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ABSTRACT 

Two 1/20 scale models of the Grumnan ROS-NPI and ROS-WHL space shuttle
 

orbiters were tested in the GAC Hypersonic Wind Tunnel at a Mach number of 10. Model 

,angle of attack, %, was varied from 200 to 650 at nominal sideslip angles of 00, -30 

and -10 (Note: See Data Reduction section). Data were taken at approximately 20
 

increments while the model was being pitched at a rate of 80 per second.
 

Two different basic configurations were tested, the narrow body ROS-rn1,
 

and the wide body ROS-WB1. Symmetric and asymmetric elevon deflections were tested to 

determine longitudinal and lateral control effectiveness. The effect of the rudder 

body flap, an auxiliary ventral fin and a different fuselage nose was also determined. 

AUl testing was conducted without transition.
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SUMMARY
 

This report presents the details of the first series of hypersonic
 

tests conducted on 1/200 scale models of the Grumman Aerospace ROB-NBl
 

and ROS-WBl orbiter vehicles in the Grumman Farmingdale 36" Hypersonic
 

Tunnel. The period of occupancy was from April 28 to May 7 on a one
 

shift per day basis with the Grumman designation for this test being
 

GFHT-019.
 

Additional tests were conducted on this same model in other Grumman
 

facilities to more fully cover the Mach number range. The complete series
 

of tests is covered in the following reports:
 

SADSAC Report No. Mach No. Range
 

DMS-DR-lO1 0.17
 

DMS-DR-1161 0.7 to 1.15
 

DMS-DR-1163 2.0 and 2.5
 

DMS-DR-1159 10.0
 

Six component aerodynamic force and moment coefficient date are pre­

sented herein in plotted form and cover an angle of attack range from 200
 

to 650 at nominal values of sideslip of00, -30 and -l0o.
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SUMMARY OF SADSAC NOMENCLATURE
 

SADSAC NOMENCLATURE
 
COEFFICIENT 

CA 
CAB 

CAF 

CD 
CDB 

CDF 

CL 

CN 

Cy 

Cl 

Cm 

el 

L/D. 

L/D 

N/A 

N/A 

COEFFICIENT NAME 

Total Axial Force 
Base Axial 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-Axial Force Ratio 

Normal-To-Forebody Axial Force Ratio 

BODY AXIS 

CA 
CAB 

CAF 

CN 

CY. 

CBL 

CLM 

CYN 

N/A 

CN/CAF 

STABILITY AXIS 

CD 
CDB 
CDF 

CL 

CY 

CSL 

CLM 

*CLN--

L/D 

L/DF' 

- VIND AXIS 

CDTOTL 
CDBASE 
CDFORE 

CL. 

CC 

CWL 

CPM 

CLN 

CL/CD 

CL/CDF 



CONFIGURATIONS INVESTIGATED 

The following model components were utilized during these tests: 

B1 - basic fuselage for ROS-NB1 

BIA basic fuselage modified as shown in Figure 6 

B2 - basic fuselage for ROS-WBI 

W ! - basic delta wing 

V1 basic vertical tall for ROS-NB1 

Y2 - twin body tails, basic tails for ROS-WB1 

7 - body flap 

U1 - ventral fins 

Pertinent dimensional information for each of the above components can be 

found in the "Model Component Description Sheet" section of this report- The 

data set collation sheets which follow immediately give a complete test configu­

ration summary. 
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TEST GFHT-019 DATA SET COLLATION SHEET 
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TEST CPT 010 DATA SET COLLATION SHEET 

r3 PRETEST
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DATA SET SCUD. CONTROL PEFLL'TION NO. MACH NUMBERS 
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______ ,_____RUNS 
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TEST FACILITY DESCRIPTION
 

GRULMAN 36-INCH HYPERSONIC TUNNEL 

DESCRIPTION: This is an intermittent blowdown to vdcuum' type tunnel. The 

test section is 36 inches in diameter. High temperature sir from a pebble 

bed heater is introduced to the test section through fixed contoured, 

axisymmetric nozzles.' 

PERFORMANCE PARAMETERS 

Mach Range: 8, 10, 14 

Reynolds Nuber(xlO6 /ft): 0.2 to 4> 

Stsgnation Pressure (psia): 200 to 2200 

Dynamic Pressure (psf): 100 to 1200 

Stsgnation Temperature (OR): 1000 to 3500 

Run Time (see): 30 to 6o 

TESTING CAPABILITIES: 'Model mounting consists of aevater-cooled, sting­

balance sector rig which features a model injection system. Instrumen­

tation for force,, pressure, and heat transfer measurement is provided. A 

Schlieren system is available. 
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TEST 
TEST 

CONDITIONS 
GT 019 

MACH NUMBER 
REYNOLDS NUMBER 
per unit length 

DYNAMIC PRESSURE 
(pounds/sq..inch) 

10.0 2.32 x 10b . 2.16 

BALANCE UTILIZED: CHANCE - VOUGHT .625 in. vB-16 

CAPACITY: ACCURACY: 

NF 200 lbs. ± .269 lbs. 
SF 100 lbs. ± .22e-lbs. 
AF 60ibs. ± .1yt lbs.PM ___ 0 in-lbs. , . 0 -lbs. 
YM 2-00 in-lbs. :lbs. 

