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ABSTRACT

Three Grumrhan Aerospace Comoraﬁon (GAC) configurations of the Reubable
Orbital Spaceplane (ROS) were tested in the GAC Low Speed Wind Tunnel duriug March
and April, 1971, ’.[;:‘he tests were made with 1/25 scale models to obtain basic 3§ubs0nic
aerodynamic daﬁg: ; The models were pitched over selected angle of attack ranges at

fixed sideslip angl_eé of 00 and-3° and yawed from -15° to +15° at fixed angles of attack

of 0° and 20°. ’I‘he nominal test conditions were: Mach number, 0, 17; Reynolds number,

%
|

~ 1.6 x 108 per foots dynamic Ppressure, 40 psf,

Most of the testing was done using the bagic bedy-wing-vertical tail arra§1gement

LY

of configuration ROS~NB1. "This configuration, with various elevon, aileron and rudder
deflections, was tested W1th and without a ground board, Other test parameters included
a gplit rudder, a body flap, turbo;et engine pods and aft end body modiﬁcauons In
addition, tests were, performed on configurations ROS-NB2 and ROS-WBI a short nose

and wide body conﬁguration respectively. ) ,
'(' H .

Several runs were also 'made to test the model in ground effect. The surface of
l . »

the ground board wa:s located 15 inches below the trumnion, This location of thé ground

board provided a vaiue for the wing height parameter, h/b = 0.295, where his the height
§ |
of the 0, 25 MAC above the ground board and b is'the wing span,

u‘
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" SUMMARY

This report presents the results of a second series of aerodynamic tests con-
ducted on 1/25 sca.le models of three GAC Reusgable Orbital Spaceplanes (ROS) This
test, designated GWTT 290 was performed at the GAC Low Speed Wind Tunnel durmg
the period 29 March - 13 April, 1971, The first series of tests have been reported
in SADSAC reports DMS-DR-1081., The results presented herein supplement and
extend the Series I test results. |

The objectives: of this test were to obtain low speed aerodynamic data on:

1) configuration ROS-NBI1 with and without ground proximity for various

conditions: of pitch, yaw, elevon deflection and rudder deﬂeétiou.

2) a modification of configuration ROS-NB1 at various‘ angles of sideslip for

a ="21 degrees.
3) the effects of nose lengﬂ:{,. body flap deflection and engine pods.
4) conﬁgurat“ion ROS-WB1, with and without twin tai-I fing, at various

gt
H

angles-of sideslip for @ = 219, f

Additionally,. the effécts of elevons and aft body modifications on base pressure were

determined, Tufts were utilized on geveral test runs to asceri_":ain the flow patterns

over the model, Tt should be noted that the data in data gets RCWO':;'Q and RCW080

were recorded while.the model had thread tufts attached.
. £



TABLE 1.

SADSAC NOMENCLATURE OF AERODYNAMIC COEFFICLENTS

SADSAC NOMENCLATURE

COEFTICIENT COEFFICIENT NAME
BODY AXIS | STABILITY AXIS | WIND AXIS °
. 'CA " - . Total A'xial Force w o = ,thA ---------- - - - ' SR |
Cap Base Axial Force CAB - -
CAF Forebody Axial Force CAF - -
Cp Total Drag Force - CD CDTOTL
CDB Base Drag Force - CDB CDBASE
Cpp Forebody Drag Force - CDF CDFORE
Cr, 'Lift Force - CL CL
CN Normal-Force CN - -
Cy - Side Force CY CY CC
C 7/ Rolling Moment CBL CSL CWL
Cm Pitching Moment- CLM CLM CPM
Cp Yawing Moment CYN .CLN CIN. |
L/D Lift-To-Drag Force Ratio - L/D CL/CD
/D Lift-To-Forebody Drag Force Ratio - L/DF CL/CDF
N/A Normal-To-Axial Force Ratio N/A - .
N/A Normal-To-Forebody Axial Force Ratio | CN/CAF - -




" CONFIGURATIONS INVESTIGATEIS

| .
Individual componen;:s tested in various combinations were:

By

i

t

basic ROS~NB1 fuselage

bas}c ROS~NBI1 fuselage with aft end modifications (see Figure ‘13)

A

basic ROS-WBL fuselage

ROS-NB2 fuselage derived from mating short nose to the By body
at Fus, Sta, 1218,

turl:mjet engine nacelles (gee Figure 11)
twin turbojet engine nacelles (see Figﬁre 12)
_basic wing (see Figure 9) ,
bas%c wing, Wi, with clipped tips (see Figure 9)
bas}c ROS-~-NB1, centerline vertical tail

basic ROS-WB1 twin body tails

'win‘zg tip fins

moc%iﬁed wing tip fins .(see Figure 10)

bodér flap

gro{.md board

i

Pertinent dimensioné.l information for each of the above componentiis given in the

|

{
Model Component Description Sheets which are located after the fiéures. The Data

H

Set Collation Sheetsf which follow immediately, give a complete te?t summary of

configurations investigated,
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TEST FACILITY DESCRIPTION

Descriptian: This ié & continuous filow, open circuit, closed throat tunnel.
‘The test section is 7 feet by 16 feet by 20 féet. A 12-Toot dismeter pro-

- peller 1s driven at speeds up to 1200 rpm by e 1750 HP induction electric
motor. ‘

PERFORMANCE PARAMETERS:

Speed Renge (mph): 134 maximum
Reynolds Number {x loﬁ/ft): ' 1.7 meximum
6perating Pressure: Atmosﬁherié_
Dynamic Pressure (psf): 46 maximum
Stagnation Tgmperature:' Ambient
Power (HP): ' ‘ 1750

TESTING CAPABILITIES:

The GAC Low Speed Wind Tunnel is equipped for aercdynamic force and
pressure testng on 3-dimensional, 2-dimensionél, and reflection plane models.
Capebility slso éxiats for condueting powered model, flutter, jet flap, flow
visuslizetion, and wske survey tests. -

A vafiable frequency power unit heving & renge from 0 to 660 HZ, and
a maximum ocutput of 100 ﬁW is sveileble for thel3 phase induction motors used
in powered models. !

