Bi7E PR W < E21% ¢ 1985 (Proc. of Environ. & Sani. Eng. Research, Vol.21, 1985)

10 BH A IR i 2 MR RE A~ o R B ik o @ A
APPLICATION OF THE METHOD OF INFINITE ELEMENTS TO
CONVECTION-DISPERSION PROBLEMS IN INFINITE DOMAINS

* M ZME S -
Minoru YONEDA * | Yoriteru INOUE *

ABSTRACT;It was shown that a enormous error could appear when convection-dispersion
problems in infinite domains were solved by Galerkin finite element method assuming
an infinite domain by a finite one. Infinite elements suggested by Bettess which
easily satisfy boundary conditions at infinity were apolied to some convection-
dispersion problems and their anplicability was examined. Following conclusions were
obtained on the problems about a continuous point source in an infinite domain. The
best attenuation length contained in a weighting function for infinite elements was
found to be proportional to yDyDy/v, where Dx and Dy were dispersion coefficients for
x and y direction respectively and v, the flow rate. Infinite elements were efficiently
applicable to the steady and unsteady problems under the uniform flow fields and the
steady problem under the nonuniform flow field.

KEYWORDS ; convection-dispersion problem, infinite domain, numerical simulation,
infinite elements
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Fig. 3 Division of the domain analyvzed into finite and infinite elements.
(Example of the case of X¢=0, X¢=-4, K=3 and o=1.1. The elements of
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\\\: jj// > 1.05 1.2 1.7
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3 .
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————— -o- 46 o
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2 1.3 1.5 |
0 1.2 1.5 5=
|
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Y b~
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-2 1.2 2.2 0.1 L1 1 Ll I N N WA
0.1 0.2 0.3 0.5 1 T3 5 10
-1 1.2 2.9 Dy ()
0 1.2 3.7 Fig. 7 Relation between JDXDy/v and Lpest-
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IN&18 /D *Dy/v DEETT 0y F LTS, Fig. 7 K ORKOBGENSH B b5,

—107—



V' Dy Dy 3 Table 4 Combination of the values of v, Dx

Lpest = 1.2+ g e (32) and Dy where Lpegt was obtained.Novalueof

Lpest means oscillation of the solution.
712U, Dy =Dy DIBAT, /Dy Dy/v ShS VL&Y

D D /D Dy, / L
B, (32) ROBIES bR TR B B R b, - u A I beZt
PLEDC & & 0 AR CHAIEET TR, L post KD 8'§ 1 : g'gg §°8
EPBRBEOMBREICHE DEEI NS GDHROBEZIIE 0.4 T 1 7.50 7.7
ERIL S B T & DD BTz, 0.5 L L 520 2-;
- 0.6 1 il .67 1.
62 R 0.8 1 1 1,25 1.4
(1) ROBHBIM B 0C /0t ZIRAD X HIcZENL U TIEE 1 1 1 1.00 1.2
BIEWAT - 770 1.5 1 1 0.67 0.8
son s 2 1 1 0.50 0.6
Ov  _ _ + £ (C"=C"H) (33) 3 1 1 0.33 —
ot ot t T 5 5 5,00 5.5
CTIR AL BIsA T 5 718, C"RFEnERF T TDC i i - i - i-gg i;
DIETH 5o T HFREIMASTEOESEE L TKRAEZEA L1 T 0'8 0'8 0080 1'0
ac; . ac 1 0.6 0.6 0.60 0.8
ot = Lo NidR/ NG e 36 1 0.5 | 0.5 | 0.50 | 0.6
e i 0.4 0.4 0.40 0.5
L TOC; /0t IRERMATED S | Bl N 2% 8T 7 0.3 0.3 0.30 -
1 B 2FAHMY, QRELTOLHEELEEEDL T, A 0.5 1.5 1.5 3,00 3.4
HCRAL =1 (day) & Lz, 2 6 6 3.00 L 3.4
_ 0.1 0.1 0.1 1.00 1.2
Fig. 8 TR 4, a=1.1 TDL & AE DB%%, 0.5 0.5 0.5 1.00 1.2
t=5,10, 100 (days)ic >\ TRY, ¢ = 100(days) TIRE 0.5 0.25 0.25, 0.50 0.6
HRICEC LB DN, L post OMBERRTOL pogs =12 : : 930 2.0
(MY ICERE & BIGESI EZEZONBD, LERELTS 1 4 1 2.00 2.8
LIBSRHHLTLE S T, ¢ =1000dys) THL gy = L ; 1 1.73 2.3
0.6 (MEA>TLF ofo COLPRFATHUDESH [ . : Lol L
1 IRSTRBIC >\ TR ERBT 2470, LOMBELRE® ED 1 0.8 1 0.89 1.1
BARIT DV TEE Lz, ' 1 g-g i 8-;7 1-8
A NS : 1 . 71 .
Fig. 9 IKin g 1 TOCHEIRSIR A Z X %, fRIEAIC 3 2D T 0% I 063 09
1 0.2 1 0.45 =
o 1 1 2 1,41 1.7
e N 1 1 1.5 1.22 1.4
ZOL 4 | i 1 1 0.8 | 0.89 1.1
A £=100 v 1 1 0.6 0.77 1.0
0\ Ui 1 1 0.4 | 0.63 0.9
\ i 1 1 0.2 0.45 0.9
Yoo 1 1 0.1 0.32 0.9
15 - e 2 I 1 1 0,081 0.28 | 0.9
0\ Vol 1 1 0.05] 0,22 0.8
= : Vo | 1 1 0,02 0.14 -
= t=s\ Al 1 0.8 0.4 | 0,57 0.8
2w W [ 1 0.8 | 0.2 | 0.40 | 0.7
| 1 0.8 0.1 0.28 0.7
i 1 0.5 0.2 0.32 0.5
\ ] . 1 0.5 0.1 0.22 0.5
st \. ! 0.5 0.5 0.3 | 0.77 1.0
°‘o‘go) 0.5 0.5 0.05] 0.32 0.9
2 2 0.5 0.50 0.9
2 2 0.2 0.32 0.9
0 \ o by 1)
0.1 0.2 0.3 0.5
L (m — } 4 —> 00
X Xo=0 X Xy
Fig. 8 Relation between L and c=Cq Cy C2
AE. (OL=]..1) (=constant)

