35 5

Vol.35 No.5
2007 9 Journal of Hohai University Natural Sciences Sep. 2007
210098
0357.5 A 1000-1980 2007 05-0510-04
20 60 Kline !
. Breuerl
Jeong 3 .Zhou *
5
Breuerl  Z
Du' =0
, 2 , 2 L2
B = Ag e’ =2.5 ¢y +0.67 1 -2 ¢z 2 e @25 - @#06 - g X
Dw' =—Agcx’ =25 ¢ 3¢y +0.6%-2 ¢y +
0 0.6 4 e o =2.5 - ¢y’ +0.6 @ 2/12
x'=x1/5 y =y j /1.2 7 =z k /6
75 7.5 , Ao Ap=0.28
501 »=0.18(1=0) 50 ¥=0.033(r=0)
25 L@ 25 ta c=4.
N 0 _“ii?:
=25 @ 1
> 0<x i <10
) 10 20 ) 10 20 . ,
x ¥ i <60 v xz
() WIIRTE R R B IR EE () WA e ) 5y T FE 1 a x i <
1 Xz
0.001 b . 1
Fig.1 Contour of initial normal and initial spanwise
disturbance velocities contour spacing = (.001
2006-12-18
10272040 10672052 20050294003

1982 —



511

0.1

5
2
M ’ ’ ’ ’ ’ i 2. ’
9; t u-Vu+u0-Vu+u-Vu0+Vp=ReVu V- u =0 2
u Falkner-Skan S+ B 1= =0 f— u p—
V— vi— Re
3 - Xy
z Fourier 6,
O<sx<120 O<y<6 -7.3<z<7.3. x y z = 200 200 32 .
x=0 u'=v =w =0 dp'/Ix=0. x =120 dp'/dx =
0 y=0 u=v=w =04dp /dx=0 y=6 du/dy =0 Jdv/dy =0
dw/dy=0 p=0.
3
5 B=-0.1 -0.050 0.05 0.1
A= Tul + 1ol +Twll, 3
2
2
~
t > 60
¢
7
2 0.024
Fig.2 Evolution curves of amplitudes
of coherent structures 2 0.016
0.008
3
O\_r
t
3
Fig.3 Evolution curves of
maximal Reynolds stresses
8
4a b c t =80
zy
2
. 7 .
t =80 4 d . 5
B = -0.1 B = -0.05 B



512 35

0 . Rz :
-03 -02 -0.1 0 0.1
w

z
(c) B=-0.1 () R RE [ ezl R 43 A7

4 g
Fig.4 Velocity vectors in z-y plane and distribution of maximal spanwise disturbance velocity

2.0 2.0
1.5 1.5
~ 1.0 s > 1.0
0.5 0.5
0 20 40 60 80 0 20 40 60 80
X X
() i P RBNIEE (B=-0.1) (b) AL A (8=0.1)
2.0 ; 2.0
1.5 . 1.5
~ 10 | ~10
05 & 05
0 200 40 60 80 0 60 80
X X
(©) VEM A E (B=-0.1) () M ILBE S (B=0.1)
5 0.002 =80
Fig.5 Contours of streamwise and normal disturbance velocities contour spacing=0.002 and ¢ = 80
5 t=80 £=0.1 B=-0.1
0 0
0 0

1 KLINE S L. REYNOLDS W C SCHRAUB F H et al. The structure of turbulent boundary layers J . Journal of Fluid Mechanics 1967 30
1 741-773.



5 513

2 BREUERL K'S LANDAHL M T. The evolution of a localized disturbance in a laminar boundary layer part 2 strong disturbance J . Journal
of Fluid Mechanics 1990 220 595-621.

3 JEONG J HUSSAIN F SCHOPPA W et al. Coherent structures near the wall in a turbulent channel flow J . Journal of Fluid Mechanics
1997 32 185-221.

4 7HOU J ADRIAN R J BALACHANDAR S et al. Mechanisms for generating coherent packets of hairpin votices in channel flow J .
Journal of Fluid Mechanics 1999 387 353-381.
ROOD E P. Ship hydrodynames basic research in the United States J . Journal of Hydrodynamics Ser B 1995 25 4 22-34.

6 LU Chang-gen CAO Wei-dong QIAN Jian-hua. A study on numerical method of Navier-Stokes equations and nonlinear-evolution of the
coherent structure in a laminar boundary layer J .Journal of Hydrodynamics Ser B 2006 18 3 372-377.

7 . J. 2003 29 4 321-326.

J. 2001 22 5 563-565.

Evolution of coherent structures in boundary layer
with pressure gradients

ZHANG Yan-mei LU Chang-gen CAO Wei-dong
College of Environmental Science and Engineering Hohai University =~ Nanjing 210098  China

Abstract By use of direct numerical simulation method the nonlinear evolution of coherent structures under different
pressure gradients was studied. According to the result the amplitude of coherent structures grows fast in a boundary
layer with negative pressure gradients then the streamwise vortex structure is formed and Reynolds stress increases fast.
These factors might result in the occurrence of turbulences. However it is difficult for coherent structures to be excited in
the boundary layer with positive pressure gradients and thus the flow is apt to become stable under such a condition.

The numerical results agree well with those from theoretical analysis and experiments.

Key words pressure gradient coherent structures boundary layer