Avalleble model supports include: two and three point supports, a sin-
gle mount with fixed linkeges for setting model pitch Ettitude, wire supports,
end & pedestal mountffor half model tests. Sﬁecial installetlons ‘can be pro-

Vided to sting support models. TImage systeme are svsilable Ffor eveluating

model support tare and Interference effects.
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TEST FACTILITY DESCRIPTION
( CONTINUED )

The tunnel primery balence is s six-component mechanical external
yoke type. The 5alance Incorporastes a plitch arm with“ihso piteh capability
and a yaw table which can provide +45° of yau. Capability aiso exlists for
condueting tests with lnternel strain gege balence installations.

Removable wall inserts are avsileble for 2-dimensional tests and a
stationary ground plsne is available for investigqting ground effects.

An TEM 1800 computer system serves as the facillities dsta acquisition
and reduction center. It 1s dedicated to the facility and provides on-line
dats reduction capability. On-site plotting is also available on a Calcomp
drum-type plotter. |

The faeility can prévide photographic, closed-circuit an& play-back

television documentation. Manometers snd scanivalves are available for pf&»

sure recording.

11



TEST CONDITIONS.

TEST GWTT 290
REYNOLDS NUMBER DYNAMIC PRESSURE STAGNATION TEMPERATURE
MACH NUMBER per unit length (pounds/sq. inch) (degrees Fahrenheit)
.17 1.6 x 106 278 80 degrees
BALANCE UTILIZED: YOKE-TYPE LOW SPEED WIND TUWNEL
COEFFICIENT
CAPACITY: ACCURACY: TOLERANCE:
NF #1000 1b.to -2,000 1b, + .5 1p, 2 ooz
SF =% 500 1bs. t .2 1b. + .00L
AF £ 500 lbs, : 21b —ZE 0005
PM £ 1,200 ft.lbs, + 1 £t b, + ,005
™ bs., 3 ] $ .005
RM = 1.200 £t .1bs. = 1 ft. 1b, T 005
COMMENTS-

Tré,psition was fixed with strips of pinked electricians tape, 1.5 inches streamwise aft
of the fuselage nose and 0. 75 inches aff of the leading edge of the wing and tail surfaces.

(see Figures 2, 3 and 4.)

12




DATA REDUCTION AND CORRECTIONS

Force Data - The force data were reduced with respect to a nomlnal C.G.
The location of the nominal C.G., the trunnion center, and the reference
dimensions used to reduce the force date are listed- in Teble TT.

Table II.- Locatlon of Nominal C.G., Trunnion Center and
Reference Dimensions Used to Reduce the Force Data.

FULL SCALE. VAIUE 1/25 SCALE VAIUE
FS . - 1485 in. 59.40 in.
NOMINAL C.G. WL 377 in. 15.08 in.
' BL 0 g
FS -_1314 in. 52.56 in.
TRUNNTON WL 333.2 in. 13.328 in.
CENTER X ) .
BL 0 o}
‘g 5,74 £5.2 9.1952 rt.2
REF 4 _ ’
EREF 160.8 1t. 6.432 £t.
by 97.3 £t. 3.892 £t.

Corrections were applied to the data to compensate for effects due Lo
tunnel flow misalignment and model support interference. These corrections
were taken from the Series I tests (GWTT 289). They were obtained by teking
force data under various conditions: (&) with body alone snd with body-wing

arrangements of the model, (b) with the model upright snd with the model

13



DATA REDUCTION AND CORRECTTONS
{ CONTINUED )
inverted, (c) with an. imsge of the model support syste; and without, and
(d) at various sngles of pitch (vith B = 0) and et verious sngles of yaw
(with a = 0).

The angle of attack was computed with en equation that included cor-
rections for tunnel wall interference and flow misalignment, The tunnel wall
interference correction was estimated to be 1,203 Cr, end the flow misalign-
ment correction was determined (from GWIT 289) to be 0.35 deg. Hence, the
angle of attack was computed as

a =8y + 1.203 ¢, + 0,35 deg.
where @y denotes® the nominal angle of pitch.

The‘angle of sidéslip was taken to be minus the nominal angle of vaw,

B ==Yy b ;
where ¥ denotes the nominel angle of yaw.

Tare, support system interference, tunnel wall and model blockage cor-
rections were applied 'to the longitudinal components of the force dats
(CL, Cps qm,sl' Only model blockage corrections were applied to the lateral
components of the force data (cﬂ,s’ cn,s’ CY)' The tunnel wall corrections

applied to the data were?

Il

A Cp

A Cpy

07018 €;?, and’

0.00K * ¢,
P

14



DATA REDUCTION AND CORRECTIONS
( CONTINUED )

The model blockage correctlon was made by computing & corrected free-~

stream dynamic pressure from one 6f the equetions

a, = 1.0189 qy, , 1f ground bosrd wes out, or

Ay = 1.1448 qN,I ) . 1f ground board was in.

