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SURFACE ROUGHNESS EFFECTS ON THE SUBSONIC AERODYNAMICS

OF THE ROCKWELL INTERNATIONAL 089B-139B ORBITER

by

George M. Ware & Bernard Spencer, Jr., NASA/LaRC

SUMMARY

An experimental test program has been conducted to determine the
effects of vehicle surface roughness on the subsonic aerodynamic charac-
teristics of a 0.01875 scale model of a Rockwell Internatioual Space
Shuttle Configuration. Surface roughness was simulated by spplying a
sparce coating of carborundum grit to the complete model. Various grit
sizes were investigated. Tests were conducted in the Langley Low Turbu-
jence Pressure Tunnel at a constant nominal Mach number of 0.25 with
Reynolds number varying from 2 to 12 x lO6 per foot. Angle of attack

vas varied from sbout -2° to 28° at 0° and 6° angle of sideslip.
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!!! NOMENCLATURE s
Genersl
SADSAC
SYMBOL SYMBOL DEFINITION
a speed of sound; m/sec, ft/sec |
Cp cp pressure coefficient; (p - Pw)/a
M MACH Mach number; V/a
P pressure; N/m?, psf ;
q Q(NSM) dynemic pressure: 1/2pV°, N/m’, psf ,
' Q(PsF) .
; RN/L RN/L unit Reynolds numoer; per m, per ft
1 v velocity; m/sec, ft/sec
i a ALPHA anzle of attack, degrees
; B BETA angle of sideslip, degrees
: 1] P31 engle of yew, degrees
¢ PHI angle of roll, degrees
P mass density; kg/m3, slugs/ft3
Reference & C.G. Definitions
Ab . base ares; m-, ft
b BREF wing spsn or reference span; m, ft
C.gs center of gravity
4REF LREF reference length or wing mean
c aerodynamic chord; m, ft
S SREF wing ares or reference sares; m2, £t
MRP moment referenée point
XMRP moment reference point on X exis
MPP moment reference point on Y axis
ZMRP moment reference point on Z exis ‘E
SUBSCRIPTS
base
lccal

static conditions
total conditions
free stream

gt o PO
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NOMENCLATURE (Continued)
Rody-Axis System
SADSAC
SYMBOL SYMBOL DEFINITION — ‘
Cn CN normal-force coefficient; '_‘Er_“‘;é_mﬁi A ‘
q |
Cp CcA axial-forcze coefficient; ﬁl_s&’?ﬁi
q §
, Oy cY side-forve coefficient; Side force E
S
! q
! Cay, CAB base-force coefficient; ‘_’E.Efe_sﬁ’i?ﬁ
q
-Ab(pb = pm)/qs
CAf CAF forebody axial force coefficlent, Cp - CAb
fr Cn CIM pitching-moment coefficient; pitching moment
( aslper
g Cy CYN yawing-moment coefficient; E‘L“‘%%?P_e_n_f:
) . q
i
! of CBL rolling-moment coefficient; rollingbmoment
§ q
: i Stability-Axis System
cL cL 11ft coefficlent; LiLE
asS
Cp CD drag coefficient; drag
qS
CDD CDB base-drag coefficient; .@_s.g.sirﬁﬁ
CDf CDF forebody drag coefficient; Cp - CDb
Cy cY side-force coefficient; Elésagezss
CIM pitching moment coefficient; Pitchiﬂﬂ;igeent
, q5EREF
" CIN yawing-moment coefficient; mﬂ.&%&ﬂ.ﬂaﬁ
cp CSL rolling-moment coefficient; roll:%&mnt

L/D L/D 11£t-to-drsg retio; Cr/Cp
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4 NOMENCLATURE (CONCLUDED)

g ADDITIONS TO STANLARD LIST

&

%E SYMBOL PLOT DEFINITION

5 SYMBOL

? Se ELEVTR elevon deflection angle for pitch controlj posi-
z tive deflection trailing edge down, degrees.

;

¥ SRF RUDFLR split-rudder deflection angle for speed control;
x positive deflection trailing edges outboard,

~ included angle, degrees

¥

& Cys nCY/DB side force coefficient derivative with beta,

i 3Cy/3B, per degree

b

? Cne DCYNDB yawing moment coefficient derivative with beta,

3C,/98, per degree

Cq DCBLDB rolling moment coefficient derivative with beta,
3Cy /38, per degree

K K surface roughness height
K/% K/L ratio of roughness height to model body length
- GT-LOC surface roughness (grit) location;

1 - applied over complete model

2 - applied in strips on 1ifting surfaces

3 - applied to only half of model

(refer to Test Conditions Section for complete
description.)

