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Numerical Simulations of Unsteady Aerodynamic Beating Phenomena

on Shock Wave Reflection Including Vibrational Equilibrium

Shigeru ASO, Ken-ichi OHYANA, Toshi FUJIVARA and Nasanori HAYASHI

ABSTRACT

Thin-layer Navier-Stokes equations have been solved in order to investigate unsteady
aerodynamic heating phenomena induced by the shock impingement on a ramp surface with

emphasis on high temperature effects.

Especially the effect of energy transfer

between translational energy and vibrational energy is investigated carefully. The

results show that the vibrational energy has a quite important role in unsteady

aerodynamic heating phenomena at high temperature.
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Mesh system used for the present calculations
(Ramp angle of 35 degrees: IMAX=161. JMAX=81)
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(a) Instantaneous isotherm -
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(b) Instantaneous surface pressure

istantan (b) Instantaneous surface pressure
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(¢) Instantaneous surface heat flux
tc) Instantaneous surface heat flux distribution
listributi i
distribution Fig. 2 Calculated results with vibrational
Fig. 1 Calculated results with vibrational equilibrium
equilibrium (M;=3.0, R,=1.0X10' and T =
(M;=3.0. Re=1.0X10* and T = . 540 K)
300 K)
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(a) Instantaneous isotherm
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(b) Instantaneous surface pressure
distribution
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(¢) Instantaneous surface heat flux

distribution

Fig. 3 Calculated results with vibrational
equilibrium
(Ms=3.0, R,=1.0X10* and T..=
560 K)
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(a) Instantaneous isotherm
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{c) Instantaneous surface heat flux

distribution
Fig. 4 Calculated results with vibrational
equtlibrium
(M;=3.0. Re=1.0X10* and T =
700 K)

Thic dociiment i nrovided hv TAXA



162 MEFEERRARRIERN 225

(a) Instantaneous isotherm
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(b) Instantaneous surface pressure
distribution
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(c) Instantaneous surface heat flux
distribution

P

Fig. 5 Calculated results with vibrational
equilibrium
(Ms=3.0, R,=1.0X10* and T =
2000 K)

(b) Instantaneous surface pressure
distribution
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(¢c) Instantaneous surface heat flux
distribution

Fig. 6 Calculated results with r=1.4
(Mg=3.0. R,=1.0X10* and T. =
2000 K)
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