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Abstract

Space transportation vehicles have asymmetric protuberant devices on their surfaces, such as cable ducts.
Such protuberances, typically arranged asymmetrically with respect to the vehicle axis, are known to cause
asymmetric vortices and side force. In this study, in order to understand effects of side force and its
associated flow fields, both wind-tunnel tests and numerical calculations for a slender body with an
asymmetric protuberance were conducted at Mach 1.5. The results of computed aerodynamic coefficients
are in good agreement with the experimental results and detailed flow structures are provided. The axial
position and azimuthal angle (angle along the circumferential direction around the body axis) of the
protuberance strongly influenced side force characteristics. These results are not limited to the presented

configuration but to other rocket designs.
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2.1 EBpAE
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FIARWR TR, NEXRBICL D2 EHOM, 417 a—
R L R\EWRO AL, v 2V — LA L AHEY
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Table 1 Test conditions
P Ps q P To Ts Re
[kPa] [kPa]  [kPa]  [kg/m®] [K] [K] [

15 196 53.2 84 091 202 294 11x10
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Fig. 1 Configuration of experimental model
and definition of its axial position

Fig. 2 Experimental model in wind tunnel
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20L

a) Close-up view: body

b) Overview.

Fig. 3 Computational grid.

Table 2 Grid sensitivity test for slender body with
protuberance installed front at a = 15°.

Grid Number of cells  C,
Coarse 11 million 0.755
Medium 44 million 0.766

Fine 68 million 0.771

0.768

present experiment
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TIRECTIE, RRKBRENRBLZE 3%,y Fr7ET—2A 2 MR
T, S%EAT L7225 THY, RIFRICBT 2B FEO%
MPEDSHER STz

Shock Wave from protuberance

Fig. 4 Flowfield of side view (Front case, ¢p=90°, a = 15°)
a) CFD, off-surface: density gradient magnitude;

on-surface: computed surface C, and streamlines.
b) WT, off-surface: Schliren visualization, surface: oil flow image.
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Fig. 5 @ vs Ca, Cr, from experimental and computational results.
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KHE(0.00~0.10)% /R 7~. ZEHE%EH LTV e\ No ProllE H T
2 &, BWIRETAE D OB FITHITRA ISR Z R T HEEO N L
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& MR IR O HIBEFRIRICAE U A TR E VI CERTH. —
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Fig. 6 Angle of attack vs Cy for the three axial positions of
protuberance in both experimental and computational results.
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Fig. 7 2D (y-z) planes colored with vorticity magnitude in each case at a = 15°:
a) planes of 0.1 L interval from the protuberance to 1.0L with C, surface

contours and the surface streamlines (from perspective view), b) x/L = 0.8 plane.
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Fig. 8 Oil flow images and schematic views (9=90°, a = 15°)
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Fig. 9 Side force coefficient vs angle of attack for various

Side Force Coefficient Cy [-]

azimuthal angles of the protuberance in both experimental and
computational results.

AbsXvorticity
0.100

0.000

g
Cp(pres.coef.) wrhqeanmeul Vi) By N Port

0:000 Star b()ul)\\}‘
-0.400

0=45°

Z Azjmuthal Angle
/@ =45deg.
@ = 90deg.

Vi

o= 135deg.

Port
Starboard

Starboard \ N Starboard AN

N
p=135° No Pro.

Fig. 10 2D (y-z) planes colored with vorticity magnitude in each
case: planes of 0.1 L interval from 0.3L to 1.0L with C, surface
contours (perspective view) at a = 15°.

This document is provided by JAXA.



Side force coefficient (a9 D]

T 2 ORI M OSBRSS/ &V & 1K Front (228
A 1), TORGMAEEZELSEERED X D kg
BRBHLPIBRTE 2, K 1ICERTELN, B4 a b H
HIAE ¢ O 2815 %0% 3D &7 7 7 TR
L7z, & CRLTW D8I CIIR I REAME S, AR CRIE
BTl S CRERENIE ML TS MRy, R
BN % &, BRAREUIHIM L T 23, AHIMAE ¢ 23
32 &, BOMREBIZ EAVIZ< <220, BlZiE p=135°TiX
AL S FF ERIMREITIEM LR WFERHER TE 5 (0°<
a<20°). —F5T, FHFMAE @ 23/ S WOGEIRIZ 228 2 BlEd
&, igrgas & < CTHREARENIEmMLTLE S O
T, BRMEREICIEESLETHD.

Low Cy

High Gy

®l0-11
=08-09
06-07
04-05
02-03
u00-0.1

0.7-08

05-06

03-04
%0.1-02
=-01-00

Fig. 11 Side force coefficient vs angle of attack and azimuthal
angle of the protuberance.
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