RM 80 in-lbs.-


COMMENTS: 

9 

STAGNATION TEMPERATURE 
(degrees Fahrenheit)
 

1310
 

COEFFICIENT
 
%TOLERANCE: 

.oo6o
 
lu
 

,0040
 
: 000 

,0016 

.0022
 



DATA REDUCTION 

A Chance-Vought .625 inch VB-16 six cowponent strain gage balance was used
 

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

about a set of body axis passing through a nominal center of gravity located at
 

F.S. 1485, W.L. 3T7 andfB.L. 0. Data were converted to standard NASA Coefficients
 

using the following constants: 

Reference area: Sref = 20.689 sq. in. 

Reference length: tref = 9.648 in. 

Reference span: bref = 5.838 in.
 

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

balance cavity pressure contributions.
 

Nominal sideslip angles are indicated under the parameter values with each 

dataset. However, angles of sideslip in the nominal :30 and -1O cases were 

actually -30 cos (c) and - = 100 cos (a) respectively. Carp must be exercised 

when using the data to'ear this in mind and to interpret the data accordingly. 

Refer to Figure 1 for values of beta as a function of'alpha.
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SUMMARY DATA PLOT LNDEX 

TITLE 

PLOTTED 
COEFFICIETS 

SCHEDULE 
CONDITIONS 

VARYING PAGES 

Fig. 1. Longitudinal Characteristics 
Repestability 

- (A) 1-8 

Fig. 2. Longitudinal Characteristics, 
Component Brbakdown 

(A) 
I, - I.. -

Configuration 9'16 

Fig. 3. Lateral-Directional Stability, 
Component Breakdown, 10. Deg. 
Sting Offset 

(B) Configuration 17-19 

Fig. 4. Lateral-Directional Stability, 
Component Breakdown, 3. Deg. 
Sting Offset 

(B) Configuration 20-22 

Fig. 5. Longitudinal 
Elevons 

Control Effectiveness, (A) Elevon Deflection 23-30 

Fig. 6. Effect of Body Flap (A) Flap Deflection 31-38 

Fig., 7. ECfect of Single Deflected,-Elevon - '(-B) Elevon' Defletion '-39-41 

Fig. 8. Effect of Ventral Fin, Longitudinal (A) Configuration 42-49 

F±ig° 9 Effect of Ventrar Fin; Latjre1-:' 
10., Leg. Sting Otfset 

.... -(B) ohf.iguf.tbli. .. 50$2 

Fig. 10. Effect of Ventral Fin, 
3. Deg. Sting Offset 

Lateral (B) Configu!ration 53-55 

Fig. ll Effect of Ventlal 
Longitudinal 

Deflection, (A) Ventral Deflection 56-63 



SUMMARY DATA PLOT INDEX 

(CONTNUED) 

PLOTTED
 
COEFFICITS CONDITIONS 

TITLE SCHEDULE VARYING PAGES 

Fig. 12. 	 Effect of Ventral Deflection, (B) Ventral Deflection 64-66
 
Lateral
 

Fig. 13. 	Effect of Alternate Forebody, (A) Configuration 67-74
 
Longitudinal
 

Mig. 14. 	 Effect of Alternate Forebody, (B) Configuration 75-77
 
fLateral-Directional, 10. Deg. 
Sting Offset
 

Fig. 15. 	 Effect of Alternate Forebody, (B) Configuration 78-80
 
Lateral-Directional, 3. Deg.
 
Sting Offset
 

8 1, 88 Fig. 16. 	 Comparison of ROS-NB1 and ROS-WBl, (A) Configuration 

Longitudinal
 

Fig. 17. 	 ROS-WB1 Effect of Twin Vertical (A) Configuration -' 89-96 
Tails, Longitudinal 

Fig. 18. 	ROS-WB1 Effect of Vertical Tails, (B) Configuration 97-99 
Lateral, 10. Deg. Sting Offset 

PLOTTED COEFFICIENTS SCHEDULE: 

(A) - CN, 	 CIM, CA, CL, CD, L/D vs. a 

C0 vs. CIM, CL vs. CD 

(B) - CY, 	 CYN CBL vs. a 



FIGURES
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Notes: 
1. Positive directions of force coefficients 

moment coefficients, and angle are 
indicated by arrows. 

2. For clarity, origins of wind and stability 
axes tave been displaced from the center 
of gravity. 
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FIGURES3. PHOTOGRAPH OF G.A.C. CONFIGURATION ROS-NBI
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FIGURE 5. GENERAL ARRANGEMENT - ROS- WB 



BIA 	 Basic ROS-NBI with modifications to lover surface of fuselage
 

and nose. Defined in 518 MOD 909 (Available upon request from
 

Aero Test, x7044) and in cross-sections below.
 

\N- A
 

KL;j.1RO 8 	 J)'I 

7 -- .k/ 19_ 	 4. 

R05 -N21 BODY
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PA;r" 

Body flap1l at lower aft end of vehicle. Hinge line is at FS 1983.125 
and dimensions are as noted below. (superscript indicates the
 
deflection angle, with positive deflections T.E. down) 

-O,-7-­

,-po -- 2 21
 



MODEL COMPONENT DESCRIPTION SHEETS
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.'BODY -B
MODEL COMPONENT: 


GENERAL DESCRIPTION: BASIC ROS-N01 BODY
 

DRAWING NUMBER: 518 MOD 900 

DIMENSIONS: 

Length 

Max. Width 

FULL-SCALE 

(F. or T2) 

260.8 

MODEL SCALE 
(IN.O I 

. 8 

1.680 

) 

Max. Depth 

Fineness Ratio 

28.7 

-. 61 

1.722 

5.61 

Area 

Max. Cross-Sectional 616 2.21a8 

Planform 920 14.36, 

"'ett d 45.396 

ase590 2.124­
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MODEL COMPONENT: BODY -B
 

