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SURFACE ROUGHNESS EFFECTS ON THE SUPERSONIC AERCDYNAMICS

OF THE ROCKWELL INTERNATIONAL 089B-139 ORBITER

by

George M. Ware and Bernard Spencer, Jr.
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SUMMARY

An experimental test program has been conducted to determine the

effects of vehicle surface roughness on {he supersonic aerodynamic charac-

teristics of a 0.01875 scale model of a Rockwell International space shuttle

configuration. Surface roughuness was similated by applying a sparse coating ;

of carborundum grit to complete model. Various grit sizes were investigated.

The tests were conducted in the Langley Unitary Plan Wind Tunnel at Mach
pumhars from 1.60 to 4.63. The angle of attack was varied from about -2° §
to as mach as L2° at 0° and +3° of sideslip. The angle of sideslip was

varied irom -8° to 8° at angles of attack from 0° to 40°.

These tests were two i a seriesg of geveral tests to determine the

effects of surface roughness on the orbiter aserodynamic characteristics

over the complete Mach number range. Data Management System reports cover-

ing the cther data are:

et s 4 pOA
 wx

DMS-LR--2056 Low epeed results, M = .25
DMS-DR-2040 - | Transonic results, M = .35 to 1.20
DMS-DR-20T9 Hypersonic results, M = 6

141
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General
SADSAC
SYMBOL SYNBOL DEFTAITION
8 speed of sound; m/sec, £t/sec
Cp CP pressure coefficlent; (p - po)/a
u MACE %ach number; V/a
» pressure; N/n°, pst
) Q(nﬂ(g dynemic pressure; 1/2p¥2, Eju?, pse
Q(PSF
RN/L RN/L unit Reynolde number; per m, per ft
v velocity: m/sec, ft/sec '
a ALPEA srgle of attack, degrees
B BETA angle of aideslip, degrees
/] P8I angle of ysw, degrees
¢ PHI sngle of roll, degrees
P mees density; ka/md, slugs/ft3
Reference & C.G. Definitions
Ap . base sree; m2, £t
b BREF ving span or reference span; m, e
C.8e center of gravity
‘;n&" IREF reference length or wing mesn
c serodynamic chord; m, 41
8 SREF vipg area or reference sres; w2, £t?
MRP . moment referen-ce point
XMRP : moment refersnce point on X exis
YMRP moment reference point on Y sxis
ZMRP woment reference point on 'z axis
SUBSCRIFIB
b base
1l local
8 stetic comditions
t total conditicva
« free stresm
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SYMBOL

CIM

CBL

CL

Cch

DB

COF

CY

CIM

CLN

-y

NOMENCLATURE (Continued)

B_o__dx-Axis Systeuw

DEFINITION

norwma)l force

normal-force coefficient; 3
q

¢; axisl force
q8

axial-force cosfficlen

side-force coafficient; __.51'1“: orce

bnse-force coafficlent; b_a.ﬁf_f‘_%':‘.
q8
~Ap(Pp - Pw)/2S

forebody axial force coefficient, Cy - CAb

pitching-moment coefficient; pitching moment

9SLREF
yawing-mowent coefficient; l&'}ﬁ%_m.nﬁ
q
rolling-moment coerricient; rolling moment
¢ 1=}

Stability-Axis System

1ift coefficlient; _1_%‘1

drag coefficient; d_%g.ﬁ
buse-drag coefficient; bas;sdms

torebody dreg coefficient; Cp - CD_-,

side-Torce coefficient; side force

qS
pitching-moment coefficient; pitching moment
Bfeer -

yawing-moment coefficient; Eﬂ-ﬂgﬁ;‘@ﬂﬁ

rolling-moment coefficlent; rolling moment
2t

1if%-to-drag retio; Cp/Cp

1ift t¢ farebody drag ratio; CI/"D:
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K2

Cn

SYMBOL

®L1,0

Seps o

SADSAC
SYMBOL

AILRON

GT-10C

K"

AL SWP

CPC
CPB
CPB1,CPB2

DCY/DB

DCYR]B

NOMENCTAMRE {Cantinned)

DEFINITION

seft inboard/outboard elewvon surfece deflzction
angle, positive deflection trailing edge down;
degrees.

right inboard/outboard elevon surface deflection
angle, poeitive deflection trailing edge down;
degrees.

eievator, surface deflection angle, positive
deflection trailing edge down, ‘egrees,

(GeLI,O + 6eRI,O)/2

aileron, aileron deflection angle, degrees,
(6eLo - 6ego)/2

grit location (refer to Test Conditions).

