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Abstract We consider a Stefan problem with the curvature correction in a con-
centrated capacity. It 15 a kind of phase transition problems, in which the unknown
temperature satisfies both the Stefan condition and the curvature correction on the
free boundary, and also fulfills a kind of heat equations with special inner heat source.
The inner heat source is related to the derivative of the temperature with respect to
the direction vertical to the phase regions. The result established in this paper is the
existence of a global weak solution of this problem.
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1. Introduction

Consider a process of heat conduction in a complex material made by joining to-
gether two materials which have different critical temperatures of solidification. Let
' =(z1, . zx) € RY and z = (', zy21) € RYF!, Denote by © a bounded domain
in RY and by @1 = £ % (0,8) € R (b > 0) and Q2 = 2 x (—=1,0) ¢ R ! the
regions occupied by the material A and the material B respectively. Suppose that the .
critical temperature of solidification of A is much greater than that of B, and the heat
conduction in B in the direction of xy+ is much greater than in other directions.
Then, phase transitions will occur in B, not in 4, when the temperature is greater
than the critical point of solidification of B but less than that of A. The derivative of
temperature with respect to xa . on the interface of A and B can be viewed as a heat
source for the phase transition in B. Let « and w denote the temperature distribution
in A and B respectively, then, if the influence of the shape of the free boundary in B
upon phase transitions is neglected, this process can be modeled by a Stefan problem
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in a concentrated capacity as follows.
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where u = u(z, t), w = w(z' 1), & = Aq, Uz) =2 x{z}, (z=0,b), QL = x (0,5).
Ardreucci, D. [1] and Magenes, E. [2] considered the system (1.1)-(1.3). They
established the existence and uniqueness of a weak solution by different methods.
In this paper, we take into account the influence of the shape of the free boundary
in B upon the phase transitions. In this setting, the equation (1.5) must be replaced
by
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ey Agqw =g+ e in T'((0) x (0,T)) (1.6)
w = —x on the free boundary (1.7)
x(0) = xo - (1.8)

where & is the mean curvature of the free boundary with the convection that, when the
solid region protrudes into the liquid region, x is positive, and ¥ : § — {0,1}.

We shall use the idea in [3] to prove the existence of a weak solution of the system
(1.1)~(1.4) and {1.6)—(1.8). Now we state our main results as follows.

Theorem 1.1  Suppose that 2 C R" be a bounded Lipschitz region, p € C W =
0,T]), f € LA(Q1x(0,T)), g € L*(2x(0,T)), ¥ € L3 Qx(0,T)), xo € BV(£2) and xo :
Q — {0,1}, then the system (1.1)-(1.4) and (1.6)(1.8) has at least one weak solution
{u,w,x}, w— @ € L0, Ty HE(Q1)) N L=(0,T5 L(@Q1)), w — ¢ € L2(0,T; HE(2)) 0
£°°(0,T; L*(Q)), x € L=(0,T; BV(R)), where HYQ1) = {h(x) € HYQ1) | h =0 on
o0 % [0,b]}, in the sense that
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and
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