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, QERYd=1,23),]=(0,T],b E[L(0:T, Weo{ )], | b= f_Zb%(x,t) <

V2, e(x,t) E[LT(0:T, Weof 9)],1 <e(x,t).f ELNO:T, L ), uo € L*( Q).

1

(D) , ., 0= 1<
e <=, In= (0" ) ko= "' (" (n=012 -..N-1). Th
Q , T. Q:: Q x J’ Sn:: Qx I"’
s" Th. n, K= Txly, h= gax(h&)(n= 0,12 -..N-1),

h. n

h = mrELth,l.
Vin=v:vlk € P(T) x P(l,), VK € Th,,},
OQnn=1_v:v1k € Pu(T)X Pu(ln), YK € Th ),
Hio= { ® 9% €(0n)" €1k € Qo VK €140,
Vi = {v: RxR 7 Rl rmy € Vh,n},

P, k
1
(@v)n= (Ouv)s = I,(w,v)ds,(w,v)
Q 2
2 V2
o= (o) = | ], o Wads|
2 t=1{"(n=012 -.N-1) , L? (), = o, "), v(,
tn)>Q, lvla= (U,U>Z2.
3
vt (x,t) = limo(x,t+ s),
s 0
[v] = vi— v .
N-1
1y 1112 = %[| o1+l o 13+ D0 [y]|%] .
n=1
4 L*(].L% Q))
N
o 113 = L NESS
oo 2 2
5 L7(J. L) el L S L
L’ )
1 PuHY Q) Vi,

(_.‘.o X7 u— Phu) = 0, VX E Hh, n
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Nu= P Il <CR* 1w gy
2 O:(H'Y( Q)" ™ Hy .,
(o (v— Thy),w) = 0, Yw € Vi,

lv- Ty ll SCch™lly ||H””(div, Q)-

[9] -
(1) , R
ui— b+ b b+ cu(x,t) = f, Qx J,
b— =0, Qx J,
u= 0, 0Qx [, (2)
u(x,0) = wo(x), Q.
JZ (w,w)dt- .ro( $,w)de + L(b- ¢, w)de +
AZ<[u],w+ Yo+ uw, we Do+ JZ (cu,w)dt =
s [ (7o), w € HYQ),
Jcomans [ e va= 0 v € o)
u(x,0) = uo, x € Q
In: (If", tn—%—l) ,
(u,w)n— (S w)n+ (b* &, w)n+ fuf,ws dn+ (cu,w)n=
(fs ), w € Ho(S"), \
('*p,V)n‘F (LL, -'.-. v)n,: O, v E (Lz(sn))d’ ( )
(u(0),w) = (uo,w), w € Hi(S"),
(uh’ d)h) E Vh,anh,n
(ul, w") = (b W) (b 0" w") e U W e+ (el W), =
(f "), "
(" Vel V) e =0,
(u'(0),w") = (uo. w").

?

1 (4 (d' ") € Vioux Hin
max( Nd Tas 16" o) KM( b llas 1l o).
hll kll
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/ ho /
(4) n , w'= u,v = ¢
LN

N N

L (uf, u")de- J:)(uh, e ") dr+ (b o ") de +
N-1 tf\'
Z([uh’], uh o+ @t ul o+ J() (cuh, uh)dt =
n=1

N
<uh, ul Yo+ .[0 (f, uh)dt,

N ¥
JO (lbh’ (bh)dt+ L (U,h, e "bh)dt — 0’

f N N
jo(ui’, u")de + J:)(LM, b") de + ﬂ(b- byt de+
N-1

/Y
unh]; u}-:— >n+ <ul-:», ul-:» >()+ J‘O (CLLh, uh)dt =
n=1

w”, ul Yo+ L (f, u")dt .
1

N

/Y i
| 12+ JO(M, b )de + _[ (eu, u")di =

0

7 N
W, u Yo+ J.o (f, u")dt + J; (b " u")dz.
Cauchy— Schwartz Young ,

N

1
NAIER f
0

g ,&%( W 1o+ 11 oM 11%) <M lldy 1o+ NIf ||20)

N

N —

(4) (uhya tbh) E Vh,nx Hh,n
(4 )

b h co ko b b h b
(i, w" )= (" w") o+ (b 0", w")+ Sus, widn+ (cu”, w'),= 0,

(lbh, Vh)n+ (uh, .._-. vh)nz 07
(u"(0),w")= 0.

1 uh = Q (bh = Q 0
3 (u, ¥)  (un, %) (2) (4 ;
hn Ma

Ndo— o llo+ lu= 4" llp <

Mhmin(k+ l,m+l)( ||u ||k+ Lo+ || ¢ ||Hm+l(div, ), 0+ ax ||u || Q)

m
t€J=70 1]

7 2 N
1
1o 13 + j:) et 12de < llah 11 %e L 1f 113ds

(6)

(7)

(8)
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h h
u—- u' = u- Pu+ Pu—- u'"= 4+ &y

b M= b Thb4+ TRb— "= My M.
(3) (4)

J‘t\(ut— uh, w")de - J( o) w")de +

.[; (be( ¢- ¢h),w )di+ Z([u— u] WY+
. (10)
= uﬁ),u)ﬁ Yo+ J1 (c(u- uh),wh)dt = {u- uh,wli Yo,

J‘(; (- v de + f (u— d", V' )de = 0.

