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Abstract 

The main part of this work is numerical investigation of shock wave interaction with turbulent 
boundary layer on the blunted flat plate at supersonic Mach number and high Reynolds number. For 
comparison, numerical simulation is also fulfilled for the sharp flat plate. Calculations are carried out 
using parameters of experiment in the shock tube. Two three-dimensional problems for shock wave 
generation by wedges, installed on the flat plate, are numerically simulated on basis of RANS 
equations and q-ω turbulence model. Obtained results for various values of the flat plate bluntness 
radius and the wedge angle satisfactorily agree with experimental data.  

1. Introduction 

The problem of shock wave interaction with boundary layer originated from developing of odd-shaped supersonic 
vehicles. Investigation of such complicated phenomena is very important for various practical applications, since 
local heat flux “peaks” arise in interaction regions, which complicate problem of thermal protection of the surface 
from aerodynamic heating. This phenomenon is generally studied using model problems, related to supersonic flow 
over simple geometries. One of such bodies is a flat plate, which simulates a thin lifting surface. Two kinds of 
interaction problems are considered for the flat plate. The first one is interaction of incident shock wave with 
boundary layer on the flat plate; it is usually solved in two-dimensional approach with regard to oblique shock wave. 
The second problem is interaction of boundary layer with shock wave, which is generated by cylindrical body or 
bodies, placed on the flat plate surface. This problem is a three-dimensional, and possibilities of its numerical 
simulation depend on capabilities of computational aerodynamics and computer technology. 
Currently, in connection with requirements of applied aerodynamics, sharpened wedges are used for crossed shock 
waves generation. At the same time according to results of experiments and calculations (e.g. [1, 2]) the flat plate 
leading edge bluntness substantially influences heat exchange in the region of shock incidence and there is a 
threshold value of the bluntness radius r*, above which it almost has no effect on the maximum of heat transfer 
coefficient. 
In this work interaction problems where shock wave is generated by one wedge (asymmetrical problem) and two 
wedges (symmetric problem) are studied.  

2. The problem statement 

Numerical simulation of the perfect gas flow is carried out on basis of unsteady Reynolds equations with 
assumptions of Boussinesq approach and differential    q-ω turbulence model [3]. 
Reynolds-averaged Navier-Stokes equations with q-ω turbulence model in arbitrary curvilinear coordinate system

 , ,   , where  , ,x x    ,  , ,y y    ,  , ,z z    - Cartesian coordinates, are written in divergence 
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4. Conclusion  

Interaction of shock wave with laminar and turbulent boundary layers on sharp an blunt flat plates at supersonic 
Mach number (М∞ = 5) and high Reynolds number (Re∞L  ≤  27•106). On basis of Reynolds equations and q-ω 
turbulence model two three-dimensional problems for shock generation by wedges are numerically simulated. 
Numerical results are obtained for various values of bluntness radius (r = 0 and r = 0.75 mm) and wedge angle       
(θw =10о, 15о, 20о).  These results satisfactory agree with experimental data. 
According to numerical results incorrect solution in small neighbourhood of sharp leading edge similar to case with 
small bluntness, in particular, induces weak bow shock, which participates in interaction process. In this case sharp 
and blunt plates have one-type structures of flow fields. Quantitative differences take place because of different 
values of effective bluntness radius. 
Small bluntness of the plate leading edge substantially reduces maximum values of heat transfer coefficient (Stm) and 
pressure coefficient in the interaction zone; at the same time zone of enhanced heat exchange and high pressure 
broadens. These features of flow field are related to generation of detached shock wave and thin entropy layer near 
the blunt plate. Existence of threshold value of bluntness radius r* is also confirmed. 
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