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Fig.1 Error for SCD-MNR iteration



30r
0r
6_0.
sor
= 4)F
kLN
20r
Ul
0

. o
00 004 08 17 16 20 24 00 04 08 12 16 20

o Me
B2 AR MctEaE i E B4 BABERIRA
Fig.2 Growth rate at different Mc Fig4 Most unstable wave angle
04 L2y
1.04
03 — Re=w
0.8 =600
@ 06 ° f{Mc)

04r

o1 D

02
2D
000710 20 30 20 50 60 70 80 9% 090 04 o8 12 15 20
a Mc
B 3 e B s ik mir skl
Fig.3 Three-dimensional growth rate Fig.5 Normalized growth rate
3.1 0 (Re= 600) M c , Mc=06
2 B=10 w , 0 ,
x (Re= 600) M c , ,
w , Mc< 1 Mc= 12 14
w o Mc> 1 )
: : Con= @w/X O 4 x B
Mc= 1 , (Con 2 0) 8 Mc : :
) , 33Mc> Q6
Mc> 1 , , 0 , :
) w , Con , 0.6<Mc< 12
Mach Moc= (01- Sandhan  Reynolds'”
Cen) /c,M 2= (Con- U2) /c2,  |Con|< 1, : 0
, Mc* cosB= Q 6, 4 o ,
Jackson  Grosch' :
,Con> 0 Oknax
,Con< 0 . [5] Mc= Q 01,Q 4,
, Q08 12 16 ohax = Q 89, Q 82, Q 52,
M ichalke'" Q 315,Q 22, Ohex =
o= Q 4446, Q 890, Q 820,0Q 517,Q 319,0Q 217,
Mc= Q01 = Q 890, Papamoschou'™ ,
1 , , Mach Mc
Mc= Q01 Mc= Q 01
0= arctan(/®) , w ., 5

, 3 w d



Mc o} Reynolds
Mc=04 12 , Mc>0Q6
, o} , 3.3
® [3] e,
’ u 1
fMc)= Q18+ Q82+ exp(- 2°M3J)
o} , y=0 ,
: Mach Mc fr(x,y) = fr(y)* cos(ox) - fi(y)* sin(ox)
, 4
3.2 /
B= 0 Mc=
12 6 w o )
: M ach
Ragab W u'® : /
Reynolds Kelvin-Hemholtz
) J Mc= 1 2,Re= 600 , 8
17 Mc= Q6 0 0
12 w Reynolds 0 Mci= Q 881,
Re> 1000 : M c2 =
1 519,
Reynolds ., [6] / 0 Mach u=
0.0301 up to d
0.4} Re= 200
200
5 o008} 100
P,
0.012
0.006
O_M i i 3
0.00 0.15 030 045 0.60 075
B e FHEReiizhgi s B B P
Fig.6 Growth rate at different Re Fig.8 Pressure cigenfuntion of fast mode
0.25¢ 0.5
Me=0.6
0.20
0.15}
3 N
0.10}
oost

Mc=1.2

A ] ] y L
0. 6. 5 4. 3 2. 1. 0O

log(Re)
7 —HERCTRCE S ic R EH9o th ARBLEAMNHERE )
Fig 7 Two-dimensional most unstable w; Fig9 Overlapped pressure eigenfuction




o,

0050
Re=w

0.025F

18]

&
8
5

B 10 Me=1245E {5

- Pe=600

oy

-2.5

Fig.10 Eigenvalue pectrum at Mc=12

M co= 1 549,

10 Mc= 12 [1]

(o)
(2]

(3]

[4]

(5]

(6]

N ev ton-Raphwon

’ (7]
SCDMNR

(8]

(9]

Mc= Q6

(4)

(5)

(References):

M ichalke A. On the inviscid instability of the hyper-
bolic tangent velocity profile[J].J Fluid M ech,
1964, 19(4): 543-556

Bogdanoff D W. Compressibility effects in turbulent
shear layers[J].A IAA J. 1983, 21(6): 926-927.
Papamoschou D. Structure of the compressible tur-
bulent shear layer[R] A IAA Pgper 89-0126, 1989
Jackson T L, Grosch C E. Inviscid gatial stability
of a compressible mixing layer[J].J Fluid M ech,
1989, 208: 609-637.

Sandhan N D, ReynoldsW C. Three-dmensional
sinulations of large eddies in the compressible
mixing layer[J].J Fluid M ech, 1991, 244: 133-158.
Ragab SA, WuJL. L inear instabilities in wo-
dimensional compressible mixing layers[J] .Phys
Fluids, 1989, A 1(6): 957-966

M alik M R. Numerical methods for hypersonic
boundary layer stability [J] .J. Phys,
1990, 86: 376-413

L ele SK. Compact finite difference schamesw ith
Phys, 1992,

Canput

gectral-like resolution[J].J. Canput
103: 16-42.
[D]

, 1999. (W ang Qiang
Stability analysis and numerical smulation of
compressible plane mixing layers Beijing: Institute
of M echarics, Chinese A cadeny of Sciences, 1999
(in Chinese))



Numer ical solution for the viscous temporal stability of
canpressiblem ixing layer s with symmetr ic can pact difference schemes

WangQiang, FuDexun, MaYawen
(LNM , Institute of M echanics, ChineseA cademy of Sciences, Beijing 100080, China)

Abstract: Based on the first-order form of compressible stability equations, a fanily of symmetric
compacted difference schanes with high precision is enployed for the boundary value problem in
numerical stability analysis A generalized form of the second order local iteration method is given for
the obtained nonlinear discretized eigenvalue problem, hence both temporal and satial stability can be
observed smilarly, and disturbance eigenmodes and their eigenfunctions are gained smultaneously. The
temporal stability for compressible plane free mixing layers is investigated, including two and three
dimensional w aves, visoous inviscid w aves, first and second modes, eigenfunctions, pseudo-eigenvalue
gectra and © on The results show that the viscosity as well as compressibility may reduce the
wavenumber and grow th rate of the unstable waves Furthemore, near M c= 1, the viscosity may
accelerate the change of two dimensional most unstablew aves from the first mode to the second mode at
high w avenum ber.

Key words mixing layer; stability analysis temporal mode, compacted difference scheme



