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Abstract

We consider a novel free boundary problem-the Sauna,and prove the existence and
unigqueness of solution for its weak form.

1. Introduction

A wvariety of free boundary problems arise in the nature and indvstry. And certain
phenomena in daily life can be reduced to free boundary problems, too. For example,
when people wearing glasses enter a heated room from outside on a cold day ,their glass-
&5 become steamed up. Then if the glasses are not wiped,after some time , the water on
the lenses starts to evaporate. A similar situation oceurs in a Sauna (See [17).

In [1],the authors presented an interesting mathematical model concerning these
phenomena and the numerical results, '

In this paper,we analyze the Sauna model in theory. In Section 2,we formulate
this problem in weak form,then prove the existence and uniqueness theorems for weak
solutions in Section 3,and investigate some properties of weak solutions in Section 4.

2. Weak Formulation

As in [1],if we only consider axially symmetric situations, the mathematical
madel for the Sauna is as follows®,
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if z=0 and #(#) >1.
8(z,0) = 6,(z) in 0<z<_1+4c¢ (2.5)
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(2.1)— (2. 7) are the Sauna problem. The boundary of set {(z,y,£) |z(z,y,£)=0}is
the free boundary.
In our case,we consider non-axially symmetric situation and introduce Heaviside

function ;
0 g0
— 2.8
H(Z) {1 £ 0 (2. 8)
Setting
(Y = £ max(0,1 — u(0)) = (1 — a(g))™ (2. 9a)
and
g(8) = p min(0,1 —u(f)) =— (1 — ul(f))” (2. 9b)
we get the following equation
Z — 10 + 9D HR (2. 10)

equivalent to (2. 4a) and (2, 4b).
So,we obtain the general Sauna problem as follows,
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G(x,y,0) = G(z,y) in 2 (2. 15)
2(z,4,00 =10 in £ (2. 16)

(2, 10)—=—(2. 16)are called problem P1,where

Q={(x,y}]ﬁm*+yf=rfil+c} y @=2X 0,1
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