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ABSTRACT

Experimental aerodynamic wind tunnel tests were conducted during

May, 1971 on a 1/200 scale model Grumman ROS-NBL space shuttle model
in the GAC 15 inch Superscnic Wind Tunnel at Farmingdale, New York.
The basic narrow body ROS-NBL configuration was tested over an angle
of atbtack renge from ~30 ‘o 22° at sldeslip angles of OO, 2.60, 3.&0
and 4.2° and over a sideslip angle range from —50 to 10° at set pirtch
anglﬁs of Oo, 50, 10° and 150. Test Mach numbers were 1.75, 2.02 and
2.48. Configuration variables included model buildup, symmetric and
asymmetric elevon deflection, rudder deflections and sn auxiliary

ventral fin.

A1l testing was conducted without itransitaion.
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SUMMARY

A 1/200 scale model of the Grummen ROS-NBL space shuttle was tested in
the GAC 15 incha Supersonic Wind Tunnel in Faermingdsle, New York. Tests
at Mach numbers of 1.75, 2.02 and 2,48 were conducted. Model angle of
atback was varied from -3° to 22° at sideslip angles of 0°, 2.69, 3.4°
and 4.2°. Sideslip angle was varied from -5° to 10° a2t set pitch angles

of attack of 09, 59, 10° and 15°. Deta were taken during & sweep ot

approximately every 1.0°.

The basic narrow body ROS-NBL configuration was tested. Test configura-
tions included a model build-up: body alone, body-wing, and body-wing-
tarl. Symmetric and asymmetric elevon deflections were tested to deter-
mine longitudinal control effectiveness. The effect of the rudder and

an auxaliary ventral fin was also determined.
All tesbing was conducted wathout transitlon,

Datasets RCSXXL to RCSXXO 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.



SUMMARY OF SADSAC NOMENCLATURE - AERODYNAMIC FORCE AND MOMENT COEFFICIENTS

SADSAC NCMENCLATURE

COEFFICIENT COEFFICIENT NAME
- BODY AXIS | STABILITY AXIS | WIND AXIS

Ca Total Axial Force CA - -
CAB Base Axial Force . CAB -- -
CAF Forebody Axial Force CAF - -
Cp Total Drag Force - CD CDTOTL
Cbhp Base Drag I'orce - CDB CDBASE
Cop Forebody Drag Force - CDF CDFORE
Cr, 1aft Force - CL CL
CN Normal Force CN - -
Cy Side Force CY CY cC
C J/ Rolling Moment CBL CSL CWL
Cm Pitchmg Moment CLM CLM CPM
Cn Yawmg Moment CYN CLN CLN
L/D Lift-To-Drag Force Ratio - L/D CL/CD
L/D Laft~-To-Forebody Drag Force Ratio - L./DF CL/CDF
N/A Novmal-To~Axial Force Ratio N/A - -

N/A

Normal-To-Forebody Axial Force Ratio |

CN/CAF




CONFIGURATIONS INVESTIGATED

The following 1/200 scale model components were tested:

By - Dbasic ROS-NBL fuselage

Wy - ©basic delta wing for ROS-NBL
Vy - single vertical taxl

U; - ventral fin

Pertinent dimensional information for each of these components is given
1n the Meodel Component Descraption Forms which follow the figures. The
Dataset Collation Sheets which follow Immediately contein a summary of

the test run schedule and complete configurations Fested.
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DATA SET COLLATION BHEET

LI PRETEST
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SCHEDULES
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TEST FACILITY DESCRIPTION

GRUMMAN 15-INCH SUPERSONIC WIND TUNNEL

DESCRIPTION: This is an Intermittent blowdown to atmosphere facility with
a 15-inch by 15-anch test sectlon., The tunnel makes use of fixed nozzlc
blocks covering @ Mach number range of 1.5 to 4.0. An alufina type sir
dryer is used to dry the alr to a dewpoint of 0-10 degrees Fshrenheit at

3000 pei.

PERFORMANCE PARAMETERS:

Mach Range: '1.5, 1.75, 2.0, 3.0, 3.5, 4.0
Reynolds Number (x 106/ft): 3.0 to 65

Stagnation Pressure (psia)s 25 to 500

Dynamlc Pressure (psf): 1550 to 6700

Stagnation Temperature (°R): héo

Run Time (sec): LO to 180

TESTING CAPABILITIES: This tunnel has a sector, which prdvides an angle
of attack range of ¥15 degrees, and a four and a six-component internal
strain gage force balance for measuring static aerodynemic forces. A pogo
stick type of support raises from the floor to restrain sting mounted
models during starting snd stopping transients. Schlieren and shadowgraph
are utilized fo? flov visualization. This facility is eqiipped with a

compuler controlled data acquisition system.



