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Table 1 Numerical parameters for the DNS cases

Case Ly X Ly XL, (mm) Ny X Ny XN, AXPX (Ayw, AYe) X AZF - Xyp (M) Xin (Mm) expansion angle
Case 1 470>60x<14 3200>200%140 5.00.7,11.2)%7.1 -104.00 0.00 No
Case 2 470>60>14 3200>200x140 5.00.7,11.2)%7.1 -112.00 -7.60 10°
Case 3 470>60>14 3200>200x140 5.00.7,11.2)%7.1 -104.00 0.00 10°
Case 4 470>60x14 3200>200=140 5.0>0.7,11.2)%7.1 -96.00 6.15 100

R 2 SERMRATZEH

Table 2 Turbulent boundary layer parameters at the reference point

Case Me- & (mm) & (mm) 6 (mm) H Ct
Present 2.9 6.45 2.00 0.41 4.88 0.00246
Priebe’s DNS3I 2.9 6.40 1.80 0.38 4.74 0.00217
Bookey’s Exptl 2.9 6.70 2.36 0.43 5.49 0.00225
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Fig. 2 Distribution of the two-point correlation as a func-

tion of spanwise spacing.
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Fig. 3 Instantaneous gradient of density.
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Fig. 4 Statistical probability distribution of flow separa-
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Fig. 20 Energy distributions of the POD modes
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Abstract: Direct numerical simulations of impinging shock wave and turbulent boundary layer interaction for the
incident shock of 30° at Mach 2.9 in an expansion corner of 10° are performed to reveal the expansion effects on the
complicated flow phenomena. Three cases, corresponding to the impingement point upstream, in the vicinity and
downstream of the expansion corner, are systematically studied to investigate the intricate flow mechanisms, including
separation bubble, fluctuating wall pressure and unsteady motion of shock wave, statistical characteristics of turbulent
boundary layer, dynamical processes of coherent structure. Results indicate that the variations of impingement point
have significant influence on the streamwise and wall-normal scales of separation bubble, especially when the shock
wave is located at the corner or its downstream region. It is found that the intensities of fluctuating wall pressure are
dramatically reduced in the expansion region, and the downstream-propagating speed of wall pressure waves is obvi-
ously reduced in the separation region and relatively accelerated in the expansion region. The low-frequency unsteady
oscillations of separated shock wave are dramatically suppressed by the expansion effects. Compared with the inter-
actions between oblique shock-wave and turbulent boundary layer of flat-plate, the logarithmic and wake regions of
the mean velocity profile in the reattachment boundary layer are evidently changed by the variations of impingement
point. The structure parameter for the Reynolds stress is increased in the inner region and decreased in the outer lay-
er. The anisotropy invariant maps suggest that the turbulence in the near wall region gradually deviates from the one-
component state. Furthermore, the proper orthogonal decomposition analysis of the fluctuating streamwise velocity
indicate that the dominant mode is associated with the separated shock and the foot of separated shear layer, where-
as the high-order mode is characterized by the small-scale sign-alternating fluctuation structures. The obtained low-
order reconstruction illustrates that the dominant mode is corresponding to the dilation and contraction of separation

bubble, but the high-order mode is associated with the high frequency ossification of separation bubble.

Keywords: Shock wave/turbulent boundary layer interaction; expansion corner; proper orthogonal decomposi-

tion; direct numerical simulation
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