GENERAL DESCRIPTION: ,BASIC ROS-WBi BOi-


DRAWING NUMBER: -518MOD 903
 

DIMENSIONS: 


Length 


Max. Width 


- Max. Depth 


Fineness Ratio 


Area
 

Max. Cross-Sectional 


Planform 


Wetted 


Base 


24
 

1/200
 

FULL-SCALE - MODEL.SCALE 

(Fr. oR T.2) (IN.OR N.2) 

160.8 9.,648
 

44.8 2.688
 

28.8 1.728
 

3.6 3.6
 

956j 3.4i2
 

16o
18.576 

19 2-j 47.628
 

744 2.678­



MODEL COMPONENT: WING - W1
 

GENERAL DESCRIPTION: BASIC ROS-NB 1 WING
 

DRAWING NUMBER:* 	 518 MOD 902
 

DIMENSIONS: 	 FULL-SCALE MODEL SCALE
 
(F. OR Y. 2)
 

TOTAL DAT' 


Area 	 2
Planform 	 5747-. 20.7 in.2
 

Wetted 7780 '26 in.f 
Span (equivalent) .9.3 -5.84in. 
Aspect Ratio 1.65 6 
Rate of Taper 1.87 
Taper Ratio .129 
Diehedral Angle, degrees 00 

Incidence Angle, degrees + 20 @ body p 
Aerodynamic Twist, degrees 
Toe-In Angle 
Cant Angle 
Sweep Back Angles, degrees 

Leading Edge 600 .6o
 
Trailing Edge -8,4V -8.40
 
0.25 Element Line 	 2 42.?
 

Chords:
 
Root (Wing Sta. 0.0) 1o4.6 -6.276 in.
 
Tip, (equivalent) o.5
o.81 in. 
MAC 59.0 "3.54 in. 
Fus. Sta. of .25 MAC 1'80 158o 
W*P. of .25 MAC 302.6 302.5 
BL. of .25 MAC 290 290 

Airfoil 	Section
 
Root 18% max.camber 10% thickness
 
TUp 3% max.camber 10%.thickness
 

EXPOSED DATA
 

11.58 in.2
307
Area' 

Span, (equivalent) 4.16 in.
 
Aspect Ratio 1.5 1.5
 
Taper Ratio 	 .172 .172
 
Chords
 

Root 78.25 4.7 in.
 
Tip 13.5 :0.81 in.
 
MAC 	 . -2.78 in. 
Fs. Sta. of .25 MAC
 
W.P. of .25 MAC 
BeL. of .25 MAC 

25 



the W, Wing)MODEL COMPONENT: Elevon (For 

GENERAL DESCRIPTION: Moveable Control 'Surface A1sqciated With the W, Wing 

DRAWING NUMBER: 518 MOD 402 

DIMENSIONS: 

Area-

FULL-SCAL 
(ft. or ,ft.) 

364. 

1/200 

MODEL SCALE 
(in.or in.2) 
, 1.310 

Span (equivalent) 
1-chbrd 

35.5 
12.75' 

2.130 
.765 

Outb'd equivalent chord 
Ratio Elevator chord/horizontal 

tail chord 

7.75 .465 

At Inb'd equiv. chord 

At Outb'd equiv. chord 

Sweep Back Angles, degrees 

Leading Edge 0 o ° 0, 

Tailing Edge -8.4 -8.40 

Hingeline 

Area Moment (Normal to hinge line) 
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MODEL COMPONEN'I:t VERTICAL TAIL - V-1
 

GENERAL DESCRIPTION: BASIC ROS-1NB I VERTICAL TAIL ,
 

DRAWING NUMBER: 518 MOD 902 

DIMENSIONS: FULL-SCALE MODEL SCALE 
(T.oR FT2) (IN.OR IN.2 ) 

Area 2.898 

Span (equivalent)- 1.998 

Inb'd equivalent chord , .6 2.076 

Outb'd equivalent chord 13,75 .825 

Ratio movable surface chord/ 
total surface chord 

At Inb'd equiv. chord 

At Outb'd equiv. chord -----

Sweep Back Angles, degrees 

Leading Edge 45 ° 4 

Tailing Edge -19-70 16.7 ° 

Hingeline 28.70 28.70 

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

AIFOIL SECTION 64AOlO 64Wo0 
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(for the V1 vertical tail)
MODEL COMPONENT: Rudder 


GENERAL bESCRIPTION: Moveable Control Surface Associated With the V1
 

Vertical Tail
 

DRAWING NUMBER: 518 MOD 90? 

1/200 

DIMENSIONS: FUSCALE MODEL SCALE 
(ft. orf~ Z -) (in. or in. 2 ) 

Area .24o . _,864 

Span (equivalent) 33.3 1.998 

.­ chor d .. .. . -lQ- -- ­- ,624 

Outb'd equivalent chord 
RUDDER 

4.02' .241 

Ratio fi chord/horizontal 
tall chord 

At Ihb'd equiv. chord .3 . 

At Outb'd equiv. chord .3 

Sweep Badk Angles, degrees 

Leading Edge 29.5* 29.5 

Tailing &dge 19.70 19.7o 

Hingeline __ "_- ". 

