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Abstract

The boundary element-free method is applied to solve the problem of groundwater heterogene-
ous confined steady flow, and a method for solving the problem of groundwater heterogeneous
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confined steady flow is given. The study area is divided into several sub-regions, and the permea-
bility coefficient is approximately expressed as the component constant in each sub-region. Start-
ing from the boundary integral equation, the improved moving least squares method is used to
construct the water head approximation function and the flow approximation function, and the
linear equations are generated at the boundary nodes. The numerical examples show that the
boundary element-free method has higher calculation accuracy than the boundary element me-
thod.
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1. 5|8

X R K AR, O TGS H TR KBRS, R T KIS (Water balance method)
BE/K SCH T EE A (Hydrogeological analogy method). 7E 20 424, EMG#I2E— IR FENTIE(Analytic me-
thod) B i JEL B AIA 13 TORAK IS, 20 28 50 4840, THARTIEESEE TRUKE. KN B
K%, iz AR Z 2% (Finite difference method) [ EEHfiid T 1 F/KShA LA . &2 20 122 80 AKX, BE
B4 (Stochastic simulation method)fE Ayt T ZK AR (1) 55 FH 77 VAR [ ANZR B AT L K -

FRE A N RBUE AU 746 T 20 tHAS 70 AR . 1975 48, A6 sURZFH07 R MR LB SN
FI A BR G2 (Finite element method) J5 EEARALL 1A Jb £ 2 BA IHEK 018 [F4E, AR R 80CE RN IE
HAR 5 N A PR 22 4000 L AR SESE R I HEK I AT 1 BUE R . SRR, P IESE A TTE) T 3
H R K EUE AL T 5 B B SEi, HES) 7 IR E N K BUEARAR OC TAR R R RS k0, FRIE R /K%
TE BRI 72 B AT 21 1 IE K R . 2003 4F, 72 F RS N8R S50t 19 # 3 B/ — 36i (Improved moving
least square method, f&FK IMLS 7%)-51 541> 75 232 (Boundary integral equation method, f&FK BIE y2:)4H
ghdr, R T IRt (Boundary element-free method, fAiFK BEFM) [1][2] [3] [4] [5]. AT TTEE
BESR AR 2 TC BT VE T B — A, R — P AR BUE N T % . 1L T B eI B T A ] Mukherjee 55
NI A, ERRAET A N A B Gauss 55, ORMBEREREL: SOAHIGEMLE,
R TR ICER 2 T BB X i, @ 1 REL S EXI5r 5oy >k i i BRI THE &,
fai b 1 e R AT R AR, T T R AR A, S TR R RS T . AR A BTk, AR
MR RE R Z AN ESE. AR UERAEN. AXE R, (PR ER . @ T ALK
AL AT, A RS 7.

ARSI T TG B TCIE N T SR i T /KRS SR R AR e I e @, M el i A% Bl dsc /s ik i i i
I RE, AR T s AL AR T FRAH o 8 HIE SR S Bk R SR AR IR T R e B R R A
TSRS

2. M RAERERODERAFRDFE
5 A1 T A4 R AR R U A
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i, =R
%(AZ—)J+%(BZ—)}]=F (62) €0 (1.1
R
w(x,y)=7(50), (x,y)eT, (12)
ou ou _
o(50)= 4%, 82, ~7(5y). (mr)eT, (13)

Hepe T, MU, AR AFLR M ARILS, BUHRT =T, +T, , QFREMITEXIE, F=F(xy)
TonBR Q AR, x Fy TTRESK R 0E A=A(x,y), B=B(x,y), u(x,y) AT, EHIAKKE
H, q(x)FonT, ERREREL (nx,ny) I AR T HIINE I TT [ AR 5%

W' RRREL, SR AR R

J{E(Aa—uj+i(Ba—uﬂu*dQ—.[Fu*dQ =0 (1.4)
ol Ox\' ox) oy oy o
XF(1.4) 25 — TR A AR EE — A AT 15

