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Fig.1 Computational model
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Fig. 3 Mean velocity and root mean square of fluctuation

625915-4

velocity profiles at reference location



4 - Case 4
(py)
. ,Case 4
- Bookey %!
2

Table 2 Statistical parameters of turbulent boundary layer

at reference location

Method Ma.. Rey 0o o5 0o Cy

Present 2.9 2232 6.8 2.02 0.41  0.002 26
Testl 2.9 2 400 6.7 2.36  0.43  0.002 25

DNSL7 2.9 2300 6.4 1.80 0.38 0.00217

4 (Case 4)

Fig. 4  Distributions of average wall pressure and skin

friction coefficient (Case 4)

Wu Martint™

DNS

b

Atuw/(?o - 1. 47

3.1

DSM

[25]

Yn 5

Q (Q(%/um == 2. O4> ’

625915-5

o

DNS
DNS ,  DNS
5% .
2
500
(7]
Ma =1 u=~0
Case 1 Q
u=2~0



[26] ,
H

Fig. 6

3.2

Iso-surface of instantaneous coherent vortex

6 (Q/Qux=1%)
structure (Q/Quux=1%)
7(a) -
’ pw
P
,Case 4

pu/ b = 4.51

Instantaneous density gradient

, c,

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



4.2

8 o ,
s LEC 5
o b
7 (Case 1~
Case 4)
Fig. 7 Distributions of average wall pressure and skin
friction coefficient (Case 1-Case 4)
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Table 3  Contributions of decomposed skin friction drag
components
. Cn Cr Cp )y Relative
Case C /% c, /% c, ! % error/ %
Present DNS 46. 00 43.56 10. 43 0. 005 3
—=950[28] 5 5 5 /
Re.=250 1504 1501 9. 45 0 Fig. 8 Components distribution of mean skin friction de-
Re.=450%1 42,25  48.17  9.57 —0.01 composition
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Decomposition of mean friction drag in compression-expansion
turbulent boundary layer
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Abstract: The interaction between the shock wave with Mach number 2.9 and the turbulent boundary layer in the configura-
tion of 24° compression-expansion corners is investigated by using direct numerical simulation. The influence of normal height
of the expansion corner on the shock wave interaction region and downstream boundary layer is analyzed. It is found that
when the height is large enough. the shock wave interaction region is not affected by the downstream expansion wave., and
the characteristics are consistent with those of the traditional compression corner configuration. While the height is small, the
reattachment process of the detached shear layer is accelerated by the downstream expansion wave. which causes the reat-
tachment point to move upstream and the separation bubble to shrink dramatically. The decomposition of mean friction drag
is applied to the turbulent boundary layer of the upstream and downstream plates, and the difference between the turbulent
boundary layer in equilibrium and nonequilibrium state is explored. It is found that the high friction in the expansion corner is
mainly related to the Cf term and Cy; term in the decomposition of mean friction drag. The height has little effect on the Cx
term. while significant effect on the C;, term. Height variation is reflected in the contribution of the Gortler vortex and re-

laminar phenomenon on the downstream plate to the C;, term.

Keywords: shock wave/turbulent boundary layer interaction; compression-expansion corner configuration; direct numerical

simulation; decomposition of mean friction drag; Gortler vortex
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