, 26 10 (2005 10 )
Applied Mathemetics and Mechanics

:1000-0887 (2005) 10- 1135-08
) )
( , 100080)
( )
0357.5%2 A
[12],
Brodkey [3] ,
, - Kim 4 Moin  Kim!®
, (
) 180 640 ( 3300 13 800) ,
(6]. Hngein ,
[6],
: , , X?
* : 2004-10-18; : 2005-06-10
(10332050 ;10002023) ;
(2003B003)
(19659 , , , ( . Td : +86-10-62554125 ; Fax; + 86-10-
62561284 ; Email :zhoujf @mech. ac. cn) ;
(1940 ,

1135



1136

’ CRJ ’

X
<

=~
< i —>

o

=%}

<

S c

<

I

Zm dp/dx =1 § U L u '
u(x,t) :IG(r,x)u(r- x,tydr, (1)
L. X ,t ,G(r,x)
1 ,
G(r)-
Navier- Sokes : U«
6 1
v-u =0, 2
Du _ = 1 - o
Dt =° VPt R VU VT, (3
3 y Re = U*élv . Tr
T =7y - uy, - 2 3,
Smagprinsky!®!
- STz ¥4, (@
V= (CM)?| S| §-:':La—‘a+a—u_i | S| = (25;S)Y? (5
T PTE T 2l 0% Ox) s
VT ,Cs  Smagorinsky iy . '
, Van Dries o1
Vr= (CM)[1- ep(- ' /1A")]?| ST, (6)
z ,Cs=0.1,A" = 25



1137

z = (- D/ -1),& = 2j/ N,

(J = 1121 1NZ/ 2) il (7)
, N, Y
,uv p (7 w 1
[10].
1
Re 180 300 640
2.510 x1.510 xD 2.510 x310/4 xD 1.910 x0.510 x D
Ny X Ny X N, 64 x 64 x 64 64 x 64 % 64 64 % 64 x 64
y 2.0 2.5 4.5
A x*( , ) 2 37 47
zi ( , ) 0.9 1.0 1.0
byt ( , ) 13 1 15
A t( 4 O ) 0.001 0.001 0.000 4
, , , Fourier
, Adams Badtforth
: Km [ :
( [10]) ,
2
S ( ) F
S f ,$=0 f
, ;7 S$<0, , .S
> 0, , F f
, F , f , T F , f
, ,S=0,F=3
, (z" < 5)
(z* > 30 (5 < z" < 30,
2.1
, 2 3 Re = 180 ,
f, ,
, ( 280 3(a) ( 2(c) 3(0)
, ( 2(b) 3(b)



1138

0.0

uw/ua

(b) z- =20

[ T TR SRR TP NEPOA R |
2 4 6 8 10 12 14 16 18 20

0.6

"~

u/u,

(c) =28

4 k=20 X% X%
X% X% >Xb65(k-3),

2.2
180 ,
, Kim [4]
DNS

XZ

O'O- 1 1 1 N 1
-4 -2 0 2
w' /U
(b) 2 = 20
1.5-
1.0F
0.5
0.0f
-3 3
w/ux
(c) z7=2.8
3
(- :LES ,—
)(2 <X§(k- 3) )
), X? :
k= 20 X&x(k-3) = 20,
( )
5 6,



1139

(z<0.1 z"<15
(z<0.05 z"<10 (0.2<z<1
40 < 7' < 180) , 0.05<z<0.2 10
z" < 40 6 ,
5 6
, Brodkey 3]
_ 1.5 m—TIy .
5 1.0 —-— S(w'") R
= O S(u')[4] ff 4
FOOSE iarn,, a stla J0%
"2 <) )
= =4
) 0.5 1.0 1.5 2.0
V4
5
(Re = 180)
X-Z
] 7b
(z < 0.05) , ,
0.2 , ,
2.3
1 z'< 1.0, 1
180 300 640

<
zf
4 &
(" = 180 )

10r= ]

F — F(u')

8l -— F(w') a

h O F(u)[4] a
6+ & Flu)la] %
4- AY

(Re = 180)
7a b
, fa
, ;o 0.05< z<
. 0.2<z<1
180 300 640
3 1
0



1140

10

F(u')

Flw')

~N ":,o‘ o0
B

FF

[}

\

. H 0.5 1.0 1.5 2.0
z z
(c) (d)



1141

[ ]

[1] Sechet P. Guennec B Le. The role of near wall turbulent structures on sediment transport[J]. Wat
Res,1999,33(17) :3646 —3656.

[2] Nino Y, Garcia M H. Experiments on particle-turbulence interactions in the near-wall region of an
open channel flow : implications for sediment transport [J].J Huid Mech,1996,326:285 —319.

[3] Brodkey R S,WallaceJ M, Eckelmann H. Some properties of truncated turbulence signals in bounded
shear flows[J]. J Huid Mech,1974,63:209 —224.

[4] Kim J,Moin P,Moser R D. Turbulence statistics in fully developed channel flow at low Reynolds
number[J]. J Huid Mech,1987,177:133 —166.

[5] Moin P,Kim J. Numerical investigation of turbulent channel flow[J].J Huid Mech,1982,118:341 —
377.

[6] , . [M]. : ,1986.

[7] Ll Jiachun. Large eddy simulation of complex turbulent flows: physical aspects and research trends
[J]. Acta Mechanica Sinica,2001,17(4) :289 —301.

[8] Smagorinsky J. General circulation experiments with the primitive equations — the basic experi-
ment[J]. Mon Weather Rev,1963,91:99 —164.

[9] Pope S B. Turbulent Flows[M]. Cambridge, UK: Cambridge University Press, 2000.

[10] , , . LES [3]. ,G ,2005,35
(3) :292 —307.



1142

Probability Distribution Function of Near-Wall
Turbulent Velocity Fluctuations

ZHOU Ji-fu, ZHANG Qiang, LI Jiachun
( Institute o Mechanics, Chinese Academy of Sciences,
Beijing 100080, P. R. China)

Abstract : By large eddy simulation (L ES) ,turbulent databases of channel flows at different Reynolds
numbers were established. Then, the probability distribution functions of the streamwise and wall-
normal velocity fluctuations were obtained and compared with the corresponding normal distributions.
By hypothesis test, the deviation from the normal distribution was anayzed quantitatively. The skew-
ness and flatness factors were also calculated. And the variations of these two factors in the viscous
sub-layer, buffer layer and log-law layer were discussed. Still illustrated were the relations between
the probability distribution functions and the burst events —sweep of high-speed fluids and gjection of
low- speed fluids —n the viscous sub-layer, buffer layer and log-law layer. Finaly the variations of the

probability distribution functions with Reynolds number were examined.

Key words: near-wall turbulence;large eddy simulation; velocity fluctuation; probability distribution

function; skewness; flatness



