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ADI(Alternating Direction Implicit) F332¥ & AME3t] 32191 K #kiiE) 24 BACHOM-
3g ALEtsich ¥ 2dg R divelA shie AEE Ze AAdule] HEso] sMds v
styem, 1 A Ao} F X3 e B FHKY KEEY d5Rse DA 98
2dg Fdvte] H&stod g7 Fkey @AAESZEAe} vlwstyon, 1 A fx #2:Axd
vid & dxsgch v FARY A 1FEA 0~2m)a A 23 2~5m)dM ARG
MNAWEo g ASe £87F Uebdon, =3 G2 sl A2 FE0 2 Jebdth A &
L8 ¥o o&d, HEH HF Alolol fiEe 4=yt veh, HEos ALE 949 Ao
vetch 2en, £ 29 Feae vigadE u8gh 2599 Aol HEsIuh gl A
M ulge] B o FFolMe F8ol dSdle FE5EEE Uil o, A& SAAARTANE
Zaka) whureke] & Eo] Yehtoh

Three-dimensional baroclinic hydrodynamic model, BACHOM-3. is developed using ADI finite
difference scheme. The model is applied to a uni-nodal standing wave in a rectagular basin. The
model results for the surface elevation and velocities coincide with the analytical results. To verify
the field applicability of the model and to investigate the flow patterns of the Suyoung Bay in Pusan,
Korea, the model is applied to the bay. The numerically predicted velocity fields during spring tide
at normal river flow are compared with field measurements, the comparisons show good agreement.
A clockwise residual circulations at the first level (depth=0~2 m) and the second level (depth=2~5 m)
of the central part of the bay occur, and the ebb flow is stronger than the flood flow. Computed
velocity fields show that the phase difference of vcelocities between the surface layer and bottom layer
occurs and the phase lag increases with height from the bottom. Then, the model is applied successfully
for the computation of flow fields considering flood river flow and wind effects. When the wind is
blowing toward the land from the sea, the flow patterns at the surface laver correspond with the
wind direction, but the flow patterns at the near solid boundary of the lower layer show opposite
currents to the wind direction.
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Fig. 1. Coordinate systems and location of variables in
three-dimensional model.
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Fig. 2. Vertical two-dimensional finite difference grids.
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&3 o] Fojxith

{=A cos(kx) cos(ot) (15)
u=A C/h sin(kx) sin (ct) (16)
w=—A 6 (h+{/h cos(kx) sin(ot) a7

7)1, A=l AFE(=04m), k=35(=2n/L)
L=3H=CT), C=3&(=Vgh), h=54, o=4
Zop4(=2n/T), x=1r FgeA Ag, t=A1
T=xfFF7elct W) Z2i= 3400m, F2
1,500 m, F4e 7mE Pk AR t=0)
Aol KAz S HaolM BRAEE 04m 3
&8hal, SdelM FAiRIEC) 04m Ashe P
£9] cosine 2 FUh 2oy P ARA
Ax=200m, AHARA Az=1m, AIZHA At=
5%, AUYAFF7)E 821X(164A1EA), & AN
Al 7Ee- 492 A o1 AT, 4924 AL E Al At
2 R uF A 2 Fig 33 490 et
Fig. 3¢ #2148 HEAZDANA s5d W
%2 et FHE vimsle] Uebd Folw,
Ml Falsle] pHE e Ao YAk U
t}. Fig. 4% 27F40] @A shz 45141 7hdA] £ 2
F&PEEE Jehdch puEel e BEgge] 4x g

i



90 Cha-Kyum Kim. Jong-Sup {ee and Sun-Duck Chang

0 400 n n 2H 50 Cu/s 0.25 CH/s

YEAT, SCALE
U VELBCITY W VELBCITY

f
!
{
y

fON N e e —

YERTICAL DIMECTION

[N N S

PN NN

- o e e e e

- J

o T T T YT TrTTT T T T T T T T
0§52 3 & S & T B ¢ 10 Il 12 13 14 15 18 17 16
COMPUTED YELBCITY FIELD IR A AECTANGULAR BASIN AFTER 4SI TIME STEPS

Fig. 4. Velocity fields due to the standing wave in a rec-
tangular basin after 451 time steps.

Table 1. Comparisons of numerical and analytical velo-
cities after 451 time steps
(a) Horizontal velocities

Grid Analytical Numerical Error
point(i}  solution(mmy/s) solution(mmy/s) (%)
2 —~869 —86.5 046
3 ~1709 -170.1 047
4 —249.1 —2483 032
S —3188 —3184 0.13
6 —3776 ~376.8 021

(b) Vertical velocities at mid-depth(k=4)

Grid Analytical Numerical Error
point(i)  solution(mm/s) solution{mmy/s) (%)
2 172 1.75 1.7]
3 1.63 1.65 1.21
4 148 1.51 199
5 129 133 301
6 1.05 1.07 1.87
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Table 2. Computational conditions of tlow field.

