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i: SUMMARY

[:_ Low speed longitudinal, directional and lateral static stability charac-

:: teristics of a straight wing version of the North American Rockwell ILRV

- orbiter have been determined at a Mach number of .26 and a Reynolds number

of 1.8_o_106/ft. The tests were conducted on a .0076 scale model in the

NAAL 7.75 x ii foot low speed wind tunnel Aocated at International Airport,

•::.._ Los Angeles, California during the middle of June, 1970.

:.._:: Variables investigated included fuselage configuration,wing force and

aft location, horizontal tail vertical position; horizontal tall deflec-

tions for control, and body build up.

Data were obtained over a nominal angle of attack range from -_° to 70°

at 0° sideslip angle and over a nominal sideslip angle range from -8° to _°

_ ' at nominal values of 0°, IO°, 20° and 60° angle of attack. Horizontal tail

iii__i deflecti°ns were 0°' +i0°' -+20°' -+30°' - 40°' -'O° f°r the entire tail. ....,. and IO°/-i0°, 20°/-20° for the left and right halves respectively.

.- "; Addition of the wing to the body produces a departure fr_n the general

trend of total axial force coefficient variation with angle of attack. The- e

_ departure is apparent throughout the low angle of attack range. The precise

have possibly been helpful in isolating the cause of the axial force variance.

- .-/- _ Knowledge of the "base conditions would be helpful in the event the variance

" " " is attributable to wake or vortex flow emanating from the wing _r wing-bo_
i
! Juncture interacting with the boc_ or sting in the model base region.
I
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F

I DATA REDUCTION
!

! Data were measured by the internal balance in the body axis system.

-- Axial force was adjusted to correspond to a base and sting cavity pressure

• : then transferred to the stability axis system and corrected for tunnel wall

_:.:-_ effects and model blockage. Wind tunnel wall interference correctionswere

" applied to angle of attack, CD and Cm using standard wall correction rela-

• tionships. Dynamic pressure was corrected for blockage effects due to the

i model. Final body axis data were then computed from the corrected stabil-

ity axis data. Data were reduced to coefficient form using the following

reference values:

Sref = wing planform area = 0.179 ft2

Iref = _ = wing mean aerodynamic chord = 2.&58 inches

b = wing span = 11.339 inches

The moment reference point (MRP) is located 9.132 inches aft of the

model nose and 0.38_ inches below the fuselage reference line (FRL), see

Figure2.
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The only control deflection tested was the horizontal tail. The en-

tire tail was deflected 0°, _ i0", ± 20°, ±30°, - _0°, - 50° for elevator

-__ effect and the left and right halves of the horizontal tail were deflected

20"/-20° and i0°/i0° for aileron effect. The Data Set Collation _heet
--_

gives _ complete run summary on the configurations investigated.
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.,_ I.DDELCOMPONENT:BODY.- N7

• ",_"_a i,ll i i =D

I.: GENERALDESCRIPTION: : -- " '
._ .

i '
i i i i i m. . .. . | ,

[ -i '• • =ll| i i = • | i i

i

_. N"-:8DRAWINGNUMBER: _,,"_

DIMENSIONS: FULL-SC_E MODELSCALE

Length, ,_;r, _ ./,.._/

Max.Wtdth_ _ _ ,_ ,'_,.L'"• ¢

• Max. Depth, , ,,,', _ -_" .s-7

' / Z#,_6
.} FinenessRatio j__ __._. ._,_,.
-: Area
.:

:", Max. Cross-Sectional, ,--'[1" _ z

Planfom

Wetted. i I ii

Base ._=" ,_q_G
I

.i •

.i
"1"

J

4
"i

i
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' MODELCOMPONENT:__.._/;AI'_ - tA,'B .
; . _.

.: G! ERALDESCRIPTION: ,/ .

,,, i Jm [ • i ,

• ,;._ DRAWINGNUHBER" S"¢¢')'70 - l,:j"-.7

--' DIMENSIOt_S: FULL-SCALE MODEL SCALE

: TOTAL DATA

Aria

P1anform, Ft" _
• Wetted

Span (equivalent), Fr _- _ 6_),9.tj
AspectRatio _ YC+/ _, _'+.'./
Rate of Taper _ -,-"Jj_._-.v'7 _.,. -'a_,-7• *J _-

Taper Ratio o:,-.
DiehedralAngle,degrees 7,,.CJ0(7 '_7,OOc)
IncidenceAngle, degrees b. o,_,:J_ _O, __
AerodynamicTwist, degrees -..(d,.g_ z,uJv._._ _,_ pc.