All force data were tabulated in stendard NASA coefficilent form in the

stability axis systems.

Transition was fixed with strips of pinked electricians ie; . ..° inches
streamwise aft of the fuselage nose ani 0.75 inches aft of the leading edges

of the wing and tall surfaces,

15



» SUMMARY DATA PLOT INDEX
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SUMMARY DATA PLOT INDEX

in Yaw in Ground Effect:,
ALPEA=Q,, ELEVIR=-5. Deg.

Angle

PLOTTED NOMINRAL NCMINAL @ NOGMINAL S
COEFFICIENTS MACH SCHEDULE ~ SCHEDULE
e PLOT. TITLE. . - SCHEDULE: . CONDITIONS VARYING KNUMBER: (DEGREES ) ( DEGREES ) PAGES
Figure 1 Yaw Polar in Ground A Angle of Sideslip Q1T b .21 O end 3 1-6
Effect '
Figure 2 Elevator Effectiveness B Elevator Deflection 0.17 -4 -21 0 7-9
in Ground Effect Angle
_ PFigare 3 Aileron Effectiveness A Alleron Deflection  0.17 4 - 21 0 10-15
in Ground Effect =~ . Angle
ELEVTR=0. Deg.
Figare b Aileron Effectiveness A Allercn Deflection  0.17 - - 21 0 16-21
in Ground Effect - Angle
ELEVTR=-5. Deg.
Figure 5 Aileron Effectiveness A Aileron Deflectiomn  0.17 w4 - 23 0 22-27
in Ground Effect - Angle
ELEVTR=~10. Deg.
Figure 6 Rudder Effectiveness A Rudder Deflection  0.17 -4 - 21 0 28-33
in Pltch in Ground Angle
Effect
Figure 7 Rudder Effectiveness c Rudder Deflection 0.17 0 ~-15 - 15 34-39
in Yaw in Ground _Angle
Effect, ALPHA=0. Deg.
Figure 8 Alleron Effectiveness C Alleron Deflection 0,17 0 «15 - 15 40-45
in Yaw in Ground Effect, Angle
ALPHA=O. Deg., ELEVTR=0.
- Deg. -
Flgure § Aileron Effectiveness ¢ Alleron Deflection 0.17 0 .15 - 15 46-51

17



SUMMARY DATA PLOT INDEX

( CONTINUED)
PLOTTED NOMINAL NOMINAL @  NCMIWAL B
COEFFICIENTS MACH SCHEDJLE SCHEDULE
PLOT TITLE SCHEDULE __ CONDITIONS VARYING : NUMBER (DEGREES)  (DEGREES) PAGES
Figure 10 Aileron Effectiveness c Alleron Deflection 0,17 0 =15 - 15 52-57
in Yaw in Ground Effect, Angle
ALPEA=C., ELEVIR=-10. '
Deg. *
Flgure 11 Aileron Effectiveness c Alleron Deflection * 0,17 21 ~15 - 15 58-63
in Yew in Ground Effect, Angle
ALFHA=21., ELEVIR=-10. .
Deg. . .
Figare 12 Aileron Effectiveness c Aileron Deflection 0.17 ‘2L - -515 - 15 6l-69
in Yew in Ground Effect, - Angle - T - .
. ALPHA=21., ELEVIR=-5. : .
Deg.
Flgure 13 A:f:leron Effectiveness c Aileron Def:!vection 0.17 21 | -15 ~ 15 T0-T5
in Yav in Ground Effect, Angle
ATPHA=21., ELEVIR=0.Deg.
Figure 14 Rudder ,Ef'fectivenes‘s o] Rudder Defleecticon 0.17 21 =15 - 15 T6-81
in Yow in Ground Effect, Angle
ALPHA = 2., Deg.
Figure 15 Effect of Short Nose in c Configuration .17 0 -15 -'15 8a-87
Yew, ALPHA = O. Deg. " . o :
Figure 16 Effect of Short Nose in-- © Configuration . 0.17 21 v =15 - 15 68-93
Yew, ALPHA = 21. Deg. . L ‘
Flgure 17 Effect of Short Nose in c Configuration 0.17 o =15 - 15 94~99
Yaw, (Body Alone), ALPHA=O, .
Deg.
Figure 18 Effect of Short Nose in B Configuration 0.17 bo- 26 0 100-102

“ch
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SUMMARY DATA PLOT INDEX

(CON‘I'INUED)
PLOTIED NOWIWAL — WGINAL a  SOMINAL B
COEFFICIENTS MACH SCHEDULE SCHEDULE

PLOT TITLE SCHEDULE _ CONDITIONS VARYING = NUMBER {DEGREES)  (DEGREES) PAGES

Figure 19 Yaw Polar-Short Nose A Angle of Sideslip 0.17 =4 - 26 O and 3 103-108

Figure 20 Effect of Body Flep B Body Flap Deflec-  0.17 -4 - 26 0 109-111
(Long Nose) tion Angle

Pigure 21 Rudder Effectiveness A Rudder Deflection Q.17 =L - 26 0 1i2-117
in Piteh Angle

Figure 22 Effect of Split Rudders D Rudder Deflection 0.17 . 26 0 118-120
in Pitch . Angle .

Figure 23 Effect of Engine Pods D Configuration 0.17 -4 - 26 0 121-123
(EL) in Pitch

I.‘igure 2k Yew Polars With Engine A Angle of Sideslip 0.17 -4 - 26 0 snd 3 124129
Pods (El) .

