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NUMERICAL ANALYSIS OF WIND-INDUCED CURRENTS
IN THE SOUTHERN BASIN OF LAKE BIWA

By Yoshiaki Iwasa and Akihide Tapa

Synopsis

A boundary element method is used to realise the wind-induced three-dimen-
sional steady currents in the southern basin of Lake Biwa. Under the assumptions
of hydrostatic pressure distribution and no-stratification, Ekman-type model is
adopted and trasformed into a partial differential equation for the stream function
using a rigid-lid approximation for the free surface. Then the equation for the
stream function is solved by the boundary element method. In particular, the lateral
boundary conditions are also improved in order to include in- and outflows.

The main conclusions obtained in this study is that the velocity integrated
water flux is extremely influenced by the wind and the effects of bottom topogra-
phy and lake configuration and that the vertical circulation is significantly affected
by the variation of vertical eddy viscosity.

1. #&

i

KIEHEPAMKIBAN OREN D 5 b THRICK » THET MEFEENRE LRR, EREOKELH
ENTELR, BT, 2V Ea—F T2~ FY = 7—OBRMLEFEIHEL, BFeFs L EHLTK
EifiE Y a2 b= b BMERITEITZ AL, 40— TV 3, Blic, BRENEVPER
BREY B BB ESRE RS TVL 3,

FRETIR, BENFOFFLBOTIKHHSNTOIBRERELAV, FERBLE LTVEK
BOREREFH L 5 2HERTEOBREEIT > TV 3, Hic, ")II%L» 5 OREADHENKE Ll
BUOTHOBEHATRERAEARRL TV 3, 51z, FKESS m, BIKERE 535 kfsE 4 5 EEHEH
B BREROMMERETETO, RELLFEOFHHEHS»IcT 5L & bic, MERBEHERD
AR C RETHEEBIIS>WT 2, 3OEELT->TV 3,

2. EREZO®ITIL

21 B B =«

Liggett & Hadjitheodorou® iz %13, —HBBROLBTICB T 2EERBEE & 2 LEBKBATOR
ERicd 2 BRI, RoxHic 5,
P72 W



564 BUABA ISR 315 B-2 W63, 4 (1988)

=_m ................................................................................................... 'Y
ZIT, ox v z; B OOEET, Fig. 1IRTLHE z

xEFEAE, yEdtEE, zERMEFREEELTS

L& b BEEEA 2= 0.0 (BKE) ELTV5. u, v, w; y (North)

zhzEhr, y RUz HHOFERS, p; BN, 0 KO :gs x (East)

B, g; EHMEE, f; 2V A VR A, SAERERHEGR

HTH 5B, H
F1, T OEEOERLMER,

K E @=—h): gt

Fig. 1. Difinition sketch.

IKRER @=0:
o, ol

g g (6)

ou _ U ettt
v_a?‘—rxv pAy 52 Ty (7)
Thb, BB, o, R BRI ZKEGAMEND x REy BRI TH %,

pA

22 ERROMATIL
wiz, EROBIGHLETT > 1RO & 5 EIRKTREZAT 2
_hop
D = D

w=(Gp ) vo=(f ) we=( ) 2= (Gh5)

##2L, L; kEAMOKRER, D; RFEKE h; HiEREH SKES TORS, ( EEH» S OKME
HELT D,

(8) RTRENBERTBEERK (1) ~ (4) KRALTEETIIE, KROL S ZHWRT/LAS
shBRA»E NS,

au* av* aw* el I I I e R R AR AR SRR LS AL AR
0% + M + 0z 4 =0 ©®

X V4
x*:'fy Y*z%s Z*ZE, R

L 0D L B e
VT "ok, * om? 624 (10
2
U= 0P« +_1_% ................................................................................. ayn

T oy.  2m® 67

_2_



Bt - ZH  EEHREHOWXRICBEY 2 BiEf#T 965

e Da ettt ettt ee e
1= 2. (12)

B, (100 KRRV QD Rho~c52 -5 (1/2md) &, $BEx7 < HEWEh, E= (1/2md)
= (A/fDY) DBRBEIH B,

ic (12) REKREXED» EBEOKEz2, TTRHEDTIE S IT, KEATORIHE p.s TESRTHIL,
BKESHRBE NS, Lich-T, (100 ART (1D RdRAo&L > cEEHDH OSN3,

