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TWO ALGORITHMS FOR SOLVING A KIND
OF HEAT CONDUCTION EQUATIONS™

Tong OrrNe—PU (& A ) CpeN Xu—MING (B 4% BR)

1. Introduction

In this paper, a strategy 18 suggested for numerical solution of a kind of parabolio
partial differential equations with nonlinear boundary conditions and discontinuons
coetficients, which arise from practical engineering problems. First, a difference equa-
tion at the discontinuous point ig astablished in which both the stability and the
truncation error are consistent with the total difference equations. Then, on account
of the fact that the coefficient malrix of the difference equations 18 tridiagonal and
nonlinearity appears only in the firgt and the last equations, two algorithms are sug-
gested: a mixed method combining the modified (Gaussian elimination method with the
cucoessive recursion method, and a variant of the modified Gaussian elimination
method. These algorithms are shown 10 be effective.

2  The Difference Equations of the Problem

Consider the parabolio partial differential equation
ou o O J
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where u, the Tequired solution, gatisfies the initial condition

u(z, 0) =p{@), (2)

and the boundary conditions

[@ “‘;\-1114_ =M, (3)

or Ja=g

[ o +?|-21£H =g, (4)
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and the discontinuous condition is
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where Mm=M(, u), Aa=Ra(t, ),

'111:-111(#, u’): ‘Ug:‘vg(t, u’):

and | (j:{

u’[ﬁ-ﬂ‘:uI#ﬁ 0, (5)

C1 m%m{ml,
Ca fﬂl'ﬁiiﬂ%b‘,

where ¢, €2, k1 and ki are constants.
For the region [e<<a<d, 0<<i<<T], there are iwo intervals in the a—direchion.
Mhe intervals [e, =] and [as, 6] are covered by the space increments hy=(wi—a)/

* Received September 4, 1982. The Chinese version was received March 24, 1980.



No.2 TWO ALGORITHMS FOR SOLVING HEAT CONDUCTION EQUATIONS 107

( N+ “:ZLT) and hg=(b—24) / ( No+ —é—-) respectively, and time ¢ is covered by v=T/m,
A rectangular net is thus formed as follows.
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By nse of the Crank-Nicolson formula to approximate equation (1) we oblain
the difference equations
- Yallg—1,i+17F (142y1) U, j41— Yilirr1, 541
= Y1Ug-1,; 1 (1 —2y1)u, 1+ V1%+1,5 (6)
(k=0,1, 2, -+, N1—1;j=1, 2, -, m),
= Yallg1,5+17t (1+2’}’2>uk.f+1 — Va1, 4+1
= Yaly_1, ;5 (1 — 22, 5+ Vallis1, 5 (7)
(5=Ni+1, N;+2, «--, N1+ Ny j=1, 2, -+, m),
where vi=ec17/2h%, Ya= cat/2h;,
Let A=max {h1, he}. Obviously equation (1) is approximated by (6) and (7) with
the truncation error O(A*+7?). To obtain the truncation error O(#?)on the boundary

conditions(8) and (4), we replace% with the central difference operator, and u with

the average of the two adjacent points:

{@. } _ Up, 41— U—1,441 {3” } . Unt1,ie1 T U1

ox lali+1 Fy > Loz v} fa i
Wo,i+1 T U_1,541 Uni1,4+1 T UN,i+1

{ulﬁ}f+1“ 29 2 s54+ : {ulb}f-l-i: + :.f+2 i+ s

Applying these formnlas to (3) and (4) respectively, we have
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Uot,j+1= 1 Uo,1+1 hfwi’jﬂ ’ (8)
1 Fi h1l1:3+1 1+—= hl}"l:f+1
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1—— hgh
2 2B, 141,
UN+1,541 ™ il Uy, 541 h{%’jﬂ 2 (9)
1+§' h3l211+1 1+§ hg}tﬂ}j.l.j_
where N= Nl Nﬂ,

Mg, 541 =M1 (Ej41, (U_1,5+1 +o,141)/2),
V1,541 = V1 (Fa1, (U-1,5411 Yo, 141)/2),
haysr1=Aa (i1, (Uw,seat Um+1,941)/2),
Va,i+1= Vg (£31, (uw, 541 uN-]-i:;f-’l—l) / 2) ]
Substituting (8) into (6) and (9) into (7), we obtain, for k= 0 and % =N respeo-