[4 L model body length
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TEST FACILITY DESCRIPTION

The tests were conducted in the Langley Low-Turbulence Pressure
Tunnel, which 1s a variable-pressurc, single return facility with a
closed rectangular test section that is 0.914 meter (3.00 ft.) wide and
2.290 mceer (7.50 £t.) high. The tunnel can accommodate tests in air

at low subsonic Mach numbers and at a Reynolds number per unit length

up tc akout 49.2 x 106 per meter (15.0 x 100 per foot).
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Tunnel conditions =xisting during the test are summarized in Table I.
The model was sting supoorted, with aerodynamic forces and moments meas-
ured by an internally mounted six-component strain gage balance. Model
angle of attack was varied from about -2° to 28° for angles of sideslip of
0° and 6°.

Venicle surface roughness wa3 simulated by applying a relativel
sparce coating of carborundum grit over the complete model. This overall
roughness is referred to -s acreage roughness (grit location no. 1).
Various grit sizes were used to investigate the potential effects of rough-
ness on the subsonic aerodynamic characteristics of the orbiter configura-
tion. For comparison purposes, the model was also tested with no fixed
transition, and with transition fixed in the aormal manner by thin strips

of no. 120 grit .87 inches aft of the leading edge or the wing, vertical

Y v M v . N Eemw W

tail, and 1.0 inch aft of the nose (grit location no. 2). As a most ex-

treme case, the largest size grit was applied to one-half of the model

PP e e . T 2T - v

l\'(,
i
§
%
f:ﬁ'
%ﬁ and the other half was left clean (grit location 3). The grit sizes and
% the type of application tested are as follows:




GRIT NO. | K, in. | " TYPE [ GRIT LOCATION &
220 .0029 1.20 x 167% | Acreage 1
120 L5049 2.03 x 10°% | Transition Strips 2
160 .0059 2.44 x 10°% | Acreage 1
46 .0165 6.82 x 1074 Acreage 1
46 L0165 6.82 x 1074 Acreage on 1/2 l 3
-
CONFIGURATION INVESTIGATED .

The configuration tested was a 0.01875 scale model of a blended
Rockwell International shuttle configuration. The model consisted of a
089B configuraticn with a 139B configuration nose forward of F. S. 500.

A sketch and a photograph of the nmodel is shown in figures 2 and 3, respec-
tively. Most of the subsonic te: -s were conducted with the rudder boat-
tailed tc fcrm a diamond crose se “ion vertical tail. Elevon deflections
of 0° and
figurations investigated while Table II1 gives pertinent dimensional in-

formation for all medel components.

DATA REDUCTION

A LaRC 832-B six-component strain gage balance was used to measure
model aerodynamic forces and moments. All final data were presented along
a set of body and stability axis passing through the nominal center of

gravity located at F.S. 1076.48 or 65 percent of the body length (see
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figure 2). Model data were converted to standard NASA coefficients using
the following constants.
Reference Area, Spef = wing planform area = 0.9457 fr.?
Reference Length, Eref = wing mean areodynamic chord = 8.9025 in.
Reference Span, bref = wing span = 17.5628 in.
Vehicle surface rcughness was nondimensionalized by the model body length
i = 24.193 in. The drag data presented herein is gross drag in that base
drag is included. Tabulated and plotted base pressure coefficients gre

presented however, if corrections are desired.
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TABLE I. - TEST CONDITIONS F -

TEST ¢ LTPT 130 & 135 DATE ¢ May, 10 ) 5 |
TEST CONDITIONS lf |
REYNOLDS NUMBER DYNAM C Pret€URE  KSTAGNATION TEMPERATURE &
MACH NUMBER (per unit length) (pounds. =2 i€n) (degrees Fahrenheit) ﬂ
0.25 2 x 106 9. 95° ;
0.25 4 x 100 1.597 95° “
0.25 & x 106 2.375 95°
0.25 8 x 106 3.09C 95°
9.25 10 x 106 3,938 95°
0.25 12 x 108 4.201 95°
BALANCE UTILIZED: 832-8
COEFFICIENT
CAPACITY: ACCURACY: TOLERANCE:

NF _1000 1b 15 1b ]

S 250 1b +1.25 1b

AF 85 1b + .43 1b

oy ) +10.00 in-1b

22000 ip-1h — : —_

R 1000 in-1b +5.00 in-1b ____

- 500 in-1b + 2.50 in-1b
COMMENTS:
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TABLE TII.

MODEL, COMPONENT DIMENCGIONAL DATE

BODY -

089B-1Q9B(Modified Nose)

GENERAL DESCRIPTION:

Nose section from full-scale station 238.0 to STA. 500

from NAR drawing VL70-000139B.