Flgure 25 Effect of Engine -Pods c Configuration 0.17 21 =15 = 15 130-135
(EL) in Yaw, ALPHA=21,
Deg.

Figure 26 Rudder Effectiveness ¢ Rudder Deflection 0.17 0 <15 - 15 136-141
in Ysw, ALPHA=Q0.Q Deg. Angle '

Flgure 27 Rudder Effectiveness o] Rudder Deflection . 1T 21 =15 = 15 217
in Yaw, ALPHA=21. Deg. Angle

Figure 28 Effect of Split-Rudders.. € Rudder Deflection  0.17 ° 0 <15 - 157 148-153
in Yaw, ALFHA=0. Deg. Angle

Flgure 29 Effect of Split Rudders ¢ Rudder Deflection 0.17 21 ~15 = 15 154-159
in Yow, ALPHA=21, Deg. ' Angle .

Figure 30 Effect of Twin Fins With E Configura‘bion Q.17 21 «15 - 15 160-162

Wide Body in Yaw,ALPHA=21,

Deg.
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SUMMARY DATA PLOT INDEX

( CONTTNUED )
PLOTTED T NOMINAL NCMINAL @  NOMINAL,
COEFFICIENTS MACH SCHELULE SCHEWULE
PLOT TITLE SCHFDULE __CONDITIONS VARYING NUMBER (DEGREES _ (DEGREES) PAGES
Flgure 31 Effect of Wing Tip B - Configuration 0.17 21 -15 - 15 163-165
Fins in Ysw, ALPHA=21.
Deg.
Figure 32 Wing Tip Fin Modified, F Configuration 0.17 - b .25 0 166-167
ELEVIR=-15. Deg. _ : 1
Figufe 33 Bffect of APt End Modi- B “Configuration 0.17 4~ 25 a 168-170
- fication - ) "
Mgure 34 Effect of E2 Engine Pods A Engine Pods 017 " -k -p26 c 171-176
Figure 35 Yaow Polars With E2 A Angle of Sideslip 0.17 -4 - 26 0 and 3 177-182
Engine Puds ) - ’ '
PIOTTED COEFFICIENTS SCREDULE:
SCHEDULE A SCHEDULE B SCHEDULE € SCHEIULE D SCHETULE E SCHEDULE F
CL 'V'S..d CIJ V8. a CI Vd. B CL V8. Q ) CY V3. B CL V8. o
D vs. a CL vs. CIM CIN wvs. B b vs. a CI¥ vs.fB CL vs CIM
CIM vs. a CL vs. ©D CSL vs. 8 CM vs. @ CSL vs. B
CY vs. a . CL vs. 8 Y '
CIX vs., a Cb "vs., B
CSL vs. a CIM vs. B

20
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Notes:

i. Pgsitive divections of force coeffﬂcients
moment coefficients, and angles are

indicated by arrows.

2, For clarity, origins of wind and s

axes have been displaced from the ‘center . -
of gravity.

Figure 1.

H
|

tability.

Axis systems, showing direction and sense of force and

moment coefficxer

ts, angle of attack, and sideslip angle

22
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FIGURE 2. PHOTOGRAPH OF ROS-NB1 TUNNEL INSTALLATION WITH GROUND BOD




FIGURE 3.

PHOTOGRAPH OF ROS-NB2 TUNNEL INSTALLATION

2L
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FIGURE 4. PHOTOGRAPH OF ROS-WB1 TUNNEL INSTALLATION




REFERENCE  DIMENSIONS /
Seer = 5747 Fr2

X - /-: eﬁw .
Oper 160.8 FT, P
b 97.3 FT. \ :

v

FS 200
&
FS 1488 -/- i}
WL 500 = FRL i
! we 377 ' (
Y — [ & \ X ( ;Q;
Z %

FIGURE.5. GENERAL ARRANGEMENT, ROS-NB1



REFERENCE  DIMENSIONS | /

Sger = 5747 FT2 Y Py

Loy = 1608 FT N

b = - 973 . FT | ‘ \ = “

—b-—_.(

FS 546

WL 500, = FrL

FS 1486 g
/ -

|
Z

/@2 W37 < dIA
Z

FIGURE 6. GENERAL ARRANGEMENT, ROS-NB2
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REFERENCE _DIMENSIONS, : : //_\
Sgé‘p = 5747 rr1*t / .
LreF 160.8  FT X s P

b = 973 Fr

FS 200

\/‘\/ WL 500 =z FRL e

FS l4a85

WL 3TT o 2 [ ..

FIGURE 7. GENERAL ARRANGEMENT, ROS-WB1
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i(a) Front View , _ ‘ (b) Side View ,
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FIGURE 8, INSTATZATION OF MODET WITH GROUND BOARD



L | .
Basic Wl wing clipped to accomadate V, wing tip fins, Ref, drawing
518 MoD. 802. ‘

3

; -
< 3
= M
* \ ? 8L 609 _
. — ScALE.
. FIGURE 9. \/\/2 \/\/l N G F“"‘-"“ CALE
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. Outboerd leading edge buildup on vertical fins conéisting of

5/16" dowel and shimstock.

