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Abstract

In the boundary layer of supersonic or hypersonic vehicles, there is the conversion from Kinetic energy to thermal energy, called
aerodynamic heating. Aerodynamic heating has to be considered to design supersonic vehicles, because it induces severe heat flux to
surface. Transient heat transfer analysis with CFD is used to predict thermal response of vehicles, however transient heat transfer
analysis needs excessive computing powers. Loosely coupled method is widely used for evaluating thermal response, however it
needs to be revised for overestimated heat flux. In this research, quasi-transient method, which is combined loosely coupled method
and conjugate heat transfer analysis, is proposed for evaluating thermal response with efficiency and reliability. Defining reference
time of splitting flight scenario for transient simulation is important on accuracy of quasi-transient method, however there is no
algorithm to determine. Therefore the research suggests the algorithm with various flow conditions to define reference time.
Supersonic flow field of blunt body with constant acceleration is calculated to evaluate quasi-transient method. Temperature
difference between transient and quasi-transient method is about 11.4%, and calculation time reduces 28 times for using
quasi-transient method.
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Fig. 2 (a) Domain and (b) computational grids for simulation of supersonic blunt body
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Table 1 Flow conditions of flight scenario
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Altitude(m) 5,000
Ma 2.5-) 3.0
Pressure(Pa) 54,050
Temperature (K) 255.65
Total temperature(K) 575.21 -) 715.82
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Fig. 3 A comparision between density contour of
simulation and schlieren image(Hayashi et al., 2006)
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Fig. 4 Heat flux validation with experiment(Hayashi
et al., 2006) considering various turbulence model
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Fig. 6 Temperature contour of inner and outer blunt
body depending time with guasi-transient method
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Fig. 7 Wall temperature of blunt body at 10 sec with
quasi-transient method
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