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_ SURFACE ROUGHNESS EFFECTS ON THE SUBSONIC AERODYNAMICS

_ OF THE ROCKWELLINTERNATIONAL089B-139BORBITER

_: 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 _pplylng a

sparce coating of carborundum grit to the complete model. Various grit

sizes were investigated. Tests were conducted in the Langley Low Turbu-

leDce Pressure Tunnel at a constant nominal Mach number of 0.25 with

Reynolds number varying from 2 to 12 x 106 per foot. Angle of attack

was varied from about -2° to 28° at 0° and 6° angle of sideslip.
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db.
NOM._NCIATJRE "

General

SADSAC

SYMBOL SYMBOL D_'INITION

s speed of sound; m/see, ft/sec

Cp CP pressure coefficient; (Pl - P_)/q

M MACH Me ch number; V/s

p pressure; N/m 2, psf

q QCN_M) dy, mmic pressure: 1/2,% "?, N/m _], psf 'tQ(PSF)

RN/L RN/L un._[tReynolds number; per m, per ft

V velocity; m/see, ft/sec

(X ALPHA an_le of attack, degrees

BETA anl_le of sideslip, degrees

PSI sn_le of yaw, degrees

PHI angle of roll, degrees

p mass density; kg/m 3, slugs/ft 3

Reference & C.G. Definitions

Ab , base ares; m2, ft2

b _EF wing span or reference span; m, ft

e.g. center of gravity

&EF LREF reference length or wing mean
aerodynamic chord; m, ft

S SRE? wing ares or reference area4 m2, ft?

MRP moment reference point

XMRP moment reference point on X sxls

_MP2 m_ent reference point on Y axis

Z24RP moment reference point on Z axle

_]3SCRIPTS
b b_se

1 local _/
s static conditions _i,

t total conditions !i_
free stream

: 5
:) •

i:

t .
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NCME_ClA_JRE (Continued )

Bod_-AxA s System

SADSAC

SYMBOL S_4BOL D_TI0_ m--

CN _ normal-force coefficient; norm i forceqS

CA CA axial-forte coefficient_ axial forceqS

Gy CY slde-force coefficient; side forceqS

CAb CAB base-force coefficient; base forceqS

-Ab( -p®)/qS

CAf CAF forebody axial force coefficient, CA - CAb

tm CEM pitching-moment coefficient; pitchingqs_R_moment

.. C,n CYN yawing-moment coefficient; yawin 6 momentqSb

C# CBL rolling-moment coefficient; rollin_ momentqSb

Stability-Axis System

CL CL lift coefficient; llftq8

CD CD drag coefficient;
qS

% CDB base-drag coefficient; bsse_sdrsg

CDf CDF forebody drsg coefficient; CD - CDb

Cy CY side-force coefficient; side forceqS

Cm CIAM pitching, moment coefficient; pitching _aoment
q_R_

Cn CI_ yawing-moment coefficient; _ewing momentqSb

C_ CSL rolling-moment coefficient; rollingqSbmoment

L/D L/D lift-to-drag rstio; CL/C D

i)
6

m
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NOMENCLATURE (CONCLUDED)
r_

:' ADDITIONS TO STANLARD LIST

.. SYMBOL PLOT DEFINITION

_:,'_ SYMBOL

_ 6e ELEVTR elevon deflection angle for pitch control; posl-

rive deflection trailing edge down, degrees.

6RF RUDFLR split-rudder deflection angle for speed control;

positive deflection trailing edges outboard,
'_ included angle, degrees

i CyB DCY/DB side force coefficient derivative with beta,_Cy/_, per degree

" CnB DCYNDB yawing moment coefficient derivative with beta,

8Cn/88 , per degree

C£8 DCBLDB rolling moment coefficient derivative with beta,
_C_/_, per degree

K K surface roughness height

K/£ K/L ratio of roughness height to model body length

- GT-LOC surface roughness (grit) loca_:ion;

i - applied over complete model

2 - applied in strips on lifting surfaces

3 - applied to only half of model
(refer to Test Conditions Section for complete

description.)

L model body length

e 7
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T_T FACILITY DESCRIFCION

The tests wer_ conducted in the Langley Low-Turbulence Pressure

Tunnel, which is a variable-pressure, single return facility with a

closed rectangular test section that is 0.914 meter (3.00 ft. ) wide and

2.29C_muoer (7.50 ft. ) high. The tunnel can accommodate tests in air

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

up to about 49.2 x lO6 per meter (15.0 x l06 per foot).

)
8
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Tunnel conditions ,_xisting during the test are summarized in Table I.

