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EFFECTS OF THE AIR BREATHING ENGINE PLUMES
ON SSV ORBITER SUBSONIC WING PRESSURE DISTRIBUTIONS
(0A57A)

By

Bruce W. Cameron, dJr.
Rockwell International

ABSTRACT

Experimental aerodynamic pressure investigations were conducted on
a 0.0405 scale representation of the -89 Space Shuttle Orbiter ferry
configuration in the Rockwell international 7.75 x 11.00 foot Low Speed
Wind Tunnel (NAAL) during the time period from August 6, 1973 to August 17,
1973. The NASA designation for this test was OAS57A.

The primary test objective was to investigate the orbiter wing pres-
sure distribution resulting from five under-wing engine nacelle plumes.
Two five engine nacelle configurations were tested at 3 ground plane
heights with pressure bug measurements being made on the left upper and
Tower wing panel. In addition, base and balance cavity pressure measure-
ments were made, with elevon normal and hinge moment measurements on the
right panel.

A total of 61 runs was made during the test period, with variables
of 2 configurations, 3 ground plane heights (h/b = 0.038, 0.125 and 0.286),
5 engine pressure ratios (PyN/Pe =0, 1.0, 1.3, 1.5, and 1.9) and elevon

deflections of 0°, 5°, 15°, and -15°. The model was mounted on a 2.5"
diameter dummy balance using a W-1052-S sting and W-1092-A-2 adapter.
Model rotation point was at the trailing edge of the root chord. Nacelle
total and static pressures were measured separately while the wing
panel, model base, ground plane static and body flap pressures were mea-
sured on scanivalve.

The nominal angle of attack range was -4° to 20° at 0° sideslip angle.
A constant Mach number of 0.165 was maintained throughout the test.
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SYeuwdL

QD

RN/L

<3

v & € W R

SUBSCRIPTS

I -

8 ¢

SADSAC
SYMBOL

Cp

MACH

Q(N3M)
Q(P3F)

RN/

ALPHA
BETA

PSI

PHI

EREF

LREF

SREF

XMRP

ZMRP

NOMENCLATURE
Generel

DEFINITION

speed of sound; m/sec, ft/sec
pressure coefficient: (p - pa)/a
Mach number; V/a

pressure; N/a°, psf

dynamic pressure; l/2pV2, N/me, pst

unit Reynolds number; per m, per ft
velocity; m/sec, ft/sec

angle of attack, degrees

angle of sidesliip, degrees

angle of yaw, degrees

angle of roll, degrees

mass density; kg/m3, slugs/ft3

Reference & C.G. Definitions

base ares; me, 1t
wing span or reference spen; m, ft
center of gravity

refercnce iength or wing mewun
serodynemic chord; m, ft

wing esres or reference sres; mz, £t
moment referenée point

moment reference point on X axis
moment reference point on Y exis

moment ret'erence point on Z axis

base

local

static conditions
total conditions
free stresm
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NOMENCLATURE (Continued)

Body-Axis System

SADSAC
SYMBOL. SYMBOL DEFINITION
Cy CN normal-force coefficient; m.ﬂlsﬂcﬁ
q
Cp CA axial-force coefficient; ?.’9;‘&%’33
aS
Cy cY side-force coefficient; S_j;‘%g.{i?
q
CAb CAB base-force coefficient; p_&_é‘_or_ee_
q
-Ap(p - Pw)/aS
CAf CAF forebody axial force coefficlent, ¢, - cAb
Cp CLM pitching-moment coefficient; pitching moment
aS/REp
Cn cYN yawing-moment coefficient: E.‘Qﬂgsg‘-c__me}.‘l
q
Cp CBL rolling-moment coefficient; roling moment
43b
Stabllity-Axis System
o L 11ft coefficient; }}_S@
q
Cp CD drag coefficient; dr_gg
q
C CDB base-drag coefficient; bese drag
D %
CDf CDF forebody drag coefficient; CD - CDb
Cy cY side-force coefficient; .s_iﬁi%:i
q
Cry CIM pltching-moment coefficient; itChi“S moment
B ger
C CIN yawing-moment coefficient; yewing moment
n qSb
¢y C3L rolling-moment coefficient; mni’s‘b moment
q
L/D L/D lift-to-drag ratio; Cp/Cy
L/Df L/ br lirt tu forebody drag ratio; CL/"“Df