- S Ui T ST
U= x| om? ok (13)
LS U ST
e ey, om? 2% (1)

Fikgic, EXRTLE Wi BREREREE,
K B (x=—hys):

u*:U*qu*:O ............................................................................................. (15)
Zkiﬁ (Z*=f* )2
TG L B0 ettt
Wy =Us +v sy, (16)
Qs _ 1 BUs e
62* T Ty az ‘_r_v* (17)

T, ta= (L/0AL) Ty Tx= (L/0AL) 1, TH 5, LITTI, BRI I2ERTERRTEEERT
(%) 22TRLTHELT 2,

23 FNEBEIcL-TREEIN-BELER
KEFERS « RO v it, (13) RRT (14) Kb oBrckvon s, bbb,
u= ~%§+cosmz c (CE™—Cie™™) —sinmz » (Co™—Cgg™) +eorevereseesrcurmseusnscunis (18)

v:—g—g——}—cosmz . (Clem-}»C#_m') +Sinmz . (Czem+C4e—m) ................................. (19)

TZT G, Cp GRUC BKKEHLEKEDHARMEILL > TREINIEATHTH 5,
$EH R OFERSY w i >V TR, EHEREZKEL SFBEOKEE Tz IOV THEATII EICLD
skpoh sz,

w=— )d ——1- a—gs-— 9, >{e”"(cosmz+smmz)

—e ""'(cos mh —sin mh) +e ™ (—cos mz +sin mz) +e™ (cos mh +sin mh)}

__l_ 6C3 6C4 mz —mh —-mz
+ - ( o + ==L )(e (sinmz —cos mz) +e ™ (sinmh + cosmh) +e ™ (sin mz

+cos mz) +e™ 211n2 g; 0% )(e cosmgz
—e™™ cos mh 6‘[ atz >(e SINMZ+e ™ SN TMA) +erererremremerserieanns (20)
2m
Eoi, FRicz=r2HA Lfﬁﬁ%ﬁ: (16) XEHVTEET L, ROMBEASB LN,
0 ¢ a t
a(j’_h udz>+a<j_h vdz>=0 .................................................................. @D

7, (13 ARY (14 REKEH»SKEHERE THEY LKETKRY & & b rigid-lid approxima-
tion 2 WA ThE, PERERSuRVIBERS NS,

_3..__



566 HOKBAKHRZCA SR %315 B-2 HH63. 4 (1988)

;:mj‘fh udzt%f_oh udz:hl%+h4_g§+hﬁy+hafx .................................... 22)
- o ol
v:ﬁ_ﬁ‘ff" vdz:—.%fwh vdzz_h4%+hla_§+hafy_hztx ................................. 23)

1B, BAEHC, Cy Cu CiiOUTNCh, Ay hy h DEHICSVTREEE4) LB, E51T,
ARUIHERsh ok, QD) Rid divergent form icEXHH LN B, LD ->T, ukUBIC
?;TL-C;

L0 L B ettt et enneenrenn
noy U hox @0

ORIMARET 2N ¢ 2 UAT S EHTREE 5, ROT, LidoBEXzE (22) ART (23)
KKﬁA¢5&&§u,ggﬁwgguomf%u@,

u=

—g-i—qu%y(é-+qz-g—f+q4z'y—qarz ........................................................................ (25)
aC = a¢ a¢ ........................................................................ (26)

‘67—(12@"_01%_435_0471
BELND, Bk, (25 RRU (26) R oENEEL2HEET S C Eick hiRhBKICET 2 5EH
BERFEASFELNS,

% bk 0 0

Ex‘ﬁT_{_a_fz.zA (x,y)%%—B(x,y)%JrC(x,y) ................................................... ©@n
2T, Gy Q2 Gu GBIV AR YY), Bly), Cly) OFMIL, RRKICESEXR4) K5,

3. BRERELHETFE

3.1 BREFRECLIBHIELROZS

(1) BRESHEOFH

wic, BREREEZAVT @D REKEWCH ARV THEMA %,

@n Rig, Eﬂa:iﬁuﬁ%&cﬁ% BT HI, T0FE CREEM IS IERLTV, —4,
@1 RhoRK Cl, ) 55, Alx, ) RU B y) &0 bHEMMICKZWEEIE, AUERAEL A
75 LREHEIC L » TEMMICRERD 3 2 LR TH 2, L&, 20 RoGad% b L0, Fih
RE%L ¢ 1oXd % Poisson Bl E#MAHFERLSFH I 3,

