 17 LATERAL-DIRECTIONAL DERIVATIVES, ALPHA 0
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MACH NUMBER
 
DATA SET SYMBOL CONFIGURATZON DESCRIPTIOH 
 ALPHA LRUDOR RUODR RUDDER REFERENCE INFORNATION 
(RCSOIOZ GFST 022 CONF ROS-N51 $IWI 0 000 SREF 20 6890 SQ IN 
CRCSXX$) a GFST D2 CONPOSITE DATASET BWl (ALPHA IS 0) a O0 LREF 9 6400 IN 
(RCsOO) 0 OFT 02 CONF nos-Mai B V$ 0 000 0 000 2RSF 5 S360 IN
 
(RC$XX4) OFT 022 COFPOSITE DATASET BIWIVI (ALPHA IS 0) 0 000 0 000 XNRP 45 0040 IN
 
(RC* OFST USE COMF RO-NBI BWlV (-30,30) 0 000 -0 00 YHRP 0 0000 IN
 
IRCSXXT C GFST 022 COMP DATA BIWIVI(-30,50 (ALPHA IS 0) 0 ODD -30 000 ZHRP 377 0004 IN
 

SCALE 0 DO0
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FIGURE 18 LATERAL-DIRECTIONAL DERIVATIVES, ALPHA APPROX. 5 
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FIGURE 18 LATERAL-DIRECTIONAL DERIVATIVES, ALPHA APPROX. 5
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MACH NUMBER
 
DATA SET SYM'BOL CONFIOURATION DESCRIPTION ALPHA LRUDDR RUDDR RUDDER REFERENCE INFORMATION 
IRCSXXZ:) Q aFST 020 COMPOSITE£ CATASET 6lWlI ALPHA 1C5 5) 5 Due SREF 2a 6890 SQ IN 

0 DUD LREF 9 6400 IN
 
(R(:OX.I; ' FST 029 COMFOSITC CATAZCT DIWIVI (ALPHA 13 5) 5 000 0 ova; BREF 5 0360 1.t

ICSple) vFST DEE CONF. ROS-NOI SIWIVI 5 Do 


x 8
 
'MCs . ) OFST Bee COMfP. DATA BLWIVIC(-30,30) (ALPHA IS 5) 5 DO -3a ODD XMRF 14S5 0040 IN
 

yMRP a 0000 IN
 
ZMRp 377 0004 IN

SCALE - Base 
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FIGURE 19 LATERAL-DIRECTIONAL DERIVATIVES, ALPHA APPROX. 10
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MACH NUMBER 
DATA SET SYHDOL CONFIGURATION DESCRIPTION 
CRCSOIT) 0j PST 022 CONF. RO-N1 814 
(RCSXX3S O4ST 022 CONPOSITE DATA ET SIW (ALFHA IS 10) 
(RCS019 01 $T 022 CONF ROS-fbI SIWIVi 
IRCSXXS) 5 GFbT 022 COMPOSITE DATASET BIIIVI (ALPHA IS 10) 

ALPHA 
10.000 
10 000 
10 000 
10.000 

LRUDDR RUDDR RUDDER 

0 000 
0 OD 

nEr 

$R9F 
LREr 
SRF 
xHRP 

E4CEP O=.<. 

20 9890 sQ in 
9 6480 IN 
5 2380 IN 

1485 0040 IN 
(ACS020) 
(RCSXXo) CS 

GF$T 022 CONF ROS-Nfl :WIV±(-30,530 
GFT 022 CONF. DATA flWIVI(-35030) (ALPHA I$ 10) 

10 cog 
10 ov0 

-30.000 
-30 Do 

YHRP 
ZHRF 

0 000 
3Z' 0004 

IN 
IN 

SCALE 0 0050 
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FIGURE 19 LATERAL-DIRECTIONAL DERIVATIVES, ALPHA APPROXo 10 ...
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MACH NUMBER
 
-- IT S SOL. CONFIGURATION DESCRIPTION ALPHA LRUDDR RUDDR RUDDER REFERENCE INFORMATION 

(RCS0171 GF T UZZ CONF ROS-N81 8l | 19.0DO SREF 20 6800 so IN 

RCSXX3) GFST ZZ COMPOSITE DATASET DIWI CALFHA IS 10) 10.000 LRJD 9 64$0 1. 

I Rcsals) GFST 022 CONF* ROS-NB BIWIV1 t0 coo 0 DD BREF 5 8300 IN
 
CRCSXX6) GFST zz COTPOSITE DATASET 81WIV1 (ALPHA 15 10) 1a Due 000O XHRP 14S5 0040 In
 

ix CSO2u) OFST 022 CONF ROS-NBI BljWVI f-3 03 10. 00 -30 DID tRP U 0000 IN
 

tacsxxo) GFST D22 COhFo DATA BIWIVI(-30,30) (ALPHA 15 10 1 ISova -30.000 ZHRF S77 0004 IN
 

SCALE a ease
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FIGURE 19 LATERAL-DIRECTIONAL DERIVATIVES, ALPHA APPROX. 10 
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1. c$Doz) 
tRc Zxx) 

GFST 022 CCHF 
GF$T 022 COMP 

ROS-N6. alwivif-3D130) 
DATA 32WIVI(-30,30) fALPHA 15 10) 

in DODD 
10 000 

-30 000 
-30 gooD 
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SCALE 
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