' Toe-In Angle ......
Cant Angle .__.__- __.__.
SweepBack Angles, degrees

-: Leading Edge ._ .
. -.:. Trat 1i ng Edge _ ' _,. o (; {2. _:

! 0.25 Element Line _.
;_-., Chords:
. Root (Wing Sta. 0.0), '_ _ ._j.Y__2___

Tip, (equivalent),/_', !v_', _ 1,/-_
MAC, inches _;32r.?_L__

.: FUS. Sta. of .25 MAC,/_. __" 5(_._2?
;..i W.P. of .25 HAC,/_. -I_/_.. P,7 - /_,A_

Airfoil Section

Root , oo;
--! TIp _ Oo t._-c..,fL_

:._ EXPOSEDDATA

'_ Area, ,_r _" ! _Oq.-._._

-"".,_ Span, (equivalent), _P; -_ ._' Aspect Ratio
: Taper Ratio ,, _ ._J,.$.[_._.
: .. Chords

ROOt,/_. _
• Tlp_ ¢o_',_,.,_e_.), 0,'. / _. 9'7

NAC,,_, - " "
:. : Fus. St,a, of ,25 MAC,/,v; _/_ _ (>.-';'/
• '., W,P. of ,25 HAC,_, --J._L_#.gLgv_ "/. ts :/

ZE.4a/,vo /_¢,,e" c.c,,-,_, j

._ ,+_.c_, rr_ . _ Z.I.Z... 0,_.7.Z
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MODELCOMPONENT:j/0 • I_ o x/7-/)L i_./_JL - ,_ /_'_-

GiIdERALDESCRIPTION:

}

DRAWINGNUMBER: ._'-_7/_, ..5."_."76..T/_"'.2.

! DIMENSIONS: FULL-SCALE MODELSCALE

TOTALDATA

Area
-; - Planform_r"r _" 2_'_-./.5",...9.._ 0 ,// .

Wetted
Span(equivalent),PT 7_/.t/c/ 0,.(...E_

'-. AspectRatio _--_._"F,O
Rateof Taper _ .-Tjp_._CZZ_?.._
TaperRatio LZ_..O_L_O.__ .jQ_._.._
OtehedralAngle. degrees 7, _o0 7, _:_0
IncidenceAngle,degrees _ _..t::,r,;
AerodynamicTwist,degrees _ _. c,o6;.
Toe-lnAngle _ .......
CantAngle -_ _ ....
SweepBackAngles. degrees

% LeadingEdge ___, 7/c',_ . __
Trailing Edge _ ___..-c,7 ,

, 0.25 ElementLine _ .
Chords: //o_-,_,.

" .Root(_ eta.0.0).,,_, _V9,_¢" _..'___:___
• Tip,(equivalent),//_:_ _
: MAC,inches "_02.E_ ..2___d_.___

Fus. Sta. of .25 MAC,_ 2_ /-_. cI .
W.P. of .25 MAC//_ .._• AirfoilSection

; Root , Z_ _0/._. :_ (- _ .
Ttp _ 0o/0- -- (-,_

EXPOSEDDATA

Area,?? . I
Span, (equivalent), m_: _
AspectRatto _
Taper Ratto : _Chords

Root./,x - _

, MAc,,v,
' Fus. Sta. of .2S MAC,-_; /_

• W.P.of .2_.MAC//,v, _
i
I
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HODELCOMPONENT: -r/r_._ t_ 7-._H_ -,V_":", . .....
gENERALDESCRIPTION:

i i it i

i i| ii j i i i i i

.; .... j

" •

_NING NUMBER: ...$-B7/.._S-BT_,- /_
_.-

T DIMENSIONS: FULL-SCALE MODELSCALE

•_ TOTALDATA

Area
• . Planfom/_'f"

Wetted 0-,0

' Span(equivalent)__'/" _-_ AspectRatio " _ i.. _ ,P_#'J

( Rate of Taper _
:- Taper Ratio _

Dtehedral Angle, degrees - .___.
Incidence Angle, degrees ___.-
AerodynamicTwist, degrees _ __.--

: Toe-In Angle _
Cant Angle _
Sweep.BackAngles, degrees

LeadingEdge
Trailing Edge
0.25 ElementLine _

Chords: /w,.P/ere,,,/t_.
• _ot (_.o.-e-_,_, _

Tip, (--equivalent),p_
MAC,Inches
Fus. Sta. of .25 MACoSJX _-
W.P. of .25 MAC,/_ _Atrfoll Section
Root(w,P./_V;¥o) _,',4r_,,_ DO/..4"- (I y
TipCw,_._rW.j_) _ oo/o - _,_,....

