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Abstract

Multiple protuberant devices are attached to the surface of small launch vehicles designed for launching
small and/or nanoscale artificial satellites. In the case where multiple protuberances are mounted
non-axisymmetrically on the vehicle, a complicated vortex structure is caused, and side force is induced.
In this study, the transonic aerodynamic characteristics of the slender-bodied vehicle with multiple
protuberances were experimentally investigated. The condition of the wind tunnel tests is M, = 0.7 ~ 1.3,
Re=5.1~9.5x10° and the angle of attack 15°. As a result, it was revealed that the reduction of the side
force by attaching a protuberance to the leeward side of the middle of the vehicle observed at supersonic
regime, was not observed at Mach 0.7, but rather induced side force was increased.
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Fig. 1 Configuration of experimental model and definition of
its axial position®.

Table 1 Test conditions.

Mach number: Mo [-] 0.7~1.3
Total pressure: Po [kPa] 150.1

Reynolds number: Re [-] 5.1 ~9.5x10°
Total temperature: 7o [K] 294

Angle of attack: a [°] 15
Static pressure: Ps [kPa] 55.8 ~109
Static temperature: Ts [K] 223 ~271
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Fig.3 Azimuthal angle of protuberance®.
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Table 2 Aerodynamic six coefficients.

Ca Cy CN C Cn Cn
Ref. 6) 0.364 0.584 0977 0.000 0.277 0.189
Experiment | 0.376 0.600 0.962 0.000 0.268 0.200
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Fig.5 Comparison of oil flow patterns

(viewed from the +z side).
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Fig.7 Overview of oil flow images

viewed from +z side.
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Fig. 9 Oil flow images on the portside

at the aft of the body (Mach 0.7).

S Separation
R: Reattachment

S:'Sepération
R:Reattachment

Cross-flow

S: Separation
R: Reattachment

Cross-flow
S:Separation
R:Reattachment
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Fig. 10 Oil flow images on the portside
at the aft of the body (Mach 1.3).
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Fig. 11 Schematic diagram of the vortex structure.
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