Vi*=b, b=A(x, y)%-f—B(x, y)g—ﬁ+c(x, P)  eeeseeesrer s (28)
X512, 2IR3T Laplace HIEROEAME ¢* L0, ¢* KN THEA 5N 3,
V2¢* TR0 vereree e (29)
D ST OO U OO OO SO RR OO PUPPOUPPRPROOON
¢7= o In r (30)

T T, r; field point (x, ¥) & source point (¢, n) [EDIE#, o;; Dirac DF NV BT H 5,
(28) XOMBIc ¢o* #FL B E & bic, FTEMRER Q THRAMEN % 2 [EiT-» TEETLE, KKAOD
& ERRHERASHEI NS,

Cz‘/)i:fr ¢*g_‘£dr_jr ¢%dr_]‘9 BOXAQ  wveerrrrmr e 31

fas, T HHEMNSHEEQ OER, n: BRETOABEFER, -g—:l:—; BE¥ ¢ 1cBAT B ERR A [n| ORBEL
THd, &5iT, B RIcETh 2% c; DL, source point DB ICIKTFE L TRES NS, T1b
gv

_4._



Ei - £ EEYESOWRERICBEY 5 MiEmET 567

@ i (source point) MSFHEIRIEE QRICHET 258, o DEIR 1L.OIKFEL Y,

‘/)‘:»fr (/J*%‘yl;—dr_fr (I,%dp_fn BOPAQ +orevreesrreserersenreniieee (32)

® (ESBRT FichB+2&%, o=1—- @/27) &35,
tz#:L, 62 Fig. 2IRT L O BHAETONETH 5,

0 00 " ,
<1_—§7_z->¢': §r ¢ 5n - Sfr Ll

i § Fdl'=lim [, Fdl'; Cauchy ® X B4,
r o

F=0"+I", I'"; SR Lo i 2FHET 5E%F e DM

Fig. 2. Point i on boundary TI.

(2) BRESFHEXOEHIL

81 Rt BREESRCESES» BRI TW5, Lik-T, @G KRosibcliLl i, %
THENREEOER T 2 ERERICAHTILZFAER SRV, T, FEMREEQICSVLTS, ¥
[HARRIE D DB TR & 5 KN ERIC AT 2 LB S 5, AME T, BRERE LTERLOE
Mb—kATHES N3 TREER] 2 ARERE LT IEAFER] 28HL TV,

PlE&b, @D R NEOBRERICH L TE#tsh, kXD LI icKiLans,

N
et bpraQ+ X

i=1

st ixi—~1
N
_ X 4 9 P
= 2 -[f‘; ¢*_67dr+ §I‘.~ ¢*_é71.dr+ §F.--.¢*WF ....................................... (34)

Ft fxi—t
FRDOERELT, 128 » HREARUEBEAOE@EIROFIco0 T, ITRERT S W%
B), %8, BIEROVTIR—KT Gauss BAARS, #HEFIZ->VLTIE Hammer 0D ARASHV O
TW3,
B, BT BREEMOBHRAEE L TBETHE, BREOTAToOF R L TIREMEKIL
T B,

ZCT,

0 ap*
B.-:JQ bp*dQ, g;= %)J., hik.izjri %“—aﬁ dr, Qik.j:fri eup*dl (R=1,2),

Hy=hy j+hg i =
=Rt Rig, -y € =
Gy=8un.iT8nj-v
i, 35 RE< MY vy AFRTHE,
HG+EB=GE -+ewveerererereenesttntstntas sttt e (36)
LB, E5IT, RNMEICRET 2ERLNE 36) RicRATIE, ERRET—RAEREL S, L

