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Abatract

In this paper, we propose a new kind of pseudospectral schemes with a restraint
cperator to solve the periodic problem of Navier-Stokes equations. The generalized
stability of the schemes is analysed and the convergence is proved. Numerical results
are presented also.
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§1. Introduction

We consider the periodic problem of Navier-Stokes equations as follows:

du(z,t)
at

E (U[:L‘, t) | v)U(Ii t) % vP(zi t) - VvZU[I'It) = f[zr t):

(z,t) € 01 x (0, T}, (1.1)
V- -U(z,t)=0, (z,t)ex]0,T]
U(z,0) = Us(z), P(z,0)= Pz}, z€ll

where {1 = [0,27]",n = 2 or 3, v 2 0. U = (Uy,---,U,) is the velocity. P is the ratio of
pressure to density. The functions Uo, Po and f are given with the period 2x for all the
space variables. We require in addition

f P(z,t)dz=0, VYte[0,T]J.

It is well known that if the genuine solutions of PDEs are infinitely differentiable, then
the convergence rates of their spectral/pseudospectral approximations are infinitel!]. Hence
they have been widely used in computational fluid dynamics!?l. The pseudospectral methods
are easier to implement. But they are not as stable as the spectral ones due to “aliasing”.
Therefore some authors proposed the filtering techniquesla‘f’]. In this paper, a new kind
of pseudospectral schemes with a restraint operator is constructed to solve (1.1). The
generalized stability and the convergence are analysed. In particular, the uniform stability
and convergence (independent of the coefficient ) are obtained in some cases.

* Received July 8, 1988.
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§2. Notations and Lemmas
Denote by (-,.) and | - || the inner product and norm of L3(N) respectively. Let || - [|,
be the norm of L=(0). || - Il. and |- |u denote the norm and semi-norm of H#{(1). Define
Co () = {u/ue o= (), 4 has the perio

— X is strongly continuous, ||uf|fx = omax lu(t)ix).

Denote by Z the set of integers. For k — (ky, - ykn) € 27 et koo =  max |k, | and
asn

e 1/2 T

lk| = ( z kf) . For a positive integer N, we define

g=1

(Pe(uv), w) = (Pﬂ[wu},u), Vu,v,w € Wy.

(2.1)
Lemma 2,119, Ifuve Vi, then
(Dlulf < nN?u)?, (2.2)
(ii)lusl < n(2n + 1) (lal|?|v)? + ol uf3). (2.3)
Lemma 2.2(6!,

0< u<o, then for all y e H7(0),

| Py u — ul|, < CN#=%y|,.
If in addstion o > n/2, then

[|Pou — ull,, < CNH=%yl,.
Now we define the restramt operator R, for r > 1, 1e., if

u(x) = Z T

[k|<N

Fule) = 32 (1= (F) Juer=.

k[ <N
Lemma 2.3, fO0Lu<or>g—

then

4, then for all 4 e Wy,

So,r> #, we have clearly that
+ ' k|27 o1k 20+ 2(u-0) -
I Rew — w2 < cm\% i () jurf? < CN2B=o)y2.