17



PLOT

SYMBOL SYMBOL
PTN PT1 or PTN
84 AILPON

Se ELEVON
ACp DELCP
CAb CAB

Phase CPBASE

Re RN/L

Sgf BDFLAP
y/b/2 2Y/B or n
x/c X/C
Y

T

L

hNTE/b H/B

X.C.P

CuM CHME

NOMENCLATURE (Continued)
ADDITIONS TO STANDARD LIST

DEFINITION

total nozzle pressure
total aileron deflaction angle,
(left aileron-right aileron)/2

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

incremental pressure coefficient

base axial force coefficient;

basquorce -Ap(pp - P.)/GS

base pressure coefficient;
(Pp - P.)/q

Reynold's number, RN/L, millions
per foot

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

lTocal spanwise position/wing semi-span
local chordwise position/wing chord length
ratio of specific heats, 1.4

temperature, °R

distance from moment reference point to
wing static pressure tap

ratio of height of wing trailing edge above
ground plane to reference span

distance from MRP to C.P. on X axis, inches

elevon hinge-moment coefficient, hinge moments
qSE e

18




PLOT
SYMBOL SYMBOL

NOMENCLATURE (Zoncluded)

DEFINITION

CNE CNE

SUBSCRIPTS
E

elevon normal force coefficient, norma

body length

balance cavity axial force coefficient

base axial force coefficient

elevon

conditions at station i

lower surface

freestream static

nozzle

applicable to pressure at station i

upper surface

19
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CONFIGURATIONS INVESTIGATED

The model used for this test period was an 0.0405-scale representation of
the Rockwell International -89B Space Shuttle Orb*ter. The basic model
is of the blended wing-body design utilizing a double delta wing (75°/45°
ALE), full span elevons (unswepi hingeline), and a canopy. To complete
this orbiter ferry configuration,air breathing engine nacelles were lo-
cated in various groupings and locations on the wing and fuselage as per
SS-A00028.

A1l model components were per VL70-000089B configuration except for the
fuselage lines from station 1307 aft and the various engine nacelle group-
ings and locations.

The orbiter model was constructed of wood and aluminum and was mounted on
the Task Corporation 2.5 inch MK IX dummy balance. The following nomen-
clature was used to designate the various model components:

Component Description

B]6 -89B fuselage

C5 -89B canopy

F] Body flap

Jis Air breathing propulsion system consisting of
two podded nacelles and one individual nacelle

Jog Air breathing propulsion system consisting of
five individual nacelles

Wg7 -89B double delta wing (75°/45° ALE)

E1g Full span elevon

Xg Transition grit located on model rose, all

swept surfaces




TEST FACILITY DESCRIPTION

North American Aerodynamics Laboratory (NAAL) 7.75 x 11-foot Wind
Tunnel is a continuous flow, closed circuit, singie return tunnel capable
of speeds up to 200 miles per hour.

The test section is vented to atmospheric pressure and is 7.75 x 11
feet wide and 12 feet long. Power is supplied by a 1250-horsepower na-
celle-mounted synchronous motor driving a 19-foot, seven-blade, laminated
birch propeller. Airspeed is controlled by using a magnetic clutch to
vary the degree of coupling between the motor and propeller. Turbulence
is minimized by a damping screen and a honeycomb section in the settling
chamber upstream from the contraction cone (r?tio 7.53 to 1).

Tests may be conducted using a variety of mounting systems: single
strut, double strut, sting strut, reflection plane, cable suspension, or
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 collects, multiplexes, digitizes, and
records on magnetic tape 50 channels of force or pressure data or both.
Uata are then reduced and plotted using automatic data processing equip-
ment and an automatic digital plotter.