_.5_



568 AR K EFRAEH FI3EB-2 863, 4 (1988)

1eHB-T, ThoOHBERER Lk -T, BRAT FoXME ¢ if:tia—‘bf)i‘?"\"Cﬁii 5, ¥£1c,

BESHNL, BRI AOEEOM <51 3MEIE ¢ oL T SERT Lo ¢ 20 2 27
WT (32) REvBEBiBsh3,

32 HEAFE
HERNSPEENOEEDA I KB 2HENBEKD n+ 1R COAX 1 Ax |
ARMEE o EEET U0, TOMRBKRD K S BKHE :"’- 2-—:-—‘2——-:
B L TROONG, 1L, n ROELERBEMRT ! db—--—-,—-r
B Ick-TRINBbDET B, ! | ay
@ Fig. 3iIcR&ENBa, b, cKUdOD4FIBITBHN i t 2
MgOE @2) Rk bk 5, é —3—}-
@ /kquéa'c;f—ir@( ) &0(‘”) DI %5 ya 1 bé!.
2
+

#HZRD B,
o , S
( g‘i’ ( 2 ) Ot——x °

................................................... (37)
LT, QN AGLAEHAMBLFMEST 5 LNTES
DT, (36) RAEDD~7 b v B BHERMN L > TR0 3,
® wNBIRITHT BHARMAE G5 RRALTHRS, BRLosmRe” soe(ZE) an
e s,

@ TNTHARES - IERLOMKESLT (62 K&y, HEANOR CORNBK G RUZ
ccomm( SN, (L) wkma. wn 1xompe Ltr( ) =(5) =0on
EEMIESZ 5NTL 3,

® REHEOIGRHERMHLLTE, RAEZFALTEY, TOAPMEINIEGOANKLLED
LHMT L CEHHEER TS €TV B,

M’,Zl\/( )m ( ) } {( n+l_<%:}2<€l ........................... (38)

T, M HENSIERAET ¢ OMBEERD 2HOBY, 6= 1.0 X 107° TH %,
® (38) EMBRINAB x FABLICy ARAOEHARIE, REFEOBREETEOOLL g—f )3

Fig. 3. Evaluation of differential
coefficient for ¢.

o %—f— DL (25), (26) Rk HKD >N B,

@ Bk, Fekbdoni-FEHarRE (18), (19, kU 20 RicRATEI ik, FEOKE
ziCBI ARERSBERE s NS (Fig. 4 B81),

4., BEHEHICEITIEIREROYE 2 b—Ya Y

41 HEREG

(1) BEBILER

BRIFICBRL T, Fig. 5(a) KU (b) ITRENB L5 BEBREE (W=97) RURNBPEEL (M= 388)
EHEL. B, NREREZRET 53, Fig. 5 () OKEMRKESRZICLT, KEE{LOX

_6_



Bk - S0 EEMRH ORI BIY 3 MIERT 569

X WA E@ES S DEILT VWS, £7, Fig. 5(0) &£V
BEHOHEHMATRER LRESSERICR--TVWAE
Lhlc, HETEBLL-TWE I EMSHERINL, 5,
Z OMERS BEBhOBY THERT ZLURO DTS
n, REBALBRZEEIATOLRY, BITIKEBELTE,
Fig. 5 (¢) ISRE N BKENIC 1.0 mE—FIMA 727K
ErBwTWa,

(2) WwhBasucpld 2EREH
BEYEModusdtEcEL Ty, EpmIERE
BBk & & b ICEEMoREO TS 28BN >E8H-T
w3 (Fig. 5 (¢) BR), h oMK S, 1td
s SR AEE L CHER) I ~RH T 2 BRI SRS 035 X
5N, CHIBIRE » THETARERVELS 6D LT
HEn3, Lis-T, AR, dui, #Ri
R OBAD S DRHBAFRREEEICANIERFHFLRL
T (36) REMMBTNER STV, THbE, R
BOTHEABREN (p=const) %, mERIOILEE Mk
ROBKIROC S TEASERZEE(ZL - 00 )25
A TRAOBRMEREE LT S It b, BB, RED
BELMI, YR HEASHEBARCE L TEAIIK

IInput Boundary Condition]

First Approximation
W _3 _g
x oy
]
Calculate

Coefficient Matrix
'L_

| Calculate Bj ]

i

Calculate Unknown
Variables on Boundary

}

Calculate
¥ and W 3_'11.

ox.3y
within Domain [@@

r Calculate Velocity 4]

Fig. 4. Flow chart.

bcfhéé@&%ﬁéﬂéoéém,CCT@%%%&@@KOVTM,%&A%%Méhfﬁ&kﬁ

BISELWERZIET S &K B,

F7-, Fig. 6 IRS N3 LS IR EFBARIRD 3HiH A IKBVTR, TR oOmERREHE

0 A"LV‘
X7 N
4 "‘VAWA"A

AN N

|/

J Moriyama

4 Unit (m)

Seta River
(c)

Fig. 5. Discretization.
(a) Boundary nodes (b) Internal cells (c¢) Bottom topography.