TEST CONDITIONS
TEST _GFST - 022

REYNOLDS NUMBER DYNAMIC PRESSURE STAGNATION TEMPERATURE
MACH NUMBER per unit length (pounds/sq. inch) (degrees Fahrenheit)
i -
1.75 12.7 x 10 16,07 307
2.02 9.9 x 10° 12.29 30°
2,48 12,4 x 10° 13.36 3Q°
BALANCE UTILIZED: . TASK .75 MK XLITIT "a"
COEFFICIENT
CAPACITY: ACCURACY : TOLERANCE :
NF _200 1lbs, L 86 . 0020
SF _100 bs, =789 . 0032
AF __807bs, N L 000k
PM 300 in.-1ks. 357 Q002
Y™™ _125 in.-lbs. 2.2k 00
RM 80_in,.-1bs. = 207 0002

COMMENTS 2




DATA REDUCTION

The 0:75 dnch TASBK MK XLITT six component strain gage balance was used
to measure orbiter forces and moments. All final data were presented along and
about the stablility axis passing through a nominal center of gravity located
at F.S. 1485, W.L. 377, and B,L, O. Data were converted to standard NASA
coefficients using the followlng constants:

Reference area: S__p =20.689 sq. in.

Reference lemgth: 1 . = 9.648 in,

Reference span: bref = 5.838 in,

Wo adjustment to the Ffinsl dats was made to account for the base and

cavity pressure'contributions.

10



SUMMARY DATA PLOT JWDEX

FLOTTED
COEFFICIENTS CONDITIONS
TLITLE SCHEDULE VARYTING "PAGES
Figure L Characteristics in Piteh (4} Mach 1-3
Tigure 2 Elevon Effechkiveness {A) Flevon Deflection h-ip
Figure 3 Aileron EPfectivences (B) Flevon Deflection 13-15
Figure U Rudder Effectiveness (B) Rudder Deflection 16-21
Figure 5 Component Builfup (A) Configuration ap-2h
Pigure 6 Effect of Flsred Rudder in Piteh, {a) Rudder 25-30
Delta Elsvon = O
Figure T Effect of Flared Rudder in Fateh, {a) Rudder 31-33
Delta Elevon = -%0
Figure 8 Characteristics in Sideslip - (¢) Configurstion b2
Component Burldup, Alpha = 0O
Figure 9 Cheracteristics in Sadeslap - {¢) Configuration L3-4s5
Component Buildup, Alphs Approx. 10
Figure 10 Characteristiecs in Sideslip - () Alphs h6-48
Verastion with Alphs
Figure 11 Characteristics in Sideslip - (®) Beta BO-51
Variation with Alphs
Figore 12 Cherscteristics in Sadeslap - (B) Beta 52-57
Component Buildup
Figure 13 Effect of Flared Rudder in Sudeslip - (c) Rudder 58-66

Alpha = O

11



SUMMARY DATA PLOT INDEX

( CONTINUED)
PLOTTED
COEFFICTENTS -« .CONDITIONS
TTTLE SCHEULE VARYING PAGES
Figure 14 Effect of Flared Rudder an {c) ‘Rudder 67-69
‘Sidesildp - Alpha Approx. 10
Figure 15 Effect of Flared Rudder in (B) Rudder T70-T5
Sideslip - Variation with Alpha
Figure 16 Derived Parameters - Basic (D) 76-78
Confaguration in Pitch
Figure 17 Iateral-Directionsl Derivatives, (E) Configuration 79-81
Alpha = 0
Figure 18 Tetersl-Directional Derivatives, (=) Configuration 82-8k
Alpha Approx. 5
Figure 19 ILateral-Directional Derivatives, (E) Configuration 85-8T7

Alpha Approx. 10

PLOTTED COEFFICIENTS SCHEDULE:

(A) ¢ vs. a, CL vs. CIM, CL vs. CD

(B) cmw, CsL, CY vs. a

(¢c) cIN, csL, CY vs. B

(D)

(E) DCLNDB, DCSLDB, CYBETA vs. Msch

DCL/DALPHA, DCIM/DCL, CD(MIN) vs. Mach

iz



FIGURES

13



Notes:

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

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

Figure l.. Axis systems, showing direction and sense of force.and
moment coefficients, angle of attack, and sideslip angle

1k
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REFERENCE _DIMENSIONS /

Sacr = 5747 FT?
Oper = 160.8 FI,
b 2 9TS T

£S 200

15
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MODEL COMPONENT DESCRIPTION SHEETS
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MODEL COMPONENT:  BODY - B;

