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Tu tx

E(T29+ oo)

To< T< Ti< < T, p(T) TE (To, Th) T

TE(T, T,) e o T

(%)= p(T) [ tp(D= pT)paT= 0

0T+ 0w= 0, 0w+ X0,T=- %(U+ u),

A - I + B
wou wou u

(2)
Ow+ Oav = 0, Qw+ XOu= - %[w— p(YJ,
ex1 A , U W . x €[a,b],
0% a,t)= 0. Tb,t) =0, u(a,t)= u(bt)= 0 (3)
[7]
2
, u= wu(x,t)= (Yx,t),v(x,t), u(x, t),w(x,t))"
[a, b], 5 )
uA(x,t), x E[a, a+ 2€u] ( ),
u (x,t), xE[a+ 811,5— SU]( ),
u(x,t) =S dx,t), x €[s- 28, s+ 28] ( ),
u (x,t), xE[s+ él,b— 8“]( ),
WPix, 1), x €[b-2€,b]( )
s= s(t) ,HE(01)
z= (x— a)/€z=(x—b)/€E 2z= (x-
s)/e z
u'(z, 1), z €10, + o),
u (x,t), xE[a+ 8“,3— EU],
u(x,t) =S u(z1), z € (= o + o),
u (x,t), x € [s+ él,b— 8“],
W’(z,1), 2 € (= o0, 0]*
u s € ’
d = .g:é”;" u = géu;, u = __Offu][,
]; /—oo J; (4)
u+: Zﬂu;, uB = .Z:éujB, s = .g:é‘gj.
0( € (4) (2)
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2.1
= 2 (2
0To+ Owo= 0, vo + up = 0, Qo+ Oawo= 0, wo- p(To)= 0 (5)
(To(x,t),v0(x,t),uo(x,t),wo(x,t))= (T,0,0,p(T))e
vi=— ul,wi=- (¢ )T,
0T — Q1 = 0, Qi — (¢ )%, T = 0 (6)
of == uf,wl == ()’
ar—aul—oatm—(c‘)aﬂ—()‘ (7)
2.2
S R R CT (3)
v0(z, 1) = O, w(z. t) = p(T),
X0.Ty = — up, 0.Tp(0,1) = 0, To(+ ,1) = T,
{)\Zazu*é: p(T) = p(T ), ub(0,t)= 0, wo(+ oo, ¢)= O (8)
T T : (B .u0 )= (T.0) ,
(0. t)= T (T(0,¢),0) y To(z,t)= T,
wo(z, 1) = 0
Az, t) == wi(a, t), wi(z.t) == (¢ )’Ti(a, t),
{Aazﬁ_ ui(a, t)- ul, azf‘(o t)=0, T+ )= Ti(a, t),
Xo.ui VT (a, t)- T, h(0,¢) = 0, ui(+ o,1) = ui(a,t)* ®)
=0 , (9) cui(a,t)= 0
(6) . (9) (Ti(zt),
iz, t), ui(z,t), wi(z, 1)) = (Ti(a,1),0,0, = (¢ ) Ti(a,t))*
(7) wi(b,t) = 0
2.3
s(t) = 0 so(t) = so(0)
= 0,00(z, 1) = Owo(z, 1) = p(T )= p(T),
X0.To=— up To(toor)= T
Nouh = p( )= p(T), (oo, )= 0 (10)
so(t) = 0, T0, =T, TE(T T p(T)
=p(V)=p(T)* To(z, 1) = U(z), vb(z,1)= 0. uo(z,t) =— XU, wo(z,t)

p(T)=p(T)e Ulz) ,
XU+ p(U) = p(P ), UEoo)= T U(0)= T (11)
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iz s(B- T )= ui(sot),

wh = Sb- (¢ )*T(sot);

