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Table 1
case Le/M 1/n Q1/n ©1/n Characteristic
A 2 - - - primary vortex saturating
B 2 1/2 0.430 3r/4 primary vortex tearing
C 2 1/2 0.430 0 primary vortex tairing
D 3 1/3 0.287 /3 three-vortex pairing
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Fig.5 Comparison of the calculations with the experiment images
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Fig.5 Comparison of the calculations with the experiment images (continued)
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Table 2
case . A B C D
growth rate of primary disturbance 0.353173 0.351341 0.352705 0.350430
growth rate of subharmonic disturbance - 0.276540 0.274629 0.207389

EEATH, EHEMEEREMUSLEMEK. ZE <, HtEHEBRIEM MK RNE 2.
HEEANREESNBRNEFNE. /25— Rz 1/3 £ - TiERsHK R
A 0.352635, 0.274653, 0.20869716), MEMB LR G2 H A RIF. BHPLMELEBHLUE
Lo, EEFRNERMEMZAT, WiEaBmERS, ¥4 FEFMEEMHRBRBEHHAE, B
MU BEMBEMEREELE WEHR, EREFRENESENEINEPREEBEEZR, Wi
Y5t case B WM AEIR B AEESAIR BRI JEF 3 A F, X case C, case D M| RAFEIIRH KR
O BEXAE. case BHRG—EHHESMS TR, T RERSHEFHFIAR. case C, case
D Mg sh e B B & TESMBTRERI. RIIFRVIERH T BRI EFHIRE.
B7HEASRREEEMGIBEEHE. RAFWEEERERES, NTIREERES
iR, REBERE. SR FHEBEM RS, BREMENIEMREK. SR -2, g
SIERSRMAR (¢~ 12) HUERAK. B case A, case B I8 R 2R —EHHL s 8, ¥
EEEHLES, BR, Ucase B AR EMEEMIHGREELSSIF. case C, case D HiRE
BEMEERFAVEFRER B, Ko7 EiEREFEFRESERDIITHLENRE, TR
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NUMERICAL INVESTIGATION OF THE NONLINEAR
EVOLUTION OF THE PLANE COMPRESSIBLE
| PRIMARY VORTEX Y

Wang Qiang Fu Dexun Ma Yanwen )
{LNM, Institute of Mechanics, Chinese Academy of Sciences, Beijing 100080, China)

Abstract Several prototype flows typical of the spanwise large-scale rollup interactions are in-
vestigatéd through using the direct numerical simulatien method. These phenomena have been
captured experimentally in the transition region of the free shear layer for a long time. A high-
accuracy upwind/symmetric compact difference Ah'ybrid method is developed and is used to solve
the two-dimensional compressible Navier-Stokes equations. A fifth-order upwind ccmapact scheme
is employed to discretize the conveétive flux terms with the help of the steger-Warming flux-
splitting technique, while a sixth-order symmetric compant scheme obtained by Coliaiz is selected
to discretize the transport flux terms. The three-stage third-order cxpiicit Runge-Kutta algorithm
found by Wray is introduced for time-marching. The temporally-developing compressible shear
layer is disturbed by the most-unstable viscous wave and its subharmonic modes obtained numer-
ically by linear stabiiity analysis. The fine-scale structures of primary vortex saturating, tearing,
merging, and three-vortex pairing are shown through employing a passive conserved scalar method.
The simulations lead to that the relative phase of subharmonic mode is one of the important fac-
tors related to the different nonlinear evolutions of the primary vortices, and that it can directly
impact the disturbance energy, shear layer thickness, and mixing efficiency. Especially, in the
vortex-tearing case, the energy of subharmonic mode is reduced eventually, so it influences weakly
the energy of primary wave and the shear layer thickness. Calculation results are similar to the
existed experiment images, which indicate that there is an inherent relation between the unstable
linear waves and the real vortex interaction types in compressible shear layers. Furthermore, the

numerical method used here is good for study of the multi-scale complicated flows.

Key words compressible shear layer, vortex pairing, linear disturbance, compact difference
scheme, Navier-Stokes equations
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