(
3
3

!

e, DOWEL

®

- FIGURE 10. VERTICAL FIN, Vgp

3t



B, Flow through models of the four air-treathing engines that swing out
of the fuselage. There are two om each side; the forward one under

the § of the rear. ' ,

— —

5237 AFT ERSINE
FS 1314 Frp EWG.,

£S./
5
X
b

QY]
oy

B

125 DA,

f

| FWD. LOWER ENGIME sss'y ' AFT: UPPER ENGINE 45,
(L. H. SHowN) (L H, SHowa)d

atag’

FIGURE 11. ENGINE NACELLES, E




: ) .
\ BL 166.8

Flow through models of the
twin turbojet engine pods,
cne belng on each side of
the model,

FIGURE 12, ENGINE NACELLES, Ey



FIGURE 13. AFT END MODIFICATIONS
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MODEL COMPONENT DESCRIPTION SHEETS
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MODEL COMPONENT:  BODY - B

GENERAL DESCRIPTION: _BASTC ROS-NB1 BODY

DRAWIN’G’NUMBER: . ‘ 518 MOD 800
DIMENSIONS: : FULL-SCALE -~ MODEL SCALE
. (P or'Fr®)  (FDL or FL.5)
- Length ' 160.8 o 6,43
. Max. Width Y R i P
"7 Max. Depth B - -gﬁ;z 1.5
Fineness Ratio 5.6 R 5,61
" Area _ 5 K
o Max. Cross-Sectional 616 « - L "ﬁ-‘"~.-986
Planform 3990 - 6.38
. Hetted 12 610 - 2018
Base : sa0 - - .okl
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MODEL COMPONENT: BODY - 2o

GENERAL DESCRIPTION: BASIC ROS-WB1 BOIY

DRAWING NUMBER:

DIMENSIONS: - . FULL-SCALE MODEL SéALE
| (FT. 0R F1.2)  * (fb. or £v.2)
Length 160.8 . 6,03
Max. Width . L) 8 1.79 F
Max. Depth 28.8 AT
Fineness Ratio A 3.6 . 3.6
Area .
Max. Cross-Sectional _ 956 . 1,53
Planform 5160 8.26
Wetted 3230 0 2117
Base Thl ‘ 1.19

37



MODEL COMPONENT:  BODY - 3.

- -

GENERAL DESCRIPTION: ROS-NB2 Body Derived From'Mating a Short Nose to the B

Body at FS 1216 . ’
DRAWING NUMBER: 518 MOD 815 ’
DIMENSIONS : FULL-SCALE MODEL SCALE
i : (£t; or ££.5) (£t. or ££.%)
Length 132 5.28
Max. Width . 28 . __1.12
*“Max. Depth . T 287 C o 1.15
Fineness. Ratio 4.6 k.6
Area o S
Max. Cross-Sectional 616 © - 986
Planform : ' ) '
Wetted e
Base - ' 4590 ol

|
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MODEL COMPONENT: _- WING - W,

GENERAL DESCRIPTION: BASTC ROS-NB 1 #ING "

1 T
DRAWING NUMBER: 518 MOD 802 :
DIMENSIOQNS: . FULL-SCALE MODEL SCALE
———— . . ) o 2
TOTAL_DATA (Fr. oR FL.°)  (¥T. OR FP.%)
Area
Planform ST47 .195
Wetted 7780 12.45
Span (equivalent) 97.3 3.89
Aspect Ratio - 1.65 1.65
Rate of Taper 1.87 ~1.87
Taper Ratio i . 129 129
Diehedral Angle, degrees g . o TR
Incidence Angle, degrees + ody -3"@tip
Aerodynamic Twist, degrees

Toe-In Angle

Cant Angle .

Sweep Back Angles, degrees s
Leading Edge 60° 60
Trailing Edge -8 10 -8.49
0.25 Element Line 52,90 42.9%

Chords: . ] :

Root (Wing Sta. 0.0) . 10k.6 4,18
Tip, (equivalent) 13.5 .5L

MAC - 59.0 2.3

Fus. Sta. of .25 MAC 1580 in. 5.27
W.P. of .25 MAC 302.6 in, 1.01 ]
B.L. of .25 MAC C '

Airfoil Section - —
Root 18% max.camber 10% thickness

EXPOSED gh%A 3% max.camber 10%_thicknezs

Area 3217 . 5.1h7

Span, (equivalent) 69.3 2.77

Aspect Ratio 1.5 . 1.5

Taper Ratio ) . 172 172

Chords - i
Root 78.25 3.13

.5

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

Ti 13.5 L
HAC Bi— —tm—



MODEL COMPONENT:

Elevon (for the W, wing) -

GENERAL DESCRIPTION: :"Mbveable Control Sufface'Asséciated With the W, Wing

DRAWING NUMBER: 518 MoD 802
DIMENSIONS ;
‘Area

Span (equivalent) :
Wﬂ%ﬂ:ﬂsﬂ. chord
Outb'd eﬁuivalent chord

Ratio Elevator chord/horizontal
tail chord

At Iﬁb'd Equi;. chord
At Outb'd equiv. chord
Sweep Back Ang1es,-degrge§
Leading E&geﬂ
Tailing Edge .
Hingeline

Area Moment (Normal to hinge line)

4o

FULL-SCAL

(£t. or £5. )

3

35.5
12,75 -

D I A,

T.75

I

|

~8.4°

n

MODEL SCALE




GENERAL DESCRIPTION:

MODEL COMPONENT: . §  VERTICAL TAIL - v,

BASIC ROS-NB 1 VERTICAL TAIL

¥

DRAWING NUMBER:

DIMENSIONS:

518 MOD 803

Area ' ‘

Span (equivalent)

Inb'd equivalent chord
Outb'd equivalent chord

Ratio movable surface chord/
total surface chord

At Inb'd‘equi{.'chord

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

Leadiné Edge

Tai]ing Edge

Hingei}ne

Area Moment, (Normal to hinge line)