.__7_..



570 BB KRR 5315 B-2 WE63. 4 (1988)

BicReohaodic, HEFENLSHBEOETEIB AN
MHHb, TITIE T ASCBDGEVWESB 2517
pEEbic, A RIRBEAEREMNE, BAICKERERS

® ; Essential B.C,
o : Natural B,C,

HESL CTHIERITE 1T~ TV B, 7D, Moe wAs  VTO0Y2N_ B v=co
L BAMOEMTS B, COBOBRIELTE, Bl - TR
ZH - UIB ORBEBEATL X103 EBELTVLS € Q €'
L BREZE). v
(3) BicLB3HEABGH Fig. 6. Open houndary.
IRERCIER T 2B L » THE U 2 RAKIGHES 1 1, iKW T
(T4 T,) =0g72 (W, w,) m ........................................................................ (39)

THZ %, k2L, 0, FROEE (=121kg/nd), #=13x107%, W, RUW,; BREDx KUy H
Ek5 (m/sec) TH5B, 1, BOKHE L TR, EARoR ULERUERER) sislfnekic—
BRICROTVE D EREL, BEE LTI 20 m/sec 85X T3,
(4) =204 VEK
VA VRS D VTh, HRkicblioT—ELL, RATHEA TV 3,
B 1V T PP PP (40)
ICT, w; KO BEARE, ¢, BETHI, B8, EEBHEPOKEIZ 5°08 TH 3,
(5) SREIBEHEIERE
SEBBERS A, BB ERESNLBTHRERICBVL TR, KEOOETHFE LWVEREEZ &
LELIEELOLEBREINTLEY, LhLuss, HRIBoHEHL>BRCHEY I aLv—va V%
BITT 572012, KHETREA TRFRCKERRICD 1 » THRERSMERED—E L IRET 5 & &
biz, ROZBRAPEBEICLTEELTWS,
Ay =2, 0XEX | W | X075 eevrenin ittt ettt “n
TIT, | W BE (=/WEHWZ, m/sec), h; FHPKE (m) TH 3,

42 HEHRLEZOER

AR T, EEFEHoRMAN GLERROERER C—HE%E252, ZORM4T TREROHIE
YIialb—varvEiTol,

Fig. 7(a) KU (b) &, #hZnILUHEKOFEREEDRE 2.0 m/sec DT THESOHET7 5 v 7 2
NThz, MEELd, BORFERVICIELE CHZ ORI, KESLENEWERR ISR E ¥
EDOROBELT VS, Eh, ZhoIHE- THIEOHAICIHEE D OBy, %E TRKEEEY ©
RROGEMSHES NS, Ao &id, Bk - HEorEEMESHOMRENREL, “RT—EEF
WEBALTIT 1Y Y av—va YEBRIZBLVTHELIATVWEY, &5, 4, @, tFERUHE
FAOED & & THEREEETEEIT - 7285, BEX D OBOEEHILL 0 OBRDBE L BT IIIHEIC
EREINELDTHSB, BB, I TOMBNFKEQ, TP KEFZMEEL, 80 m/sec 5% T3,

—%, Fig. 8 (ZH/KBHCHE) ORBAKE - 1388 (Q,= 580 ni/sec) DHE7 5 v 7 AKT
$%, Fig. 7(b) LHETIIE, BETT2ERKSGHEMINCKEC LS EE b, BENEBRLTY
BT EVERENE, LIzh->T, AFETREL TV AFARBEER AL ROUEKICET 28R
KHEDBZHEZ, THBLOLYMINGE, B, W& b ICEEGNBKD S OEHKR Q. 13 20 ni/
sec THH, JWHHTHE Q+Q DREMSILMEIDBALTVELHDEEZTHE, £, EITO0T
l4 Fig. 7 (b) OBA&LE—ORENGZ SNTVW 3,

FARAPRORE 2.0 m/sec DRAHD S ET, KEREAKRUVKETF 1.5m, 40micBI 3FHENT P LOSH
ZRLI-H DM Fig. 9 (a)~(c) Th 3, KRADFHFE~NZ bvld, BFLOPREEID TS

_8__



o971

Hik - 20 EEHREHOVERICET 5 Bl

Fig. 8. Discharge flux.

