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Influence of the rear shape of a Reentry Capsule on Aerodynamic characteristics in
Transonic region

Yuichiro OSAWA (Graduate School of Engineering, Tokai University),
Takatoshi SHIGEMATSU(Department of Engineering, Tokai University),
Saya MOCHIZUKI(Graduate School of Engineering, Tokai University),
Gouji YAMADA (Tokai University)

Abstract

Recently, a sample return mission to asteroids has been proposed and executed by a world space agency. Asteroids
still have valuable materials at the time of the birth of the universe that interior. The asteroid sample collected by the
spacecraft returns to the earth using a reentry capsule. Because of a front bow shock and aerodynamic force, the
capsule decelerates from hypersonic to subsonic speeds. However, it has been reported that an unsteady flow is
generated around the capsule in the transonic region during flight. In unsteady flow, capsule flight attitude becomes
unstable, causing the opening of the parachute used for deceleration. This phenomenon is considered to be caused by
wake flows generated from the rear part of the capsule. However, the mechanism of this phenomenon has not been
clear. To improve the reliability of the reentry flight at the transonic region, the mechanism of the unsteady flow
should be made clear. In this study, we performed wind tunnel experiments and CFD analysis using three types of
reentry capsule models to clarify the mechanism of the influence the capsule rear sweptback angle at the transonic
region. The models have different rear swept back angles, 30degree, 40degree and 50degeree. In the wind tunnel
experiments, aecrodynamic forces are measured using a six-component force balance to investigate the acrodynamic
characteristics of the models. The flow field around the model is visualized using an oil flow method.
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Fig.2 Test section

Tablel Specification of the Transonic wind tunnel

Type Blow down
Test Section 0.6m(H)x0.6m(W)
Mach Number 0.3~1.3
Variable Angle
(Angle of Attack) £13deg
Variable Angle (Roll
Angle) +£90deg
Run Time More than 30sec
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Table2 Experimental conditions

Test type Mach sweep Oilflow
Mach number 1.0-0.8 0.8,1.0
Angel of Attack Odeg,15deg,25deg Odeg
Run time 30sec 10sec
Reynolds number 1.8x107~2.9x107
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Table3 Details of Hardware and Software

Hardware

CPU Core 19-7900X (10Core 20thread 3.
3GHz)

Memory 64GB

Software

CFD ANSYS Fluent 19. 0

Mesher ANSYS Meshing

Post ANSYS Post Processor

processing
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Table4 Analysis conditions

Solver Coupled (Pressure-velocity Coupling)
Turbulence model | Spalart-Allmaras (S-A model)
Analysis fluid Ideal-gas

Mach number 0.8, 0.9, 1.0

Angle of Attack Odeg, 15deg, 25deg
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Fig.11 Oilflow visualization
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Fig.12 Whole of CFD visualization result
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Fig.13 Enraged view of CFD visualization result
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