Area Moment (Normal to hinge line) 
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MODEL COMPONENT: TWIN BODY TAILS - Vp 

i 

GENERAL DESCRIPTION: BASIS ROS-WB1 VERTICAL TAILS
 

DRAWING NUMBER:# 518 MOD 905
 

DIMENSIONS: FULL-SCALE MODEL SCALE 
(IT. OR FI.) (IN.'OR IN.2 ) 

Area 67o 2:412 

Span (equivalent) 2.130 

Inb'd equivalent chord '1990 

Outb'd equivalent chord 9.08 '545 

Ratio movable surface chord/ 
total surface chord 

At Inb'd equiv. chord 

At Outb'd equiv. chord 

Sweep Back Angles6-degrees 

Leadzing Edge 400 40 

8.50 850
Tailing Edge 


Hingbline
 

Area Moment (Normal to hinge line)
 

AIRFOIL SECTION NACA 6)AO NACA 6bAO1O
 

15CANT ANGLE (OTOARDl) 
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N0WCLATME 

(General) 

SADSAC 

SYMBOL DEFINITION 

a ALPHA angle of attack, angle between the projection 
of the wind Xw-axis on the body X, Z-plane and 
the body X-axis; degrees 

BETA sideslip angle, angle between the wind 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 positive X-axis is 
rotated toward the positive.Y-axis; degrees 

PHI roll angle, angle of rotationabout-.the-body­
- ---- -X-xis, positive when the positive Y-axis is 

rotated toward the positive Z-axis; degrees 

P air density; Kg/m, slugs/ft3 

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

V epeed of vehicle relative to surrounding 
atmosphere; M/sec, ft/see 

q Q(Psi dynamic pressure; 1/2PV psi, psf 

M MACH Mach number; V/a 

RN/L EN/L Reynolds number per unit.length; million/ft 

p static pressure; psi 

P total pressure; psit 

C*­"' , pressure coefficient; (p-p)/q 

J 

30 
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NCWK. CLA'fJRE (Continued) 

Reference & C. G. Definitions 

SADSAC 

SYMBOL 

S 

S 

SYMBOL 

SREF 

DEFINITION 

wing area; m2 , ft 2 

reference area; m2, ft2 

cwing 

Iref 

bref 

Ab 

TR 

BREF 

mean aerodynamic chord or reference 
chord; m, ft, in (see ref or LRE) 

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

wing span or reference span; m, ft, in 

base area; m2 , ft2 , in2 

c. g. center of gravity 

MRP MRP abbreviation for moment reference point 

MARqP abbreviation for moment reference point 
on X-axis 

XMP abbreviation for moment reference point 
on Y-axis 

2RP abbreviation for moment reference point 
on Z-axis 
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NOMCLAfl1RE (Continued) 

Axis System General 

SYMBOL 

F 

M 

DEflNTION 

forceJ F, lbs 

moment; M,-in-lb 

Subscript* 

N 

A 

L 

D 

y 

Z 

X 

a 

v 

ref 

t 

b 

Definition 

normal force 

axial force 

lift force 

drag force 

force or moment-about the Y 

moment about the Z axis 

moment about the X axis 

stability *axis system 

wind axis system 

reference conditions 

- free stream conditions 

total conditions 

base 

axis 
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NOXCEA!WRE (Continued) 
Body & Stability Axis System 

SYIML 
SADSAC 
SMBOL DEFINITI ON 

Body Axis ystem 

ON normal force coefficient; FN/qS 

CA 

CAb 

CA 

CAB 

axial force coefficient; FA/qS 

base axial force coefficient;[-i] [(Pb - po)/qliiet(Ab/S) 

CAr 

CI 

CAF 

aY 

CBL 

forebody axial force coefficient; CA - CAb 

yawing moment coefficieat 4z!oS bref 

rolling moment coefficient; Mx/qS bref 

CM 

Common 

CTm 

/CY 

to Both Axis Systems 

pitching moment coefficient; My/qS 

side force coefficient; Fy/qS 

t ref 

CL 

CD 

CL 

CD 

Stability Axis System 

lift force coefficient; FI/qS 

drag force coefficient; FDqS 

CDb CDB base drag coefficient 

Df ODF forebody drag coefficient; CD -Db 

C CEM yawing moment coefficient; MZB,/qS bref 

CI 

L/D 

L/Df 

CSL 

LID 

L/DF 

rolling moment coefficient; MXs/qS bref 

lift-to-drag ratio; OI/% 

lift to forebody drag ratio; CJCDf 
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SADSAC 
SYMBOL SYMBOL 

it HOPIZT 

6 

ILRON 

CANARD 
ELEVOR 
EaEVTR 
FLAP 
RUDDER 
SPOILR 
TAB 

6 

AIL-L 
AIL-R 
ELVN-L 
ELVN-R 
SPLR-L 
SPLR-R 

SURFACE 

SUBSCRIPTS 

s 

b 

c 

e 

f 

r, 

s 

t 

NCMCLATURE (Continued)
 

Surface Definitions
 

DEFINITION
 

horizontal tail incidence; positive when
 
trailing edge down; degrees
 

symmetrical surface deflection angle; degrees;
 
positive deflections are:
 

aileron ­
(left aileron 

canard ­
elevon ­
elevator ­
flap ­
rudder ­
spoiler ­
tab ­

total iaileron deflection;
 
- right 'sileron)/2 
trailing edge down 
trailing edge dawn 
trailing edge dawn 
trailing edge dawn 
trailing edge to the left 
trailing edge down 
-trailing edge -down--with-respect 
to control surface 

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

left aileron ­
right aileron ­
left elevon, ­
right elevon ­
left spoiler ­
right spoiler -


DEIITION
 

aileron
 

base
 

canard
 

elevator or elevon
 

flap
 

trailing edge down 
trailing edge dawn 
trailing edge down 
trailing edge dawn 
trailing edge down 
trailing edge down 

rudder or ruddervator
 

spoiler
 

tail
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TABULATED DATA LISTING 

A tabulated data listing, consisting of all aero 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 B. J. Fricken
 