roughness heizht.
ratio of rovghness to model body length.

direction of alpha sweep, 1.0 = negative to
positive sweep, 2.0 = positive to negative sweep.

cavity pressure coefficient.
base preasure coefficient for UPWT 103k,
base rressure coefficients for UFWT 1023.

side force coefficient derivative with respect to
beta. Algebraic difference of the side force coef-
ficient of two runs divided by the algebraic dif-
ference of the side slip anaie of the runs; per
degree.

yaving moment coefficient derivative with respect
to beta. Algebraic difference of tne yawing moment
coefficlent of two runs divided by the algebraic
difference of the side slip ungle of the yuns; body
axis systen; per degree.




SYMBOL

Cq

¥ia

Cléa

Cngg

SADSAC
SYMBOL

DCBLDB

DCY/DA

DCBLDA

DUYNDA

NOMENCLATURE (Concluded)

DEFINITION

rclliag moment coefficient derivative with respect
to beta. Algebraic difference of rolling moment
coefficient of two runs divided by algebraic dif-
ference of side slip angle of the runs; body axis
system; per degree.

gide force coefficient derivative with respect to
total aileron deflection. Algebraic difference of
the side force coefficients of two runs daivided by
the algebraic difference of the total aileron
deflection angle of the runs; per Cegree.

rolling moment c-efficient derivative with respect
to total aileron deflection. Algebraic difference
of the roliing moment coefficient of two runs
divided by the algegraic difference of the total
aileron deflection angle of t runs; body axis
system; per degree.

yawing moment coeffict... derivative with respect

to total aileron defiection. Algebraic difference

of the yawing moment coefficient of two runs divided
by the algebraic difference of the total aileron
deflection sugle of the runs; body axis .ystem;

ner degree.
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TEST FACILITY DESCRIPTIOKR

The NASA LaRC 4 Foot Unitary Plan WinC Tunnel (UPWT) is a closed-
~ircuit, contin.ous flow, variable density facility. The test section
is 4 reet by " feet long.

Two tunnel legs are available for supersonic testing in the Mach
number ranges 1.47 to 2.86 (Leg No. 1) and 2.29 to 4.63 (Leg No. 2).
Both tunnel legs were used for this test. An asymmetric, sliding block
nozzle position and total pressure setting provide the test Mach numbers
at a specified Reynolds number. Reynolds nur er can be varied from 0.76
to 7.78 million per foot. Availoble stagnation pressure variastion is
4.0 to 142. psia. Dynemic pressure variation is 95. to 1260. psf with
normal operating stagnation temperature about 150°F in Mach modes 2 or 3
and about 175°F in Mach mode 4. The tunnel is equipped with a dry air
supply, aan evacuating system, and a ~ooling cystem. The fecility power
is approximately 83,000 horsepower.

Model mounting provisions consist of various sting arrangements,
including axial (iongitudinal), lateral (independent pitch and yaw),
and roll movement with side wall support. A Schlieren system and oil
flow visuslizaticn equipment are available. Data are recorded at the
tunnel and reduced off-line at the Langley Computer Center. The tunnel
ig used for force and moment, pressure, and dynamic stability tests.

Hot and cold jet effects and heat trausfer have been studied in the UPWT.

e e — e ——n

e e IRy o—s
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TEST CONDITIONS o

; Tunnel conditions existing during the test are summarized in Table I.
The model was sting supported, and the aerodynsmic forces and moments were
measured by an interrally mounted six-cowponent strain gage balance. Model
angle of attack was varied from about -2¢ to as much as 42°. Reynolds
pumber was held constant at 1.5 x 106 per foot for M = 1.6, 1.9, and2.36
and 2.5 x 10% for M = 4.63.

Yehicle roughness was simulated by applying a relatively sparse
coating of carborundum grit over the complete model. This overall rough-
ness is referred to acreage roughness {grit location no. 1). For coumpari-
son purposes, the model was also tested with no fixed transition and with

transition fixed in the normal manner by thin strips of no. 46 grit .25

3o

inches aft of the leading edge of the wing, vertiial tail, and 1.0 inch

aft of the nose (grit location no. 2). As a most extreme case, grit was
applied to one-half of the model and the other half was left clean (grit
lc-~gtion 3). The grit size and the type of application are indicated in

the rfollcwing table,

GRIT LOCATION

GRIT NO. K, in. K/ TYPE NO.