E_XPOSEDDATA

Span, (equivalent) _ _AspectRatio
Taper Rat|o ___ ,,/ ,,,

Chords _
Root

_ . ,.,• k

r_ _ Fus. Sta. of ,ZS _ /' :. ,
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NOME NC LATURE

SADSAC
--,. SYMBOL SYMBOL DEFINITION• i

:. A b base area; m 2, ft 2, in 2

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

AR ASPECT aspect ratio, b2/S

b REFB wing span or reference span; m, ft, in

'" _ c wing chord; m, ft, in

" " _ wing mean aerodynamic chord or reference
% chord; m, fl, in

- c.g. center of gravity

C.P. center of pressure

CA CA TOT L axial force coefficient, FA/q Sre f

.: I CAb CABASE base axial force coefficient, [(p®- Pb/q].--..- (Ab/Sref)

_ii_ CAf CAFORE forebody axial force coefficient, CA = CAb
CD CDTOT L drag force coefficient in the wind axis

• system, FD/q Sre f

. .- |

CD CD drag force coefficient, in the stability axis!

system, FD/q Sre f

_:.. ! C L CL lift force coefficient (stability or wing axis)
FL/q Sref

""?_.,.,_:_- C t CR L rolling moment coefficient in body axisr._ -.

_ system, Mx/q Sre f b

Cj., s CSL rolling moment coefficient in the stability
ax/s system, Mx, s/q Swef b

: C_, w CW L rolllng moment coefficient in the wind axis
symm, Mx, w/q Sre f b

1971025637-025
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NOMENCLATURE (Continued)

SADSAC

SYMBOL SYMBOL DE FINITION

MRP MRP abbreviation for moment reference point

Mx rolling moment in the body axis system;
N-m, ft-lb

Mx, 8 rolling moment in the stability axis system;
N-m, ft-lb

Mx. w rolling moment in the wind axis system;
N-m, ft-lb

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

My, w pitching moment in the wind ax/s system;
N-m, ft-lb

Mz yawing moment in the body axis system;
N-m, i_-lb

MZ, w yawing moment in the wind axis system;
N-m, ft-lb

p static pressure; N/m2; psi

p total pressure; N/m2; psi

q Q(MI) dynamic pressure; N/m 2, psi, psf
Q(PSF)

RN/L RN/L Reynold's number ver unit length; million/it.

S characteristic area; m 2, ft 2

Sre f REI_ rdermlee area; m 2, ft 2

T temperature; OK, °C, OR, OF

V spsml of vohiole relative to nrrmmdinl
aUnoejpne; It/No

I
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NOMENC LATURE (Continued)

)
• .._ sum,cm_. S D_F!NrrIO_

a aileron

b base

c canard
!

e elevator or elevon

f flap

!i r rudderor ruddervstor

s stabfllty ax/s system

t tall, or t_,l conditions

w wind axis system

• ! ref reference conditions
.-_

!

_..._:!
"I

:i

1

.I
"e

or

't
.i
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a) Top, Front View, B6W6 H12V5 Configuration

b) Bottom, Front View, BTW9 Configuration

FIGURE 3. TYPICAL TUNNEL II_TALLATION PHOTOGRAPHS
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I. Multiple, Dependent Variable vs. Angle of Attack

A) Dependent Variables - CL, CN, CNM, SCG-SL, CAFOP_:,CDF, L/D
?

PLOT TITLES AND DATASET IDENTIFIERS DATA B_GI_$
, " O"P_.T,mo_

£OMPONE_T BUILDUP-LOW TAIL CONFI6URATZON ............................... 1
RC_O01 RC_O05 RC_O09 RC_013

: COMPONENT BUILDUP-MID TAIL CONFI6URATION 7
RC_OtO _C_063 RC4035 RC_O_O

?

¢.O.MPONCNTBUj.LJZU.P_._O._..TAZL:AkT.ERNA_E CHIJ_E RAD_ ........
RC_088 RC_093 RC_113 RC_IO8

COMPONENT _UILDUP-MID TAIL-ALTERNATE CHINE RADIUS 2Z
RC_O88 RC_093 RC_098 RC_103

W]NG.__POSZTION EFEE_-TA]L CC_ON_.TJ_ACEsI_ ............... 28
_C_030 RC_Oe3 RC_02_ RCN025

,IN6 ,-'OSiTION EFFECT-MID HORIZONTAL TAIL CONFISURATION 35

_JN6 POSITION EFFECT-LOW HORIZONTAL_TZ_.CQNFI_ION ........ 42
Rc_OT9 RC_029 RC_026 RC_063

WIN6 EFFECT-_IN6 REMOVED LOW HORIZONTAL TAIL CONFI6URATION _9
RC_O8_._c_Qa.2__.R_O¢.._

•HORZ_Z..ONT_T_LI,_[E_,..C3]v_[_E_-LO__uORZ_T..CU,_co,w_ZeUR.CZ.zm_.
..... RC_063 - RC_079 RC_013 RC_OTe RCuO7_ 56