Department 2780
 
Chrysler Corporation Space Division
 
New Orleans, La. 70129
 

(5o4) 	255-23o4
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FIG. I LONGITUDINAL CHARACTERISTICS REPEATABILITY
 

u 1.4 

z 

Lu 

u 1.2 

LL 

Lu 

u­

0.4 

0-2 

.i 2c 25 So 33 40 45 so 55 s0 65 70 

ANGLE OF ATTACK. ALPHA. DEGREES
 
BOFLF REFERENCE :NFOflZAr:oN
BE TA LELEVN RELEVNDATA SET SYMBOL CO4FIGURATZOM DE5CMZPTXCN 

CMP. DuoIY goo0 0.000 20.890 

I OCT0Ot) fl GFNT 0*9 COEF. 20314B1 DIWIVI 0.000 0.009 0.000 0.000 LREF 9.64811 IN.
 

BREF 5.86 N
 

DcTon,) Q GrMT 019 S" lwv a0-~ a.0 0.000 SREF 34.114. 

XHRP IN:.0414 
YMRP4 . £14.
 

ZMRP 3.0004 IN:
 
SCALE D.005
 

MAC" 10.130 

PAGE I
 



--

FIG. ILONGITUDINAL CHARACTERISTICS -'REPEATABILITY
 

.08 

.04 
o 

I 
-. 0 

L .00 

F­

.00245is 25 30 35 50 55 665 7
 

ANGLE OF ATTACK, ,ALPHA, DEGREES
 
DATA ET SYWBOL CPHFIGURATIONDE3CRIPTICN 13TA LELEVN RELEVN ZCFLP REFERENCE INFORMATION
 

0.01H 0.000 
 .000O 11.130 SREF 90.6690 SQ'IN.
IDCTU01) 9 FHT 0' : COMF- ROS-NS1 13IWIVI 
(.CTV'. I GFHT 019 CONF. ROS-Nal BIWIVI 0.000 0.000 '0.000 0.1300 LREF 9.6400 IN.
 

BREF 5:6380 1N,
 

YMRPp 45.0000 IN.
 

ZMRp 37T.0004 IN.
 
SCALE -.. O04 

MACH 113.13D
 

PAGE 2 



_____ 

FIG. ILONGITUDINAL CHARACTERISTICS - REPEATABILITY
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FIG. ILONGITUDINAL CHARACTERISTICS - REPEATABILITY
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FIG. 2 LONGITUDINAL CHARACTERISTICSCOMPONENT BREAKDOWt
 

.04 

Li 

-

111 
-. 2
 

U-°O
 

.1'0 w 'L3 An5 4m so 55' 6& ' 65 ?a 
ANGLE OF ATTACK. ALPHA., DEGREES
 

DATA SET SYMBOL CONFIGURATION DESCRIPTION BETA LELEVN RELEN SOOFLP REFERENCE INFORMATIONl 
IDCT002) Q GFUT 019 CONF . R -B IWIVI 0.000, U.000. 0.000 0oc sREF 2G6690 SQ. IN
I CT.I.} FMT CONF: 0LII 019 SiS-NB .00 0:000 LREF 2. 64aa IN. 

aREF 5.3D N
 
XR 5 IN:
485,00 

YNRP 
 D.110 
 IN:
ZMRF 37T.0004 IN
 
SCALE 0.0050
 

MACH 10.130
 

PAGE 10 



FIG. 2 LONGITUDINAL CHARACTERISTICSCONPONENT BREAKDOWN
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FIG. 2 LONGITUDINAL CHARACTERISTICSCOMPONENT BREAKDOWN
 

0.7 	 _____ 

S 0.6 	 _____ ____ 

I­z 
0.5 

UZ 

to IN 	 30 35 40 45 so 55 so 65 70 

ANGLE OF ATTACK. ALPHA. DEGREES
 
DATA SET SYNAO CCFI URATIOH DESCRIPTION 	 BETA LELEVN RELEVM BCDFLF REFERENCE INFORMATION 

0.000 0.000 0.001) 0.000 SREF 20.6690 SQ.IN. 
(OCT014}) 	 GFHT 019 CONF. ROA-NB; SIV1 0.0aq 0.000 LREF 9.64SO IN.
 

SREF 5:8380 IN:
 
IMRP I4.5 004. IN.
 
YMRP ...... I .
 
ZMRP 377.0004 IN.
 

IOCTDOZ} GFMT 019 CONF. RO$-NS1 B;MVI 

SCALE 0.005.
 
MACH 10.330
 

PAGE 12
 



1.4 

0.4 

FIG. 2 LONGITUDINAL CHARACTERISTICSCOMPONENT BREAKDOWN
 

t.. . . . . . . . . . .
 

L° 

1. 
Ii. 

I­

i 120 30 35 40 45 50 55 60 ;5 

0 1 ANGLE OF ATTACK, ALPHA. DEGREES 
DATA SET SYMBOL 'CC.FZURAT;IO OESCRIPTIC* BETA ' LELEVN RELEYN BOOFLF REFERENCE INFORMATION 

OCT002) 
(CTD14) 

Q GFHT 019 CCF. ROS-N 
GFHT 019 COF. ROS-NI 

BIVI0.000 
DVi 0*00 

0.000 0.000 0.000 
0.0 

SREF 
LREF 
BREF 

23.6890 
9.6400 
5.8380 

$Q.IN. 
In. 
IN. 

X4RP 
YARP 

1485,0040
0.0000 

IN. 
IN. 

