23 4 Vol.23 No.4
2010 10 JOURNAL OF NINGBO UNIVERSITY ( NSEE ) Oct. 2010

:1001-5132 2010 04-0101-06

, 315211
Poisson
Fourier , Chebyshev . ,
Chebyshev-tau
; Chebyshev-tau ; ;
10351 TA
b b 1 . b
, 2 o
AV
. Bearman 1] A0.0
o _\’_> X
Baranyil” .
. Pan B3]
. Chon [4]
s 2 0
1 2010-01-19. : http://3xb.nbu.edu.cn
: XK0711025 ; XR0709009

1972 ., s / s : . E-mail: luoxiongping@nbu.edu.cn



102 2010
, ) X Chebyshev , f
’ ’ nx/2-1 Ny A -
Ly = 3 > fe"T (), (7)
, Chebyshev-Fourier j==m/2k=0
At 2 At 2
1+k2— ~..n+1 —_—— ~"(2)ﬂ+1 =
’ ( g 2Rejg” 2Re 9
At 2 2 At ) -
— 3H”—H”") +1-k2—|g."" +
2 ( 9 y ( g ZFQe)gIJ
1 At 2
o0 8
2Re glJ ( )
1.1 > éij(Z) 629 /5}/2
Chebyshev ,
C-7 jol 2 2
’ g u, > .1_21 a'% —ﬁgﬁz)
(J-b (J-bU+D
, §2 _9igO
v-y=0. m 2j+n 0 T ®
N, + Ly, @ ® :
ot Re ]
=wV-a, +a,y+2°X+2Qv s g | A +2Cj [§™" +
=0~ B @y X240V, 3 2(j-D 777 2D+ :
H =h - P, AL .
OX _gm - E,, -
v 1, 2()+D) 2(j-1
5:HV+%V Vv, (4) 2] c 1 c
i H ito jo2
h = o2, —ax+ 2Py 20u 2-D(+D ' 2(j+D)
z oy z s
Bc,, -, 2jB N zn
H, :hv_@, Q) 2(jj—21) - 2(j_—1)(j+1)—2Cj a; +
oy
~ B R
, 8, =(a,,a,) ; —a",, 10
v “ T (10)
aZ
1.2 Azl A pogoe AL oo AL
. 2Re 2Re 2Re
1.2.1 At 2, An
E:7(3Hg—Hgl). (11
Crank-Nicolson , H, H, Adams- 9 >
Bashforth ’
g(y=£1)=0, (12)
1_£V2 gn+1:£(3Hn_Hn—l)+ L
2Re 2 ¢ g ~ ik
Al §;(y=£h)=> g, (y=tDe™ =0, (13)
1+—V? |g", (6) mn:(’
2Re - Yo . )
. o g;(y=tD)=> G, (D" =0. (14)
H . k=0
, Fourier , (10)~(14) , Chebyshev-tau



[ o))

e @ @)

4 103
(551515 )
J-| oy ), \oy), \ox), \ox), ‘ ax.
1.2.2 Poisson ‘ ou ou
P — P +2[(j —(j j/ReT
Poisson ’ Xy \OX /g
. 1)
) = , | ; a,b
Vip=V-h —aD/at, (15)
_ ou ov 2 . Re, =uo/v
, h,=(h,.h), D-5;+E§. (16)
Taylor-Couette
( ) b
y : b
»__, 2y LOV : :
ay_ a, aZX+QZy+Re6’y2' 17
2 (20) .2
( D Ics Pyds =
J, o508 + v <A, <o () A2 +(2),(2) )
] - ) L _ (18) II b a b a dx
L pVV, dA + L puY, dA, = F, 0 [ au au
S SRR
> A’VI’AZ’VZ aX ’ ax :
(22)
S u a.0 = (aox’aoy) ’
| ’ 12420 [ [ vdxd
L(uz—ul)dyzo. (19) _j (ae+gc)df|:QZ +2QL'J‘:V X YI'
[ W9 -uv)dy=]_pds-|_ (@+a)dr. (0) ~al’=20 [ [ udxdy
_ o (23)
> Py N
s ov (22)  (23) 20)
ou ou ov ov
(BREREEEILS
[, ns U R R e

| wene(2)A2) )

Q1P +20 J: J._llvdxdy

-’ =20 j; _[jludxdy

]:0. (24)