RC_Ob_ R¢_UI_ RC_07_ RC_076...RC_077 RC_078 63
RC_063 RC_013 RC_OT2 RC_O?I RC_070 RC_065 70

HORIZONTAL TAIL EFFECTIVENESS-MID HORIZ TAIL CONFIeURATION
RC_063. RC_35 RG__O_O RC_05_ RC_056 77
RC_O63 RC_O_O RC.O5_" RC_056 RC_OS7 RC.OS8 8A
RC_Oe3 RC_O_O RC_O5Z RC_OSl RC_O50 RC_O_5 9Z

EFFECT OF STIN6 DIAMETER ON STATIC AERODYNAMIC CHARACTERISTICS
RC_O0_ _C_030 9e
RedO05 RC_0e_ zo_
RC_OO9 RC_079 33.2

ROJ.L EFFECTIVENESS-_ID HO_IZ_TAIL cONFIGURATION

ROLE EFF_CT_VEN[SS_6W HOR|Z TAIL CONF|EURATION
RC_O,I_ RC_075 RC_073 126

E_FECT OF..STJN__.I_F.T_ET ON_ST_TIC__AEROOYNANZGCHARACTE&ZSTICS
mr,._o.t,z___..itc.ct__ 1_

91
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II. Multiple, Dependent Variable Crossplots (continued)

PLOT TITLES AND DATASET IDENTIFIERS DATA BEGINS
./

ON .PLOTPAGE
COMPONENT BUILDUP-LOW TAIL-ALTERNATE CHINE RADIUS

RC4088 RC.4093 RC4113 HC_108 202
I

COMPONENT BUILDUP-MID TAIL-ALTERNATE CHINE RADIUS
RC_088 RC4093 RC4098 NC4103 204

, : WING POSITION EFFECT-TAIL CONTROL SURFACES-REM0VED

.:j ...R_P3P....HC_063 RC_02_. RC4pgS.................. 206
_'_

._ WING POSITION EFFECT-MID HORIZONTAL TAIL CONFIGURATION
"-'[ RC_035 RC_028 _C_027 R_4063 208
'/5:

WING POSITION EFFECT-LOW HORIZONTAL TAIL CONFIGURATION
RC4079 RC_029 RC4026 ......_C4063 .................. 210

WING EFFECT-WING REMOVED LOW HORIZONTAL TAIL CONFIGURATION
RC4OeZ RC_082 -_C4083 2].2

HORIZONTAL TAiL EFFECTIVENESS-LOW HORIZ TAIL CONFISURATION
RC._06_.... RC_079 RC4013 RC4076 RC_074 2_

-_RC4063 RC4013 RC4074 RC4076 RC4077 RC_078 216
_ RC4063 RC4013_ RC4072 RCq071 RC_070 .... RC_065 218

ilii! ..... .............
_ HORIZONTAL TAIL EFFECTIVENE_S-_ID HORIZ TAXI- CONFIGURATION

RC4063 _C4035 RC40_O RC4054 RC_056 220
. ._RC_O(:_ .... _C_O_O .RC_05_ -. RC_OSb RC_4_L57 RC_058 ....... 222

• RC_063 RC40_O RC4052 RC4051 RC4050 RC40_5 224
)

: '| EFFECTOF STINGDIAMETER ON STATIC AERODYNAMIC CHARACTERISTICS

l RCIIJIILL....__B.C._O_O __. 226
RC4005 RC_063 228

, _.___._c_o9._:..._._..79 ........................................... 2_0i

.-(" ROLL EFFECTIVENESS-MID .HORIZ TAIL CONFIGURATION
: RC40_O RCq_055 RC_053 232

-.,,_ ROLL EFFECTIVENESS-LOW HORIZ TAIL CONFIGURATION
--_,s._ RC_OJ,3.....RC_0_75.... RC_073 234

"_:

":".: EFFECT OF.5.TIN6 OFFSET ON STATIC AERODYNAMIC CHARACTERISTICS
"" .. RC4027 RC_120 RC_118 236

t
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NA^LILRVORBITER-COMPONENTBUILDUP-LOWTAILCONFIGURATION
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NAALILRVORBITER-COMPONENTBUILDUP-LOWTAILC_FIGURATI_
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NAALILRVORBITER-COMPONENTBUILDUP-HIDTAILCONFIGURATION
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