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EFFECTS .OF THE SIX ENGINE
AIR BREATHING PROPULSION SYSTEM
ON SPACE SHUTTLE ORBITER SUBSONIC
STABILITY AND CONTROL CHARACTERISTICS
(0A71C)

By

R. C. Mennell and T. Soard
Rockwell International, Space Division

ABSTRACT

Experimental aerodynamic investigations were conducted on an 0.0405
scale representation of the -89B Space Shuttle Orbiter in the Rockwell
International 7.75 x 11.00 Foot Low Speed Wind Tunnel during the time
ggrigd September 4 - 14, 1973. The NASA designation for this test was

71C.

The primary test objective was to optimize the air breathing propul-
sion system nacelle cowl-inlet design and to determine the aerodynamic
effects of this design on the orbiter stability and control character-
istics. Nacelle cowl-inlet optimization was determined from total pres-
Sure - static pressure measurements obtained from pressure rakes located
in the left hand nacelle pod at the engine face station (see figure 3).

After the optimum cowl-inlet design, consisting of a 7° cowl lip angle,
short cowl, 7° short diverter, and a nacelle toe-in angle of 5° was select-
ed, the aerodynamic effects of various locations of this design were in-
vestigated. The 3 pod - 6 nacelle configuration was tested both underwing
and overwing in three different longitudinal locations. Orbiter control
effectiveness, both with and without nacelles, was investigated at elevon
deflections of 0°, -10°, and +15° and at aileron deflections of 0° and
+10° about 0° elevon.

The orbiter model was sting mounted on a 2.5 inch diameter internal
strain gage balance entering through the base region. The nominal angle
of attack range was -4° < a < 30°. Yaw polars were investigated over
%hs beta range of -10° < B < 10° at fixed angles of attack of C° and
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SUBSCRIPTS
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L
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SADSAC

cP
MACH

Q(NEM)
Q(PsF)

RN/L

ALPHA
BETA

PSI
PHI

HREF

LREF

SREF
MRP

XMRP

NOMFNCLATURE
Cenereal

DEFINITION

gpeed of sound; m/sec, ft/sec
pressure coefficient; (p - Po)/a
Mech number; V/a

pressure; N/u€, psf

dynemic pressure; 1/2pV°, N/n”, psf

unit Reynolds number; per m, per 't
velocity; m/sec, ft/sec '
angle of attack, degrees

angle of sideslip, degrees

angle of yaw, degrees

sngle of roll, degrees

mass density; kg/md, slués/tt3

Reference & C.G. Definitions

base srea; me, £t
wing span or reference spen; m, ft
center of gravity

reference length or wing meen
aercdynamic chord; m, ft

wing eren or reference sres; m-, fi'
moment reference point

moment reference point on X axis
mcment reference point on Y axis

moment reference point on Z axis

baae

locenl

gstetic conditions
total conditions
free stream
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SADSAC
SYMBOL
CA
cY

CAB

CAF

CIM

CBL

CL
CD
CDB

CDF

cY

CIM
CLN
CSL

L/D
L/oFP

NOMENCLATURE (Continued)

Body-Axis System

DEFINITION

t; normal force
qS

normal-force coefficien

axial-force coefficient; ﬂﬁiﬂl.éEESE
q

side-force coefficient; Eiéf.gQ!EE
Q

oase-force coefficient; base force

asS
-Ay(pp - Po)/aS

forebody axial force coefficient, Cp - CAb

pitching-moment coefficient; pitching moment

aSLrep
yaving-moment coefficlent; Xgﬂlﬂgaggﬂgﬂﬁ
(3]
rolling-moment coefficlent: rolligb moment
R L
Stability-Axis System
1ift coefficient; Ut
qS
drag coefficient; 9!%5
a
base-drag coefficient; EEE%EQEEE

forebody drag coefficlent; Cp - CDb

side forco

side-force coefficient; E
it

pitching moment

pltching-moment coefficicent; =
W g

yaving-moment coefficient; Y'_"!i'_‘.‘.;ll"‘;".“.“’_".
gt

rolling-monent coefficicnt: r°ll:2L momeN

11£t-to-drag ratio; Cp/Cp
1ift to forebody drag ratio; CL/cnf




NOMENCLATURE (CONTINUED)
ADDITIONS TO STANDARD LIST

side force derivative with aileron d;flection,
rolling moment derivative with aileron deflection,
yawing moment derivative with aileron deflection,
side force derivative with sideslip angle, per
rolling moment derivative with sideslip angle, per
yawing moment derivative with sideslip angle, per :

pitching moment coefficient about aft C.G. limit
pitching moment coefficient about forward C.G. limit

longitudinal center of pressure location, fraction

incremental axial force coefficient
incremental base axial force coefficient
incremental forebody axial force coefficient
incremental drag coefficient

incremental forebody drag coefficient

SADSAC ,
SYMBOL SYMBOL DEFINITION
Cy § DCY/DA
a per degree
Cg6 DCBLDA
a per degree
Cn6 DCYNDA
a per degree
c DCY/DB
's ' degree
Cgs DCBLDB
degree
C DCYNDB
ne degree
cmaft CLMAFT
cmfwd CLMFWD
XCP/¢ XCP/L
of body length
AcA DCA
ACAf DCAF
ACp DCD
ACDf OCDF
ac, DCL

