. _1
i } |

3 h

am sl v

Journal of Computational Mathematics, Vol.11, No.l, 1993, 37—49.

THE SPECTRAL-DIFFERENCE METHOD
FOR COMPRESSIBLE FLOW*

s i e
(Sha_nghai‘:U?;iperaity_ of Science and Technology, Shanghai, China)

Abstract
A apectral-d_lﬂ'erence scheme i8 pmpqsed forﬁ aenu—penudlc cnmpresmble flow
with strict eat.unatmﬁ ST LEALES E A

ST 81 Introduction
Tanil!l proved the ﬁilsftencie of iheloéal smooth solution of 'cnuipféﬂéible viscous flow.
In [2,3], a difference method and a spectral method were given. We consider the semi-
periodic problem and use the spectra.l-ddference method wh1d1 has been successfully
applied to fluid flow (see [4-7}])." R
Let n; and n, be positive integers. Let 2’ = (::1, s ) = (B g, i )
and z = (21,"--,2,)". Let 2 = 1 x @ where -

U ={z'0<2;<1,1<j<m},. Qa={2"[0<z;<2x,n +1<j<n}

We denote by T' the boundary of ;. The closures of ( and (; are denoted by  and
;. Let u be the velocity and u = (ull),-- 'u(“))"' p is the pressure. T is the absolute
temperature. p is the density. f is the external force and f = (f(1),..., f())*. V(T, p) >
0 is the viscosity, v'(T,p) is the second viscosity and «(T',p) = v/(T,p) - P’(T, p).
p(T p) > 0 is the heat conductioncdefficient. .S'(T p) is the entropy, ST = 7 S and
S, = %>. In order to avoid the mstablhty of computation, we put ¢ = Inp as in [2].

For sunphmty, we suppnse that p Rng R bemg a pumtnre constant. Then we have
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ctions have the period 2x for the va.na.ble zinp+1<j<n)

Suppose that all fun
BliBI: VO,VL.K'I:PO Ho, ﬂlisﬂisllsziiﬂ and

and that there exist positive constants By,

@1 such that if
(T, ) € Q = {(T:‘P)lBo < T < By,lel < Ba}s

then |—£| is bounded where 7 = ¥, &, #, 51,5, and q T, vy, and

w<v<n, Ix<m, min{nx + (n + 1)v,7) > Po, . - (1.2)
pod p<p, Se<he< |Se| < Sa, $o < e ¥ < 9. :
§2. The Scheme and ErrorEstlmahon o

" Let J be a positive integer and h = :1; The mesh domain is defined by
Ql,h = {frlzj = h12h1 i o R h, and 1< jS ﬂl}l_
Qup =0 aUTLh, Qp = O p X 3, O = Qi x O, |

where T', is the boundary of Q1 , in the following form:

T 71
rn=UT» Ti=TuUT-i
i=1

r,;={z'lz; =1 and zy = h,2hk,---,1—h,for § #j},
I‘_j-::{z']zj:ﬂ and :I:yﬂh,?h,u*,l-h,fﬂl‘ i # 3}

l,.) [2" = Z l; z, and II”Im = max |I;], where
ny

In addition, let ¥ = {054 F1<5€
J n

J=ﬂl+1
L;(ny + 1<73 < n) is an mteger For any positive mteger N define

Vi = span {e‘I" & |l"|.,_-. < N}

be the subset of Vi mmlvmg all real valued ﬁmctmns Let PN be L’-orthogana.l

Let VN
{},) onto V. Let 7 > 0 be the mesh sme of tlme 2 and

projection from L?(

A = max(2n17h~%,maTN?), {t_ kTIk B 1, [ ]}

or smplr by r:(k)

Denote the value of the function 5 at point z and time kr by n(z k)
("))"‘ De.ﬁne

or 7. A.ssume that n, £, a,b are scalar functions and w = (fwm

ﬂ:n, (2, k) = -'[ﬂ(z * hﬁ::k) ’7(3 k)]! ’75,(3:"')=7h,(3 — he;, k):

------

5,2, k) = lm,(z O +m(ebl ek Zlate, b +1) - a(e.

where ¢; is the n-dimensional vector whose jth ccmlponent equalﬂ 1.and the others are



