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A Semi-analytical Method for Near-field Seepage
Flow Problem Considering the Influence of Infinite
Far-field Domain -- Theory and Application
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ABSTRACT

In order to obtain the seepage flow field under a dam-reservoir system, it is usually
acceptable that only a finite domain of near field under the dam is considered. The far
field domain, although can be influential, is usually neglected as long as we assume that
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the near field is large enough. The boundary conditions for the near field is usually
Dirichlet or Numman type, which imposes either known values or gradients on the
boundary. So far, there is no clear rule to tell that how long of the near field is large
enough to neglect the influence from the far away domain. Base on previous experimental
studies, the downstream boundary can be very important and must not be overlooked. A
semi-analytical method is proposed in this study, in which the analytical solution of the
Laplace equation in the far field is solved first and to be included in one boundary
condition of the near field utilizing a discretizing technique. A finite difference scheme is
employed to solve the seepage flow field in the near field. The method is verified in a
rectangular domain and then applied to a near-field case with an irregular geometry.
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1. FBARE - BAOKEUBKBEZEGH R
HI # K Dirichlet B.C.  |2. B)EARAE : B)B/KSERR B (1995)[2]FF 8] 2 B B 1 B AN LLAR
HREME
1J, KL, MN | NeumannB.C. FR BB BB KM |, oh/ox=0
JK, LM Neumann B.C. BRIBEETIEKM | ohioy=0
N O Neumann B.C. FFEKM , ohloy=0
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HRARF. 21(1998)[5)FTRER 2 FHEEHIE—
BEEGEY , BUUEREE—RRBIHERER , &
WABEFTE , AT IEEWE , L SOR
FEERERAREE, UL SOR AE AT E L AIRE
EENERE, EEARAEKEBERR/NEK
FEEHABRATRETYEEAT —HNER
&, 708 10 ENLAE 9 2 CG i REUEKEA B

E2EHREMRE . HiSTHE CCBRAUAFE
RN, AIRRERBANE 11 iRcE
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PSR DM, HE 10 WEBEZREETH
EMHE , RE 11 W THFEEEBEERREEN,
11 2EZRRERREE —BUSELRK
Rit. EMBRZBRIRMHBENR 2,

10 E2[E 11 ERH RN B KB 2 BE
BREBERE  ATEREFREARHBR
BReZE, FERAAERERHENBRES , &
KEERHRINEAEID 2 BB N EREKE, M
B(199B)2]#EREBRTER FRINER 2R
HEBOHE, BHRAFRNEBORLEKR, W&
UERBAERKEAZEREGHIRNSRZ

—43—



BAOBEFRIELUE  AREEEATRAZRE
HERNANRNEBANELERSESH , SR HRIR
2 E BB OB 21(1998)[5]2 1B Tk
B4 27.5cm , W 12 AR, BLETEMN T2

HE 10 E2[E 11 ATLAAEE HMERFEL T
HERERERVERENEZE , MEEFR
MRz S ReE NS EEE 27.52cm BY MR 4R
REE , HFF. 21(1998)[5]AEH A BB R
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foRAF P& R T 8 SRABUK SR 2 e o
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RPRRTHREASHRDEBERTRHRINAE
BB REREERK, tFEEFREKER
T, PRIA=BFRATERKkEEETHERRE
&, WE 13 BIRKEA 6cm BR(ERKER)Z

16 I A B R UK BNTEEE , FME 13 2T
EBAEE 6cm BRMERTRINEEMN T K2R
BeEBEER , EERBENEZE, BAE 17
FRRIGUERD 2 AR R BRE | R BATAE
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2 ERRRRRRE , ARHRIRES FS
BER D MBI AEN  BUS LIy MAERE 14,
ME 13 EE 14 FTHKE HEEF RS0 RE
BEBUHOA=EBILZRE | EAHRHRA
BREKNEBEFIERZAZE, || BRER
HARERRMAE RN ERBIER 2 H2E, Il [E
BT ERKIEFMERZABE, WERoEE
TRE 15 W REE.

B 11 AEBREBEARREZERER , TFH
L EBREBERRETIoNEERAMN i':jm
M LFEE TRERE , mRRITT&E;mA .
[B)ZMeRD T =2 IT?E?J:?%%&’E?E%E??Z
B, EEAREKRR , WE 16 BEFEESR
EANEBNTEREZSZERERRE , AL
HEBET LRI CESEERRMMEER
EKEFEL , ARHRIMEBHHIE( B)RRE
KEzBEBAFMELEZSBEMERIBOHA
BKRERRBKEIALHBKRBLEER
RKOTFE, to, HRISTE ¥ IR T g BN
[B)Z MBKEELI B, 80P Rl F 5 E T
RENBREN RB)HEEE ERBmERH S
Z2EF.
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—hE’Jm , B 16 Rl BZRMEGREN EA

, HER A LG ENBEKER T FEKEE
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FREATHERRY , A 18 BN LiKEKES
37.5cm T L B8 R PR IE RV I L 2 Bl F o

