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Transition mechanism of an incompressible boundary
layer on a flat plate

LI Ning', LUO Ji-sheng®

(1. Software Center of Oil and Gas Development,
Research Institute of Petro China Exploration and Development, Beijing 100083, China;
2. Department of Mechanics, Tianjin University, Tianjin 300072, China)

Abstract: Direct numerical simulation (DNS) was carried out for laminar-turbulent
transition of an incompressible boundary layer on a flat plate based on disturbance N-S equa-
tion in spatial mode with Fourier pseudo-spectral and massage passing interface (MPI)
methods. The statistical data were analyzed. Transition processes caused by disturbances
with different initial amplitudes were compared. Results indicate:after the amplitude of dis-
turbances in laminar flow grows, nonlinear effect modifies the profile of mean flow, with
enlargement of performed by the enlarging unsteady zones. At the same time, more and
more high frequency harmonic waves are generated. When the profiles of mean flow are
modified to certain degree, the unstable zones are enlarged significantly. More harmonic
waves are actived and grown rapidly, triggering the breakdown of transition process. Dur-
ing the breakdown of transition process, the rapid growth of many harmonic waves induces
the rapid growth of disturbance energy, accelerating the modification of mean flow profiles.

The phenomenon means that the instability characteristic of mean flow profile is changed.
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The reciprocal rapid growth makes laminar flow become turbulent flow rapidly. Therefore,

change of instability characteristic of mean flow profile plays a key role during process of

transition.

Key words: incompressible boundary layer; direct numerical simulation; spatial mode;

transition; linear stability analysis
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Fig. 1 Shapes of eigen-functions introduced

at the entrance
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Table 1 Parameters of initial disturbances

I Il Il

a  0.2491053 0.1103229  0.1103229

0.0034965 —0.0065115 —0.0065115

a;

8 0 0.2418 —0.2418

9] 0.09090 0.04545 0.04545

2
Table 2 Amplitudes of initial disturbances

A B

I 0.0372 0.01
0.0124 0.0001

I} 0.0124 0.0001

3
Table 3 Dimension of computational domain and

numbers of meshes

A B
L, XL, XL, 512X40X26  911X40X26
N, XN, XN, 450 X151 X128 800X151X128

691 1382

2

(b) t=1382,55.4B

Fig. 2 Evolution of disturbance velocity u
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Fig. 7 Profile curves of mean velocity u at

several stream-wise locations
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