The model was sting supported, with aerodynamic forces and moments meas-

ured by an internally mounted six-component strain gage balance. ModeJ

angle of attack was varied from about -2 ° to 28° for angles of sideslip of

0° and 6 °.

: Vehicle surface roughness _3 simulated by applying a relative]',

sparce coating of carborundum grit over the _omplete model. This overall

• roughness is referred to _s acreage roughness (grit location no, i).

• 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 slso tested with rio fixed

2' transition, and with transition fixed in the normal manner by thin strips

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

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

_ and the other half was left clean (grit location 3). The grit sizes and__ the type of application tested are as follows:

9
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GRIT NO. K, in. K/a TYPE GRIT LOCATIO}. ,,", J

1220 .0029 1.20 x 10 -4 Acreage 1

120 ,0049 2.03 x 10-4 Transition Strips 2

i00 .0059 2.44 x 10-4 Acreage 1

46 .0165 6.82 x 10 -4 _creage 1

46 .0165 6.82 x 10 -4 Acreage on 1/2 3

CONFIGURATION INVESTIGATED °

The configuration tested was a 0.01875 scale model of a blended

Rockwell international shuttle configuration. The model consiste6 of a

089B confjguraticn with a 139B configuration nose forward of F. S, 500,

A sketch and a photograph of the model 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 cross_ se "ion vertical tail. Elevon deflections

. _ _,,,_ L j COn-

figurations investigated while Table III gives pertinent dimensional in-

f_r_ation for all model componenta.

DATA REDUCTION

A LaRC 832-B six-component strain gage balance was used to measure

model aerodynamic forces and muments. 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

i

i i I I • -- •............... = -- aa_• ,,, ' _ "_._.v-z .d_.

I INITITI I N_n4 A



figure 2). Model data were converted to standard NASA coefficients using

: the following constants.F

:i Reference Area, Sre f = wing planform area = 0.9457 ft."

' Reference Length, _ref = wing mean areodynamic chord = 8.9025 in.

= wing span = 17.5628 in.i= Reference Span, bre f

,_: Vehicle surface roughness was nondimensionalized by the model body length
t_

_ = 24.193 in. The drag data presented herein is gross drag in that base

,_ drag is included. Tabulated and plotted base pressure coefficients_re

_ presented however, if corrections are desired.

_.
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TABLE I. - TEST CONDITIONS

TEST : LTPT"130 & 135 J pATE : _da.'y,_ _ )

TEST CON[_TIONS

REYNOLDSNUMBER DYNAMC P.E'_U,'RE ;TAGNATIONT_PERATURE

MACH NUMBER (pc;unitlength) (pounds.'::;:,01) , (de_eesFahrenheit)
m

0.25 2 x 106 .9:." 95°

0.25 4 x 106 1.597 95°

0.25 6 x 106 2.375 ' 95°

0.25 8 x 106 3.090 95°

_0-25 i0 x 106 3.938 95°

0.25 J2 x 106 4.201 95°

,,n

,=

•., ,,

m

--- lil

BALANCEUTILIZED: 832-B

COEFFICIENT
CAPACITY: ACCURACY: TOLERANCE:

+5 lb
NF i000 ib _L ":.

SF 250 lb +1.25 lb
85 ib + .43 ib

AF _
+I0.00 in-lb

P_ _

RM i000 in-lb __+ 5.00 In-lb

YM 500 in-lb + 2.50 In-lb"g Ill

COMMENTS:

.)

;i,!; 12
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TABLE Ill,

MODEL COMPONENT DI-M._;SIONAL DAT_

,._nc, COMDNNFNT. BODY - 089B-139B(Modified Nose) _ ,
&JL_- 0,0., .... . . .J

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

from NAR drawing VLTO-O00139B. Remaining body .AFT of STA 500 from NAR

drawing VL70-000093

DRAWINGNUMBER: VL70-000093

.01875

DIMENSIONS: FULL-SCALE MODEL SCALE

Length 1290.3 24.193

Max. Width 265.0 4.969

Max. Depth 248.0 4.650

FinenessRatio 4.869 4.869

Area

Max. Cross-Sectional 456.40 0.1605

Planform

Wetted

Base

i t il I II I I I I II II
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TABISnl. (cOm_mm)

i_ O MODEL COMPONENT: ELEVON ,

GENERAL DESCRIPTION: CONFIGURATION PER LINES VL70-000093
_. DATA FOR (i) OF (2) SIDES

_,:i MODELSCAI,E = 0.01875

I DRAWING NUMBER: v_70-000093
DIMENSIONS: Ft_L-SCALE MODELSCALE

Area 205.517 0.0723

Span (equivalent) 353.34 6.625

Inb'd equivalent chord 114.78 2.152

Outb'd equivalent chord 55.00 1.o31

Ratio _vable surface chord/
total surface chord

At Inb'd equiv, chord .208 .208

At Outb'd equiv, chord .4oo .4oo

Sweep Back Angles, de_rees

Leading Edge 0.0o 0.o0

Tailing Edge -lO.02 -10.o2

Hingeline 0.oo o.oo

Area Moment (Normal to hinge line)-Ft3 1548,07 0.0102 '

