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Synopsis

This paper deals the two-dimensional numerical simulation method of flows and
associated dispersion in the horizontal plane by means of the generalized curvilinear
coordinate system. Basic mathematical models for flows and convective-dispersion
of contaminants are derived in the generalized curvilinear coordinate system. They
are represented in the conservation forms and as simple as those in the Cartesian
coordinate system. Finite differece forms of these equations are obtained by the in-
tegral method and they have the second order accuracy in a time coordinate and
the third order accuracy in space coordinates. The algebraical numerical grid gener-
ation method is also introduced. The usefulness and the accuracy of these proposed
procedures are successfully examined through the comparative study of numerical
results with the analytical solution for a 2-D convective dispersion phenomenon.
They are also applied to the numerical experiments for 2-D flows and the trans-
verse dispersion of contaminants in a model river. The results obtained are agreed
with the knowledge obtained in the past study and the usefulness of the proposed
method is verified.
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Fig. 3. Transformation of a domain and points from Cartesian coordinate
system to generalized coordinate system.
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Fig. 5. Domain used in the numerical simulation of a 2-D convective-dispersion
equation.

5T % Donor-Cell I L BFER b HDETRLT

W3, Donor-Cell Bz & 3 ¥UERR I BITARICHLE L T A  Simulated Result (2nd)
-7 BEMH10% BEELKIEELIL, PPEA & Simulated Result (3rd)
TWwa, —%, QUICK itk 3% N33R L — -— Analytical Sol
BHLTHY, BHTEREIRERPEONTY 5, Ak
Donor-Cell itz & BMBBAXEFERE LTIE, U, D
A & RS £ — £, DA ES—ELTVWRVID, KiE
DNYNENHBL P T - bDEEL SN EYD,
C OBk, RBTRLUCEERE IR, —AhiR 50,0 -25.0 0.0 250 50.0
BEERIC & BIEIE AT TFRICBWT, s idE Distance (m)

BABZ TWAI Ebh-t, E512, MIKEDL S  Fig. 6. Comparison of simulated results
KHRT & & SICHEANELT 2N TR, —RrdhiREE with analytical solution along
FOYAI LD, EEHEFRNOHEEAB—BT 5L the section A-A.

10,0

N (m)
5.0

0.0

_8_



i -t T - N —RERIERERE A L 1 fih S KEIBS O 2 IRTUER BT 597

BRI ENTE LD, BERZOHBELMAB L Eobh -1,

4. FHE 2 Ruimn & IHOERT

4.1 FEREETFROERZE

HBUERT 51T - 2R NIBI3, %94 3 Fig. TIRI N3 L5 BPPBM L -BE0 KB (1
500 m X #5000 m) TH 5%, KK~ £ 6, AAERRE & e LT, EEHEBTFEEERL

— AR R ORENAERRIC S VTR, BERBDTHY, A0 bOMBRIBINTEYD, V(-
HOREPWEHRIhTVWS, ZOHTid Thompson 5548%d 3 Poisson 5EBRIC X 2 b DH5<L
HushTowas, AWETR YERE (FHrBER) i 388N E2ER (—Rdbiges
BR) oML ACREMICHES €3 FiE RENAR? 2RV, T5bL, EIETHYL
LERABERRTE, EERRERT ZLENLL, EMAROBEGRARZH S L8, PEELEOA
LETEHE LSS —HIE L, BEERICFRD 2BEESENICRkE > ThhidiwT EicEE L b
DTH 5, AAHER, BTFEROHESBE TS, SoFERBOEVE VI EHHER->TV 5, Bl
BcZOFRETRTLUTOLI TS 3,

(1) 9, FEHCBVWTERKBTA'BCD 223 (Fig. 3 (b)),

(2) 2B FAEYHEE FOKTHS ABCD icxtita &5 (Fig. 3 (@),

(3) ki, PpEm i 6, &) CEEREEET 2,

(4) ki, VERLEOEER (5, &) ZEER (x, v X3,

(5) CoxFTI, FEERVEHLD, RARTH-/DTEDT,

?i.jzfi,j‘*‘w(ﬂ+1,j+ﬂ—n.j+ﬂ,j+1 +fije1— 45
&, BT3B, T, fi; GF) RicBIEx 5503 BEE w: 55 (501 T
H5bB,