Fig. 7. Discharge flux (Q,= 80 ni/sec).

(SSW, Q,= 580 ni/sec).

(b) SSW

(a) NNE

Fig. 9. Velocity distributions.

— 4.0 m.

z

- 15m (©

z

(a) Free surface (b)



572 ARG SKHHRFES 31 EB-2 WE63. 4 (1983)

(Fig. 9(a) 28), chid, oV A VRICL B bDLEEIREN B, £/, KETF L5 micBiT 55ES
i, #OEIC Fig. 7(b) EEREUEEZERLTVS (Fig. 9(b) B8, &5i8, KEIRTVz=—
410 mTOFENHTIE, BHEBEEMZOHENEL-TVSE, LEkd-T, ThooRLd, gD
BEDHRIZ /224 3 0A KT 2 EE b, #H2EELTKET 1.0 m~ 20 mfhExEic g
ETRBTORNDME & BT 2 NEBEREAOEENEE NS, 4B, Fig. T~Fig. 9B 288
TREEMERE A, OfFE, (A1) REBFITL T 144 X 107 nf/sec L5 X1,

RiZ, ¥ 31al—bENHRERHEICH L THERIREREOBEOE VAT RIET B>V T
EREAMA B, HB, TITORDEMEIIFig 9EF—0bDTH 3,

Fig. 10(a)~(c) i, SAEMEREMAH A, OEEZHEN 072 X 1074, 1.44 X 1074 KT 7.20 X 107
ni/sec LIEMILIIBAORER7 5 v 7 ARTH %, BiRiE, A, DEVNSVEETEECEN BERIC
H3, bL, D) RiH-TA, OEMBESNSETNE, A, ETRKESBRETAI LRI bEST
B | W] AKE<BABTEICHIET %, LALEMNS, ITORERIIr—2REDICE—THS
ERELTWS (M, | Wi=20m/sec) $4bE, FETELHTH 50, BUAOHESHOER
T & - TEHERBAEREATILT 2 LEEL, FOBLICL 2HN~NOEBELBEL LS ELTVS,
Vitg, B8 bodicinS%2 Runl, Run 2R U Run 8 &R &icd B,

Fig. 5 (a) ICRINTV 3 A-BHEMTEATORERMIC>WT, Runl, .Run 2RURun 303
=2 THE L6055 Fig. 11(a)~(¢) TH %, Run 1 R Run 2 Tid, PNEBEREMNEE K
nTW3, —F4, MET 72 KE, B Run 20547 3 Run 3 (Fig.11(¢c) 2B) <, FEE
BSEERRRE LTV, £, ChooR&D, A-BMEROLBHIKEDFEVIRMCEIT 5k

Runl Run2 Run3
Fig. 10, Discharge flux (SSW 2.0 m/sec).

(a) Runl, A,=0.72 X 107 of/sec
(b) Run2, A,= 144 x 107* nf/sec
(¢) Run3, A,=7.20 X 107* nf/sec



aik - ZH : EEEMREM O WX ICBE 4 5 BB 573

S50ni0-3 €W/S) SOx10-3 (CH/S)

S00 (M)
STEADY FLOW 50_0_(M) STEADY FLOW — L
L S (CH/S) B8 («cns/s)
f B 5 c . __0°
- T — R el B
- > T T 2
Hboibudb 3 (a)
= Z 3 4
- . S
Bmm
c 0,
;2 T Tz 1
1z Ty 2
o : 3 (b)
= = [
- s
1]
A o ... 0
Loy oy vyt MO 1
13 : - - - : : : . . - - a 'l ) - - » 2
S S S 2 SR 3 (¢)
- - - - - - - - " . Py - "‘3 : q
. T T o 2 -4 . 5
Ce e (m®/s) t-5 -
(c)Av=7.20 x 16" Lem
Fig. 11, Vertical circulation currents on Fig. 12, Vertical currents on C-D section.
longitudinal A-B section, (@ Runl, A,=0.72 X 10~ nf/sec
(a) Runl, A,=0.72 X 107* nf/sec (b) Run2, A,= 144 X 10~ nf/sec
(b) Run2, A,=144 X 107* m’/sec (¢) Run3, A,= 7.20 X 104 nf/sec