T

GENERAL DESCRIPTION: BASIC _R0OS.NB] BODY

DRAWING NUMBER:

DIMENSIONS :

Length

Max. Width

Max. Depth

Fineness Ratio

Area
Max. Cross-Sectional
Planform
Hetted

Base

19

FULL-SCALE

(FT, or FT2)

~160.8
28,0‘

287

561

MODEL SCALE

(1v, OR m.g)

~9.648
—1.680
S N =)=

—5.01



MODEL COMPONENT: WING -

GENERAL DESCRIPTION:

BASTC ROS-NB 1 WING

DRAWING NUMBER:

518 MOD 902

DIMENSIQNS : FULL-SCALE MODEL SCALE
2
TOTAL ‘DATA (¥FT, OR FI.%)

Area
Planform 57T 20,7 in.2
Wetted 7780 28 in.2

Span (equivalent) ) 5.8l in.

Aspect Ratio 1,35 - 5

Rate of Taper 1.87 1.87

TaperdRa?ig e d .12 —-?ﬁ§£§1———

Diehedral Angle, degrees i

Incidence Angle, degrees + 25 @ody -3%@tip — -3° @ Tip

Aerodynamic Twist, degrees

Toe-In Angle

Cant Angle

Sweep Back Angles, degrees
Leading Edge ' 60° 60°
Trailing Edge ~8. 50 -850
0.25 Element Line 42,90 — 5ip,90

Chords: ] - e

* Root {Wing Sta. 0.0) 104.6 6.276 in.
Tip, (equivalent) 13.5 0,81 in.
MAC 59.0 “ 3.55 in.
Fus. Sta. of .25 MAC 1580 lsgﬁ
W.P. of .25 MAC 302.6 302.6

» B.L. of .25 MAC o0 290

Airfoil Section

Root lSﬁ max.camber 10% thickness
Tip b 5q
EXPOSED DATA * 3% max.capber 10%_thickness

Area P 3217 11.58 in,
Span, (equivalent) 69.3 L.15 in.
Aspect Ratio L.5 1.5
Taper Ratio 172 172
Chords

Root - 78.25 u.g in.

Tip ~ IB.E 0.81 in.

MAE ) . 2.78 in.

Fus. Sta. of .25 MAC

H.P. of .25 MAC

B.L. of .25 MAC

20

2



MODEL COMPONENT: Elevon (For the W, Wing)

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

DRAWING NUMBER: 518 MOD 902

DIMENSIONS :

Area

Span (equivalent)

Qutb'd equivalent chord

Ratio Elevator chord/horizontal
ta1l chord

At Inb'd equiv. chord

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

Leading Edge

Tailing Edge

Hingeline

Areca Moment (Normal to hinge line)

21

FULL~SCALE

(£t. or 1. )

364
35.5
12.75

T7.75

-8.4°

1/200
MODEL SCALE
(in. or in.2)

1.310
2.130
765
465

-8.4°



MODEL COMPONENT: &  VERTICAL TATL - V,

GENERAL DESQRIPTION; BASIC ROS-NB 1 VERTICAL TAIL

DRAWING NUMBER:

518 MOD 902

DIMENSIONS:

Area |

Span (equivalent)

Inb'd équ1valent chord
Qutb'd equivalent chord

Ratio movable surface chord/
total surface chord

At Inb'd equiv. chord

At Qutb'd equiv. chord
Sweep Back Angles, degrees

Leading Edge

Tailing Edge

Hingeline

Area Moment (Normal to hinge line)

ATRFOIL SECTION

FULL-SCALE

(FT. OR FT.2)

805

—30a3
3h.6
13.75

45°
19.7°
28.7°

oks

644010

MODEL SCALE
(m¥. OR IN.E)
_2.898

1,998
2076
—.825

hs50
19.7°
28,7°

o S

64010

HASA-MSFC MAF



MODEL COMPONENT:

Rudder (for the Vi vertical tail)

GENERAL DESCRIPTION:

Moveable Control Surface Assoclated Wilh the V&

Vertical Tail

DRAWING NUMBER:

518 MOD 902

DIMENSIONS:

Area

Span (equivalent

pan (equivalent)
vttt yatent chord

Cutb'd equivalent chord
RUDDER

Ratio Emvator chord/horizontal

tail chord
At Inb'd equiv. chord
At Outb'd equiv. chord
Sweep Back Angles, degrees
Leading Edge
Tailing Edge

Hingeline

Area Moment (Normal te hinge line)