incremental 1ift coefficient

10
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NOMENCLATURE (CONCLUDED)

incremental pitching moment coefficient about aft

incremental pitching moment coefficient about fwd

incremental normal force coefficient

aileron, total aileron deflection angle, (left
aileron - right aileron)/2; degrees

elevon, surface deflection angle, positive
deflection, trailing edge down; degrees

flap, surface deflection angle, positive
deflection, trailing edge down; degrees

nacelle longitudinal location (% Lg)

nacelle cowl 1ip angle; degrees

SADSAC
SYMBOL  SYMBOL  DEFINITION
aC DCMAFT
Maft C.G. limit
aC DCMFWD
Mfwd C.G. limit
8y DCN
5y AILRON
S ELEVON
8¢ BOFLAP
NACX/L  NACX/L
LIP NACLIP
NAC, NACBTA

nacelle toe-in angle; degrees

N




5 % CONFIGURATIONS INVESTIGATED

The model used for this test period was an 0.0405 scale representa-
tion of the Rockwell International -89B Space Shuttle Orbiter. The basic
model is of the blended wing-body design utilizing a double delta wing
(75°/45° AL g.), full span elevons (with unswept hingeline), a centerline

vertical tail with rudder and /or rudder flare capability, a canopy, anc
a manipulator arm housing. To complete this orbiter ferry configuration
air breathing engine nacelles were located in various groupings and lo-
cations on the wing and fuselage as per dwg. SS-A00138. All model com-
ponents were per the -89B configuration except for the fuselage lines
from station 1307 aft (which are ATP configuration), the various engine
nacelle groupings and locations, and the ce..lerline vertical taii.

The orbiter model was constructed either of wood and/or aluminum
and was mounted on the Task Corporation 2.5 inch MK IX internal strain
I gage balance. The left hand engine pod was instrumented with an 8 tube
static pressure and 17 tube total pressure rake in each nacelle. This
pressure monitoring rake was located at the engine face station and was
used to determine engine pressure recovery efficiency. The pressure
rake orientation is per figure 2C.

' For this test period the following nomenclature was used to desig-
nate the various model components:

Component Description i:, %
B16 -898 fuselage ;
Cs -89B canopy |
Dy -89B manipulator arm housing

E1s Full span elevon used on wing Wgy

Fy Body flap used on fuselage Byg

Jog thru 39 Air breathing propulsion sys+ems consisting of
various nacelle groupings 2'.3 locations. See model
dimensional data.

s R3 Rudder used on vertical tail V3

Vi ATP centerline vertical tail




o

CONFIGURATIONS INVESTIGATED
(CONCLUDED)

Component Description
Wg7 -898 double delta wing (75°/45° L.E.)

Xg Transition grit located on model nose and all
swept surfaces.

X10 Transition grit located on model nose, all swept
surfaces, and ABPS nacelles.

DATA REDUCTION

The aerodynamic force and moment data were measured by the Task
Corporation 2.5 inch MK IX strain gage balance. The data have been cor-
rected for model base and balance chamber pressure effects, nacelle
internal drag, model blockage influence on tunnel dynamic pressure, wall
interference effects, sting and balance deflections, and model weight
tare.

The corrections made to axial force were accomplished in the follow-
ing manner:

Cag = CA - Chgg = Cap = Cay = CAr

where:

Chge * '(_______PBC - Po ><£&Q>
q Sw

and CAb = - [Py =Py _A_ » Pp = 1/5(Pb.| + .. 0% PbS)
q Sw

and
CAN = Nacelle internal drag correction

CAT = Model axial force weight tare

13
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DATA REDUCTION (CONCLUDED)

The pressure data obtained from the nacelle engine face rakes were
reduced to (PSI+8 - PO) for all static pressures and to PT1417/PT for all

total pressures.

q

The following reference dimensions were used for reducing all aero-
dynamic data to coefficient form:

Symbo]l
Ab

Agc

Sw
XMRP

IMRP
L

cy(LREF)
byy( BREF)

CAN

cAm

Definition

Area of base, ft2

Area of balance cavity, ft2
Area of wing, ft2

Center of gravity, fus. sta. (fwd)(66% LB
Center of gravity, fus. sta. (aft)(68% Lp

Center of gravity, waterplane
Length orbiter body, in.

Wing MAC, in.

Wing span, in.

Axial force correction for Jyg,35 37, 38
Axial force correction for Jig
Axial force correction for J3g

Pitching moment about fwd C.G.correction
for Jz5.34, 37

Pitching moment about fwd C.G. correction
for J35, 38

Pitching moment about fwd C.G. correction
for J36

Pitching moment about fwd C.3. correction
for \)39

14

Value
0.51939
0.13635
4.0123

43.5974
44.6731

16.2000
53.7840
19.2300
37.9350

0.00247
0.00165
0.00082

0.00081
0.00035

0.00054

0.00027

L. M s



TEST FACILITY DESCRIPTION

The North American Aerodynamics Laboratory (NAAL) 7.75 x 11-Foot
Wind Tunnel is a continuous flow, closed circuit, single return type tun-
nel capable of speeds up to 200 miles per hour. The test section is vent-

ed to atmospheric pressure and is 7.75 x 11 feet wide by 12 feet in length.

