Journal of Computational Mathematics, Vol.9, No.1, 1991, 57-73.

A SPECTRAL-DIFFERENCE SCHEME FOR THREE-
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Abstract

We develop a spectral-difference scheme to solve three-dimensional vorticity equa-

tion with single periodical boundary condition. We prove the conservation, generalized
stabilty and convergence. The numerical experiments show that this scheme gives
much bet#er results than usual difference schemes.

F

81. Introduction

Let z = [1:1,:1:2,::3), g1 = (1,0,0), €2 = (U, 1,0), €3 = (U,U', 1) and {) = Q X I, where
Q = {(Il,mg),ﬂ < X1, T < 1} and I = {173,0 < Iy < 2'1!'} Let P; = {.‘I: = Q,Ip == 0},
Iy ={z€fl, z,=1} (p=1,2), Fp=T; UPtand T =T, UT,.

Let &(z,t) and y(z,t) denote the vorticity vector and the stream vector respectively.
§o(z) and fi(z,t)(! = 1,2) are given functions. Their components are denoted by £(P)(z,1),
it (z, t), {;’,,gp ](:r, t) and f,[p ) (z,¢), p = 1,2,3. We consider the three-dimensional vorticity
equation as follows:

%f' +{(Vx 9)]¢ — (- V)(V x ) — vV = £, (z,t) €0 x (0,T],
'_vﬂ'# = £+ fa, [z,t] € {] x [O, T], (1'1)
(z,0) = &o(2), z€

where v is a positive constant and f;(z,t) and £y{z) have the period 2x for the variable T3.

There are many papers concerning the finite difference methods for solving (1.1) 1.2} The
author and others!®4 proposed spectral and pseudospectral methods to solve the periodical
problem. Because problem (1.1) is only periodical for the variable Z3, we cannot use the
method in [3, 4]. Recently, the author!®® developed a spectral-difference method to solve
such partially periodical problems. In this paper, we propose a spectral-difference method

for (1.1).

*Received September 29, 1987.
1)The computation was done by Mr. Xiong Yue-shan.
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§2. Notations and the Scheme

Let A and 7 be the mesh sizes of the variables z,{p = 1,2) and ¢, Mh = 1. Define

Qs = {{z1,22) = (j1h, 72h)/1 S 1,52 € M — 1}, Qn = {(51h,2h)/0 < 51,52 < M},

On =Qn x I, Qn = Qn x 1,
I‘,,p—{zeﬁh,fzp—u}, I, ={zeflh/z, =1}, p=12,
rhp_rhpur;p, Iy =Thi1UThz, |

> = {z € ln/zp = h}, | ﬂ*""—{:zzeﬁhfmp:l—h}, p=1,2;
ﬂ:': —ﬂ*'UﬂhP, =10, , VI, 5,

S, ={t=kr/k=0,1,2,---, }.
Let u(z,t) and v(z,t) be the three-dimensional vectors. We define

: _

g, (2,t) = ;‘-(u(:r + heg, t) — u(x,t)), uz (z,t) = us (2 — hep,t), p=1,2,
(z, 1) 1( ’( (2,1)) \ —ug, (2, 1), for z€ T,

uz (z,t) = ~{ug, (2,t) + uz,(2,1]), unl(Z,0) = *
g\ Ep ) z ) ( ug, (Z,t), for z € T) ,

Au(z,t) = vz, 2, (2,1) + tz,2,(2,2) + —gf;-g{(:r,t), ue(z,t) = %(u{m,t + 1) — uf=z,t)).

We define the following scalar products and norms:

a2
(ulz1, 72, 8), o(z1, 72, )1 = = [] s, ) ote, des,

"“(mh T2, t)”? = (“[mhmﬂlt]: “(Ilrz?n t));,

(u(z-?n.t)l v(zs,t))Q, = h* Z u(z, t)v(z, t),
{z1,22)EQ
lu(zs, )5, = (u(z3,t), u(zs,t))qu.

(u(t),v(t)) = h* D (u(z1,23,t),v(z1, 22, )1,

{Ihm?}EQh

fu()l? = (u(t) w(®), [lu@Ik = Hu) PP,
WO = 2 3 (lus, (17 + ue, (1) + | 5= 0]

p-—l 2

lu(e)lT = Ilm(t)ll2 + [u()I1,
lu(t))? = Z (luz, (8)l1.00 /07 + Jutg, (8) 1,00/07) ::3(*”?

p—l 2

lu(e}IZ = Hlu(e)E + |u()]2,




