31 5 JOURNAL OF NATIONAL UNIVERSI'Y OF DEFENSE TECHNOLOGY Vol. 31 No. 5 2009

:1001- 2486(2009) 05— 0112- 08

Tk, 5, 2 IR

( , 410073)

Lyapunov s

1 V2121 tA

Nomn-linear Time Series Analysis of Evolution Status of
Supersonic Mixing Layer

YU Jiang fei, YAN Zhi- hui, LIU Wei dong
(College of Aerospace and Material Engineering, National Univ. of Defense Technology, Changsha 410073, China)

Abstract: Coherent structures of twe- dimensional supersonic turbulent mixing layer with engineering background are invesigated by
using the method of Large Eddy Simulation ( LES) . Chaos characteristics of evolution status are obtained by the nor linear time series
analysis of pseude-phase portrait, lLyapunov exponent and comelation dimension. The results show that the pseude-phase portrait of
pressure can denote the stabiliy of mixing layer. The distribution of correlation dimensions can be used to measure the evolution status of
mixing layer quantificationally, and the distribution of maximal Lyapunov exponents can be used to validate the measure results above. In
corresponding experiments for mixing layer, the universality of sudies on evolution gatus of miing layer by the method of nor linear tine
series analysis is testified.
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Tab.1 Flow conditions of the Goebel experiment

[12

AT doun Air,
Ma 1.91 1. 36
Unf s) 700 399
T(K) 334 215
P( kPa) 49 49
[3] .
d= 4mm
13 s LES ,
3



115

0'4 H H ] H 04 i i i i
““Godbel-Dutton Data | i} T - “Gocbei-Dutton Data 111
T.LES Calculation . . E .. LES Caleulation L i}
0.2 7 ? 0.2 - - -

A A dedh A . - D
oo 02 04 06 08 1 122 02 04 06 08 12
(U-U,) 1dU (U-U) 14U
(a) (b)
0.4 ; - 0.4 : - :
[ \\ T T Goebel Dution Data ] | Goebel-Dution Data

= LES Calculation

5%
o 005 0.1 015 02 0.25
Vrms / dU
(C))
1  Goebel
(a),(b)  X= 100nm 150mm ,(c),(d)  X= 150mm

Fig.1 Time averaged variables comparison for goebel mixing layer between calculation and experiment

(a), (b) Time averaged streamwise velociy profiles for X 100mm & 150mm, ( ¢) , (d) Profiles of turbulent intensity for X 150mm
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Fig.3  Contours of aiup mass fraction of instantaneous flowfield and locations of watch points for Goebel Model
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Tab.2 Tine delay of pressure-time serial for watch point of different streamwise location for Goebel Model
1 2 3 4 5 6 7 8 9 10 11 12 13
2/ m 0.016 0.052 0.083 0.124 0.160 0196 0.232 0.268 0.304 0.340 0. 376 0 412 0.449
T 24 42 58 64 108 114 174 194 218 242 228 286 284
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Fig. 4 Pressure pseude-phase portrait of points 1~ 12 in the centre line of the mixing layer for Goebel model
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Tab.3 Basic parameters at entrance of physic model
M ass fraction
Flow P/ kPa T/ K Ma - ;
ALruP Air
Air,, 60 667 2.77 1 0
AT joun 60 1328 1.6 0 1
U+ U t = L U+ U,
= U+ A si W = s - = - ==
ux= U 3 smp W ¢ U U 5
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Fig.7 Contours of airup mass fraction for ndartaneous flowfield of mixing layer for Case 1 & 2
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Tab.4 Time delay of pressure-time serial for watch point of different streamwise location for Case 1 & 2

1 2 3 4 5 6 7 8 9 10 11 12 13

2/ m 0.023 0.071 0.119 0167 0.215 0.263 0.311 0.360 0.408 0. 456 0. 504 0552 0.6
Case 1 24 32 38 44 48 54 62 66 72 98 78 110 90
Case 2 134 46 66 62 76 124 64 96 98 90 68 120 138
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Fig. 9 Dstribution of correlation dimensions of pressure-time serial in the centre line of the mixing layer for Case 1 & 2
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Fig. 10 Distribution of maximal Lyapunov exponents of pressure-tine serial in centre line of mixing layer for Case 1 & 2
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