Power is supplied by a 1250 horsepower nacelle mounted synchronous motor
driving a 19 foot, seven blade, laminated birch propelier. The airspeed
"is controlled by varying the degree of coupling between the motor and
propeller by means of a magnetic clutch. A damping screen and honeycomb
section in the settlinn chamber upstream from the contraction cone (ratio
7.53 to 1) minimizes turbulence in the test section. The NAAL Wind Tunnel
has been in operation since June 1943 and calibrations are available over
a wide range of test conditions.

Tests may be conducted using a variety of mounting systems, e.g.;

a single strut, double strut, sting strut, reflection plane, cable sus-
pension, and two dimensional wall. Aerodynamic data may be measured by

a planar type external balance system or sting mounted internal balances.
An Astrodata Automatic Data Acquisition System is used to collect, multi-
plex, digitize, and record 50 channels of force and/or pressure data on
magnetic tape. This data is then rapidly reduced and plotted using auto-
matic data processing equipment and an automatic digital plotter.

15




TABLE 1.
TEST S LA7/C - ARRL 772 loATE s /24/73
TEST CONDITIONS
Aomi AL REYNOLDS NUMBER DYNAMIC PRESSURE I'STAcNmou TEMPERATURE|
MACH NUMBER (per unit length) (pounds!sq.s‘&} | (degrees Fahrenheit)
0.2 LR XIOYRT| GO Mbs M7 | R ep ST
BALANGE UTILZED: _ZASK .5 viw M IX
~ CAPACITY: ACCURACY: br%ﬁ;'fr:g?
NF ~ Q‘..l) a’(_}\, x : %
SF 7:‘;: \/ Q - "
AF 2‘: ‘D /2 S » T T—————
PM e
RM ittt
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TABLE 111.
MODEL COMPONENT DIMENSIONAL DATA

MODEL COMPONENT:  BODY - B16 | L

GENERAL DESCRIPTION: _-89B Fuselage

Scale Model = 0.0408

" DRAMING HUMBER; . VL72-000089
DIMENSIONS : -v | FULL-SCALE MODEL SCALE
Length .. in, o 1328.30 - $3.796
Max. Width . o : ’
Max, Depth ~in. a 248.00 10.044
Fineness Ratio | ' .
Area . £t ‘ o
Max. Cross-Sectional . 355.28
Planform .
Netted '
Base i

.
-~ -




TABLE III (Continued)

MODEL COMPONENT: _- Canopy CS

GENERAL DESCRIPTION: -89B Canopy

Scale Model = 0.0405

" DRAWING NUMBER: . VL70-000092

DIMENSIONS : | * FULL-SCALE MODEL_SCALE

dength
" Max. Width
Max. Depth

Fineness Ratio

1]

Area S’

Max. CrossrSectional

Planform : C _____.___. | c——
Wetted - ' ' ,_______ e
Base ' __________

Sta. Fwd. Bulkhead, fus. sta. . 391.00 15.836

Sta. T.E. , fus, sta, §60.00 . 22,680

e
|
t

23 ' .




TABLE III (Continued)

’ MODEL COMPONENT: B0DY - Manipulator Housing D-7 i

. 378 .
GENERAL DESCRIPTION: BB Configuration, Light WT. Orbiter Per Lines
- VL70-000093

Scale Model: .0405

DRAWING NUMBER: VL70-000093
DIMENSIONS : . FULL-SCALE | MODEL_SCALE N
Length, in. 881.00 35.680 |
Max. Width in. 51. 00 2.066 ’
o Max. Depth in. " 20.00 10.810
b Fineness Ratio
‘ Area t

Max. Cross-Sectional
Planform '
Wetted

1]
in

Base‘
. WP = 500.0 in FS , |
xs‘- 426.0 to 1307.0 . :

G S
.. .

24




XIS,

R O i

-
\

TABLE III (Continued)

MODEL COMPONENT: Elevon E18

GENERAL DESCRIPTION:: Unswept Hingeline Elevon used on Wing W87

- e = o -

- ~-—="S¢ale Model - 0.0405

P ' “oe

DRAWING NUMBER:

VL70-000093

DIMENSIONS ¢

Area -£t?

i Span (equivalent)
Inb'd equivalent chord
Outb‘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

25

"Area Moment (Normal to hinge 1ine) ft3

"~ FULL-SCALE

205.52
353.34
114,78

55,00
. 0,208
0.400

0.000

"100 020
0.000

1548.07

l

-

MODEL SCALE

0.337
14.310
4.649
2.228

_0.208
10400

0.000

EE————

-10.020

TR ——

0.000

SR

2.539

L

z
M NG, :




Body Flap - F1

TABLE III (Contilued)

o ne GRIGNAL PAGE 15 POUR.

| MODEL COMPONENT:

/" GENERAL DESCRIPTION:

Body Flap Located on Lower Aft Portion of

Fusclage Trailing Edge

i
¢

.
P
‘

Scale Model = .0405

1 : DRAWI&GPU"BER ' 1170.000003..\;
DIMENSIONS o

Length. in. .

Flap L.E. Fus. Sta. in.
Flap T.E. Fus. Sta. in.