15

f

i I "rill .... i
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T#_BLEIll. ((:CIIfP!NUEI))

MODELCOMPONENT: WING _,

_,-.,,'_, nrernI_Tlh_|, fl,-_4t_1- Pnnf4o,r_tlnn npr l.lnoq VITO-OO(]Dq%Ud'_arl"_L_,._,l.,. I.,PLJ_AU a Auiq. _ ............ o ........ • ...........

NOTE: (Dihedral angle is defined at the lower surface of the wing at the 7).5],_

element line projected into a plane perpendicular to the FRI,).

SCALE MODEL = 0.01875

DRAWINGNUMBER: VL70-000093

DIMENSIONS: FULL-SCALE MODELSCALE

TOTAL DATA
!

Area
Planform 2690.O0 O.9457
Wetted

Span (equivaTent) _ 17.56
AspectRatio 2.265 2.265
Rateof Taper 1.177 1.177
TaperRatio o.200" _--
DiehedralAngle,degrees . , 3.500 3.-'_0-o'----
IncidenceAngle,degrees 3.000 3.000i

AerodynamicTwlst,degrees +3.000 +__3.000
Toe-lnAngle
CantAngle

SweepBackAngles,degrees
LeadingEdge 45.000 45.000
TrailingEdge ,1_.24 -10.24
0.25 ElementLine 35.209 35.209

Chords:
Root(WingSta.0.0) 689.24 12.923
Tip, (equivalent) _ 2.5B5
_C 474.81 8.903
Fus.Sta.of .25MAC 1136.89 21.317
W.P.of .25MAC " 299.20 5.610
B.L. of .25 MAC 182.13 3.415

AirfoilSection
Root
Tip

EXPOSEDDATA

Area 1752.29 0.6160

Span, (equivaTent) 720.68 -i3.513
Aspect Ratio 2.058 2.058
Taper Ratio 0.2451 ""0.245i
Chords

Root 562.40 I0.545 ._

Tip 137.8_ 2.585 ?
MAC 39_ .03 7.369 ,_.
Fus. Sta. of .25 MAC 118_.31 22.224 i
W.P of .25 MAC 300.20 5.629

B.L. of .25 MAC 143.76 2.700 _ !_

- inn I i --- ,. .. ,,_% _._
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TTT.(COm  NUED)

i;" _ MODIL COMPONENT: Vertical Tail .

_t

GENIRAL DESCRIPTION: Centerline vertical tail double wedse airfoil with

rou_,ded leading edge.

Scale Moael = 0.01875

DRAWINGNUMBER: VL70-000095

ii DIM[NSIONS; FULL-SCALE MODEL SCALE

Area (theo) ft. 2 413.25 0.145

Span (equivalent) 315.72 5.920

Inb'dequivalentchord 268.50 5.034

Outb'dequivalentchord 108.47 2.034

Ratiomovablesurfacechord/
totalsurfacechord

At Inb'dequiv,chord

At Outh'dequiv,chord

SweepBacK Angles,degrees

LeadingEdge 45 45

TailingEdge 26.249 26.249

Hingellne

Area Moment(Normal to hinge line)

]-7
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_i_ABLEZZZ.(CO}JClUD_D)

MODEL COMPONFNT: RUDDER _ )

GENERAL DESCRIPTION: CONFIGURATIONPER LINES VL70-000095

SCALE MODEL = 0.01875

DRAWINGNUMBER: VI,70-000095

DIMENSIONS: FULL-SCALE MODELSCALE

Area 106.38 0.0374

, Span (equivalent) 201.0 3.769

_ ' Inb'd equivalent chord 91.585 1.717

,, ! Outb'd equivale_It chord 50.833 0,953

Ratio _mvable surface chord/
total surface chord

At Inb'd equiv, chord 0.400 0.400

At Outb'd equiv, chord 0._00 0.400.

Sweep Back Angles, degrees

Leading Edge 34.83 34.83

Tailing Edge 26.25 26.25

Hingellne 34.83 34.83

AreaMoment(Normalto hingeline);Ft3 526.125 0.0034

18 )
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! DATA .FIGURES

f:

i
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