Fig. 9 One-dimensional semi-infinite domain.
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N, =0 <0
!  x—xp
= = cexp [ 7 ] =%
FAREE LTMN ZAV S EREICRABEL NS,
n _2/OZA we  B/Bom o ew1yy  F/B
CI_Z/AHA Ci +2/At+A (Co+Cy )+ SINTA Cy (39)
1. D D L  H»*% (xl xl)
A=3 {x1+(x2—751)2(4 7z T )}
%, L
=5+l Xz — %1
~ 1 vL D xz X1 . _
E= {_Z p— +(x2 xl)z ( + ) } exp ((x—2,)/L)
F=v420/%

L, fYELT, t>0120TC,=C, (5—HMH) LML MBKAEL 26DETE L, C) HULRT 57208
BAa&HE LT, ZEMBON5,

0<L< (xz-xl)—|—2\/x§-x§

Fig. 8 2RO LHET CRERERO-LOR &3 0.5(m) |, FREROFRE AR OH S EOEBOR/MER 4+ (a
—1)(m) &5 570, 2, =0.5(m), x2=0.5+4+(a—1)(mM) & LTUNRKD LD LRAERT & FIgI0DERDLHIT
1%, FIEfIC, aDEAEZT, ¢ =100(dys) THMORHBLILNE SO L OEXEAEFBICRDIEERGRT, b
KEL125EWW)RD ERREEBBHE» SBEN T 585, WO)RidaBRELLEE, BARBLITOLOEKREGRES
RBEEIIRCEDL TV S,

Fig.llica = 1.4 TO L & AE OBFAFK% ¢t = 5, 10, 100(days)iIT 2V TrRd e ¢ = 1000days) TD L pogp = 1-0 (M) i,
EEBNTP 5187 Table 1 DFEEREBUTH b0 £71 =5, 10(days) iKW T, EWENTERL pog FAOTHRE
REZIE LBV EDD S, TNODL EFEEBNITTEIL post ZIEETFBIICHEATE 5 L DAMEEM AT L
T3,

Fig 121t REM 1, 2, A TOAEOEMELERT, BAZKH 4 TRa=1.4, L=1.0m) FH /. BEREHEL

—109—



] l'
) :
\
4.8 — 20 |— \ ,I
- \ i
) \
E \ il
3 Y 1h
S L { A |I
i \ £=100 i
E ! :
~'g BT 0 . :l
B ! BN
\ )
oS \ I]
El \ HH
3% - ) Yl
> e A Hn
R ~ ® | i
ER w10 — M H
\
: q \ i
g9 \ i !
S \ \ !
Z v\ A |
5 =5\ Y o
E 5 = b [ ) \
]
3 \\0\08\“‘0 &
A
o, Y
0 1 Lt Lyl | I
0.1 0.2 0.3 0.5 1 2 3

L (m)
Fig. 10 Relation between a and the maximum

value of L without divergence of Fig. 11 Relation between L and AE., {(a=1.4)
the solution.