. Span  in.
Area ft?
Max. Cross-Sectional
Planform e
Wetted '

Base

FULL-SCALE

MODEL SCALE "

| 236. 54 9,580 N
1528.30 61.896 i
1650. 56 66.848 9

—_— BN
236. 54 9.580 RN
o é\:, !
199.75 0.328 ]
— — i
| |
!
26
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MODEL COMPON ENT :

GENERAL DESCRIPTION : __81x underving angines inatalled in thres pacelle
pods. Inlet has short cowl, 0° or T° cowl, 1ip angle, short flow

~MODEL SCALE: 0.0405
DRAWING NUMBER : _88-A00139

DIMENSIONS : (EACH NACELLE)

Length -« In.

Max Widfh - In.
| Max Depth - In.

Fineness Ratio

Area . ;2

Mox. Cross~Sectional

Capture

Wetted

Bacelle Sta. 0.0 @

lbdnl Stt. - III-
Waterplane - In.

Buttock FPlane - In.

Incidence - deg.

.

TABLE 111 (Continued)

MODEL DIMENSIONAL DATA

MODEL SCALE

2095 . BkAs

6600 2623
66.00 2.673

FULL SCALE

1900,92 3,118

. Wing Fods
Outb'd Inb'd
3075 BT
10,041 10.041

+11.583 + 8.910
3.933  3.933

27
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MODEL COMPONENT:

TABLE 111 (Continued)

AIR DRREATHING PROPULSION SYSTEM, Jog

GENERAL DESCRIPTION: _sux undering enginea installed in three nacclle
pods.— Nacelle inlet configuration has shorticowl, 02 or 7° cowl lipangle,

0 3 .

long.flow :
MOLZL _SCALE = n.ﬂkﬂq
DRAWING NUMBER: S8=400139
DIMENSIONS: (EACH NACELLE) FULL-SCALE MODEL SCALE
Length - IN. 202.9) 8.485
Max. Width - IN. _66.00 2,673
Max. Depth - IN. _66.00 2.673
finenaess Ratio
Area - 2 | ,
Max. Cross-Sectional 2737.30 4.490
Capture 1900.92 3.118
Wetted
Base e
' Wing Pods q, Pod
Nacelle Sta. 0.0 & outb'd inh'd LeTt Right
Model Sta. - In. 38475  38.M4T5 38475  38.475
waterplane « In. 10,041  10.,0u41 943k 943k
Buttock Plane - In. +11.583 + 8.910 - .32 +1.342
Incidence - Deg. 3.933 3.933 3.933  3.933

28
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TABLE III (Continued)

3

MODEL COMPONENT: AIR BREATHING PROPULSION SYSTEM - Jo.,

GENERAL OESCRIPTION: Six underwing engines installed in three nacelle pods.

Iolet has long cowl, 0% or T° cowl 1ip angle, short flov diverter, 0° diverter

~lip.angla

mm “"'azllt:s ‘) ‘n“’;

DRAWING NUMBER:

DIMENSIONS:  (EACE NACELLE)

Length - In.
Max. Width - In.
Max. Depth - In.
Fineness Ratio
Area- Ft@
Max. Cross-Sectional
:Capture
Wetted

8ase

Nacelle Sta. 0.0 @

Model Sta -~ In.
Waterplane - In.
Buttock FMane - In.
Incidence ~ Deg.

~S8=A00139 ___

FULL-SCALE MODEL SCALE,

66.00 2,673
66.00 2,673
2737.30 4.490
1900.92 3.118

Wing Fods g, POD
Qutb'd Inh'd Left  Right

38,475  38.475
10,041 10.041

"’110583 b4 80910
3.933 3.933

238

38. gz 38.&2

1. 3h2 + 1.342
3.933 3.933




MODEL COMPONENT:

_MODEL, SGALY: 0,0405 |

DRAWING_NUMBER: __§8-200139
DIMENSIONS: (EACH NACELLE) FULL-SCALE MODEL SCALE
Length - Ine ' %50 2,058 e
Max. Width - m, _66.00 2.6713
Max. Depth - Ju. _66.00 2.6713
Finaness Ratio e .
Area - Ft8
May. Cross-Sectional ?737:_.30...._. 5...‘.‘.9.9._
. Capture 1900.92 3.18
Wetted S
Rase e e O
Wing Fods ¢ Fod
Jacelle Stn, 006 o e et ts.im
Nodol Sta.« In. 38.475 38.h75 18.'»7
waterpiane = Mn. 10,04  10.0l 3 9.
Buttock Plane = In. + 1,583 + 8.910 - 1 3"2 + L3R
Incidonce « Yoge 3.933 3.933 3.933 3.933

30




TABLE JII (Continued)

MODEL. COMPONENT:  AIR BREATHING PROFULSION SYSTEM - Jgg

GENERAL DESCRIPTION: Six underwing engines installed in three nacelle pods.
Iplet has short cowl, 7° cowl 1ip ancle, short flow diverter, 7° diverter
M‘

{ODEL, SCATE = 0,005
ORAWING NUMBER: . $8-A00139
DIMENSIONS : (EACH NACELLE ) _ FULL-SCALE MODEL SCALE
Length = In. ' 209,51 8.485
Max. Width - In. 66.00 2.673
Max. Depth - In. 66.00 2.673
Fineness Ratio
Area - Ft2
Max. Cross-Sectional 2737.30 4.490 :
- Planferm Capture ' 1900.92 3.ns
Wetted
Base
Wing Pods ¢ Fod
Nacelle Sta, 0.0 @ . Outb'd  anb'd left Right
Modol Sta. = Ine © 38475 38475 38.475 38475
Waterplane - In. 10,041  10.041 RS
Buttoek Flane - In. st 11.583 * 80919 - 103"2 + e ‘
Incidence - Dog. 3.933 3.933 3.933 3.933
! 3

R i 5
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MODEL COMPONENT:

diverter lip angle.