ZNRP 377.0004 IN. 
3CALE 0.000a 

MACH 10.130 

PAGE 13 



FIG. 2 LONGITUDINAL CHARACTERISTICS.COMPONENT BREAKDOWN
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FIG. 2 LONGITUDINAL CHARACTERISTICSCOMPONENT BREAKDOWN
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FIG. 2 LONGITUDINAL CHARACIERISTICS.COMPONENT BREAKDOWN
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FIG. 3 LATERAL-DIRECTIONAL STABILITY.COMPONENT BREAKDOWN, 10. DEG. STING OFFSET
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FIG. 3 LATERAL-DIRECTIONAL STABILITY,COMPONENT BREAKDOWN, I0.DEG. STING OFFSET
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FIG. 4 LATERAL-DIRECTIONAL STABILITY,COMPONENT BREAKDOWN, 3.DEG. STING OFFSET
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FIG. 4 LATERAL-DIRECTIONAL STABILITYCOMPONENT BREAKDOWN. 3.DEG. STING OFFSET
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FIG. 4 LATERAL-DIRECTIONAL STABILITY.COMPONENT BREAKDOWN. 3.DEG. STING OFFSET
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FIG. 5 LONGITUDINAL CONTROL EFFECTIVENESSELEVONS
 

z 

zI-°d
LL 
U-

Lu 

0. 

0.0 

ANLEO ATCK APADGRE
 

0.4 

1.0is w 30 35 40 45 50 55 60 65 70 

ANGLE OF ATTACK. ALPHA. DEGREES 
DATA MtT StYB CaFIGURAIUC DESCRZPTIX BETA LELEVN RELEVN BQFLP REFERENCE INFORHATICN 

DCT0ZC 0 GFT 0*9 CwF. ROS-N81 BIWIVI 0.000 0.000 0.000 0.000 ORF 20.6890 *Q.IN. 
tOCTOOI L GFNT 09 C#F. R 0-NB* B*WI(-10O,)VI 0.000 -10.000 0.000 0.000 LREF 9.6480 IN. 

DC7005J 0 GFNT 019 CCF. RO-NS* 01W1 IDO)VI 0.00 0.000 .00 0:.00 BREF 5.8351 IN. 
loCT006a) GFnT 019 COMF. ROS-N2 1WI (-Z20O vs 0.00 a 20.00 0 0.0a0a 0.0 XRp 45.0040 ZN.
 
(OCTOOS) S FHT 019 CONF. R0SN31 B1W1-40,-40)VI 0.000 -40.000 -40.000 0.000 YNRP 0.0000 IN.
 

ZNRP 377.D004 IN. 
$CA LC DOS.
 

MACO 10.130 

PAGE 23 



FIG. 5LONGITUDINAL CONTROL EFFECTIVENESS,ELEVONS
 

.06
.04


.04 

-J 

z .02 	 _____ 

C., 

LL -. 02! z 

I--8

I-L
 

-06
 

-t ! 5 30 35 40 45 so 55 Go 65 70 

ANGLE OF ATTACK.,,ALPHA, DEGREES
 

DATA IlET SYMBOL CONFIGURATION DESCRIPTION 	 SE TA LEUVN RELEVN BDFLP REFERENCE INFORMATION 
IDCT-OZ) Q GFHT 019 CONF_ ROS-N BIWIV1 	 O.OQD 0.000 0.000 D.000 SRF 21.6890 S. IN. 

(De'/G4) IFHT 01: 0*1F 0O5-NB1 BIM C-10,Q)VI 0.0o00 -10.000 0.000D 0.000 LREF 9.6480 IN.
 
(DCTV05) FHT ol COfFF ROS-NS1 5l'Jl(IGO)Vl 0.000 1(o0.10 G.DGo 0.000 BREF 5.860 IN.
 
CDCT(J 0 GFHT 019 CO(lF. ROS-B WI-t-)V 001-2.ll-*O DDDXR 14.04 I.
 

-CDC:Dg GFHT 019 COlF, Mal -4 40V 	 000 -4 -40,00 a0] 0.0000ROs-B Do0 a 	 YMRp IN. 
ZMRP 377 0004 IN. 
SCALE 0:0 50
 

MACH 10.130
 

PAGE 24
 



.02 

FIG. 5 LONGITUDINAL CONTROL EFFECTIVENESSIELEVONS
 

LL
 

< 
CW 

-


.0­

£03 ioS 5 40 45 50 55 613 65 

ANGLE OF ATTACK, ALPHA, DEGREES
 
DATA S&T SYNBC& €CWFIURATICW CNE3CPTIW BETA LELEVN RELEVN OMFLP REFERENCE INFORUATION 

G CCTW29€F: RO6-ill 1I VI 0:.111 1:11" 1:1,1, 0 0O SRCF 20*~g IGN. 

(CICT005) 
CDCTOD) 

S FUlT 
GF"T 

019 € 
019 C 

F . 
F: 

ROS-Nal 
Ro -Hal 

,5Wl 00)v 
31Wl(-20:-ZO)VI 

0L.000 10.09f) 
0.000 "-20.000 

0.000 
-20.000 

D.000 
0.000 

BREF 
XWRP 

5.8380 
14a5.0040 

IN. 
IN. 

CDCTOD0:; :FHIVI C=9€ .0:-NSB 'I(-40 -40) Vl a.000 -40.000 -40.000 0.1100 YNRP o'coso IN. 
ZHRP 377.0004 IN. 

