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Abstract

A multi-layer simulation program is developed to estimate the ocean current
considering sea bottom geometry. The so-called ¢ coordinate system is introduced in
vertical direction to describe sea bottom topography more accurately and effectively.
Leapfrog scheme combined with Euler backward scheme is used to reduce computation
error which may be possibly accumulated in time evolution by Leapfrog scheme alone.
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In this paper, very simple examples of rectangular basins with various bottom
geometries were taken and the effect of sea bottom geometry on vertical structure of
the ocean tidal current and its direction were investigated. Through comparisons
between the present three dimensional calculation in which bottom topography is
directly taken into consideration and the two dimensional calculation in which depth
average concept is employed, it was found that magnitude of surface current and its
direction could be largely affected by the sea bottom topography, particularly in shallow

region with complex bottom shape.
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zZ Z=n(X,Y,t)

Fig. 1 Coordinate system
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Table 2 Parameters used in calculations

f 0 Corioli’ s parameter

[} 9.8m/sec2 gravitational acceleration
P 1025kg/m3 sea water density

Pu 1.226kg/m3 alr density

NZ 10 No. of vertical layers
ax.Ay 1km grid spacing

An 100m2/sec horizontal eddy viscosity
Ky 0.001m2/sec vertical eddy diffusivity

Y 0.0026 bottom friction coefficient
Cq 0.0015 wind (riction coefficient
At 5.0sec time interval
Uy .V 0 wind velocity

Co 0.5m amplitude of input tide
T, 12hour period of input tide

at < L“ivniz%ﬁﬁ (47)

9] dEoA Mg deRe F40] 200melx
THYEo 2o ARAE 1000mE BPomg A
RtAo] 162K} How CFL &do] 9=z}
ARRIAS 522 dsld Aabe st

ARkel MgdAelME zPeEM RE £
EAEET AHEB] HAE 028 du ANE
T8t

43-d3 ¥ nE

2 7NN 279 QTR FEE V)29
AE vRe AAXHY FIAE AR Yl
22H AT SEARES 3319 g2 9
¥ &=AESH vlwslged, Fig8 o BoAwm
22 ATdy 928 "ild ANARE nlasiy
=3
AAZE, Astel HFEL ZAEIEY. SA9Y
F9(Casel) A BollMel A7) gt A4HHe)
WAE Figd o Jehia, ywd SEyEe
Fig.10 o Jepiiless), Aito] Aza 3 7-8%7)
7b Ad Fo wiEd uigl gyl dol XE AL
o 5271 9ok

Fig.ll & 239 G/ E 2§ vaEs AR
3 32 el 9% v&EAEe] dxRyE
Hep Jed, AR 299 B, CHol s 2

&9, =EY

A(10km,5km)
XcC
B(10km,20km)
C(10km,35km)
XB
Y § XA

X

Fig. 8 Assumed positions where the results
are compared

Free Surface Elevatioa (m )
I
©

o
@

T T T T
200 400 600 800 1000

o

Time Step ( x 100 )

Fig. 9 Time history of free surface movement at
point B of rectangular basin with constant
depth (Case |)

3 AAAA AN
FYVVVVUTTY

Time step { x100 )

Fig. 10 Time history of V velocity at point B
“of rectangular basin %ith constant
depth (Case 1)

Transactions of SNAK, Vol. 32, No. 1, February 1995



HAY G DA /AT FAHAY

FE 2 ¢ F 3R, HARAYe] IRHew
gig JERAY, F4Ael e AUt oW
(Fig.11,-B,C), 79 7= oz 344 &
Jhe Aol gie vAA FHE & 5 Aok a8y,
ZFAAY Drldle # B Y%L VAL & F
Atk 32H Tl A% A} 23 FAET
718l A% Aot Hd) 20%3= BAF UL
& 5 Jed, ole 22 FHHIAVYAM e FA
¥ rHEEGRETRE Aold A b ww
o B 7k Ao B F, 33k 71yl
AME Y vldo] A ZAAMT FiFo] welE
€ §hE, 231 7oA olRo] uigrts]y] o
ol

AHrEEe] W9E Fig12 o] B uis} o] 5
7H RelA & A7t 9188 & 5 AU

MRS do] St FA19Y AR ALY
FEAEEE Fig.13 o Yehied, o] AldelA
© FASE Aol FAY F 3UE A=Y & Y
F°) vt

HRAA alolli Al oA FAA {7t GRS
© 738l 7189 ASE Fig.14 o Yehiich

=3
-]