TABLE III (Continued)

AJR_ERELTDING FROSULEICH SXSTEM - Jag

STVTIAL OESCRIPTION: __oMx undevwing erglies installed lu shres havells . .
ds. Inlet Las short cowl, °

cowl lip angle, long flow diverter, 7°

MODEL_SCALE = 0,04%09

DRAWING NUMBER: _§5-00030
DIMENSIONS:  (EACH NACELLE) FULL-SCALE MODEL SCALE
Length - In. ' 209,50 YL
| Max. Width - In. ~56.00___ 623
!
| Max. Depth - In. 66,00 2,673
i Fineness Ratio — eom——————
Area - Fto
Max. Cross-Szctional 2737.30 - Ul’——-—-
- Capture 1900.92 Jne -
Wetted —
Base e e
. wing Pods @, Fod
Nacelle Sta. 0.0 @ Qut'd Inb'e Left Right

mdﬂl SI‘A. - mo
Vaterplane - Ine
Buttock Flans - In.
Incidence - Deg.

38475 38475 B3 30k
oo Dok 3:;5 3 33

+1.583 + 8.910 - 1. + .|..
3.933 3.933 3.933 3.933 .

32
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TABLE I1I (Continued)

MODEL COMPONENT: _ATR BREATHING PROPITSION SYSTEM - Jay

GENERAL OESCRIPTION: __gix wnderwins engimes installed in three nacelle pods
Inlet bes shark coud, 7° cowd 1ip angle, no diverter vwith gap beiween engines
Lilled flush to cowl lip.

MODEL_SCATE:_0,0405

DRAWING NUMBER: . _88:000139

DIMENSIONS: (EACH NACELLE) FULL-SCALE MODEL SCALE
Length - In. ' 209.51 8.485
Max. Width - In. 66.00 2.673
Max. Depth - In. 66.00 2,613

Fineness Ratio

l

R ———————

Area - Fi
Max. Cross-Sectional 2737.30 4.4%0
- Capture 1900.92 3.118
Wetted
Base ' —
. Wing Fods ¢ Fod
Nacelle Sta. 0.0 @ Outb'd - Inb'd Left Right
Model Sta. = Iu. 380"‘75 380“'75 380,‘7 38.“7
Vaterplane - In. 10.041 1000“1 90" 9¢"
Buttock Plane - In. +11,563 + 8,90 - 1l.342 + 1.342
Incidence - Lug. 3,933 3.933 3.933 3.933
33
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TABLE III (Continued)
MODEL COMPONKNT: AIR BREATHING PROFULSION SYSTEMS - T 32

GENERAL DFSCRIPTION: Six underwing engines installed in three nacelle pods.
Inlet has short cowl, 7° cowl lip angle, no diverter, with gap between engines
closed (from . . ... ....83tetion 0.4 inches, model scale, behind
MODEL SCAL%: Q.0405
DRAWING NUMYR: 5S-A00L39
DIMKNSIONS (EACH WACELLE) ' FULL-SCALE  MODEL SCALE
Lensth - In. 209,51 8.485 -
Max. Depth - In. ... 56.00_ 2.673_
Fineness Ratio
Area - 2
Max. Cross-Sectional 2737.30 4.490 ;
Capture - 1900.92 3.18
Wing Fods ¢ Pod
Nacelle Sta. 0.0 @ Outb'd  #nb'd  Left Right
Model Sta. = In. 38475 38475  38.475 !47
Watcrpl&ne - In. 10.0101 1000"'1 90"3!"
BRattock Plane - In, -‘: 11-583 ‘_"' 80910 - 1.31{2 + 10
Incidence - Deg. 3.933 3.933  3.933 3.933




i o
- TABLE III (Continued) |
i HODE. COMPONENT:  ATR BREAVRING PROPULSION SYSTFMS = Joo ;
GENESAL DESCRIPTION: _ g1x underwing engines installed 4n three pacelle pods. |

.JIolet hag chord cowl, 7° cowl 1ip sarle, na diverter, with gnp hetween .

_encines ¢losed (from nngelle Ll.E. fo 4 station 0.4 inches, model scale, behind
cowl 1ip), coul lip radiua increased on outboard engines.

DRAI (NG_NUMBER: §8-A00139 _
DIMEVSIONS: (EACH NACELLE) FULL-SCALE MODEL_SCALE |
Max. Width - . 66.00 2,673
Max. Depth = In. ~ 66.00 2.673
N ... Fineness Ratio )
Area -Ft2
Max. Cross~Sectional 2737.30 4.490
‘ Capture ‘ 1900, 92 3.118
Wetted ,
Base
| Wing Fods ¢ Fod
Pacolle Sta. 0.08 outb'a  Inb'd Intt  Right |
£ Modol Sta. - In. " 38475 38,475 3875 3847 |
Waterplane - In. 10,04l  10.041 9.43h 9%
Butiock Flane - In. +11.583 + 8,500 - 1l.32 + L2 |
g Incidence - Doge. 3,933  3.933 3.933 3.933
35




TABLE III (Continued)

JUDE. COVPONENT:  ATR BREATHING PROPULSION SYSTEMS -'Jg,L

g JEMEWL DSSCRIPTION:

Six underwing engines installed in three nacelle pods.