circle Q jobserved value
solid line——;theoretical

’

value based on ecuation (40) 100 L. A’
/
7
2 TRAREUWBRELA LU AOEHOL ST &8 ” /‘l
bing, BRSM 2, 4 T AE RBEE & bic 80 t— A,'Boundary Condition 1
—EMECE DA, BREMH ITIEIEE & bic 0 /
AEZBAROD 5, BEREMFAITBREH 1,2 60 |-
IHNAE bINSS, FIRULTAE S BEA S| A
EHMLRENC EDD, BEEL e OlEsE < \
Ehi e x, BRI 4 RIEEERITIC LB O 0000
THHEEASND, BB FL12T t DEAYN *r 4
InEE, BERARUTAE OEBKELE - 20 -
TV BOE, RS & URRINE AL s ol
EDPINSVERECHITL BIHEEZ LN AL
50 0 —'2—.* 4 6 8 1n 12 14 16 18 20 98 100
6.3 B0 A v (dav)
BERRIC DS B EE ISBEITI » TR LD EEAS, Fig. 12 Relation between t and AE.
RATEDLEINBIHGEEEZ 5o
v(y) =V (m/day)
............ (41) k 12 m _—
7er2 L, BRI D AENC x 8, BECHEEIC v i)
AL 35T B .
%, Fig.BIGRTLHIKERS 1 MDD LT oncinuous point source <
AR SERENS D, 12X 4 () OffBI v ®r
DOWTERBES M4 EHCRD 120, 1
AR A TED S NS bDET B, e surface of wall

Dy =, Xv+Dy,
Dy: G X VDY e (42) Fig. 13 Condition of the analysis of a nonuniform
flow field,
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zTic, ay, ap, Dy AEHTROEELBHDET B,
a, =1(m), ap=0.5(m), D,= 10" (nf/day)

EREOBENE (1) RIS, BEETRIC/09=0F %, F/0=1&E7 50

ORI, D MERED Y OBMTH BT L L, BREOMENSRES CE AR T6. 1E (B) HTHITL 7
BELPTV B, 2T TRG 3D Ay v2aREL, EHELEAV 35S (EREMK4) &, Dirichlet £E%E
A 3i5s (RN 2) DEDHEBREIT 50 HBOIHOBFENELEL VDT, K=10,a4=1.15& LTDirichlet
SUCHELLMELBATT o CORET TR, Fig. BIORSMTHSIEND, « 8, v 8-> TR 4 1EOEROH
BIC oW TEB L /22 &icish, RIBERIL Fig. 130T KEE» O+ EH KD » T, BREBFOFEBIIEILAER
39, BEEERIBOELRE LT, +ASEEEREOLEIOND,

WRERICAV AREELE LTI, WDRTDEERL, ) RELOKDILERN, 2F0,

Lbest = 1.2V Dy Dy/v =1.2«Va; +ar = 0.8 (m)

K=1, a=1.1,LT2OoDBREGETHEL, AEERDH B &,
Dirichlet & (ER4EH2) : AE=27.8 (%)
ERERMER (BREMH4) 1 AE=0.5 (%)

LD, BREZRERAVS L

FEHICBOEEREB TV 5,

AEDFID L Hic, Rg—
WGP, FEREREO A
BiECEBEREERLT
R BAE, HEBORENT
X B0 RUTH B, D
Blbh->THEETD
Lpest &R, TDL post %
B U TR 52 0P ERK
1EEZ B,

Fig-14ic LEROIREEL L 1z
fRE, BREMH2 TR IR
DRESHAZRT, HARHE
2EMCIEG, HROKRE
&L fRICeNT, B ES
INSKIEBEEDH BT &
bid 3o

(A

jﬂfﬁﬁ'cli 2 (kfﬁ@ﬁﬁﬁﬁﬁ Concentration distribution under Boundary Condition 2.
KEWT, EREHNGICE Fig. 14 Concentration distribution in the nonuniform flow field,
RSERIED | BT 518

BOBEMNEORRNNE, RUBSE—BE L RE—BIBAD 2 flic 50T, Galerkin L MEERZEH L T

Fritoo AR THR- LEE BT 2R TR, LT D@#SE L.
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(5) WEHHBEENSKE -/ &%, EHRENERERL, ARETHE- 2L 5 BB HESHUE RO BRBR I L
HHCTH2,

—-111—-



(6) H—ifiUs TRD LR ERRRICBT 5 BRE, AE—RNSBICER L T RIFKERPE S0/ AMETHR
SREHTTE, BERERERERING-RANLUBICILTOENTH L LEZ SN S,

2% XK
1) P. Bettess : Infinite elements, Int. J. Num. Meth. Engng., 11, PP- 53 —64(1977)
2) P. Bettess : More on infinite elements, Int. J. Num. Meth. Engng., 15, pp- 1613 —1626(1980)
3) MNERE - BEFRIRIED o OHBR/ BREREE, #1 T X§k (1983) ‘
4) G. Beer and J. L. Meek : ‘ Infinite domain’ elements, Int. J- Num. Meth. Engng., 17, pp. 43—52(1981)
5) O. C. Zienkiewicz, C. Emson, and P. Bettess : A novel boundary infinite element, Int. J- Num. Meth.
Engng., 19, pP. 393-404(1983)
6) TFACOM FORTRAN SSLIERF5IE ), =@ (1979)

—112—