The NAAL Wind Tunnel has been operating since June 1943, cCalibra-

tions are available over a wide range of test conditions.

21




DATA REJUCTION

Since only wing pressures and elevon hinge data were required during the
test period, the model was mounted on the Task MK IX 2.5" dummy balance.
Therefore no corrections were made for balance and sting deflection. But
standard facility corrections for blockage were applied as required. A
base and balance cavity axial force coefficient was calculated as pre-

sented below:
Pac-Pm) (8c)

C = - _oL
Ag ( G S
and:
P P _
CAB] = - Sq ) (_S;B’_)s PB 1/5 (PB] A PBS)

Elevon hinge moments and normal force coefficients were calculated in the
following manner:

HMg
“hm = WSt ot
where: HMg = (gage output) (calib. factor), in-1bs
Sg = Elevon area, ft2
¢ = M.A.C. of elevon, in.
and:
. = HME

E ~ aS (6¢/2)

S = Reference area, ft2
Static pressure coefficients were calculated as shown below:

(Psi-Pso)

Cpi = qQ

where:
Psi = Local static pressure - psf
PSo = Tunnel static pressure - psf
y = Tunnel dynamic pressure - psf

22



DATA REDUCTION(Continued)

Wind panel normal force and pitching moment (about $6% body length) coef-
ficients were calculated as presented below:

where:

and:

where:

and:

Cs
P,

C

piL

Api

S

Cm.eslg

(o W]
1]

XCp

30 A .
Z (Cpiy -Cpi,) &+
1

Upper surface pressure coefficient
Lower surface pressure coefficient

Area of influence for Pi - ft

Reference area - ft2

20

9‘ )

Distance of tap from moment reference point-in.

Reference length-in.

o

T (c)

()
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DATA REDUCTION (Continued)

The foliowing reference dimensions and constants were used in data re-
duction.

Basic constants:

Symbo1l Definition Mode: Scale
S Reference area - ft2 4.412
b Reference span - in. 37.935
c Reference length - in. 19.230
Sg Elevon reference area - ft2 0.336
CE Elevon reference iength - in. 3.44
Ax Nacelle exit area - ft2 0.01278
XMRP Moment reference point on

X axis, in. 43.598
YMRP Moment reference point

on Y axis, in. 0.0
IMRP Moment reference point

on Z axis, in. -0.405

24
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DATA REDUCTION (Coricluded) ‘

Wing pressure constants Ap./S & 2;/¢:

1 ,
n = 0 1334 520 .663
Rpi S| T RpylS | IJE Rpi/S T HIE Bl T ApilS BE
X/C } f ? { -
15 1.0732 | .2821.0592 | .019'.0385 -.131 .0355 -.246 .0236 -.418
30 |.0489 | .065.0395 -122 .0236 -.247 1.0223 -.332 .0157 -.460
45 1.0489 ¢ -.152 T.usss -.263 .Uzh . -.363 .0223 -.419 .0157  -.502
.60 |.0889 | -.369..0395  -.404 .0236 -.479 '.0223 -.505 .0157 -.544
75 | .0489 ; 586 .0395 - 545 | .0236 595 0223 -.592 L0157 .58
.90 1.0489 | -.803 .0395  -.686.0236 -.711 '.0223 -.679 .-157 -.628
L ‘ ‘
Wing pressure chord constants:
FULL SCALE MODEL SCALE
n Y c ML MSTE Yoo oMsg MSTE
IN IN IN IN IN IN IN IN
0 0 687.5  836.5 1524.0 0 27.844 33.878  61.722
.33 156 505.5  992.0  1497.5  6.318  20.473 40.176  60.649
520 243 402.5 1079.5  1482.0  9.824  16.301 43.720  60.021
663 310 324.0 1146.0  1470.0  12.555  13.122 46.413  59.535
.876 410  206.0  1246.0  1452.0  16.605  8.343 50.463  58.006
1.000 468.3¢  137.5  1304.5  1442,0  18.968  5.569 52.832 ' 58.401
25
\ 3




