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The existing code which solves two-dimensional RANS(Reynolds Averaged Navier-Stokes) equations and 
2-equation turbulence model equations was modified to enable numerical simulation of various supersonic flows. For 
this, various boundary conditions have been implemented to the code. Bleed boundary condition was incorporated 
into the code for calculating wall mean flow quantities. Furthermore, the boundary conditions for the turbulence 
quantities along rough surfaces as well as porous walls were applied to the code. The code was verified and 
validated by comparing the computational results against the experimental data for the supersonic flows over bleed 
region on a flat plate. Using the newly modified code, numerical simulations were performed and compared with 
other computational results as well as the experimental data for the supersonic flows over an oblique shock with a 
bleed region.
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Fig. 2 Mach Contour(M=1.27, =90°)

(a) Normalized Velocity Profiles 

(b) Velocity Profiles using u+ and y+

Fig. 1 Velocity Profile as Various Roughness

0.00001 0.001 1.8 m 

Fig. 1 . Fig. 1
(a) U U0
(normalization) y (b) u+ y+

. Fig. 1

0.0004 

.

.

4.2 Bleed 
bleed 

bleed 2 .
Willis et al.[2] .

Willis et al.
.

1.27 (uniform) 
1.42×107 m-1 . Bleed 

6 (row) 72 (hole)
0.635 cm 90° . Porosity

0.19 bleed plenum chamber
. 1.58

bleed 20°
1.56 107 m-1 .

. Willis et al.
bleed 

(reference velocity profile) .
Fig. 2 (Mach 

contour) . Bleed
1/3

bleed 
bleed 

. Slater et al.[4] fixed 
exit bleed . Fig. 3

upstream downstream

         



(a) M=1.27, =90°

(a) M=1.56, =20°

Fig. 3 Normalized Velocity Profiles (b) Comparing with Slater et al.[4]

Fig. 4 Wall Static Pressure Distributions around Bleed 
Region 

(a) Comparing with Willis et al.[14]

downstream incompressible shape factor
( ) sonic coefficient( ) .

Incompressible shape factor parameter
.

(25)

(25) displacement thickness momentum 

thickness . Fig. 3
. upstream

bleed 

. bleed 
bleed 



Fig. 5 Normalized Velocity Profiles
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Fig. 6 Flow Domain and Mach Contours
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