MACH I0°130 
SAE 005 

PAGE 25 

70 



FIG. 5 LONGITUDINAL CONTROL EFFECTIVENESS,ELEVONS
 

0.9 

0 0.4 

Ll1 0.3
 

w aa 35 ;a 45 so 53 so 65 7; 

ANGLE OF ATTACK. ALPHA. DEGREES
 
RELEVN O FLP REFERENCE INFORMATIONDATA SET SYMBOL CONFIGURATION DESCRIPTION BETA LEI.VN 

(DCTOO2) FHT 019 CNF, RO$-Nal BIWIVI aano 0.000 0.000 0.000 SREF 20.6890 $Q.IN, 

NF ,ROS-NIII 0;0ID#)v - 11 ,OOO 1:100. 0:00. LREF 9.6480 IN.CTOV4II FMT 01 9 C lw 1 y1:11.'OCT-0J -Fr019 COF. RO"-Mal lItIGa, 100 D ,00 no00 ODD BREF 5.8360 IN.
 
(DCTOOS :FHT V19 ONF. ROS-Na1 81WI(-zc,-zQ)Vl 0.000 -20.000 -20.DGO 0.000 XNRP 1485.0040 IN.
 
DCT00g) GFHT 019' COF. ROS-NG1 8lWI(-40,-40)V% 0.0DO -40.000 -40.DO D OuoO YMRp 0.0000 IN.
 

IN.
377 0004 
MACH 10.130 

ZMRF
SCALE 0:005a 

PAGE 26 



FIG. 5LONGITUDINAL CONTROL EFFECTIVENESSELEVONS
 
*. r-rI • )-iv----, -i---s-,--r-- -w--r--r-1- -r-r -,rrr •t -r-r--r--rt-l r 

1.4 

I.-


Ld1. 
z 

-L 

co 

0.40.0 - ..... 

0.2 

I 25 30 5 40 4 50 i55 00 0 

ANGLE OF ATTACK. ALPHA, DEGREES
 
DATA SET SYMBOl CC*FJGURATION DSCRIPTII BETA LELEVN RELEVN DOOFLP REFERENCE INFORMATION 

BIVIVI 0 0 0.00 20.6890 

(OCTO04tZ) GrNT 1OI-N8±Vl(-±3,0)V1 000 0.000 9.0480

(DCTOZ) IFNT 019 CONF. ROSN01 0.000 0. 0.00. SREF SQ.IN. 

009 CO. NS 0 0.ago LRCF IN. 
CDCTDOSI 0FH a9 CONF. ROs-Nl S (IWI10oe) 0.000 10.000 G.000 0.000 BREF 5.8380 IN.V 

(DCTO08) J FHT 019 CONF. ROs-Nal SIMS(-2c-ZO-)VI 0.000 -20.000 -20.v00 0.000 SNRP 1485.0040 IN.
 
(DCTO09 . FH5 01 COF. R05-N8± 8±WI(-4s-40) VI 0.000 -4D.00 -40.000 0.000 YHRP 0.000 IN.
 

ZNRP 377.0004 IN. 
SCALE 0.0050 

MACI 0.130 

PAGE 27 



_____ 

FIG. 5LONGITUDINAL CONTROL EFFECTIVENESSELEVONS
 

2.4 

2°Z
 

2.0 

1.8 

. 

0.6 

- .0 1 2 30 as 40 ;5 50 55 60 65 7; 

ANGLE OF ATTACK. ALPHA. DEGREES
 
DATA SET SYMBOL CMFIGURATION DESCRIPTION BETA LELCVN RELEVN SWFLP REFERENCE INFORMATION 

Z F R O$03DTG 1 G a s a O aII
w v ¥ aFN0 
 0 0.0 0~l0D00. SR F 2 0 :. 8 9 D 30 ZN
 
IDCTDGZ, GFMT CFo 1 V0 -113:D00 0 0 0 9.4INOM 03HS wlt-luja)l a a 0,100 LREF 
COCTOS T G19¢F: ROS-NSI :1W1(10,03VI 0.000 10.000 D.000 0.000 BREF 5.83a. IN. 
DCTGG} :21T I1 CNF. 03S- 111 1W1 - : 2 0Vl OO.-20.000 -20.000 0.000 XHRF 1485.0040 IN. 

( CT000) GFMT 010 CONF, RO$-H8I al I( 4 4) V . -40.000 -40.000 0.000 YNRP ,0.0000 IN. 
ZHR1 377 0004 IN.
 

MACH 10.1300A
 

PAGE 28 



FIG. 5 LONGITUDINAL CONTROL EFFECTIVENESSELEVONS
 
-.u -I -n rrr r-- - -r 

( 1.4I­
z 

CiLI' 1.0 

L
 

0.8 

< 

-II 

: 
0.4­

. 1 0 $ .0 8 .0 0 . 0 4 .0 2 .2 0 - 0-.2 - *4 
 0 -.0 - . 0 8 - 0-. 

PITCHING MOMENT COEFFICIENT, CLM
 
DATA SZT SyVNOL. CONFIGURATION DESIPTION BETA LELEVN RELEVN SOFLP REFERENCE INFORMATION 

COCTO02) 
(OCT0043 
(OCTOOS 
(OCT000 
oCTo,) 

f 
£ 

)i 

GmFT 019 C0F. ROS-N8i 
GFHT 019 CONF. ROS-N81 
GFNT 019 COF. OS-NB 
GVNT 019 CONF.'0410$ 
IFNT 019 CONF. 90-NO 

B1WIVI 
81WI-10#0)VI 

1 (10.0) VI 
W12a(-200) VI 

SIWi -40,-d4CVI 

0.000 
0.000 
0.00 

0.000 

0.0000.000 0.000 
.100000.000 0:0000REF 

10.000 0.000 
-20.000 -20.000 
-40.000 -40.030 

0.00 

0.000 
0.000 
0.000 

SREF 

BREF 
XMRP 
YNRP 
ZNRP 

20.$90 
9.0480 
5.0380 

1485.0040 
0.0000 

37.0004 

$ItN. 
IN. 
IN. 
IN. 
IN. 
IN. 

