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Fig. 2 Statistical characteristics of turbulent boundary

layer

122504-3



Dw/ Do .

. x*

s Lsep
. Priebe [
. Bookey [
13]
, 4

( Pre-Multiplied Power Spectral Density,

fPSD), f , PSD o

1.0U../¢8 WU .
(0. 004~0.0DU.. /o
3

Fig. 3  Distribution of wall average pressure and skin

friction coefficient

4
Fig. 4  Pre-multiplied power spectral density of wall

pressure fluctuations

(0. 002~
0.006)U.. /6" , DNS
3
5
. Ma=1 u=20
) u °
., 6
Tx °
’ 5 .’
E1~E3 .
’S R

122504-4



Fig. 5

Fig. 6

4.1

5
Instantaneous density gradient and mean density

flow fields

6
Instantaneous and mean contours of streamwise

component of wall shear stress

o )
.
)
(ED)
w®(w) /s, wv, /U
v w s Vw
s Tw

122504-5

R 7
[26] [27]
’ b
. wvw/uf =0.1 ’
, wvy/ut=0.3,
8
o b
0 El D)
’
b b
b
7

Fig. 7 Pre-multiplied power spectral density of
wall shear stress in incoming turbulent

boundary layer
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Statistical characteristics of wall shear stress in shock wave and
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Abstract: To reveal the evolution of wall shear stress characteristics in the interaction region, direct numerical simulation of a
reflected shock wave and turbulent boundary layer interaction for the incident shock of 12° at Mach number 2.9 is performed.
The accuracy of numerical results has been validated against the experimental data and previous direct numerical simulations
under matching conditions. The statistical characteristics of wall shear stress, including pre-multiplied power spectral densi-
ty. probability density function and coherent structures have been analyzed in detail. Results indicate that the low-frequency
motions of separated shock wave have no substantial influence on the power spectrum of streamwise and spanwise compo-
nents of wall shear stress vector. The fluctuations are dominated by high-frequency content and the low-frequency energy ex-
hibits little change. The distribution of probability density functions of streamwise wall shear stress varies dramatically
through the interaction region and the law of logarithmic normal distribution is not applicable to the separation bubble. but the
distribution of spanwise component is approximately of normal distribution throughout the interaction region. Compared with
the upstream undisturbed turbulent boundary layer, the joint probability density function between the angle and magnitude of
wall shear stress vector is significantly changed in the separation bubble. with the peak of probability decreasing and the
range of maximum values increasing. The proper orthogonal decomposition analysis of the fluctuating streamwise shear
stress indicates that the dominant modes are closely associated with the low-frequency oscillations of the separated shock

wave and the Gortler-like streamwise vortex structures in the reattachment boundary layer downstream.

Keywords: shock wave/turbulent boundary layer interaction; wall shear stress; pre-multiplied power spectral density; proba-

bility density function; proper orthogonal decomposition
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