104 2010
3
v )
(24)
S R
2n6 m. @w=>5U,/0drads IO o), \oy), " ldx +
Re, =u,6/v =20, P, - P,
v @120 [ vaxdy
Fourier ,  Chebyshev °| ’1 ~0. (25)
, 32%33 —o, ) =20 | [ udxdy
b, =(2u/dy+ov/ax)/ Re,
t=305/u_ s ( 4, ( QX 6 7
) . -20u 8
, 9 . 25) , 6~ 9 :
L t=305/u, s 5 20297 [0307 [0.01
+ - : (26)
0.33 —0.33 0

3
12
10_ /
¢ 8
=
X 6F
X4t
2_
1 1 J
00 10 20 30
t
4
10
05F
-~ OF
0.5F
_10: L L L L 4 L
0 1 2 3 4 5 6
X
5
4 .

LA

-0.02 -0.02-0.01 -0.01 -007 -0.01 -0.00 -0.00 0.00 001 0.01 0.1 001 002 0.02

1.0
0.5
-~ 0
-0.5
-1.0
0 1 2 3 4 5 6
X

6
M T T T T T T 7T T [ T

000001 0.01 0.01 0.01 0.02 0.02 0,02 0.03 0.02 0.03 0.03 0.04 0.04 004

1.0

0.5
0
-0.5

>

-1.0

o
—_
[\S]
w
~

3

-0.040,04-003-0.02-0.02-0.01-0.01-0.000.00 001 001 0.020.03 0.03 0.04




105

-0.04 -0.03-0.03 -0.03 -0.03 -0.02 -0.02 -0.02 -0.02 -0.01 -0.01 -0.04 -0.01 -0.00 -0.00

a=0.02u7 / 5 rad's™

10 , t=305/u_s

11 14.

5_
% 10 20 30
t
10
, (25)

-089 -0.76 -0.64 -0051 -0.38 -0.26-0.13 -0.00 012 025 033 0480 063 C

0
-0.5
-1.0
1 2 3 4 5 6
X
11

© 018036054 0.720901.03 1.261.44 1.621.80 1.98 216 234 252 270

12

-241 -229-317 -20.4 192 -180-168 -156 -14.4 -13.2-120 108 -85 -83 -T1

1.0
0.5
.0
-0.5
-1.0
0 1 2 3 4 5 6
X

13

-6 109101 -93 -85 -78 -70 -62 -54 -47 -39 -31 -13 16 -08

14

-12.68 18.65 5.97
+ = . (27)
107.62 -106.97 0.65

27

(Fourier-Chebyshev )
Navier-Stokes

, Chebyshev

b

0 1 2 3 4 5 6
X



106 2010

Flow-induced Vibration, London, 1995:231-240.

[2] Baranyi L. Lift and drag evaluation in translating and
rotating non-inertia systems[J]. Journal of Fluids and
Structures, 2005, 20:25-34.

, , [3] Pan H, Damodaran M. Computation of unsteady viscous
incompressible flows in generalized non-inertial co-
ordinate system using Godunov-projection method and
overlapping meshes[J]. Int J Numer Meth Fluids, 2002,
40:1365-1380.

[4] Chon W, Amano R S. Experimental and computational
: studies on flow behavior around counter rotating blades

[1] Bearman P W, Graham J M R, Lin X W, er al. Numerical in a double-spindle deck[J]. KSME International Journal,
simulation of flow-induced vibration of a circular cylin- 2004, 18(8):1401-1417.
der in uniform and oscillatory flow[C]//Flow-induced

Vibration: Proceedings 6th International Conference on

A Fourier-Chebyshev Spectral Method for Solving 2D Incompressible

Channel Flow in Non-inertia Coordinate System

LUO Xiong-ping
( The Faculty of Mechanical Engineering and Mechanics, Ningbo university, Ningbo 315211, China )

Abstract: Time-dependent incompressible Navier-Stokes equations in primitive variable form with body forces
of an apparent force are established, and a coriolis force caused by the linear acceleration, angular speed and
angular acceleration of the generalized non-inertial coordinate system is expressed. The equations are
numerically solved by a Fourier-Chebyshev spectral method, where Fourier polynomials are used in the
streamwise discretization and Chebyshev modes in the transverse direction. With the boundary conditions
expanded by spectral polynomials, the Chebyshev-tau methods are used to construct numerical integration of the
momentum equations and pressure Poisson equations. The above spectral methods are applied in 2D channel
flow with the kinetic reference system rotating at a constant and accelerating speed. The numerical results agree
well with that from the theoretical analysis of the control integral equations.
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