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1 x10,T] ) :
0< Ax,t) <b ((x, t)E[rR]X[OT])
d(r,t) 2C(t)  ((x,t) €[0,7T]),

= b (tE[O T,
[r,R]);

(%
2) Q= (xyt)r<x< R,0< t< T,0< y< ¢(xt)}
Q

Eu = (xw) .+ xuy— kvu,=0 (1 Q ),
w(r,y,t) = C(t), 0<y <C(t) (0< ¢ <T),
w(r,y,t) = y, C(1) <y SHAr,1) (0< ¢t <T),
w(R,y,t) = b (0 <y <b,0< 1t <T),

u (x,0,)= 0 (r< x< RO0< ¢ <T),
w(x,y,t) = y,(2),

urt wr— wy = ku, (),

= {(x,y,t);(r< x< R,0< t< T,y= <I>(x,t)},
w(x,y,00 = b,(r <x SR,0<y <b),

x, ) r<x<RO<y<l}
(x,y);r< x< Ryy= 0y,

Fz—aD\F
Q= Dx(0,T),
(L—{(xyt) r< x< R 0< t< T,0< y< b+T—t}

0= [1ED= (e 1= D1 dTe 2 (v 1),
g0 = [[b- (e 1= DT aTe 20+ 1),

G(x,y,t) = g1+ ;C{_

r
r(gz_ gl)’

2N = Flb- N’ (AER),

a(u,v) jx Vu Vodedy + J‘l‘xYouYovdx,

b(u, ) J‘x (Tou).( Yov).dx,

(u,v) = Lwdxdy,

r, .
{‘15, Q, u} I , u

(2)

(3)



758

y  ((x.y.t) €01/ Q)

[2]

~ w(x,y,t)  ((x,y,1) €9
u(x,y,1t) =

Torelli
w = J:{J(x,yﬂ- T,T)—(y+t—T)>dT, (8)

w(x,y )= w(x,y, 1)+ z(y+ 1),
K(t) = {y €EH' (D);v= G T, , Yo EH‘(rn)},
I llJ:

II:
Q w(x,y, 1) €K(1),

w € L7(0,T,H' (D)), Yow € L™(0,T,H'(Tw)),

w,= L0, T,H' (D)) NL0,T,L°(D)),

w(x,y, 0= z(y),

(2we,v— w)+ a(w,v— w)+ [)[J:)w('f)d'f,y— w}+ (x,0° = w") >

- quYo(v— w)dx (Vv €K(t),a.e t €[0,T])*

, b’
g=z2(0-2(0)=-b- "5
(- I

w(r,t) N s
w(r,t) = NW (1) (9)
11

w€K(t), J(w)= ]/gr,}fr).](v),

J(v) = %a(v,v) + (xv,v) + b[J.Ov(T)dT,U]+ (x,v) + ergYOde‘

I" d

Jo(w) = .[u){[%ﬂtw w}+ %[[%—”ﬂ 2+ [%—y] Z]}xdxdy‘ (10)

(9 (10) J(w) §] =0
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(11)

(12)

0.7 0., 0.rd
K.= J‘J‘De [axN axN 3 N 3 N]xdxdy,
fe=- J. DNTxdxdy .
. . (12),
w(e) o [4],
2 ,
r=4.8R= 7680b= 480°
C(1) =- 0.361+ 48 (0 <1 <50), y
C(t)= 00018 ¢— 150)2+ 12 (50 <t < 150), ‘/2 St S
C(t) = 12 (150< 1) * ‘0—/
, D 30
40 , 0
’ ) 10
L, ( ) .
2 . [1] 0 10 W 40 50 6 0 *
: 384
1
y x= 7.61 x = 12 09 x= 19 02 x= 3047 x= 43.38
1 t= 25At 2.0 48. 0 48.0 48.0 48.0
2t = 50At 40. 5 45. 0 46.5 4.0 48.0
3 1= T75At 36. 0 40. 0 43.5 45.0 48.0
4 = 100A¢ 33.0 37.5 2.0 45.0 48.0
5 t= 125At 3.5 36. 0 40. 5 45.0 48.0
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Free Boundary Problem of Non_Steady
State Seepage Flow

Sun Ying',  Guo Xiaoming’,  She Yinghe’
(1. Nanjing Engineering Institute, Nanjing 210007, P R China;
2 Southeast University, Nanjing 210096, P R China)

Abstract: Along with the vigorous developing construdgion, the number of various underground engt
neerings is greatly increasing, such as the foundations of dams and high rise dmultistored hauses, the
subways and the tunnels, the water and oil wells etc., where the close attention is always paid to the
seepage behaviour in the media around the structures. In Appl. Math Mech. 1996, 17(6), the varia
tional inequality formulation and its FEM solution for the free boundary problem of 2D steady state
seepage flow was given by She Yinghe et al. In this paper a further investigation is made on the non_
steady state seepage problem, by taking the seepage flow of wells as an example. The presented ap
proach—variational inequality and its FEM solution——is also very beneficial to the non_steady

state problems, where the transient free boundary can also be defined directly without conventional it-
eraions.

Key words: seepage; non steady state; variational inequality



