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THE COUPLING EFFECT OF THE TIDAL AND THE CONSTANT
CURRENTS ON THE DISPERSION PROCESS
IN THE INNER BAY

By Yukio OONISHI, Hideaki KUNISHI, Yasukimi YOSHIMATSU
and Kazunori AKITOMO

Synopsis

It is well known that the strong tidal current at the narrow strait of the inner bay forms the
typical constant-flow vortices. To clarify the water exchange through such a strait, the coupling
effect of the constant flow and the tidal oscillatory flow is examined. It is shown that the coupling
effect yields the 8-shaped Lagrangean motion through which adjacent vortices intercommunicate,
inducing water exchange between them. The exchange coefficient is large enough that it reaches
the values usually reported in field observations. The motion diffuses the sea water substantially
in time scale longer than the tidal period. The exchange coefficient and the dispersion coefficient
are both proportional to the square of the magnitude of the constant flow.
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Fig. 2. An unreal flow pattern of the constant flow. Fig. 3. A possible flow pattern of the constant flow.
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Table 1. The exchange coefficient.
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Fig. 6. The tracer distributions at t=1,2, 3 and 4 in the case 4=1.0, B=0.2. The
tracer is set at ¢==0 in region <0, the left-half of the figure.
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Fig. 9. The time-changing distribution of the 2500 particles which are set at £=0 in the center cell. The
parameters are A=1.0 and B=0.2.
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Fig. 10. The time change of the variance o, of the particles in the calculations as shown

in Fig. 9.
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Fig. 11. The time-changing distribution of the concentration of the tracer. The distribution at
t=0 is given by the equation C= —sinzxsinzy. The parameters are 4=0.6 and
B=023.

kD2 E, Dy MK EERL S SWEHELS c O3 FEOHBYHR L LTOBWKIHREN LR LTS
LEZ5ND,

VED3BORL ZEHRICE 50818 Dy, Ds, Dy %% 1% h Table 3, Table 4, Table 5 |27 ¢ . Table
4T 0? LENTWADRIOAMECOHETREREAIEBE L ALy —2TH B, ThHDEHNS,
Cho3EORBDI D Dy, THDOLEREBELETEVIORBNTH BT LD HD, D OED
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Table 2. The dispersion coefficient D,” cal- Table 3. The dispersion coefficient Dy
culated from Egs. (21) and (22). calculated from Eq. (17).
A A4

B 00 02 04 06 08 1.0

B
[ 0.2 0.4 0.6 0.8 1.0
0.0 0.010 0.027 0.038 0.046 0.052 0.057 -

0.1 0.020 0.038 0.054 0.066 0.075 0.083
0.2 0.030 0.045 0.065 0.080 0.091 0.102
0.3 0.040 0.050 0.069 0.085 0.098 0.111
0.4 0.050 0.056 0.069 0.084 0.096 0.108
0.5 0.060 0.063 0.070 0.079 0.089 0.098

0.1 0.0019 0.0074 0.0157 0.0260 00374
02 00034 0.0132 0.0286 0.0578 0.0696
0.3 0.0042 0.0168 0.0363 0.0615 0.0912
0.4 0.0044 0.0168 0.0372 0.0640 0.0968
0.5 0.0035 0.0140 0.0315 0.0545 0.0840

Table 4. The dispersion coeflicient D; cal- Table 5. The dispersion coefficient Dy
culated from Egs. (19) and (20). calculated from Eq. (23).
A 4

B B

0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0
d. i 0? ().0()28770.0041 0.016 0.028 0.1 0.018 0.03¢ 0.046 0.055 0.063
0.2 0.0012 0.0046 0.0085 0.022 0.050 0.2 0.015 0.035 0049 0.061 0.072
0.3 0.0017 0.0052 0.013 0.024 0.052 0.3 0.010 0.029 0.045 0.058 0.071
0.4 0.0010 0.0054 0.013 0.020 0.036 0.4 0.006 0.019 0.034 0.046 0.058

0.5 0.0005 0.0047 0.011 0.017 0.032 0.5 0.003 0.010 0.019 0.029 0.038

EBOHRICE T2 HKESOREBMOFTRYEALTHAD CEMHEI NG, FHMBE D & Dy 33
CH, BEROBICHARS *SLHESRERALTEY, iIZRIVO—AREO v NOBRKES T
BEL, BER—FOARLHBHFEEL T4, BOKRS B itk-Tihs 2 DOFMHEDRAN
BRIEHEL TV, Chd 285055 Dy OFBEBOBKLEBIGECRIERA LTI LRHSDY
ThH b Mk S, MF—ARBI e r ABBHESTE L) REIYBENZRIBICE 2D TIREL,
ACHBOFEERICBE DO TH S0 CCT D £HATRY BT -0, HROMEFICEATLEL
HzD&5% a b D ORENTFEDRTVWEDSTHEN, P LLIBRLEOKEREPSRZBY, D RE
DOUBENTBFML TR LB 505,

SEEED AP Bicdd 3 kEtE 2R 22010, B=03 OBAICOWT D: RUY Dy © A wid 5 4kH
#:% Fig. 12 1T, A=10 OBA/RK2WTENHD Bitxtd 5 k% Fig 13 KR ¥, Fig. 13 1cid, BO
INE ZAEICH S % Dy T Table 5 KRIWTAEWER O THRREIN TS, Fig. 12 o3, B
WX BHE—EOBIC, FHIEH D, Dy BEKOBRE A O2FEMT I L, BICARLEESERN
Dy RDWTESTHBC bbb, —4, Fig. 13 513, FHEK D 3, HKOMS A di—FDBIT
BESES CRINEWHEO®S B KT 3 LHBRONE, LhL, EROBRTEASLLIBED
B O®RS (B>0.]) T, D: BBREAT B3 ERBEZT, LA B REFELEVEE s tidnl{bHWn
TH b0 bo kb DRI Yanagi™ £ Oonishi'® 45 L7 & 5 i EBRIC I #E8E & Bede ik O it os#1%
fiick-THON, ADKXSHEN BOEMICE%E->CTB D223 ThULORRO~ & FTHM
FTELLEEHTHERBLAGhRE 2SR, HBHIE-T, 4 ZEELT B #E(LT ZRICHHFHIE
ZhEEERET, —F, HEMICIE BAZERThid A @ B KeflT 5 e £ 0, EROBRTIRY
WOKH, MIO®YELICE > T B HET 2 ICHAS HEHRIMEOME B 04 RIKUHTEC
Litk 3,

— 12 —
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IO'.? \ \ L Fig. 13. The dependence of D; (@) and D, (O)
/O—I | upon B with 4=1.0.

Fig. 12. The dependence of D; (@) and Dy (O)
upon 4 with B=0.3.
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