Parameters Values
Horizontal grid interval Ax=Ay=150m
Time interval At=15sec

Vertical grid interval Level 1:2m(0~2m)
Level 2:3m(2~5m)
Level 3:4m(5~9m)
Level 4:below 9m
Horizotal eddy viscosity Al(=5,=8)=10m?/s

coefficient

Internal friction coefficient ¥?=0.001
Bottom friction coefficient 1,2=00026
Fresh water density P=1.999
Salinity concentration in 33.0%

open boundary
Initial salinity concentration  Interpolated from

observed salinity

Coriolis parameter f=837x10"*
Wind direction NE, NW. SW
Wind speed 34 m/s
Normal discharge of the 40 m'/s
Suyoung River

Design flood discharge with 1130 m%/s

50 years return period of
the Suyoung River
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Table 3. Comparison of amplitudes and directions to:
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Fig. 11. Comparison of computed tidal residual currents
{dotted lines) and observed residual currents (so-
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(@) Y-direction component at level 4

oNLT T _. V10E ONLY
NH WIND HITH N& HIND o 4
60 e wing  LEVEL 10FST. €-3 60 cm- oo WM ME Wing  LEVEL 1OF ST. (-3
Su WING . e WI1TH SH WING
qp 40— ™o L
- N N s
20 ~~ ——— 20 el N\
~ - —— - T, .
~ I S 0 .. :\ T \«\X s .
Wi 18 20 26 b 20 W N& & 00 12~1% NE-1F 20 ,’é‘{ 2% 25
- N I ~ s B
TIHE (HRS) ~20 hN [/ N, k ¢/ TImE (MRS}
N i . y
-N0 -40 \\ /( \‘
S \
_50 ) TIME YARIATION OF Y-DIRECTION VELOCITY -60 L
‘\ ‘
\ 7
\
.~
TI®E VAARIATION OF X-DIAECTION YELOC!TY
(a) Y-direction component at level I (b) X-direction component at level 1
TI0E owLY TIOE ONLY
- HITH MW HINOD - HITH NH WIND
_ WITH NE WINp LEVEL 2 OF ST. C-3 _ WITH NE wing LEVEL 2 OF ST. C-3
€0 . WITH SK HIND 80 o __ MITH SW WIND
4o yg
20 ///
[~ == = o -
0 s e T e ey AV
b 2 « & 8 10 12 14 15 18 20 22 24 26 24 26
-20 TIHE (HRS) l/ TIME (HRS)
-40 5
TIHE VARIATION OF Y-DIRECTION VELOCITY
-60
TIME VARIATION OF X-OIRECTION VELOCITY
(c) Y-direction component at level 2 td) X-direction component at level 2
T10€ ONLY T10€ ONCT
- WITH NN KIND _ RITH NH RIND
__ WITH NE wino LEVEL 3 OF ST. C-3 WITH NE WINg LEVEL 3 OF ST. C-3
60 e WiTH SW WIND 0 e WITH SN HIND
w | ¥
20 2 AR o
" NS /
° T — . ..::--——”" ] S S
b2 _§F e—10 12 1 1€ 18 202220 2% 20 p 2 W“’ 12 %2 2 2
-20 TIHE (HAS) ~=F ’// TINE (HRS)
-40
-uo A  OF Y-DIAECTION VELOCITY
TIHE VAALATION 0 EcT1 TINE VARIATION OF X-DIRECTION YELOCITY
(e) Y-direction component at level 3 () X-direction component at level 3
TIOE ONLY TIDE ORLY
WITH WW WINO WITH NH KIND
T Witk e winp LEVEL 4 OF ST C-3f WiTH NE winp  LEVEL 4 OF ST. C-3
60 e WITH SH WIND €0 e — WITH SW HWIND
«© I
20
20
m —
\ i ) o . \ = /—
-W Ut 16 STe 90 -2z ~24 26 b 2 ZZ8 10tz 1RU6.- 22 24 2
-20 TIKE (HAS) -20 i TIME IHAS)
-0 TIME YARIARTION OF Y-OIRECTION VELOCITY -840 § TIME VARIATION OF X-OIRECTION YELOCITY

(h) X-direction component at level 4

Fig. 14. Time variations of computed velocities at St. C-3 during spring tide at normal river flow.
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