23

FULL-SCAL
{T%. or f%é)
2Lo
33.3
10k

4,02

19.7°

%{eoo
MODEL SCALE
(in. or in.2)

864

1,998
.62

2kl



SYMBOL

SADSAC
SIMBOL

ALFHA

PSI

Q(PSI;
Q(PSF

MacH

NOMENCLATURE

(General)

DEFTNITION

angle of ettack, angle between tﬁé ﬁiojection
of the wind X -axls on the body X, Z-plene and
the body X-axis; degrees

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

yew sngle, angle of rotation about the body
Z-axis, positive when the positive X-axis 1s
rotated toward the positive Y-axis; degrees
roll sngle, angle of rotation sbbut the body
X-axis, positive when the positive Y-gils is
rotated toward the positive Z-sxis} Gegrees
alr density; Kg/ms, slugs/£t3

speed of sound; m/sec, Pt/sec

gpeed of vehlele relative to surroutiiing
atmosphere; m/sec, ft/sec

dynamic pressure; 1/2pv§ psi, psf

Mach number; V/a

Reynolds number per unit length; miliion/ft
static pressure; psi

total pressure; psl

pressure coefficlent; (p-pw)/q

ok



NOMENCLATURE ( Continued )

Reference & C. G. Definitions

SADSAC
SYMBOL SYMBOL DEFINTTTON
5 wing srea; m2, fte :
S SREF reference ares; me, ££2
[ wing mean sercdynamic chord or reference
chord; m, £t, in (see ﬂref or LREF)
Lrer LREF reference length; m, £%, in.; (see &)
bref EREP wing span or reference span; m, £t, In
Ap bage areas; m2, fte, in®
Cu g center of gravity
MRP MRF abbrevigtion for moment reference point
XMRP abbrevietion for moment reference point
on X-axls
TMRP gbbreviation for moment reference point
on Y-axis
7ZMRP gbbreviation for moment reference polnt
on Z-gxls

25



NOMENCIATURE (Continued )

Axis System General

SYMBOL DEFINITION
¥ force; ¥, 1lbs
M moment; M, in-lb
Subscript Definltion
N normal force
A axtial force
L 11ft force
D drag force
Y force or moment about the Y axls
Z moment about the Z axis
X moment sbout the X axis
s gtabllity axis system
W wind axls system
ref reference conditions
o0 free stream conditions
t total conditions
b base

26



NOMENCLATURE (Continued)
Body & Stabllity Axls System

SADSAC

SYMBOL SYMBOL DEFINITION

Body Axls System
Cy CN normal force coefficlent; Fy/qS
Ca CA axlal force coefficient; Fu/qS
Ca, CAB bass extal Zarce coefficient;

[-] [(pb - Pm)/Q] (A,/8)

CAf CAF forebedy axlel force coeffilclent; Cp - CAb
Cp oY yawing moment coefficient; Mp/aS bpop
Cy CBL rolling moment coefficlent; Mx/qS bpef

Common to Both Axis Systems

Cp CIM pltching moment coefficlent; My/aS fpep

Qy (034 gide force coefficient; FY/QS
Stabillty Axls Systenm

CL, CL 1ift force coefficlent; Fr/¢S

Cp CD drag force coefficlant; FD/qS

Cpy, CDB base drag coefficilent

ch CDF forebody drag coefficlent; Cp ~ Cp,

Cn CIN yewlng moment coeff.icien'b; MZ, a/qs brer

Cy CSL rolling moment coef?icient; My;s/qs brer

/D L/D 1ift-to-dreg ratio; Cp/Cp ‘

L/De L/DF 11ft to forebody drag ratlo; cL/ch

27



SYMBOL

ig

SURFACE

SUBSCRIPTS

SADSAC
SYMBOL

HORIZT

ATLRON

CANARD
ELEVQON

FLAP
RUDDER
SPOILR

AIL-L
ATL-R
ELVN-L
EIVN-R
SFIR-1,
SPLR-R

NOMENCLATURE ( Continued )

Surface Definitions

DEFINITTON

horizontal tell Incldence; positlve when
traelling edge down; degrees

symmetricel surfece deflection engle; degrees;
poaitive deflectlons are:

alleron - tobtal aileron deflectlon;

(left aileron - right aileron)/2

cenard -  drailing edge down

elevon - trailing edge down

elevator - traliling edge down

£lap -  trelling edge down

rudder -  trailing edge to the left
gpoller ~  trailing edge down

tab -  treiling edge down with respect

to control surface

antlsymmetrical surface deflection angle, degrees;
posltive tralling edge down:

left eileron - +trailing edge down

right alleron - tralling edge down

left elevon - tralling edge down

right elevon trailing edge down

left spoller tralling edge down

right spoller trailing edge down

DEFINITION

alleron

base

canard

elevetor or elevon
flap

rudder or ruddervator
spollex

tail

28
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TABULATED DATA LISTING

A tabulated data lasting, consisting of all sero data sets, both original
and tnose created in arriving at the plobted meterisl to be presented subse-

quently, is available as an sddendum to this report. The tabular listing 1s
made up in two sections:

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

(b} & full 1ist of all data sets containing all resident or
selected aercdynamic coefficients of the dats sets as well as
the above mentioned informstion.