(¢) Run3, A,=7.20 X 107* rf/sec
Hit, A, OEOEINCEVL—ERICGE TS L b, FOKREIMBLTIERICHL I L EEHREN
TW3, &5iT, Fig.12(a)~(c) 3, A-BWiEICEBXENE C-DEANTORNERLAKTS 5,
Fig. 11 04 LE#EIC, Run 1 (Fig.12(a)) U Run 2 (Fig. 12(b)) KBV THTFHLRML TR
AN IRFBOGELBED LN S,
DboRin, S$HEBRBEFRER A, ORVE, D L SHESRIOREMHEICHRD THRICHEE
PRIFT O LHEN B,

5. ¥&

o

AHER, oo 4 7 TFUEAVEEELIC, BREZZCLVEEFENICE T ZEELR
EROBEYI2av—Ya v&2iT-LbDTH 5,

BohlBREBHTL, UT0L5TH %,

(1) Es > oREAR B TEREREE( L 0 ) 2T C LY, RUARBOKE
BREVERKBICE T BREMOEIE Y I 2 L— v a YHAJREL L - 72,

(2) BHashkEBE75 9721, ZHRT—BeFLVEBRALCITbhAEEE Y av—va v Eid
ERERRREZL TOWB T EMPESIITIE - 1,

(3) ERIKEMEEK A, 3, WEFRICB T 2HMEFROHRHECED THRICHEEERITT /Y S
A= THDIEPHRSNI, LIthi->T, ZOREEIEEBITHIMRICL - TROTEETH ST



574

FIABGKHIRAES $315B-2 M63. 4 (1988)

EHHSMhICE T,

(4)

CoTRES N XS BBREREAEAL LABERNEERAV TS, Hrcino =Rk

OFEBEMTEETH S I EMREINT,

Bic, AIEET TV 2IcHizD, BaOHEEBD - L FEAFTERLARTESEH it
HlBELL ORESHE L e, £, ERSISKOMED - g5 EC cRRFEREL#BE BRI
WEAFRLET, B8, I COMKBEHERTRTHEAFAEE#L /- M-382Ick- it %
WECY %o

1)

2)

3)

4)

5)

6)

)

8)

9)

10)

8 & X M

#1Z i, Liggett, J.A.: Unsteady Circulation in Shallow Homogeneous Lakes, Proc.
ASCE, Vol. 95, HY 4, 1969, pp.1273-1288.

f|Z 12, Cheng, R.T.: Numerical Investigation of Lake Circulation around Islands by
the Finite Element Method, Int. J. for Numerical Methods in Engineering, Vol.5, 1972,
pp. 103-112.

Liggett, J. A. and C.Hadjitheodorou: Circulation in Shallow Homogeneous Lakes, Proc.
ASCE, Vol.95, HY 2, 1969, pp.609-621.

SRR, BHES, 1 K EREREAEM L EB OB 2 HIERNT, REAFE
Bh S ERSCRTEER, 55 29 & B-2, 1986, pp.561-578.

Banerjee, P. K. and R.Butterfield: Boundary Element Methods in Engineering Science,
McGraw-Hill, 1981, pp.38~77.

$EFHE: BKESIEE SR OMIEETEE & £ OKTHEANOIGHICET 28K, FERFEFAMRL
1986, pp. 147~ 149.

BEHM, SREE, UH ¥ KEBEEEHRE LERAEREOER VT, M8 EEL
KRFLMPE K IRER T EE S FHERE, 1983, pp. 1-65-1~10-65-2.

Barannik, V. A., YE. V. Yeremenko and O.M. Spiner: Determination of Eddy Viscosity
and Friction at the Bottom in Wind-Driven Currents in Shallow Water Basins, Fluid
Mechanics-Soviet Research, Vol.6, No.2, 1977, pp. 165-172.

KAGREE, FASHE, KIEH — EEVRESOMRIEN, FEREHXHANER $265
B-2, 1983, pp. 503 -530.

EEE, HEt, Buse: BEESESOMRETRCET By iar-v s v, T
KB KPFRFAER, 521 5 B-2, 1978, pp. 293 - 305.