Julet has short cowl, 7° cowl Lip angle, short flow divérter, 7° diverter

_lip angle, covwl 1ip radius increagsed on ouibesrd engines.

MODEL, SCALE: 0.0405

DRAW(NG_NUMAER: 88-A00139
| DIMEVSICNS:  (EACH NACELLE) ruﬁ-scm.c, MODEL SCALE
Length - In. ' _209.51 8,485
Max. Hidth - In. 66.00 2673
‘Max. Depth - In. 66.00 _ 2.613
I Fineness Ratio
Area . Ft?
May. Cross-Sectional 2737.30 4.490
- Capture 1900.92 s
Wetted .
8ase
Wing Fods ¢ P
Macelle 3tn. 0.0 @ Outh¥@  Inb'a Ieft™  Right
Model Sta. - Ia. 38.475

L] .u ®
38.475 38 '6;?} 3B ';E

Waterphm - Ine 1000"1 10-0"1 90’&

E]

Duttock Flane - In. | _t 11.583 : 8.9”‘ - 103!‘2 + 10?’2
Incidonce - Dege. 3.933 3.933 34933 3.933
: 36
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TABLE I1I (Continued)

< ’l MODEL DIMENSIONAL DATA $
MODEL COMPONENT :__AIR BREATHING PROFULSION SYSTEM - Jog ’

GENERAL DESCRIPTION ¢ __Two_underwing gmines and four overwing

1

gacipas dnsfal led in thres pacelle. pods, Inlet hay short cowl, 'lo coyl.
1iv anxle, short flow diverter, 7° diverter lip angle, cowl lip radius

B’ inoreased on outh'd anglpe only.

DRAWING NUUMBER : .S58-400139

DIMENSIONS :  Each Nacelle: 'FULL SCALE  MODEL SCALE
l Length - in. . | 2090"51 8.485
Ry  Mox Width - dne 6600 2.673

66.00 +2.673

Max Depth -~ 4n, .

Finenass Rotfo

Area = I“ta

Max. Cross—Sectional 2737.30 . 4.490

capture 1900.92 3.118
Wetted
Base
Wing Pods . QPod_
Nacelle Sta. 0.0 @ Outb'd Imb'd _left Right
Modal Stas - im. 138,475 38,475 38,475 38,475
Waternlane - in. 15,390 15.390  9.h3h 9.43h
Buttock plane - in. +21.593 + 8,910 - 1.342 + l.342
<> - Inecidence 0.0 0.0 3.933 3.933 .

'm“ir

37
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TABLE IIT (Continued)

MODEL, COMPONEED:  AIR BREATFING FROPULSICH SYSTRMS - I3

GIXERAL DESCRIPTION: Four underwing engines installed in two macelle . ... ...
pods. Inlet has _shord cowl, T cowl lip a.ngle ) ..nort flow diverter, 7_° dlverter !
1lip avgle, covl lip radius increased on outboard engimes, »
MODZT, SCALE: 0.0405 |
DRAWING WUMBER: $5-A00139 .
_DIMIISTONS (EACH MACZLLE) FULL-SCALE - MODEL SCALE
Length - In. _209.5L 8.485
Max. width - In. 6600 2.673
Msx. Depth - In.. .. 66.00 2.673
Mupeness Ratio : e e e
Area - 2 | |
Max. Cross-Sectional 2737.30 4.490 '
—— | EET I | N
Hing Pods
Nacelle Sta. 0.0 @ . |  outh'a Inb'd o
Model. Sta. - Tn. 38.475 38.475
Waterplane - In. 10.041 0.0k
Buttock Plane - In. + 11.583 + 8.910
Incidence - Dege : 3.933 3.933

B |




TABLE III (Continued)

g MODIL COMPONENT: AIR BREATHURG PROPULSION S STEMS - J37

N e

GENERAL DESCRIPIION: External. lines simulation of cix underwing engines

dnstalled in three racelle pods. No intermil lines, no GOVl oF diverter,

* f-_‘o_a_i_ }?a_aﬁl_gonpleh.ly hollov, flcw-through tube. . o - ;
' MODEL SCALE: 040405 ]
DRAWING NUMBER: S5-A00139
DIMK3IONS (FACH RACELLE) . FULL-SCALE MODEL SCALE
Length - In. | _209.5L L8485
Max. Width - In. 66.00 2.673

Max. Depth - In. ~66.00 2.673

Finencss Ratio”

Area - I‘bg
| Max Cross-Sectioha.‘L '2737.30~ ) 4.490
Capture | 1900.92 3.118
e Wing Pods ¢, Pod
Macelle Sta, 0.0 8 Cutb'd  Imb'd  left Right
2 Model Sta. - Ine 38475 38 !;75 38,475 38.475
waterplane - In. l0.0lll 0.0, 9.h3% 9.434
Buttock Plane = In. +11.583 + 8.910 - 1.342 +, ;\..3!;3
3.93

Incidence - Dege = 3.933 3.933  3.933

Ay T TSRS S Y B T T TS A T T e

AR R S R
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TABLE III (Continued)
MODEL COMDORMENT: ALR DREATHING PROPULSION stism-ﬁ;. - J38
GEI'ERAL DESORIPPION: External sStaulation of two underwing ¢ cagines and four
overving enzines instelled in three macelle pods, No interml lines, no cowl

or diverter. Pod is a completely hellow, flow-through tubes ... ..