The listaing is currently sent on limited distribution to the following organ-
1zations:

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

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

Mass Betty J. Fricken
Department 2780

Chrysler Corporation Space Division
New Orleans, ILa. 70129

(504) 255-2304



PLOTTED DATA
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FIGURE 4 RUDDER EFFECTIVENESS
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FIGURE 6 EFFECT OF FLARED RUDDER IN PITCH, DELTA ELEVGN = 0
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FIGURE 6 EFFECT GF FLARED RUDDER IN PITCH. DELTA ELEVON = 0
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FIGURE 6 EFFECT OF FLARED RUDDER IN PITCH. DELTA ELEVCN = 0
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FIGURE 7 EFFECT OF FLARED RUDDER IN PITCH, DELTA ELEVEN = -40
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FIGURE 7 EFFECT OF FLARED RUDDER IN PITCH., DELTA ELEVON = -40
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FIGURE ‘8 CHARACTERISTICS IN SIDESLIP- COHMPONENT BUILDUP. ALPHA= 0
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FIGURE 8 CHARACTERISTICS IN SIDESLIP- COMPGNENT BUILDUP. ALPHA= (0
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FIGURE 8 CHARACTERISTICS I SIDESLIP- COMPGNENT BUILDUP. ALPHA= 0
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FIGURE 8 CHARACTERISTICS IN SIDESLIP- COMPGNENT BUILDUP, ALPHA= 0
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FIGURE 8 CHARACTERISTICS IN SIDESLIP- COMPGNENT BUILDUP, ALPHA= 0
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FIGURE 9 CHARACTERISTICS IN SIDESLIP- COMPONEWT BUILOUP. ALPHA APPROX. 10
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FIGURE 10 CHARACTERISTICS IN SIDESLIP- VARIATION WITH ALPHA
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FIGURE 11 CHARACTERIST
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FIGURE 11 CHARACTERISTICS IN SIDESLIP- VARIATIGN HITH ALPHA
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FIGURE 14 EFFECT OF FLARED RUDDER IN SIDESLIP- ALPHA APPROX. 10
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FIGURE 15 EFFECT OF FLARED RUDDER IN SIDESLIP- VARIATIGN WITH ALPHA
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FIGURE 19 EFFECT OF FLARED RUDDER IN SIDESLIP- VARIATIGN WITH ALPHA
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FIGURE 15 EFFECT OF FLARED RUDDER IN SIDESLIP- VARIATION WITH ALPHA
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FIGURE 15 EFFECT GF FLARED RUDDER IN SIDESLIP- VARIATION WITH ALPHA
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FIGURE 15 EFFECT OF FLARED RUDDER IN SIDESLIP- VARIATION ¥ITH ALPHH
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FIGURE 16 DERJVED PARAMETERS- BASIC CONFIGURATIGN IN PITCH
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FIGURE 16 DERIVED PARAMETERS- BASIC CONFIGURATIGN IN PITCH
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FIGURE 16 DERJVED PARAHETERS- BASIC CONFIGURATIGN IN PITCH
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FIGURE 17 LATERAL-DIRECTIONAL DERTVATIVES. ALPHA = 0
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FIGURE 17 LATERAL-DIRECTIONAL DERIVATIVES. ALPHA = @
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FIGURE 17 LATERAL-DIRECTIGNAL DERIVATIVES, ALPHA = 0
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YAWING MOMENT DERIVATIVE,OCLNDB (DCLN/DBETA) PER DEGREE

CATA SET SYMBOL

FIGURE 18 LATERAL-DIRECTIONAL DERIVATIVES, ALPHR APPROX. 5
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FIGURE 18 LATERAL-DIRECTIONAL DERTVATIVES. ALPHA APPROX. 5
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FIGURE 19 LATERAL-DIRECTIONAL CERIVATIVES. ALPHA APPROX. 10
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FIGURE 19 LATERAL-DIRECTIONAL DERIVATIVES. ALPHA APPROX. 10
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FIGURE 13 LATERAL-DIRECTIONAL DERIVATIVES. ALPHA APPROX. 10
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