[s] a
] o
-0.2 -0.
-~ o 202 4
= 0 ~ =]
~ -0.4 -
~ o N0
~ o 2 a
-0.6 -0.
E o 3%l o
[a] a
08 o 08f o
s}
-1.0 -1.0 o
-0.02 0.00 0.02 -0.01 0.00 0.01
V-velocities ( m / sec ) V-velocities ( m / sec )
Casel- A Casel-b
0.0
[3]
=} —— 20(te 944 )
~-0.2
z D
z a U(t=389M)
~ 0.4
- a O 3D(t-944tw)
] a
3--0.6
o o I(ta3BIN)
o
-0.8 o
o]
-1,
23.00e-3 0.00e+0 3.00e-3

V-velocities ({ m / sec }

Casel1-C

Fig. 11(A) Vertical distribution of V-velocities
(Rectangular basin with constant depth)

KUGEMS MO 0 32 % J5 1 % 1995% 241

0015 o 0.0 a )

-~ o -] n o

2021 ° 2921 o o

M u [} ~ o 2

v 041 4 ° n 04 ] o

B ° ; o o

06y o ° £'°-5 o o

p ° o8] © o

0.8 . ° e o o

[=] o

Lol O o -1.0

L0.02 0.00 0.02 -0.02 0.00 0.02

V-velocities { m / sec ) VY-velocities ( m / sec )

Case il - A Casell- B
001 3
o ° 20(te944h)
;-O.Z I °
~ [} ° 2D(t=3.89M)
N0 °
2,040 o O dp(t-944mr)
g' o o
0O 30(t=-389h
0.8 a -] { )
s} o
o o
1.0
-0.01 0.00 0.01

V-velocities ( m / sec )

Case i - C

Fig. 11(B) Vertical distribution of V-velocities
(Rectangular basin with varing depth
of constant slope)

o. S 0.0 5

Q o]

-~ 0.2+ o ;.o_z °

2 0.4 o N oa o

~ 04 o ~ -0, °

~ o ; o
.64 -0.6

; 0.6 o 3 o

o o

0.8+ o -0.8 °
1.0 9 -1.0

-0.02 0.00 0.02 -0.06 0.00 0.06

V-valocities ( m / sec } V-velocities { m / sec )

Case 111 - A Caselll - B
0.0
Q o 2D(t~9.44 )
0.2 4 Q .
s o o | ... 20(t=3.89h)
: g °
~ ‘0.4
S & o ] I0(tw9.44hr)
z & o
3 0.6 4 l:? o a ID(t-3.89h)
° .
-0.8 1 q
q ]
-1.0 a <
0.015 0.000 0.01s

V-velocities { m / sec )

Fig. 11(C) Vertical distribution of V-velocities
(Rectangular basin with varing depth
of irreguiar slope)



80

0.8

Free surface (m )
° °

?
/0/

04 5 S/
0.8 T T T T
0 20 40 60 80 100

0.8 p—
"E‘ 0.4 st — @ o
A
& o S
P Y / % j
t A\ \
L-0.4 Lo g 57

-0.8 ¥ . . .

0 20 40 60 80 100

0.8
~y /20, Lo
€ .4
N SN
P N/ 1N /
$-0.4 \D\O/ \a\o/
IS

0.8

T T T T
0 20 40 60 80 100
Time ( x 1000 sec )

Fig. 12 Time histories of free surface movements
(Case Ili, AB,C from top)

0.0
gjo
O t=9.44h
B 389hr DD c’o
Z/H t=3.89hr o o
-0.44
a o
a o
-0.6+
o [}
o [+
-0.8+
a o]
a
-1.0 e
-1.00e- 0.00e+0 1.00e-3
3 W-velocities at B of Case !l {m/sec)
0.0 oo
02 © tsasmr o|o
N ] o
0 t-3.89hr
Z/H o a] o
-0- o o
0.6 a o
- o o
o o
-0-8] a o
a o
-1.0
-3e-5 Oe+0 3e-5
W-velocities at C of Case Wl (m/sec)

Fig. 13 W velocity distribution at B,C of case lli
(W = 0 at point A)

&84, =%9

¢— 3D

60] 2b

¥ position (m )

T T
0 10 20 30
Time ( x 1000 sec )

500

m
Fry
S
]

3D

w
(=3
<

2D

Y position (
N
=3
Q

100]

U T T
0 10 20 30

Time ( x 1000 sec )