MODEL SCALE: 0.0M05

RAWING NUMBER: SS-400139

— ottt Bttt i 14 b

DIMENSIONS (EACH, NACITLE): ' FULL-SCALE ~ MODEL SCALE
Iength - In. | 20931 8.485
Max. Width - In _66.00 2.673
Maxe Depth - Ine __66.00 2.673
Fineness Ratio '

Area - Fe?
Max Crosa-Sectional 2737.30 4.490
copture w02 308,
Wing TIeds ¢ Pods
Nacell Sta. 0.0 ¢ M:};K- Inbond  Ieft o Rigrt

Model Sta. - Ine 38075 39475 38475 38.475

Waterplane - Ine 15,350 154320 0.0 - 040
ttock IMane - In. - +1L.583 + 8,910 - 1,342 + 1.5k2

Incidence - Deye 3.933 3.933  3.933 3.933

40
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TABLE 111 (continued)

MO UOMINIERT: AR \"-‘“,,"“‘\‘ \{IN\} h\ﬁ‘h.ul(‘N \. 'N‘\\ w R

W

QELMRADL MEACRIPIMONT  Tno vagindn tnotalled inowne e ing ¥

Lin wnslae.

MODRG LS 0.0h05

PRAWEN NUEER: ORI

DI FULT-SCANR
length = Iie RN

Maxe WHdth - Xne - 66,00
Maxe Depth - I 66,00
Mooness atio
Aven = Qne
Mike Qrovas=Seatioual 2737.30,
Capture 1900,92

¢, tod

ekl Sty 0.0 8, | Iatt
Mool stae + e 30008
Watarplane = T Q.h\)'}‘
mintoak Paaa- In, - 10“,\,}&
Tneidanaa « Mg », 3.933

)

naeelle pods

Dulet baa shart cond, (O cowl Mp swske, short e vertor, ¢ dveeter

MODGT, S3ALM

s

P.673

4,490
ERIC

Bt

33 ’ ’t"ffj
D “3“

+ X 3'“’}
3933
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TABLE III (Continued)

;’\ % -
MODEL COMPOWENT:; Rudder - Rg
' i : »d with centerli.u"é vertical V ?1\ "
GENERAL DESCRIPTIOW, Tudder uszd 3
Madel Scale =.0405
DRAWING NUMBER:
DIMENSIONS : FULL-SCALE MODEL SCALE
Area-a £t of hingeline, ft2 115.63 0.190
Span (equivalent) ;, S _223.34 9,045
: Inb'd equivalent chord 97.09 3.9z
\ Outb'd equivalent chord 52~0_2__ 2‘107__-

Ratio movable surface chord/
total surface chord

At Inb'd equiv. chord 0. 400 0.400

At Outb'd equiv. chord 0.400 _0.400
Sweep Back Angles, degrees

Leading Edge 34,889 34.8§~S_)___

Tailing Edge 26,361 1,361

Hingeline _34.889 34.889
Area Moment (Normal to hinge lYine) g¢3 647,77 _0. 043

(Product of arca § mean chord)




i
: . |
. TABLE III (Continued) |
]

ODEL COMPONENT: vertical V3

GENERAL DESCRIPTION: Centerline vertical uscd on body B 12

double wedge airfoil with rudder/specd brake

Scale Model .0405

DRAWING NUMBER:

MODEL SCALE

T Y IR S R e R R, R T U g

DIMENSICNS : FULL-SCALE
TOTAL DATA
1 Area - ft? 404.95 0.664
. Planfom :
Blanketed (inc above) 33.05 —o5y
Span (equivalent) T289.88 CTITLTAI0
Aspect Ratio 1.565 1,505
Rate of Taper —0.500 ~0.504
Taper Ratio A3 I ST SR
Dichedral Angle, coysces - - |
Incidence Angle, dearees - R ;
{_\erodynamic Twist, degreoes < e ‘
“Toe-In Angle . . T n T ;
L Cant Angle - d%&‘:' i ““O*%‘**‘ |
W : Sweep Back Angles, degrees T TmemmeTTTTTT o
Leading Edgo . 45.00 45,00 ¥
Trailing Edgo 0. 00T AT ;
0.25 Element Line A6 0 AT !
Chords: T T
foot WP 520.00 258.350 10.463

Tip, (cquivalent)WP 809.885
MAC WP 645.875

Fus. Sta. of .25 MAC 1492.279 60.437
W.P. of .25 MAC 645 87Y =T, I5T
B.L. of .25 MAC 0.0 0.0

Airfoil Section 5° Half Angle DoublT{guud with round
Root L.E. = 1.6% local chord, _ o oo MHER IO ded—
Tip
EXPOSED DATA

FEAIN - AR TE T E T e L St D6 e e et i e -
TEAPN i e e i N S N i S

B
i Arca L |
5 Span, (equivalent) . — - R
Aspect Ratio T |
v Taper Ratio T o |
- Chords i} - — |
e Root —
A Tip — —

o . MAC o -

’ Fus, Sta. of .25 MAC )

§ MR N O e

N|Po O{ 0?5 "If‘\'\‘-

B.L. of .25 MaC

S, ro—— e 9 1 o St e

———— = o e « S




TABLE TII (Continued)

HODKL, COMSONSNS':  FOUNUARY, LAYER TRANSETION SIRIP, Xy
GRNERAL DESCRIFTION:  Grit losated on modcl nose and ull swept surfuces to \
provids Torced bowndary layer muuivion.