ATRFOTI, SECTION

b1

FULL-SCALE

MODEL . SCALE

(FT. OR ¥T.2) (FT. OR IT,-)
805 1.29
333 . 1.33
3&.6_ 1.38
13.75 .55

-3 3

—_—3 3
bs° 4s5°
19.7° 19.7°
28,7° 28,7°

ols 1.51
644010

NACA.MCEr.uiC



MODEL COMPONENT: Rudder (for the V, vertical tail)
§ v

GENERAL DESCRIPTION: b Moveable Control Surface Associated With the v,

Vertical Tail

DRAWING NUMBER:' .~ 518 mop 803
DIMENSIONS : FULL-§bAL MODEL. SCALE
' ‘ (Feor £8) (8%, or £1.2)
Area 2ho . .38k
Span (%ﬁmgvalent) 33.3 . 1,33
R e Thord T T 3ok g
. LA h _1 - '"
Outb'd .equivalent chord : : “k,02 161,
‘RUDDER ~ - ) : . R
Ratio Ekavater chord/horlzontal
tai] chérd E "
At Inbid equiv. chord -3 o

"Rt Outb'd equiv, chord

Sweep Back Angles degrees

.3
—_—3
Leading Edge 29.5° . 29.5° -
—19.7°

Tai]ing Edge 19.7°
Hlnge11ne :
‘Area Moment (Normal to hinge 1ine)

Lo



MODEL COMPONENT:- TWIN BODY TAILS - V, .

! .
GENERAL DESCRIPTION: _pASTZ ROS-WB) VERTICAL TAILS |

DRAWING NUMBER: 518 MOD 8ok
DIMENSIONS: (;;ELogcgéf | (Fg?Dg; ;gfgg
Area 619 1.07
Span {equivalent) 35.5 st
Inb'd equivalent chord 33.17 ‘ 1.53
Qutb'd equivalent chord 9:08 =36
Ratio movable surface chord/ . '
total surface chord
At Inb'd equiv. chord .
At Qutb'd equiv. chord
Sweep Back Angles, degrees ,
Leading Edge Lo 4o
Tailing Edge 8.5°- 8.5°
Hingeline .
Area Moment (Normal to hinge line) ' ‘
AIRFOIL SECTION NACA 644010
CANT ANGIE (OUTBOARD) 15°

k3

MATA MICPE™ v32 &~



MODEL COMPONENT: WING TIP FINS - Vg,

GENERAL DESCRIPTION: _ VERTICAL FINS IOCATED AT THE TIPS OF THE CLIPFED

BASIC WING (DESIGNATED W2 )

DRAWING NUMBER: i 518 MOD 8o7
DIMENSIONS: FULL-SCALE MODEL SCALE
'  (Fr. R FT.P)  (Fr.0REL.Z)
Area 684 . 1,09
Span (equivalent) : . 30.17T 1.21
Inb'd equivalent chord ‘ 30.25 1.21
Oufb'd equiva]eﬁf chord 15,17 | 0.61
Ratio movable surface chord/
total surface chord ' T
Atilnb'd equiv. chord 27k . .27h
At OQutb'd equiv. chord 546 v_-5k6
Sweep Back Angles, degrees
Leading Edge 4o 4o°
Tailing Edge 18.144° 18.44°
Hingeline 18, 144° 18.14°
Area Moment (Normal to hinge line) 805 1.29
CANT ANGLE o 15° (OUTBOARD)
TOE-IN ANGIE - 10°.

bl

NASA-MSFC-MAF



NOMENCLATURE

(General)
SADSAC
SYMBOL SYMEOL DEFINITION
a . ALPHA engle of attack, esngle between the projection
of the wind X, -axls on the body X, Z-plane and
the body X-axis; degrees
B " BETA sldeslip sngle, sngle between the wind X,-axis
and the projection of this axis on the body
X-Z-plene; degrees "
U PSI Yew angle, sngle of rotetion about the body
’ Z-8xis, positive when the positive X-axis is
rotated toward the positive Y-axis; degrees
. ¢> FHI roll angle, angle of rotetion about the body
A-axis, positive when the positive Y-axis is
' rotated towsrd the positive Z-axis; degrees
P _ air density; Kg/ms, slugs/£t3
a speed of sound; m/sec, ft/sec
v Bpeed of vehicle reletive to surrounding
etmosphere; m/sec, £t/sec
q Q(PSI; dynsmic pressure; 1/2pv? psi, psf
Q(PSF) -
M . MACH Mech number; V/e
RN/L - RN/ Reynolds number per unit length; million/ft
) static pressure; psi
P total pressure; psi
Cp cp pressure coefficlent; (p-pw)/a

L5



NOMENCLATURE ( Continued)

Reference & C. G. Definitions

SADSAC

SYMBOL SYMBOL DEFINITION
g wing ares; m2, ££2
S SREF " reference area; m°, £t2
¢ wing mean serodynemic chord or reference
chord; m, £t, in (see ﬂref or LREF)
Lrer ILREF reference length; m, £, in.; (see &)
bref EREF wing spen or reference aj_:an; m, £t, in
Ap . base ares; me, fta,"fine ]
e g " center of gravity
MRP MRP abbrevietion for moment reference point
XMRP abbreviation for moment reference point
on X-axis :
IMRP abbrevistion for“fhoment reference point
on Y-axis ' .
ZMRP abbreviation for noment reference point
on Z-axis

k6



' NOMENCLATURE (Continued)