éZ,V = ’

'[(u,— ut,éz)dt I ( ‘b— 4)) Z_-z)dt+ I (b‘ U 4)) Z_-z)dt+
Z([u— W] G Y+ (ue— ul), T Vo I( (u- u"), &)de+

J: (- ‘bh, N2)ds+ J‘O (u- uh, e M) de =
{(u- uh), Lo 0 - (11)

_[ (L, G)di + .f (Lo L) di+ J (¢l &o)di+ I (el Lo)di+
N-1

<[ Z—’2], Z-’2+ >n+

n=

f(b'(ﬂ1+ Ny, &)dt + Z([élj S

<é1+, Co >O+ <42+, Co >0+ J.; (1’11’ 1”lz)dl+ J:) (1’12, rlz)dt =
(u-u"), & o (12)
[ o I

nl N N
L2y 1124 I (T, G)de + f (¢, &) di+ I (¢Cy, &)dt+

N

f(b’(flw N, &)di + Z([élj S dut (G, S d0+

n=

J:)(nl, ) de + j;(n; N2)de =

(u=u"), & . (13)
2

N N
L
L2+ Io(céz, Q)de + J;(n; )ds =



N N-1
(Ci+ &2, T Yo+ J:) (24, C1)dt+ Z(ép,[éz] Yn— (T, T2 )N-—
n=1

JZ(rh, ) dt - J:)(cél, &)de - _[O (be( M+ My, &)de.

(14)
Cauchy— Schwartz Young I o Il
Y N
e ize L[ it L0 i <
2Jo 2Jo
N
L M[ N N FR ||20], (15)
L2 T+ gy <
N
M[ Lo P+ Mg NI+ 11m II%)] : (16)
n=1
1 2
I 15+ el <
MR L g4 00 1 e 0+ cpua, lu l1%). (17)
4
wi(x, ) — uw(x,6)+ u(x,t) = f(x,t), (x,1) €(0,1) x(0,1],
w(0.1)= u(l 1) =0 t €70, 1/, (18)
u(x,0) = sin(Mx), x €/0,1].
(%, t) €0,1] x[0,1], f(x,t) = T€ 'sin(T).
u(x,t)= e 'sin(Tx ), b(w, 1) = Te "cos(T ).
Vh,n Hh,n [0, I]XH(I) [07 1]XL2 ,
n+ 1 i+ 1 i n i+ 1 i
h _t+—tx—x1x—x1 I— |l x = x 2 X— X 2
w(x,t)= A7 e Wt Tt T e Wt T uas
p tn+1_t xi+1_x . x_xi | t—tn xiH—xz X — xiz
U = b | ¢ &
(% t) At o T e T A oA T
1 2 u' VLY LAQ) :
1 L(L%)
At/ Ax = 4 - w22 Mu— w122, o ot 2,2 o — ohll 2,2
(2, 5) 8.016 5E- 004 0. 005 2
(40, 10) 2. 070 9E- 004 1.952 7 0.001 5 1.7935
(80, 20) 5.487 6E~ 005 1.916 0 3.929 OE— 004 1.9327
(160, 40) 1. 427 OE- 005 1.943 2 1.016 3E- 004 1.950 8
(320, 80) 3. 647 2E- 006 1968 1 2.585 2E- 005 1.9750
(640, 160) 9. 235 OF- 007 1.981 6 6.692 1E- 006 1.9497
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2 L*(L?)
At/ A = 3 Mu— w1l 202 - w1l 22 - oh 12,2 o — bl 22
(18, 6) 0.001 1 0.002 1
(36,12) 2. 820 6E- 004 1.963 4 6.298 6E—- 004 1.7373
(72 24) 7. 172 9E~ 005 1.975 4 1.734 8E- 004 1.803
(144, 49) 1. 815 9k~ 005 1.981 9 4.550 5SE- 005 1.9307
(28,96 4. 573 3E- 006 1.989 4 1.165 2E- 005 1.95 4
(576, 192) 1. 149 6E~ 006 1.9 1 3.114 4E- 006 1.903 6
. 3 4 ( AM/M=3 4,
, ,
b=y, .12 t=0.250.5,0.75
t=1 (u, ¢) (u", &) , (80,20), N= 20, A= 1/20, Ax
= 1/80, ,

W(x, 1), Wix 1)

0.1 y —ulx, ) e uh(x, 1)
00 ‘ 0‘.2 ‘ 0‘.4 x 0‘.6 | 0‘.8 ‘ 1.0
1 N=20,At= 1/20,Ax = /80 , 2 N= 20At= 1/20,Ax = 1/80
t=0.25 0.5,0.75 =1 r= 02505075 t=1
" J o oh
513 (ND0702)
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Mixed Time Discontinuous Space— Time Finite Element
Method for Convection Diffusion Equations

LIU Yang, LI Hong, HE Siriguleng
(School of M athematical Sciences, Inner Mongolia University, Huhhot 010021, P. R. China)

Abstract: A mixed time discortinuous space— time finie element scheme for second arder convection diffusion
problems is constructed and analyzed. The order of the equation was lowered by mixed finite element method.

And the low order equation was discretized by space— time finite element method, continuous in space but dis-
continuous in time. The stability, existence, uniqueness and convergence of the approximate solutions were
proved. Finally, numerical resuks were presented to illustrate the efficiency of the method.

Key words: convection diffusion equations; mixed finite element method; time discontinuous finite element

method; convergence