2 * 2 % * *
IF%YK)zI[Aggr+B§!%JudQ+IuhdF—Iq%dF+I[Qééy—+gééljudﬁ (1.5)
Q Q ox oy r r olOx Ox 0y Oy

by R DA SR, B

2—A§Z-+£—B§i-+5ﬁdg%%):0 (1.6)
Ox ox ) oy oy

Fort 8 (x,yix,p, ) WCRISE BB () A1 (3, 0,) 4 BIFORIK IR Q o 1930 SR £
KR LT B B, R(16) Ty

.[Fu*dQ =—u, +J-u*qdl" —Jq*udF+ J-[&—A&L-i-a—BaLjudQ (1.7)
Q r r alOx x 0Oy Oy
Hrbe S x, =(x,5) Wy, =u(x,)
XIS BT 0 #AR gy, WIARIA AR TR
Cu, = [u'qdl" — [ug"dl' - [u" FdQ (1.8)
T T Q
/\l:':‘
9 N4 =N
p Y x, BN
C =<1 . 1.9
TS S R R (49
L o 2 DX s
N . ou’ ou”
u RADRERME, ¢ =4—n +B—n,
Ox oy

MBIE R AT B N F =R, H Laplace FRERIZEAM, W LKRE TR DR 6] [7]
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. (1.10)
J() +<y—y,->
A B

XA BUR B ARE T A @, 1T DO A X o v TN X, TR AT IX, KBS R UL
ARIE R w4, A TR OIS IE RERER BN T X INEE R X, BT X EEAR M H
(1.10)=XHff € o
3. IEBRERERBIEA BEFM &

B FIX IR Q KI5y A M AFIX, EREANTFEXISAA R EAAE N AT S x,, il ook R shic
RE R I AL K Sk bR BRI AUUIAL B BR8] [9]

u(x)zi(l)j (x)uj 2.1

dﬂziQAﬂ% (2.2)

Hep: x=(xy), ©, ABGENREED ZHEPRIRREL . g, PHIFRIRILDF R x, RHKk R

J

ﬁU{Eﬂu %@ﬁm“ﬁ EQ.DHA2.2)AACNIL FAR ) 7 FE (1.4) HFHf @ B RN AT s AR T

Cu, = [’ (x,.,x)ZCI)j (x)q,dr —[q" (xi,x)zfl)j (x)u,dl' = [u’ (x;,x) FdQ (2.3)

Mj(2.3) 15

N

Cl.ui+2(]-q (x,,x)® ( )dl“j ﬁ:['[u*(xi,x)(l)j(x)dl"]qj—Iu*(xl.,x)FdQ 24
W4, KB T ERETA T x KPR NE L, BERHERTE B mAR B TR, WA
HRETRA

[Cr][Ur]+[[:I][Ur]:[G][Qr]+F (25)
o
Up = (”1 U, Uy )T » Or :(% 9 ‘IN)
I:Il.j = jq*(xl.,x)zN:(I)j (x)dF, G, = J.u*(xl.,x)i(b; (x)dF, (2.6)
F =—§ju (x,,x)FdQ, C. =(0,-++,0,C,,0,--,0)
A
[H]+[C]+[ A ] .7
W(2.7)A N
[#][vr]=[o]or]+F 2.8)

Hort: HAG 73 B 5 A B BUE U AL 5 rGE 17 S EUE O AR BGERE, H H A G #2 N4EfEfE . UL
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FRAB D AT o1, ZEALT IR, o CHIT ¢ KA, 7EERDR ERIDRA, u KK g
E1, BT, FEILTE A x, b N ASREHIRRL N AR . BT Q.8) R & N A A H L
FRL, AR A

[H1H2](gl j =[GG, ](g‘ ]+ F (2.9)
$(2.9) A FeAL A
[—GHH[3J=PJAGJ(ZJ+F (2.10)