P s Tt~ S CLL S =S S
46 .0165 6.82 x 10°4  Normal Trans. Strips 2
46 .0165 6.82 x 10°%  Acreage 1

(4

46 .0165 6.82 x 1074 Acreage on 1/2




CONFIGURATICN INVESTIGATED

The configuration tested was a 0.01875 scale model of a blend of
Rockwell International shuttle configurations. The model consisted of a
039B configuration with a 139B configuration nose forward of F.S. 500.

A sketch and a photograph of the model are shown in figures 2 and 3, re-
spectively. Most of the supersonic tests were made with the rudder flared
‘o form & 10°/40° wedge vertical tail. Tests were made with 0° and -20°
elevon deflections and with 10° of aileron superimposed on -20° elevon

deflection.

DATA REDUCTION

A LaRC 632-B six-component strain gage balance was used to measure
wmodel forces and moments. All final data were presented along a set of
body and 3tability axes passing through the nominal center of gravity

located 2t F.S. 1076.48 or 65 perc:nt of the body length. Model data

were converted to standard NASA Coefficieuts using the following constants.

Reference Area, S = wirg planform area = 0 o457 £t.2

ref

Reference Length, &ref = wing mean aerodynamic chord = 8.9025 in.

Reference Span, bref = wing span = 17.5628 in.
Vehicle surface roughness was nondimensionalized by the model body length,
£ = 24.193 in. The drag data presented herein is gress drag in that base
drag is included. Tabulated base pressure coefficients are presentec

however, if correctinnsg are desired.

11




TABLE I.
TEST ¢ UPWT 1023 & 1034 IDATE
A [}
TEST CONDITIONS ) |
§
REYNOLDS NUMBER DYNAMIC PRESSURE  [STAGNATION TEMPERATURE]
MACH NUMBER (per unit length) (pounds/sq. inch)  §  (Cegrees Fahwenheit)
1.60 1.5 x 106 2.500 RS
1,90 1.5 x 106 2..500 |
2.36 1,5 x 106 2.333 o
: 4,63 2.5 x 106 2,014
f
—
|
i
|
A !
i
|
|
BALANCE UTILIZED: 832-B
COEFFICIENT
CAPACITY: ACCURACY: TOLERANCE:

NF 1000 1b 150

" 250 11 + 1.25 1b

AF 85 1b * 0.43 1b

Py _20C0 in-1b 10,00 in-1b

R 1000 _in-1b + 5.00 in~1b

™ _-500 in-1h +* 2.50 inilb

COMMENTS:
12
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TAELE LII. ‘ﬁ R

MODEL COMFONEND DIMENSIORAL DATA

MODEL COMPONENT:  BODY - 089B-139B(Modified Nose) p

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

PRI S

~

fffm NAR drawing VL70-000139B. Remaining body AFT of STA 500 from NAR

o

drawing VL70-000093

DRAWING NUMBER: VL70-000093 :
, .01875 ’
DIMENSIONS: FULL-SCALE MODEL SCALE :
Length _13?0.3 24.193 é
Max. Width _265.0 4.969
: Max. Depth 248.0 4.650 f
Fineness Ratio ~ 4.869 4.869 {
Area
Max. Cross-Sectional _456.40 0.1605
Planform - !
Wetted | ) | 1
Base ] &
-
g
17 '




TABLE III, (CONTIMJED)

MODEL COMPONENT: ELEVON

LY

GENERAL DESCRIPTION: CONFIGURATION PER LINEJ VL70-000093

DATA FOR (1) OF (2) SIDES

MODEIL, SCALE = 0.01875

DRAWING NUMBER: VL70-000093

DIMENSIONS : FULL-SCALE
Area _205.517
Span (equivalent) 353.34
Inb'd equivalent chord 114.78
Outb'd equivalent chord 55.00

Ratio movable surface chord/
total surface chord

At Inb'd equiv. chord .208
At Outb'd equiv. chord . 400

Sweep Back Angles, degrees

Leading tdge 0.00
Tailing Edge -10.02
Hirgeline 0.00

Area Moment (Normal to hinge line)-pt3 1548.07

18

MODEL SCALE

0.06723

6.625
2.152

1.031

.208

.40Q

0‘00
-10.02

0.00

_0.0102
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TABLE III. (CCITINVED)

MODEL COMPONENT: _ WING S

GENERAL DESCRIPTION: Orbiter Configuraiion per Lines VL70-000093.