T R A T R R T e T T T TR BT Ay

TABLE 1.
TEST ¢ O0A57A (NAAL 709) DATE ¢ 8/16/73
TEST CONDITIONS
REYNOLDS NUMBER DYNAMIC PRESSURE  |STAGNATION TEMPERATURE
MACH NUMSER (per umit length) (pounds/sq. ft.) (degrees Fahrenheit)
0.165 1.20 x 108/f¢. 40 psf

BALANCE UTILIZED:

NF
SF
AF
PM
RM
M

2.5 INCH MK IX DUMMY

CAPACITY: ACCURACY:

COMMENTS:  INSTRUMENTED TO RECORD WING, GROUND PLANE,
BASE PRESSURES AND ELEVON HINGE MOMENTS.

26
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TABLE TII.
MODEL COMPONENT DIMENSIONAL DATA

MODt. COMPONENT:  BODY - B16

GENERAL DESCRIPTION: -89B Fuselage

Scale Model = 0.0405

DRAHING NUMBER: VL72-000089

DIMENSIONS: FULL-SCALE MODEL SCALE

tength . in. 1328.30 53.796

Max. Width

\

Max. Depth ~in. 248.00 10.044
fineness Ratio
Area ~ftz

Max. Cross-Sectional 355.28 0.583

Planform
Wetted

Base

34




MODEL COMPONENT:

T R R TN S T TR

Canopy CS

TABLE III. - Continued.

S Rtche S

GENERAL DESCRIPTICN: -89B Canopy

Scale Model = 0.0405

DRAWING NUMBER:

VL70-000092

DIMENSIONS :

Length
Max. Width
Max. Depth
Fineness Ratio
Area
Max. Cross-Sectional
Planform
Wetted
Base

Sta. Fwd. Bulkhead, fus. sta.
Sta. T.E. , fus. sta.

35

FULL-SCALE

391.00
560.00

MODEL SCALE

15.836
22.680




TABLE III. - Continued.

MODEL COMPONENT: Eievon E18

GENERAL DESCRIPTION: Unswept llingeline Elevon used on Wing W87

Scale Model - 0.0405

DRAWING NUMSER: VL70-C00093

DIMENSIONS : FULL-SCALE
Area-ft2 205.52
Span (equivalent) 353.54
Inb'd equivalent chord 114.78
Outb'd equivalent chord 55.00

Ratio movable surface chord/
total surface chord

At Inb'd equiv. chord 0.208
At Qutb'd equiv. chord $0.400

Sweep Back Angles, degrees

Leading Edge 0.000

Tailing Edge -10.020

Hingeline ___0.000
3

Area Moment (Normal to hinge line) ft 1548.07

36

MODEL SCALE

0.

14

P—"

4

2.

_0.208

-10.

337

.310
.649

228

.400

.000

020

.000
.539

- L
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TABLE III. - Continued.

MODEL COMPONENT:  BODY - Flap - Fl

GENERAL DESCRIPTION: Body flap located on lower aft portion of

fuselage trailing edge.

Scale Model - 0.0405

DRAWING NUMBER: VL70-000003A

DIMENSTONS: FULL-SCALE MODEL SCALE
Length _236.54 _9.580
Max. Width
Max. Depth

Fineness Ratio
Area

Max. Cross»Sectional

Planform 199.75 _0.328
Wetted —
Base _
Plap LLE. fus. sta., in, 1528.30 61.896
Flap T.E. fus. sta., in. 1650.56 66.848
37




TABLE III. - Continued.

MODEL COMPCOMENT: Jet Plume Engine System JIS

GENERAL DESCRIPTICN: Four under-wing twin podded nacelles plus

one botton center line nacelle

SCALE MODEL = 0.0L0S

DRAWING “LMELR: SS-A00027
DIMENSIONS: Per Nacelle FULL-SCALE MODEL SCALE
Length - in. 231.580 9,379
Max. Width - in. 52.000 2.106
Max‘ Depth = in. 52.000 2.106
Fineness Ratio
Area
Max. Cross-Sectional - sq.in. 2123.717 3.483
Nozzle - sq. in. 1122.327 1.821
Wetted
Basze
OUTBOARD INBOARD CENTER
Forebody Ncse
Model Station - in. 38.880 38.880 38,8580
« Water Line - in. 10.328 10.328 9,577
Thrust Line ' .
Buttock Line - in. +11.138 + §.546 0
Incidence - deg. 4 4 4
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TABLE III. - Continued.

