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Abstract: Temporal mode'\direction num erical simulation has been done for the break-
down process of laminarturbulent-transition and the fully developed turbulence in an incom-
pressible boundary layer on a flat plate. Based on the computational results, the common and
different characteristics/of the durations of transition and the time averaged boundary- layer
thickness induced by~different initial disturbances were discussed. Analytical results show
that under different basic wave numbers, the durations of transition induced by different ni-
tial disturbances are different to one another. On the other hand, under given basic wave
numbers, if the initial disturbances are dissymmetrical in sparr wise direction, the ratio of the

time averaged boundary-layer thickness after transition to the boundary-layer thickness at

the beginning of the breakdown process in the transition, §/&, shows the same growth rate

with respect to time, which is independent of the initial disturbances. In contrast, initial

symmetric disturbances will induce different growth trends.
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o BG=1223) x oz - uj 3 ( Case7~ Casel2)
Orr Sommerfeld Table 3 Parameters of initial disturbances
s W max C
ase 7
lwl=1 w LA e
J a a B ®
12 1 0.01 (0.2,0) (0.0,0) (0.060 639, 0.003867)
2 6 , 2,5 2 0.01 (0.2,0) (0.3,0) (0.073 587, — 0.000 666)
1 3 0.01 (0.4,00 (0.6,0) (0.121 454, — 0.029 957
w B 0.1, Case 8
Li= 40, 1. 1
3 6 6 1 0.005 (0.2,0) (0.0,0) (0.060 639, 0.003 867)
2 0.005 (0.2,0) (0.3,0) (0.073 587, — 0.000 666)
0.2 0.3, Li= 80. 30.005 (0.4,0) (0.6,0) (0.121 454, — 0.029 957
NxxNnyz: 128X240x128_ Case 9
9,10 1 1 0.01 (0.2,0) (0.0,0) (0.060639, 0.003867)
2 0.005 (0.2,0) (0.3,0) (0.073 587, — 0.000 666)
2 (Casel~ Case6)
Tuble2 Parameters of initial distorbances 3.0.005 (0.4,0) «0.6,0)-(0.121 454, — 0.029 957)
Caso 1 4 0.005-(0.2,0) (= 0.3,0)(0.073 587 - 0.000 666)
j_a a B ® 570.005(0.4,0) (- 0.6,0)(0.121 454, - 0.029 957)
1 0.01 (0.2,0) (0.0,0) (0.060 639, 0.003867) e 10
ase
2 0.01 (0.2,0) (0.2,0) (0.068382, 0.002 360)
3.0.01 (0.4,00 (0.1,0) (0.132 226:= 0.018 957) 1 0.005 (0:-2,0) (0,0,0), _(0.060 639, 0.003 867)
Case 2 2-0.002 (0.2,0) (0.3,0) (0.073 587, — 0.000 666)
1 0.01 (0.2,0) (0.0;0) (\0.060639, 0.003-867
(0.2.00 (0.9:Q) ( ’ ) 3-0.002 (0-4,0) (0.6,0) (0.121 454, — 0.029 957
2 0.01 (0.2, 0 (0.2,0), (0,068 382, 0:-002 360)
3 0.01 (0.4,0-0.1,0) \(0.132 226} - 0.018 957) 470.002 (0.2,0) (- 0.3,0)(0.073 587, — 0.000 666)
40.005 (0.2,0) (- 0.2,0) (0.068 382,.0:002 360) 50.002 (0.4,0) (- 0.6,0)(0.121 454, — 0.029 957
50.005 (0.4,0) (- 0.1,0) (0,132 226, - 0018 957)
Case 11
Case 3
1.0.005 (0.2,0) (0.0,0) (0.060639, 0.003 867) 1.0.01 (0.2,00 (0.0,0) (0.060639, 0.003 867)
2 0.005 (0.2,0) \(0.2,0) (0.068 382, 0.002 360) 2 0.01 (0.4,00 (0.3,0) (0.127 241, — 0.025 078)
30.005(0.40 (0.1,0) (0.132 26, - 0.018 957) 3 0.01 (0.4,00 (0.6,0) (0.121 454, — 0.029 957
Case 4
0.01 (0.2,0) (0.0,0) (0.060639, 0.003 867) Case 12
2 0.01 (0.3,00 (0.2,0) (0.104 242, - 0.003 741) 1 0.01 (0.2,0) (0.0,0) (0.060639, 0.003 867)
3.0.01 (0.4,00 (0. 1(,}0) (50.132 226, - 0.018 957) 20.005 (0.2.0) (0.3.0) (0.073 587, — 0.000 666)
ase
1 0.005 (0.2,0) (0.0,0) (0.060639, 0.003 867) 30.005 (0.4,0) (0.9,0) (0.117 924, — 0.032 829)
2 0.002 (0.3,0) (0.2,0) (0.104 242, —0.003 741) " L
30.002 (0.4,00 (0.1,0) (0.132 226, - 0.018 957)
40.002 (0.3,0) (- 0.2,0)(0.104 242, - 0.003 741)
50.002 (0.4,0) (- 0.1,0)(0.132 226, - 0.018 957) 2
Case 6
2.1

1 0.01 (0.3,0)
2 0.01 (0.2,0)
3 .0.01 (0.4,0)

(0.0,0) (0.099005, 0.001 442)

(0.2,0) (0.068 382, 0.002 360)

(0.1,0) (0.132 226, - 0.018 957)
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3 4 12 Table 4 the durations of transition induced
Cr by different initial disturbances
s 4
Case 1 Case 2 Case3 Case4 Case5 Case6
AN te, te— tb.
6 Ly 160 140 320 160 410 120
150~ 160 . 6 te 310 290 480 310 560 270
180~ 210 . 6 te—n 150 150 160 150 150 150
6 tn 330 300 510 320 580 280
5 ( 6 )
Table 5 the durations of transition induced
by different initial disturbances
2
Case 7 Case 8 Case9 Case 10 Case 11 Case 12
ty 220 430 230 440 310 215
te 430 640 440 650 490 395
te— t, 210 210 210 210 180 180
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coefficient C; for the latter six cases
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