NOTE: (Ditedial angle is de d at the lower surface of the wing at the 75.33%

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

5CALE MODEL = 0.01875

e R MR o A S 4 RO B S 0
g e B B g g

DRAWING NUMBER: . VL70-000093
DIMENSIONS: FULL-SCALE MODE. SCALE
TOTAL DATA
Area
Planferm 2690.00 0.9437
Wetted _ m—m—m | mmm——e=e=— ,
Span (equivalent) "936.68 17.56 . i
Aspect Ratio _ . 2,285 2.265 P
Rate of Taper ' o 1.177 1.177 Py
Taper Ratio 0.200 _ 0200 .
Diehedral Angle, degrees , 3.500 ~ 3.500 .
Incidence Angle, degrees 3,000 3.000 P
Aerodynamic Twist, degrees +3.000__ 3000 P
Toe-In Angle _ -
Cant Angle 3
Sweep Back Angles, degrees
Leading Edge _ 45.000 45.009 i
Trailing Edge -10.24 06.24
0.25 Element Line . 35. 200 35,209 :
Chords: : — %
Root (Wing Sta. 0.0) '~ 689,24 12.923 -
Tip, (equivalent) I37.85 Z.565 :
MAC : 474.81 8.903 :
Fus. Sta. of .25 MAC 1136.8% 21.317
W.P. of .25 MAC . Y239.20 .610 {
- B... of .25 MAC 182.13 3.415 }
Airfoil Section — —_—
Root :
Tip : '
EXPOSED DATA : A
Area - : 2.2 _0.6160
Span, (equivalent] ' . 13513
Aspect Ratio __2.058 2.058
Taper Ratio 0.2451 —0.2451
Chord: —
Ront . - _562.40 _10.545
T .. 137.85 2,585
mAC ' _393.03 7.369
Fus. Sta. of .25 MAC ; . _1185.31 22.224
H.P. of .25 MAC 300.20 5.629
B.L. of .25 MAC ~343.76 2.700
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TABLE IIT. (CONTINUED)

MODEL COMPONENT: Vertical Tail

GENERAL DESCRIPTION: Centerline vertical tail double wedge airfoil with

rounded leading edge.
Scale Model =‘0.01875
DRAWING NUMBER: VL70-000095
DIMENSIONS: FULL-SCALE MODEL SCALE
Area (theo) ft.2 413.25 0.145
Span (equivalent) _315.72 5.920
Inb'd equivalent chord 268.50 5.034
Outb’'d equivalent chord 108.47 2.034
2 Ratio movable surface chord/
o tetal surface chord
; At Inb'd equiv. cherd )
| At Outb'd equiv. chord o L
Sweep Back Angles, degrees
Leading Edje 45 4>
Tailing Edge __26.249 _26.249
Hingeline
Area Moment (Normal to hinge 1ine)
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TABLE ITI. (CONCLUDED)

5 -%l?wg-‘:f-» s

MODEL COMPONENT: RUDDER
GENERAL DESCRIPTION: CONFIGURATION PER LINES VL70-000095
SCALE MODEL = 0.01875 _%
DRAWING NUMBER: VL70-000095 i
DIMENSIONS: FULL-SCALE MODEL SCALE
Area 106.38 0.0374 f
—_— _9.037% 7
Span (equivalent) 201.0 3.769 z
Inb'd equivalent chord ___91.585 1.717 i
Outb'd equivalent chord __50.833 0.953 }

Ratic movable surface chord/
total surface chord

i i ST S

At Inb'd equiv. chord 0.400 0.400
A4 Qutb'd equiv. chord 0.400 0.400,

Sweep Back Angies, degrees

Leading Edge 34.83 34.83
Tailing Edge 26.25 26.25
Hingeline 34.83 34.83
Area Loment (Normal to hinge line)-Ft> _526.125 0.C034
21
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APPENDIX

TABULATED SOURCE DATA
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f T Plotted data tabulaticns are available
- from the DMS on request.
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TABULATEE SOURCE CATA LARC 1023/1 i34

CATE 31 OCT 73

(RFE8122) (20 IN T3 )

LA-8A LARC UPWT 1034 NAR D698-MOD. NOSE ORS8ITER

PARMCTRIC DAYA

REFERENCE DATA
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RLCALR =
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Naidl
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eTLOC =
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YMRP =
17.5628 INCHE3S 2MRF =

0188 SCALE

136.1608 $4.1IN, XMRF 3
8,.9092% 1'KHES

1343

-5,007 $5.99

1.51 GRADIENT INTERVAL =

RUN NO. 85/ 0 RNA =

IIIII
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1.0 GRACIENT INTERVAL = -5.00/ 3.00

et/ 0 RNA =

RUN NC,
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