Axis System Genexr ~

SYMBOL - DEFINITION

F . force; F, lbs

M moment; M,-in-1b
Subscript’ Definition

N normal foree

A axial fo£ce

L lift force

D drag force

Y force or moment about the Y axis

2 moment sbout the Z axis

X momerit ebout the X axls

8 sbabllity axds system

W wind sxis system

.ref reference conditions

w0 - free stréam conditions

totél conditions

b base

k7



SYMEOL

’iJD

SADSAC
SYMBOL

NOMENCLATURE (Continued )

Stability Axis System

DEFINITION

5

11t force coefficient; EL/qS
drag force coefficient; Fp/qs

base drag coefficient
forebody drag coefficient; Cp - CDb .

pitching moment coefficlent; My o/aS_ A

CSL

1,/DF

side force coéfficlent; Fy/gs . ..
yewing moment coefficient; Mz s/aS byer
rolling moment coefficieﬁ_'b; My, s/qS bypep -

1ift-to-dreg ratlo; Cr/Cp
1ift to forebody drag ratlo; CL_/CDf

- "



SURFACE

SUBSCRIPTS

SADSAC
SYMBOL

HORTZT

_ AILRON

CANARD
ELEVON

FLAP
RUDDER
SPOILR
TAB

ATL-L
ATL-R
ELVN~-L,
ELVN-R
SPLR~L
SPIR-R

NOMENCLATURE ( Continued )

Surface Definitions

DEFINITION

horizontel teil incidence; positive when
trailling edge down; degrees

symmetricel surface deflection angle; degrees;
positive deflections are:

aileron -~ total alleron deflection;

canard trailing edge down
elevon = trailing edge down

elevator - +trelling edge down
Tlap - treiling edge down
rudder - tralling edge %o the left
spoller - +tralling edge down

tab - tralling edge down with respect
to control surface

antisymmetrical surface deflection sngle, degrees;
posltive trailing edge down:

left aileron tralling edge down

right sileron tralling edge down

left elevon tralling edge down

right elevon - trailling edge down

left spoller treiling edge down

right spoller trelling edge down

DEFINTTTON

glleron

base

canard

elevator or elevon
£lap

rudder or ruddervetor
spoller _
tail

ko

“NASA-MSEC-MAE



_ ADDITIONS TO STAND

SADSAC
SYMBOL

ARD SADSAC NCMENCLATURE

GRUMMAN GWTT TEST 290

ATIRCN -

BODFLP

50

DEFINITLON

[ = —Tnuaint iy

left wing elevon deflection engle,
positive in treiling edge down;
degrees

right wing elévon deflection angle,
posltive in trailing edge down;
degrees I

¢levator deflection engle, (Sgy + Sgp)/2;
degrees

alleron deflection angle, (SER - SEL);
degrees = -

body flap deflection-angle (negative
is trailing edge up)



TABULATED DATA LISTING

A tabulated dsta listing, consisting of ell sero date sets, both original
and those created in arriving at the plotted materisl to be presented subse~

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

(2) a brief. summsry list of all data sets containing the identifier,
the descriptor, and the resident dependent varilables.

(b) & full list of gll data sets conteining sll resident or
selected asercdynamlc coefficlents of the data sets as well as
the sbove mentioned information,

The listing is currently sent on limited dlstribution to the following organ-
1lzations:

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

If coples of this Iisting are desired, please contact the above or the cog-
nizant SADSAC personnel who, for this data, ls:

Mr. J. R. Ziler
Department 2780

Chrysler Corporation Space Division
New Orleans, La. TOL29

(504) 255-2304

5L
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LIFT COEFFICIENT,

FIG. 1 YAW POLAR IN GROUND EFFECT ,
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DATA SET SYMBOL CONFIGURATION DESCRIFTICHN BETA ELEVTE AILRON RUDDER REFERINCE INFORMATION
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BREF 3.8920 FT
XMREF 1485,0040 IN
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FIG 8 AILERON EFFECTIVENESS IN YAW IN GROUND EFFECT.ALPHA-0, DEG..ELEVIR=0. DEG
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FIG 9 AILERON EFFECTIVENESS IN YAW IN GROUND EFFECT,ALPHA=0..ELEVIR=-5. DEG.
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FIG 3 AILERON EFFECTIVENESS IN YAY IN GROUND EFFECT, ALPHA= O.sELEVTR--S OEG.
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FIG 9 AILERON EFFECTIVENESS IN YAW IN GROUND EFFECT,ALPHA=0,,ELEVIR=-3. DEG.
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FIG. 10 AILERUN EFFECTIVENESS >IN YAW IN GROUND EFFECT.ALPHA—B..ELEVTR—-l'Br _DEG.
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FIG, 11 AILERON EFFECTIVENESS IN YAW IN GROUND EFFECT.ALPHA=21..ELEVIR=-10. DEG.
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FIG, 12 AILERON EFFECTIVENESS IN YA [N GROUND EFFECT.ALPHA=Z], ELEVIR=-3. DEG.