FEERDERICH > T, AL=AE=1¢T2HDBEROBERTCEBLT, BRTHs, £/, B
ELHIC R 2 8{%%L, Transformation Jacobian O EIZdH 1z - Tld, BEIEDIC & » THEER %
RAEREI L, MR ERD 1,

Bon/-HEERLYEREISRLIZ DO, REITHRX2 Fig. TTH 5,

42 FENBEKERERRD 2 RITEER T

KEERT TR E LcEHRIR, Fig. TIOREN 5 &5 REERREE T 3 KEHLSKEOFHEN &K
BRATH 2, UTRT XD, BETEE, KENSHKKEL 0BRSS, EEEHELRVEL,
BRBE AT > TR LN ARENSESRKEBOHER SR S h 3, HL, EHEHFENDPOBHREICD
WTI, BRAEI B TMS L, ZOMREEMACHELTERTZ260L LT, EREINTL 5,
(1) #HERH

KEEEE LT, UToboiHW, 7, EfEAKNOFMEEL L T2 Manning B O IiEHiAI
AHVEHDE L, Manning OHEFHEE n= 002 ZH\, BRIKSRCIZ, £ 8ARIC 1 /5000, & AR
20 &L, LR TRB~FEER T oK~RERE5 1. TBIREEFEKIKE =
1056m) &L, EdRic kv ERFHRE (1500 oi/s), FEKH ¢=85m, h=35m) iKBHOMICHE
Bt dl s l, BRERRBAITOUERRELE ., HARARIMEANIC—RCINTE60EREL, T
TSR/KALE, BEMTA IR ERGE L T2,
KERSOHRERBVTE, KEFETE SO EERRNEEWRE LT, LiREdRE (120 <&
< 14.0) KBOLTHBIENEF CRASNZBAEHEE L, BR&HE2—EL L CHEIRELEO»

_9_



998 AP KBRS 55315 B-2 #H63. 4 (1988)

Jii
LA
T

Fig. 7. Plan view of a domain used in simulations and generalized curvilinear
coordinate grids generated numerically.

AT LEEERBENEEBLIENTE S, 12121, ABUREIE, D,=593hu,, Dr=2.00hu, & L1,
(2) K BHREZOEE

BohtEFRHENEE, HE~7 PR, FKBRTRLIbDOHFig. 8 (), (b) TH3, it
#HRs b (Fig. 8 (@) &V, HE~N7 b ADRE X IEEFRICHA-> TR OhIELLTEY,
KOOy - ZIBEFRYBERTH LY, PPAEROLESES TTVWELITHD, T18b5, #
HOEBKBICA SN S K D IKEPRFTEDORE—FE L ARSI NEFRBLLRNL I THEH, T
NIREREMHEL LT, non-slipREE2AVEIEIRLZODTHASD, EREICHKBHERLLDD
#Fig. 8 (b) Th 3, FTKMEKEZ, HERKFRBEGEHL Y5 —OSSL ZAVTHMN TV S,
KEGLEBECL0ELLEBONAMNERFIEEATEY, ZORER, SHROBEE LIV, 15
R iKER K EEBAECEE—HTH Y, HFAMIEY2PhIERL TV 5, fdE~7 b VK
LHbETAEE, FRBCBOT—RICEZ ONIRENTHS, HFEEbicREL, F—HOTRES
HEFRL TV BTHERI NS,

BohiEFREOEBENHIL, Fig. 9 (@), (b) /RLTWV3, Fig. 9 (a) &, FREFXT

— 1.0 (m/s)

TATIALL O
CratrtII

2222V

RN AR R RE RN RRAR]

T z

- — — — b -

f el = = = - - - =
— —_ et - - o — = =
o= = 3 P - a7 = - e = — " = <= _ =

EE&E S EEE e = ":/7 "/./‘/,. == = = = =
EESEEEEEE = = = = = = 2 % =
S = EEEE T 2 == =2= =
= S = =
= = = = = =
L= \:: =
T E

]

0000000000
000000000

Fig. 8. Simulated results of flows.
(a) Velocity vectors. (b) Iso-water surface elevation lines.
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(b)
Fig. 9. Concentration distribution.
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