Hoif: O RIU, HEHRE
TEQAO)R A, Fi N AT A Fom a0 M RBUERE, N R0 i X R A 0 &
B, SRAWA NI B R, ARG RN
AX =B @2.11)
BE, I b A e AL 2. 1 1) AR A R i T S I 0 B B R R R ] SR
L3 SN AR VAL R X AL R — A, AR T LM Pl (1.4) 75 31

u, = Iu* (xl.,x)i(l)j (x)qjdl“—fq* (xl.,x)i(l)j (x)ujdl"—.[u* (x,,x)FdQ (2.12)
4. BUEHEH
%ﬁ—&%&ﬁﬁﬁfﬁﬂ+iﬁﬁﬂ=auykgmm%aﬁ,ﬁimgﬁza&myQA,
ox\_ ox) oy\ oy

M=16, N=16, #H=1fl:
(1) A=x, B=y, F=2;
(2) A=x+y, B=x+y, F=2cos(x+y)-2(x+y)sin(x+y);
(3) A=x, B=y, F=cosx—xsinx;
AR 13 TR REIIZOTE 5, HARR TS uiE AR BT ER .

Table 1. The u value at the centroid of the numerical example (1) is listed and compared with the exact solution and the

BEM solution
F 1. FIHBEEG)FXAROCL v EH SERBRILR TTERIELLR
RS iy U TSIRES 2 BUR i S

1 1.4 1.3764 1.3856
2 1.6 1.5616 1.5732
3 1.8 1.7605 1.7724
4 2 1.9669 1.9762
5 1.6 1.5616 1.5827
6 1.8 1.734 1.7409
7 2 1.9233 1.9583
8 22 2.1446 2.1573
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Wbt B
Continued
9 1.8 1.7605 1.7658
10 2 1.9233 1.9364
11 2.2 2.1066 2.1348
12 2.4 2.3284 2.3543
13 2 1.9669 1.9651
14 2.2 2.1446 2.1573
15 2.4 2.3284 2.3514
16 2.6 2.5324 2.5436

Table 2. The u value at the centroid of the numerical example (2) is listed and compared with the exact solution and the
BEM solution

2. FIHBERGQ)FXAMOL v EH S EFHRRRIL R TERIELLIR

T RS R AR ITCER R T TTIEM
1 0.9854 0.9839 0.9842
2 0.9995 1.0014 1.0001
3 0.9738 0.9782 0.9721
4 0.9092 09112 0.9103
5 0.9995 1.0024 1.0012
6 0.9738 0.9943 0.9917
7 0.9092 0.9233 0.9156
8 0.8084 0.8157 0.8113
9 0.9738 0.9782 0.9751
10 0.9092 0.9233 0.9144
11 0.8084 0.8254 0.8127
12 0.6754 0.6841 0.6738
13 0.9092 09112 0.9123
14 0.8084 0.8157 0.8125
15 0.6754 0.6841 0.6804
16 0.5155 0.5207 0.5172

Table 3. The u value at the centroid of the numerical example (3) is listed and compared with the exact solution and the

BEM solution
3. JIHHEEGQ)FRARDAL u EH SEMRERIAR TERIELLER
T TR figt U TSTRES 2 R/ PTRES 2
1 0.6442 0.6356 0.6421
2 0.7833 0.7727 0.7742
3 0.9812 0.8836 0.9768
4 0.9635 0.9606 0.9547
5 0.6442 0.6388 0.6394
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Wb, K

Continued
6 0.7833 0.759 0.7732
7 0.9812 0.8749 0.9648
8 0.9635 0.9562 0.9571
9 0.6442 0.6339 0.6373
10 0.7833 0.7598 0.7723
11 0.9812 0.973 0.9776
12 0.9635 0.9539 0.9642
13 0.6442 0.6338 0.6397
14 0.7833 0.7704 0.7801
15 0.9812 0.8799 0.9735
16 0.9635 0.9564 0.9549

5. %A

AR T A5 J0 B ICi SRR AR S R I A 1K) vk, il B S R Wiz ik T A R

A KA IC IR SIS TEAT T IR, RMEBOAS TR TR R . TR R RATER

G

STEEANTEMREFI A, (Al TR LR TERERAT KENRBH, X i HaR1 4

W ARG, R
S5 3k
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