NOLMYL, SUALE:  Q.0h0%

LR

LIMUNSTONS MODL,_SCALY

L R L

Nominal grit height, in,

Faseluge 'OOJA'.L
ALl surfuses excepl fuselage 076

Strdp thicknesz, lu. oae

Locadion, lnches (strenavise) aft of local

4




N

RN

PR

i 4

*

TABLE IIT (Continued)

MODEL, COMPONENT: SOUNDARY LAYER YRANSITION SIRIP, Xpq
GENERAL DBSCRIF&ION: Qgip.locgpegmqn ncdel nose and all swept surfuces and
.jggﬁLnacelles‘tp,prqgide_fqggeg.pqundnry layer traunsition.
MODEL SCALE: 0.0405
DIMENSIONS: ‘ ' MODEL SCALE
Nominal grit height, in.

Fuselage 0.005h

ALl surfaces except fuselage ‘ 0.0076
Strip thickness, in. ‘ 0.0
Location, inches (streamvise) aft of local

leading edge 1.0 .

45




MODEL

COMPONENT:

TABLE III (Concluded)

Wing, W87

GENERAL DESCRIPTION: Double Delta Wing (7:5°/45° ALE)

Scale Model = 0.0405 |
DRAWING NUMBER: VL70-000093
DIMENSIONS : FULL-SCALE MODEL SCALE
TOTAL,_DATA
| Area-ft?
Planform 2689.38 4.411
Wetted
Span (cquivalent) 77.17 _ 3,125
aspectfRatio 2.214 2.214
ate of Taper — L6 RV 0N
Taper Ratio 0.209 %:}5&1_._
Dichedral Angle, degrees €X/C=75.,33% 3.861_ 3.86)1_
Incidence Angle, degrees 3,000 - 3.000
Aerodynamic Twist, d~orees - - .
Toe-In Angle : - -

*

Cant Angle

Sweep Back Angles, degrees
Leading Edge ’
Trailing Edge
0.25 Element Line

Chords:
Root
Tip,
MAC

Wing Sta. 0.0)
equivalent)

Fus. Sta. of .25 MAC

W.P. of .25 MAC

B.L. of .25 MAC
Airfoil Section

Root
Tip
EXPOSED DATA

Area-ftz

Span, (equivalent) -f¢,
Aspect Ratio

Taper Ratio

Chords -in.

Root
Tip
MAC

Fus. Sta. of .25 MAC

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

Leading Edge

Cuff

Planform Arvea - ft2
Intersects Fus.@
Intersccts wWing

lloﬁo
L.E.

gt

a.
Sta.

R T —————————

44,873

-10 .‘24’2—:
—35.050

690,19
44,30
426,76
1136.12
~289.44

181,03

S ——— S S —

AG.oLs
D L A -
7.330

o el
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8, = 2690,00 FT°

cv = ‘7‘081 IN.
AFT WRP by = 936.68 IN.

CND = 1076.98
D MRP AFT = 1103.04

CeGe2: = W.w
) 51 = 1328.00 1IN,

a. General Arrangement - 89B Orbiter I
Figure 2. - Model Sketches. |
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RUDDER AND

FLARED RUDDER
DEFLECTIONS
/
7 7’
7z, - OEL - 633
a
// by = ~40° MAX. 2
(=
S By, » 15° MAX. bp * 8
\ :\ 63 - EL BR

AILERON & ELEVON DEFLECTIONS

..__ = 13.75°
‘ -—\\,_ ‘

BODY FLAP DEFLFCTIONS

b. Sign Convention for Control Surfaces
Figure 2. - Continued.
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N-”o
LOOKING DOWNSTREAN

‘Nacelle Pressure General Arrangement Y g

Figure 2. - Concluded.
50




a. Front View, Underwing ABPS Configuration
B16C5D7934F 1Wg7E18V3R3X10

b. Bottom View, Underwing ABPS Configuration
By16C5D7934F 1Wg7E18V3R3*10
Figure 3. - Model Installation Photographs.

51
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c.

d.

. w o ta vy »ll Ltih e ‘
Front View, Overwing ABPS Configuiation
B16C5D7J3uF1Wg7E18V3R3X g

Rear View, Overwing ABPS Configuration
B16C507935F 1 Wg7E18V3R3X10

Figure 3. - Continued.

52




UL TR

e. Bottom View, Overwing ABPS Configuration
B16C5D7J35F1Wg7E18V3R3X10

vtary L NEER. .o

f. Front View, Nacelle J3p Configuration and
Internal Pressure Rake Installation.

Figure 3. - Continued.

53




g. Front View, Nacelle Jdog Configuration
With Long Flow Diverter.

h.  Front View, Nacelle Jog Configuration
With Short Flow Diverter,

Figure 3. - Concluded.
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