SCALE 0.Dso 
MACH 10.130 

PAGE 29 



FIG. 5 LONGITUDINAL CONTROL EFFECTIVENESS,ELEVONS
 

0.7
 

-4­[-
L
o 0.4 

LL 
0.40

LA.

0.0 0.2 0.4 0.6 0.8 1.0 1., 1.4 1.6 1.8 2.0 

DRAG COEFFICIENT, CD
 
DATA ST SYfL CONFIGURATION DESCRIPTION BETA LELCVN RELEVN BOOFLP REFERENCE INFORMATION 

InhCTI02) GFHT 019 CON. ROS-N8 BIWIVI 0.000 0.000 acoo 0.000 SREF 20.6890 $Q.XN. 
(OCT04) 'PHI 019 CON. ROSNSI SWI&S0,0)Y1 0.000 -1.000 0.000 D.0O LREF 9.64 0 IN. 
(OCTOOS) 'GFRI 019 CFoN ROS-N0I Blwl1CO.0)VI 0.0=0 10.00 0.000 o0.000 BREF 5.8380 IN. 

(OCT000 Li GET 019 CONF. ROsN1 81W(20(-.2Z)V1 0.000 -20.000 -20.000 0.000 XHRP 14$5.0040 IN. 
(DCTOOS) *FHT 019 CON . ROS-NBI 0IW i-40.-4VI 0.000 -40.000 -40.000 G.DO YNRP 0.0000 IN. 

ZNR? 377.0004 IN.
 
SCALE 0.0050
 

MACH 10.30 

PAGE 30
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FIG. 13 EFFECT OF ALTERNATE FOREBODY,LONGITUDINAL
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FIG. 14 EFFECT OF ALTERNATE FOREBODYLATERAL-DIRECTIONAL, i0.BEG. STING OFFSET
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FIG. 14 EFFECT OF ALTERNATE FOREBODY,LATERAL-DIRECTIONAL, 10. DEG. STING OFFSET
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FIG. 14 EFFECT OF ALTERNATE FOREBODY.LATERAL-DIRECTIONAL, 100 DEGo STING OFFSET
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FIG. 15 EFFECT OF ALTERNATE FOREBODY,,LATERAL-DIRECTIONAL, 3.DEG. STING OFFSET
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FIG. 15 EFFECT OF ALTERNATE FOREBODYLATERAL-DIRECTIONAL, 3.DEG. STING OFFSET
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'FIG. 15 EFFECT OF ALTERNATE FOREBODY LATERAL-DIRECTIONAL. 3.DEG. STING OFFSET
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FIG. 16 CONPARISON OF ROS-NBI AND RGS-WBILONGITUDINAL
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FIG. 16 COMPARISOKOF ROS-NBI AND ROS-WB1,LONGITUDINAL
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FIG. 16 COMPARISON OF ROS-NBI AND ROS-WB1,LONGITUDINAL
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FIG. 16 COMPARISON OF ROS-NBI AND ROS-WBI,LONGTUDINAL
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FIG. 16 COMPARISON OF ROS-NBI AND ROS-VB1,LONGITUDINAL 
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FIG. 16 COMPARISON'OF ROS-NBI AND ROSAIBIPLONGITUDINAL
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FIG. 16 COMPARISON OF ROS-NB AND ROS-WROLONGITUDINAL
 

01. .00_.6.8 _. 

LI­
.0 

Id I° 

I.e 

Itr 

U- I 0 0 0 0 0 -D ,4-0 ,8 -

C 5RE i5 
PICIGMMNLCEFCETuL 

_ _ _ _ _ aO IN,T Z O 
DAT o RP T LLV RbV _y____UA___L __F______ __ 

PG 8 
(CT., FTD9C F O-B IJ OOO .O , .O RF .80 S.N 

(CTI "C G T 10.1'0 * Sk V O0 o0 .O ,0 RF 9 40 N 

EAG 8 



FIG. 16 COMPARISON OF ROS-NBI AND ROS-WB 9LONGITUDINAL
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FIG. 17 ROS-WBI EFFECT OF TWIN VERTICAL TAILS LONGITUDINAL
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FIG. 17 ROS-E EFFECT OF TWIN VERTICAL TAILS LONGITUDINAL
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FIG. 17 ROS-WBI EFFECT OF TWIN VERTICAL TAILS LONGITUDINAL
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FIG. 17 ROS-WBI EFFECT OF TWIN VERTICAL TAILS LONGITUDINAL
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FIG. 17 ROS-WBI EFFECT OF TWIN VERTICAL TAILS LUNGITUDINAL
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FIG. 17 ROS-WBI EFFECT-OF TWIN VERTICAL TAILS LONGITUDINAL
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FIG. 17 ROS-WB1 EFFECT OF TWIN VERTICAL TAILS LONGITUDINAL
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TG. 18 RS-WB1 EFFECT OF TWIN VERTICAL TAILS.LATERAL,1O. dEG. STING OFFSET
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FIG. 18 ROS-WBl EFFECT OF TWIN VERTICAL TAILSLATERAL,1O. BEG. STING OFFSET
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