523 BHREBERCcITRREREMNE

7F. 2l(1998)[SIR W AEEERR , AEE R KN
HiBFBRNKNESK , EETREZEK
AR, NETHEAESREFERRDER
B, MELRP KW@ TBMREEDKIERT ,
MRBEKR XA TR IENESmRT R
e, BB, 21(1998)[5]H EHREREH
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NEBRRSEBRCEREREHERNT
B. Hit , &R AREABRRD TR RS
BRARTZ2RAGEY LB TIHERE
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FIBE T AR EE L 2 PRI R B ERS i KD
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FRFNERENTATHERSERESRZ
JELUR (T8 RURE R RRGBE)RANT
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HRRIZKERY , WE 20 ARDBEAH
PIEHARBRUNEBNEMREBZBKES
i, MR D B BRI AEABT KBS (B
IR EEBRE(E 16)RF 2R, UENHR
FRBERFLEAERBE M KERY , NE
19 BIRAEEHAE RIEKE E-21.5cm B2 kE
o, RH_EWHBAEL  EEAEREER
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BRHEFRAEAEHRENEESNEME
ERE | LWR¥BATEE R T RS RIREFTE
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E, SEtEE x BEENR  Aed2eEIER
BERERL, AHRAFAE T HBRRSRE
BKo ¥ 8R4 % Re iR AT AT 5T P88 2
g wREENGRARDERRITIENEE

ERBRABRIERFELBCERSERREE
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LUAFENABERETEBEABRNEFBRR
B — KRBT ETHR R 2IGE , RAE
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RENEZE  BERTFNERRGRASZES
BREZETERE,
CARNFRB R FENTE | ERERERRIR
ME2REINERBEFENTEXBRLE
ERBRBTEKEBRERSERTRAAR
NZRWB  BRIRFREER , TEH
ETEWHERETZFTERKERGRGE
WHER T AR TSR R T 8 SRR EUE 2
RERTEHESGEROERETRARAN S
RIFN —ED. BEHMEBETREM DI
FERE  EMUHEHEIER.,

BRI AIL¥ETEEZER T HEREE K
B ERERNBAS ARG T I AT ALY
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ZEBRREER ) BRERS KR ZRNE
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Fif8& A (Laplace FRER Z BBATHER
fRIBTE)
FAPBEBCERBH(x,y) , BER

H(xy) = X(x) - Y(y)
A Z# Laplace FE :

J°H  o°H
—_— =

2 o 0, AR

X' _Y' _po2 )

Ty B (A-1)
Hp B A—2BEH , IS XEY 28 :

X =Ce ® +C,-e® . (A-2)

Y =C,sin(B,y)+C,co8(B,Y) wovrvrrnnnn. (A-3)

H+C,C,C,C, ARE ;
AR HEBRAX >0, 1>0,e” 50 , &

C,=0, BEl x> EBERIAMEEA finite(BR)
TR

X =CE s (A-4)
XTER ay( 0)=C,-B,Ce ™ =0,
HcC, =0 ,#8C=0

Y =C,C08B Yy e (A-5)
HA-HXR A5 TE
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H(x,y)=X-Y =C,e ™" .C, cos(B, y)

= A" CcoS(B,Y) v, (A-6)
Hep CCy=A
FBR
H(x,b)=Ae ® cosBb=0 ...ccoeec...... (A-7)
cos(B,b) =
~B, = (2n-1)e n=123...0 .(A-8)
2b

(A7), (A-8)M AR E(A-6) , BEENTFELI(A-9)
E=e

H(x,y)= i A, e . cos[B, y] oo (A-9)

n=1

Hei A RIBEERE H©O,y)= f(y) B4 Fourier-
series BBAS :

A, =§I0b f(y) - cos[B, yhy
Soh(xy)=H(X y)+h,

fi$k B (BEATHE A HEIBE)
X REKER 5 :

H(0,y)= f(y)= ZAk cos(2kb 1) y ....(B-1)
(2n-)z
liljf ydy #% , BB, T
#E-)XEHEmBERFECOSB Y |, B
f(y)-cos Bnydy:iAk cos%y-cos B,y
k=1
................................ (B-2)

BB-2)RE—EEMR 0 E b HESWB-I)R :

Iob f(y)-cos B, ydy

ij A, cosZkz;bl)ﬁy-cos B,ydy .... (B-3)
k=1
fn=k , BI(B-3)XTRRMB-4H :
job f(y)-cosB,ydy = Zjob A, cos® B, ydy
............................... (B-4)
BIBF=ARBEALN :
c0s2B, = 2cos’ B, -1 , BI(B-4)=
ERmaETEHNEB-5X :
job cos® B, ydy =~ I [cos (2n- . e y +1}dy
:1{ b -sin(2n—1)7z+y}b:1b
2| (2n-x o 2
............................... (B-5)

#(B-5) R EB-4)=X ,

b 1
Al Iof(y)~coanydy:EAnb
2
A, =3I;f(y)-coanydy
WRAH: REI9%F 3 A20H

{EEBH : EBI9%6 % 5 A 16 H
EZRH - RE%HF 5 A24H
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