Remaining body AFT of STA 500 from NAR

drawing VL70-000093

GRAWING NUMBER:

VL70-090093

DIMENSIONS:

Length

Max. Width

Max. Depth

: Fineness Ratio

Area
Max. Cross-Sectional
Planform
Wetted

Base

1%

FULL-SCALE

1290.3

265.0

\

248.0

\

4.869

1

456.40

i

.01875
MODEL SCALE

24,193

4.969

et

4.650

e

4.869

n———————————

0.1605

il




TABLE III. {CONTINUED)

MODEL COMPONENT: ELEVON

D -
- w '
é‘ GENERAL DESCRIPTION: _CONFIGURATION PER LINES VL70-000093
;; DATA FOR (1) OF (2) SIDES
MODEL SCALE = 0.01875
DRAWING NUMBER: VL70-000093 _
g DIMENSIONS : Fl L-SCALE MODEL_SCALE
;, Area 205.517 0.0723
Span (equivalent) 353.34 _6.625
é’ Inb'd equivalent chord 114.78 2.152
;; Outb'd equivalent chord 55-00 1.031
ﬁﬁ Ratio movable surface chord/
M total surface chord
f; At Inb'd equiv. chord -208 -208
ig At Outb'd equiv. chord -400 -400
A Sweep Back Angles, degrees
Leading Edge ___0.00 _0.00
Tailing Edge -10.02 -10.02
k Hingeline o 000
‘fi Area Moment (Normal to hinge line)-F¢3 1548.07 0.0102
= .

o ek @
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TABLE TII. {CONTTNUED)

MODEL COMPONENT: WING 3

ON: Orbiter Configuration per lLines VI.70-000093.

NOTE: (Dihedral angle is defined at the lower surface of the wing at the 7>.33%

element line projected into a plane perpendicular to the FRL).

SCALE MODEL = 0.01875

DRAWING NUMBER: , VL70-000093
DIMENSIONS: FULL-SCALE MODEL SCALE
TCTAL DATA
Area
Planform 2690.00 0.9457
Wetted = mmmm——== mmee—mee
Span (equivalent) _ 036.68 17.56
Aspect Ratio . 2.265 2.265
Rate of Taper __1.177 1.177
Taper Ratio 0.200 0.200
Diehedral Angle, degrees . 3.500 3.500
Incidence Angle, degrees ___3.000 3.000
Aerodynamic Twist, degrees +3.000 ~$3.000
Toe-In Angle
Cant Angle
Sweep Back Angles, degrees »
Leading Edge ' 45.000 45.000
Trailing Edge -10. -10.24 B
0.25 Element Line . 35.209 35.7209
Chords: - _—
Root iuing Sta. 0.0) 689.24 12.923
Tip, (equivalent) T37.85 — 2.
MAC 474 .81 8.903
Fus. Sta. of .25 MAC 1136.89 21.317
W.P. of .25 MAC *299.20 5.610
B.L. of .25 MAC 182.13 3.415
Airfoil Section R —
Root -
Tip
EXPOSED DATA
Area 1752.29 0.6160
Span, (equivalent) ;%0 68 13.513
Aspect Ratio 2.058 2.058
Taper Ratio 0.2451 0.2451
Chords
Root 562.40 10.545
Tip 137.85 2.585
MAC ) 393.03 7.369
Fus. Sta. of .25 MAC 1185.31 22.224
W.P. of .25 MAC 300.20 5.629
B.L. of .25 MAC 143.76 2.700

16
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TABLE III. (CONTINUED)

MODI.L COMPONENT: Vertical Tail

GENi .RAL DESCRIPTION: Centerline vertical tail double wedggggirfoil with

rounded leading edge.

Scale Moael = 0.01875

DRAIING NUMBER: VL70-000095

DIMINSTONS : FULL-SCALE MODEL SCALE
Area (theo) fr.? 413.25 0.145
Span (equivalent) 315.72 5.920
Inb'd equivalent chord 268.50 5.034
Outb'd equivalent chord 108.47 2.034

Ratio movable surface chord/
total surface chord

At Inb'd equiv. chord
At Qutb'd equiv. chord

1

Sweep Back Angles, degrees

Leading Edge 45 45
Tailing Edge 26.249 26.249
Hingeline _

|

Area Moment (Norma) to hinge line)

R e —




TABLE III. {CONCIUDED)

COMPONENT : RUDDER

GENERAL DESCRIPTION: CONFIGURATION PER T.INES VL70~-000095

SCALE MODEL = 0.01875

18

| DRAWING NUMBER: VL70-000095
; ; DIMENSIONS ;. FULL-SCALE MODEL SCALE
% Area 106.38 _0.0374
L Span (eguivalent) 201.0 3.769
é ? Inb'd equivalent chord 91.585 1737
é . T Outb'd equivaleat chord 50.833 0.953
@ | Ratio movable surface chord/
total surface chord
At Inb'd equiv. chord 0.400 0. 400
At Outb'd équiv. chord ___0.400 0.400.
Sweep Back Angles, degrees
Leading Edge 34.83 34.83
Tailing Edge 26.25 26.25
Hingeline 34.83 34.83
Area Moment (Normal to hinge line)-Ft3 526.125 0.0034
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Figure 3. - Photograph of Model.
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