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Abstract

A set of reaction diffusion f{ree
boundary value problem is considered in
this report. We shall demonstirate
existence and unicity of solutions of the
problem.
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We shall consider the following
reaction diffusion free boundary value
problem. Let z=s(x, y, t) denote the free
unknown interface between a “half-
space’* full of solid fuel and a
“half-space’* full of gaseous oxidizer
and gaseous fuel. let z < sty y t)
denote the gas [illed region. Let

u=u(x, y, z, t)denote the concentration of
the oxidizer and v=v(x, y, z t)denode the
concentration of the gaseous fuel. Let
w=w(X, ¥, z, t) denote the temperature of
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the gas. The problem considered is that
of finding (u, v, w, 5) which satisfies

up=aVu+ f(u,v), Vx,y,h_i<5(x,‘3,h, p<t4 ‘[
ve=BVv+ f(u,v),Vx,y,"% <S@4,b, DLLET
wi = VW f(u,v),Vx,y,54 g 500y, 1), 0 Sé@:r}
u(x,y,2,0)= ¢(x,y,2),V%,y, asd 2 <s(,0),
X, $,2,0) =y (X, ,2), Y%, P, and 2<$003,0)
w(x,»,2,0)=5(x,,2), Y5, ¥, &k 2 <5(x,14,0),

ou
\“ ag‘;:-mrl(x,y,t)—Z{(x,y?s(x,y,f),t)}’(x,}’:f)
adl i, ond 2T504%,4), 0¢d <7,

B =G 300) = 40, 3,5(5, 2,0, 3.1)

all %3, and B =500y, o<k ¢,

ow
J/‘é;;:#yl(xsy:t)_kyo(xay:t)
‘W(x,}’,s(x,)’at):'t)?’(X,}’J),
all %1%, and TN E), 0t <1

where Ut = %—%‘ ,etc., ¥/ is the Laplacian, n
is the outer unit normal to z=s(x, y, t),
the fuel evaporation rate 7, at
z=s(x, ¥, t) has the forn

¥o(x, ¥, t) = aexp{-b/w(x,y,s(x, y,1),1)},

2)
Vx,y,0<tsT,

the surface oxidation rate 77 at

z=s(x, y, t) has the form

7:(x, y,1) = cexp{—d /w(x, y,5(x, y,1), )}

3)
- gu(x, y,s(x, y,1),1)),




and

W oy y.0=y,+7.

The free boundary z=s(x, y, £) moves under
the law

5,(1+(s.)" +(s5,)" =7(x, 3,0,
5 Vx, y,0 < ‘< T,

5(x, 5,0) = 5,(x, ¥),Vx, y.

Note that all coefficients in above
equations are known positive constants,
and the functions in above equations are
known functions.

We try to demonstrate existence and
unicity of solutions of above problem.

ERRTE SN

First, the region described in free
boundary conditions of equations (5) in
the physical (x,y,z) space 1is
transformed into a fixed region. Then the
problem becomes a nonlinear system
within a fixed region. It 1s a classical
nonlinear parabolic equations. Second,
we shall derive some a priori estimates
of a solution (u,v,ws) to the new
nonlinear system. Third, the main
purpose of this project is todemonstrate
the following result that “Under
suitable assumption, there exists a
unique solution (w v, #, s) to the new
problem that depends continuously upon
the data. '
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The project is not completed yet.
There is some difficulty in Step & in
section = needed to overcome. After it
is done, we have some future work. First,
numerical methods for the approximation
of the solution of the problem will be
derived, studies, and implemented for
experimental studies. Various
appropriate generalizations will be
considered in a progressive long term
study.
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