No:-To=— whi— &x(To— T )+ ui(so,t),
Xou = p,('[lo) T— sub+ (¢ )*Ti(so, t)*

ui
NET+p (U)Ti=-2X0:Ut— (¢ ) Ti(s0,t)° (12)
(12) 0.U R
() Ti(s0.4)0 (V- T)? (T- T)
= T o T 7= o 0 [T ’
ZAJ.R(azU) de 2J' [207+) ds
T (13)
0w = [ 1p(T )= p(s)1ds
ui(so,t) = ui(so,t) = O(c )*Ti(so,t) = 0(c")*Ti(s0 )" (14)
(14) wur(a, t)=0 ui(b,t)= 0, (6) (7
0T — Qw1 = 0, 0,11 - O,ui = 0,
Our — (¢ )0, T = 0, 0wl — ()%, T = 0,
- + (15)
ut(a,t)= ui(b,t)= 0,
ui (so, t) — ui(so,t) = 0(0_)2T1(so, t) = 0(c+)2T§(So, t)e
, Fourier Ti= e*P(x, N, ur= e"d(x, Ve
¢ b x= sot)= 0 , ¢
Yo ¥ =0 M- ()= 0
+ (16)
bla)= d(b)= 0, d(so+)— d(s0-)= 0(c)>HsoF)*
T"= (b= so)/ ¢, T = (so— a)/c X = so
x= a,x=b . (16)
blx, N = cfAfs%nh[)\(x— a)/c ], x €la,s),
¢" A" sinhf Nx - b)/c"], x € (s, b],
W= A;cosh[}»(x— a)/c;], x €[a, s),
A" coshf Mx - b)/c" ], x € (s, b],

of c+)2A+ cosh( )T+) = o(c")zA‘ cosh( N7 ) =
— ¢ A sinh( X'7) — ¢ A" sinh( X" )*
(% 9) (16) . LAY I+1 A7 1> O
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. ) T /T

4
p(T= 2.4/(T- 1/3)- 3/T» : (us)
1 [a, b] = [-0.40.4], €= 10° A= 3.0 (u),
T(x,0) = T(x)+ &’ /10 x— 0.2)],
v(x,0) = vs(x), u(%,0) = us(x), w(x,0) = wex)* (17)
° 1 °
~0.5
(b) v(x. t)— v(x) (t €0,1])
] ~ Sx107h
[ (]
‘;: :— _5x 10
% & 4
~.8 -1.0x10 il‘"‘-—h _,_--"'Fﬂ..‘b
e ,4-—"_;‘ 0.5 ,—"T},
R 3t = S
¢ e N P i §<0.5
(¢) u(x,t)— us(x) (t €[0,1]) (d) w(x,t)— wyx) (t€[01])
1 1
2 lgl T= 0.2, t)- T(-0.2) | (Ti(x)
Yx,t) ) :
2 [a, b] = [~ 0.472, 0.328], €= 10° A= 3.0° (17),
, 1 . 1 lgl T(- 0.2, t)- T(- 0.2) 1,
. T /T .
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Ighel -0.2,¢) - r{ -0.2)1

[10]

lglo( -0.2,1) - £,{ -0.2)1

2 1 3 1 2

gl T(- 0.2, ¢)— Te(- 0.2) 1 (¢t € [0, 10]) gl T(- 0.2, ¢) - T(- 0.2) | (¢ € [0,10])
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Liquid Gas Coexistence Equilibrium in a
Relaxation Model

WANG Ping', TANG Shao giang’
(1. State Key Laboratory of Structural Analysis for Industrial Equipm ent , Departm ent of
En gin eering Mechanics, Dalian University of Technology, Dalian 116024, P.R. China;
2. LTCS, Department of Mechanics and Engineering Science,

Pekin g University, Beijing 100871,P.R .China)

Abstract: Stability of liquid gas coexistence equilibrium in a relaxation model for isothermal phase
transition in a sealed one _dimensional tube was discussed. With matched asymptotic expansion, alin-
ear system for first order perturbations was derived formally. By solving this system analytically, it is
shown that small initial perturbations are damped out in genera; yet they may maintain at certain level
for spedal cases. Numerical evidence is presented. This manifests the regularization effedts of relax

ation.

Key words: phase transition; relaxation, matched asymptotic expansion