MODEL COMPONENT:  BODY - Jet Plume Engine System J24

GENERAL OESCRIPTION: Four uﬁder-wing separated nacelles plus one

bottom center line nacelle.

SCATE MODEL = 0.0k05

DRAWING NUMBER:

DIMENSIONS :

Length

Max. Width

Max. Depth

Fineness Ratio

Area
Max. Crosss-Sectional
Planform
Wetted

Base

Forebody Nose
Model Station - in.
Water Line - in.

Thrust Line
Buttcock Line - in.
Incidence - deg.

39

FULL-SCALE MODEL SCALE
231.580 9.379
52.000 2.106
52.000 2.106
2123.717 3.483
1122.327 1.841
OUTBOARD INBOARD
43.619 38.880
10.880 110.328
12,555 + 8.343

4 4

CENTER

38.88C
9.577

oo
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TADLE III. - Continued.

MODEL COMPONENT: Wing, W87

GENERAL DESCRIPTION: Double Delta Wing (75°/45° ALEN E

Scale Model = 0.0405

DRAWING NUMBER: VL70-000093

DIMENSIONS: FULL-SCALE MODEL SCALE
TOTAL DATA
2
Area-ft”
Planform 2689.38 4,411
Wetted )
Span (equivalent)-ft. _77.17 ~3.125
Aspect Ratio 2.214 2.214
Rate of Taper 1.176 7
Taper Ratio 0.209 % %08___
Diehedral Angle, degrees ¢X/C=75.33% 3.861 3.861
Incidence Angle, degrees 3.000 3.000
Aerodynamic Twist, degrees - -
Toe-In Angle -
Cant Angle -
Sweep Back Angles, degrees
Leading Edge ’ 44.873 44.873
Trailing Edge -10.247 -10.2472
0.25 Element Line 25,050 35.050
Choras:
Root (Wing Sta. 0.0) 690,19 27.953
Tip, (equivalent) 144,30 5,844
MAC 476,76 19.309
Fus. Sta. of .25 MAC 1136.12 _46.013
W.P. of .25 MAC 289,44 21,722
E.L. of .25 MAC 181.03 7.330
Airfoil Section -
Root - -
Tip - -
EXPOSED DATA - e —
frea- £ 2 1746.5. 2,865
Span, (equivalent) _f¢ . 59.16 _2.396
Aspect Ratio 2,004 2.004 _
Taper Ratio 0,256 0,256
Chords -in.
Root 562.77 22.792
Tip 144,30 5.844
MAC 394,81 15.990
Fus. Sta. of .25 MAC 1185.17
W.P. of .25 MAC . 291.56 11.848
B.L. of.ZZMAC 250.54 10.147
Leading Edge Cuff
it e (e e
E. t 2cts Fus. a. . .
L.E. IgtgggcCts Wing @ Sta. 1035.00 41.918

40




TABLE III. - Concluded.

MCDEL COMPONENT: Trensition Strips - X,

GENERAL DESCHZPTION:

Model Scale = 0.040%

Tyfpe R GLASS BEADS

DIMENSIONS:

FULL SCALE

LOCATIONS IN. AFT OF L.E.
(MZASURED STREAMWISE)

Fuselage
Wing
Vertical
Trimmer
Canopy
OMS Pod

WIDTH IN.

Fuselage
Wing
Vertical
Trimmer
Canopy
OMS Pod

HEIGHT IN.

Fuselage
Wing
Vertical
Trimmer
Canopy
OMS Pod

TSM 484 Exp. 11/27/73

'N/A

|

1]
|

MODEL SCALE
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