
 

 

  
Abstract—In the present study, the surface temperature history of 

the adaptor part in a two-stage supersonic launch vehicle is accurately 
predicted. The full Navier-Stokes equations are used to estimate the 
aerodynamic heat flux and the one-dimensional heat conduction in 
solid phase is used to compute the temperature history. The 
instantaneous surface temperature is used to improve the applied heat 
flux, to improve the accuracy of the results. 
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I. INTRODUCTION 
NE of the major problems to be considered in high speed 
flights is temperature rise due to an aerodynamic heating 

[1]. The aerodynamic heat flux is sometimes so high that 
thermal protection systems such as ablative materials must be 
used to protect the inner systems or metal shell from thermal 
damages. Predicting the surface temperature requires the 
coupled solution of the flow field governing equations and 
solid phase energy equation. Such simulations are so much 
time-consuming processes and therefore the faster methods 
should be used instead. These methods are based on 
decoupling of the flow field and the solid phase governing 
equations. 

Simulation of the flow field using constant temperature 
boundary condition results in predicting the heat flux which is 
applied to the body. This heat flux can be estimated during 
flight in different time intervals. Then the solid phase should 
be simulated using the predicted heat flux to calculate the 
temperature history within and on the shell. Increasing the 
number of these time intervals during flight improves the 
accuracy of results. 

There are different methods for predicting the aerodynamic 
heating: the solution of full Navier-Stokes equations, the 
parabolized Navier-Stokes equations, or the viscous shock-
layer equations [2]-[6]. There are other engineering methods 
that use the inviscid flow simulations to compute the heat flux 
according to the empirical relations. 

In the present paper, the full Navier-Stokes equations are 
used to compute the heat flux during the supersonic flight for a 
typical geometry of two-stage different-diameter launch 
vehicle. Then the one-dimensional heat conduction in the solid 
phase is used to predict the surface temperature variation of 
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the adaptor part of structure. The surface temperature effect on 
aerodynamic heat flux is considered. 

II.  GOVERNING EQUATIONS AND NUMERICAL SIMULATION 
Full Navier-Stokes equations governing the mass, 

momentum, and energy of the compressible flow are used to 
compute the heat flux. The commercial CFD program is used 
here to numerically solve these equations. The conservative 
forms of the governing equations in an axisymmetric mode are 
presented here [7]: 
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The stress terms are defined as: 
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To predict the heat flux on a surface, the constant 

temperature boundary condition is used. So the computed heat 
flux is a flux which applied to the surface due to the 
aerodynamic heating when the surface temperature is hold in 
that level. Therefore, it should be improved during the solid 
phase simulation. 

The one-dimensional heat conduction equation in a solid 
phase is used to calculate the temperature-time history under 
the applied heat flux. 
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