100} 3D

2D

Y position(m )
(=2}
9

T T

[ 10 20 30
Time ( x 1000 sec )

Fig. 14 Time histories of oil movements
(Case I, AB,C from top)

33 7Y ASele 254 FHESTI AHEE
i 23t 7ol ASelEe AT 2FETAR
o] AMEHAU. Aitdd = FRot LR F 643
FoH] 719 Wz TFsNE, Al 20%F=
o] Bapt e 4 491 itk

vds, o del tigt T AlkbbiAbeld
Z79) Wake Fig.15 ¢} Fig.l6 ol wlasted e}
Uigler H2E3 A 7Rl 4 A9t SA
ZFR7)9 2AQMEe & Bl g3, SAAYIA
dMe & Bar verdg & 7t AUk

9ot e AFERRE, A7)} WS T
27 g o2 A3 ARG A7) M, 53]
Aol s EL aesior ¥ daAdol B
A arEn & 4 gt

Transactions of SNAK, Vol 32, No. 1, February 1995



HFANY L 1AY 2HKFY FAHY

200
B case4-B
100 spill position (t=0)
-~
€
A
>
0
£ \
0 \,\\
-1004 \%
-200 T T ¥ T
-30 -20 -10 0 10 20
X (m)
100
-
£
-t
> 0
spill position (t=0)
case4-C
-100 v
-100 0 100

X (m)

Fig. 15 Trajectories of oil slick movements during
13 hours by tidal current

200
30
100
~
B
-
*» 04
-1004 spill position (t=0)
B of CaseS
-200 T T T
-4 -2 0 2 4
X (m)

KEEMBGROE 0 32 & O7 1 9 199545 2]

81
200
1001
30
-
§
A
> o C of Case5
spill position (t=0)
-1001
20
-200 T T T
-20 -10 0 10 20

Fig. 16 Trajectories of oil slick movements during
13 hours by tidal current (Caseb V)

5.d B

B dPode 279 AsE «Esy] A% 33t
A cE7hgol sidsElded, 2 A7 Agkd 4
AAPEE Ot 22 EAES /A3 ok

) B33 AR E B A¥stn aHHoR
Yehlzl 918l o ZE A7 == uch

2) Ak} Aol oM, Euler backward
schemed &3} Leapfrog schemeo] AREH AL

3) 319) ¢S I8k FAARA AT ARSH
Fei=g

B A Agte FAAMHY g5 S HF
gln, Fe QAT w|Ae WAXAYY ZTHE
FABE) 98k 231 FAEET e o3 dae}
H|w3 dx o-gd 2L 4EE 48 1 At

) AF7E e 2F9 ddtzxe AR
of 9jsjM Aol dEE ¥R G

2) 2RELY :171 3}1112]*““ ogle] AA o
g W= A2 maEnh 239 FAHEFETIH
213 A7} 20% 3= A HrlEded, ole siA
Heol vpEg ohFEe zleldl 2 QIR Aol
AtgEh

3) FHo e 53] d5dey siHAGEA 9
Aol M, sjA=|&ell ola] AA d3kg wheth 33
A Axbe SAAYe] 2R ZFEA
53 daglt Fog Algdnh

_&'_‘,



82

i 2

e

Ao

[11 D.Ylee, A numerical model for the
movement o spilled oil, Msc Thesis,
Seoul National University, 1993.

(2] B.H.Choi, “A Tidal Model of the Yellow
Sea and the Eastern China Sea”, KORDI
Report, 80-02, 1980,

{3] Dronkers, J.J, Tidal Compuitation in Rivers
and Coastal Waters, North-Holland
Publishing Company, Amsterdam, 1964.

[4] T. Horie, S. Sato and K. Murakami, ”
Boundary Treatment on Tidal Com pu-
tation”, Seventeenth Congress o the
International Association for Hydraulic

[5]

(6]

(7

Research, Vol.2, 1977.

Bryan. K, "A Numerical‘ Method for the
Study of the Circulation of the World
Ocean”, Journ. Computational Physics,
Vol.4, No.3, 1969.

Fujino, M. and Tabeta, S., “Numerical
Simulation of Tidal Currents by means of
Multi-level Model”, Journal of the Society
of Naval Architects of Japan, Vol.170,
1991.

Phillips, N.A.,, "A Coordinate System
Having Some Special Advantage for
Numerical Forecasting”, Journ. Meteorol.
Vol.14, 1957,