CL

LIFT COEFFICIENT,

‘.‘ T 4 F T 7 1 rTrr T P 7 T 4T LB ] T rr L A L B ¥ r 7 ¥ ¥ 9 ¥y v 1 T 1 f T 1 ¥ ¥ 1 ‘:
" H
r ]
- -1
137 »
r 3
o 3
10 3
[ 3
i p
o9 N g ?
cs 1
o7 =
o
- |_ 5 =
- n
03 ]
a4 B
[ 3
o3F ™
C 1
o2 _'
D1
- i e
3 3
oo 1
[ 1 2
-0 % T
3 ]
-0 2
0.3 [ ]
-3 & . | S I ) W ) 1t ) A ] B W 1.1 A | 2 ¢t o I | L. 1_t | A | 11 I | [ . 1.4 -i _‘ 11 41 n
-16 -14 -12 -10 - 8 - 6 - 4 -2 2] 2 4 ] 8 i 12 14 16
SIDE SLIP ANGLE, BETA. DEGREES
DATA SET SYMBCL CONFIGURATION DESCRIFTION ALFHA ELEYTR AILRON RUCDER REFERENCE INFORMATION
(ACWD29) g GWTT 29C-CONF ROS-NB1 BilFIwWivVieS -5 GOG & uog G 0G0 SREF g 1952 s FT
{ACWO34) GWTT 290-CONF ROS-NA1 BIF1WIVIGE -5 006G -i10 0oo B Goo LREF 6 4324 FT
{ACWOI1) O GWTT 230-CONF ROS5-NB2 BiFiwivichs -5 UGG —20 GOG o GO0 BREF 3 8320 FT
XMERF 1485 L04D In
YHRF o D006 1IN
ZMEF IT7 aoga IN
MACH 0170 SCALE 0 G450

PAGE 87



FIG 12 AILERON EFFECTIVENESS IN YAY IN GROUND EFFECT.ALPHA=21,.ELEVTR=-3, DEG.
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FIG 12 AILERON EFFECTIVENESS IN YAY IN GROUND EFFECT.ALPHA=21,.ELEVTR=-5, DEG.

AL Ty r LA T 7 7 rrt T Lo T 7 v T T LI L v T ¥ 1T ]
: -
b ! oy
or r n
- -
" .
L e
os I i
L -
L -
o3 I -
[ ]
D4
: 1
9 ]
= o r -
~ 3
O s ]
L -
- og < .
[t L J
=z L .
L 3 -
— ai
O : ]
»— L .
L - o
LL:.-J og [ p
=) : -
&) L E
_ mr ]
p-d - .
wl r -
ét) -0z ¢ : w 3 3
= . - .
o [ ! ]
z ~—er N f -t
— -
T -
O -
— =« D4 .
— - 1
o ! :
- 03 I pr
i 1
- 0s r e
- a7
5 -
—.ua"" L2 & 1 3 4.4 i1 it it I | U I I T | Ll_l_! S L1t T Y W | 1
=16 -14 -12 -10 -8 -8 - 4 -2 o 2 4 ] ] ia 12 14 16
t SIBE SLIP ANGLE. BETA. DEGREES
DATA SET SYHBOL CONFIGURATION DESCPEPTION ALFHA ELEVTR AILRON RUCDER REFERTNCE INFORMATION
{ACWDRZ2S ) 8 GWET Z90~-CONF ROS-NB1 BIF1WIYVIGE -5 0o0 4 0oo o 000 SREF 9 1952 5Q FT
(ACWOS4) GWTT 230-CONF KROS5-NB1 BiFiWiVigB -5 0oU -10 GOO 0 GO0 LREF 6 4320 FT
{ACWO31) o GWTT 290-LONF ROS-NBi1 BiFiwWivigh -8 po0 =20 GOQ 0 GOG BREF 3 goao FT
XMEE 1485 0040 N
YMEF G 0040 IN
ZMRF 377 OGO04 IN
SCALE 0 Gs00

HACH 017G

PAGE 83



FIG 13 AILERON EFFECTIVENESS IN YAW \IN GROUND EFFECT, ALPHA=21,.ELEVTR=0. DEG,
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FIG, 13 AILERON EFFECTIVENESS IN YAV IN GROUND EFFECT.ALPHA=21,.ELEVIR=0, CEG.
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FIG 13 AILERON EFFECTIVENESS IN YAW IN GROUND EFFECT.ALPHA=21,.ELEVIR=0, DEG.
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FIG. 13 AJLERON EFFECTIVENESS IN YAW IN GROUND EFPECT.ALPdA=2..ELEYVIR=0. [EG.
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FIG. 13 AILERGN EFFECTIVENESS IN YAW IN GROUND EFFECT,ALPHA=21,,ELEVIR= 0. DEG.
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FIG 13 AILERON EFFECTIVENESS IN YiH IN GROUND EFFECT. ALPHA=21, .ELEVIR=0. DEG.
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FIG _14 RUDDER EFFECTIVENESS IN YAY IN GROUND EFFECT, ALPHA=21. OEG,
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FIG _14 RUDDER EFFECTIVENESS IN YAH IN N GROUND EFFECT, ALPHA=21. DEG.
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FIG 14 RUDDER EFFECTIVENESS IN YAW IN GROUND EFFECT.” ALPHA=21, _DEG.
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F 16, 14 RUDDER EFFECTIVENESS IN YAW IN GROUND EFFECT, ALPHA=21.
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FIG, 21 RUDDER EFFECTIVENESS IN PITCH
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FIG, 23 EFFECT OF ENGINE PODS (E1) IN PITCH
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FIG. 24 YAW POLARS WITH ENGINE PODS (E1)
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FIG, 24 YAW POLARS WITH ENGINE POES (E1)
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FIG, 24 YAW POLARS WITH ENGINE PEDS (1)
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FIG. 31 EFFECT OF WING TIP FINS IN YAW. ALPHA=21. DEG.
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FIG. 34 EFFECT OF E2 ENGIIE PODS
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BREF 3.892080 FT
XMRP 1485 . 0040 IN
YHRF 0.,0600 In
ZNRF 377.00D4 In
B,
MACH 0.170 ScaLE o400
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