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Summary

It is a very important matter to know a tidal circulation in shallow water
region. A finite element method, one of the numerical analysis techniques, is
used to analyze a tidal circulation in shallow water region. Galerkin method is
applied for a spatial discretization, and two-step explicit method that is good
to deal with a number of unknown factors and unsteady flow is applied.

Two-dimensional tide model including wind stress term is used to
investigate the effect of seasonal winds about tidal circulation. A numerical
analysis 1s carried out both the case considering the effect of seasonal winds
and the reverse cases. The results of the numerical analysis are divided into
low tide, high tide, ebb tide, and flood tide, and then is presented using a
graphic technique. With the northwest wind and the southeast wind that
predominate in winter and summer in Jeju Harbor, A numerical analysis is
computed about the effect of seasonal winds on all over the harbor.

The results of the numerical analysis with seasonal winds about Jeju
harbor are shown that the flow field in the harbor reacted sensitively to the
seasonal winds. In the case considering the effect of seasonal winds, the
velocity vector is became larger than without wind in general and the eddy
currents are formed partly. Inside of Jeju Harbor, especially, counterclockwise
eddy currents are formed by the flow of Sanji stream. It could be concluded
that the case considering the effect of seasonal winds is a useful and efficient

method in analyzing the actual tidal circulation.
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Table 1. Important tidal constituent
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Fig. 1. Diagram of tide generating force(A. Defant, 1961)
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Table 3. The results of harmonic analysis for tide at Jeju harbor(NORI, 1993)

i . Phase delay

No.|Constituent| Amplitude @, {cm) | Period 7, (hour)
kn(deg.)
1 M, 69.7 12.42 3035
2 S 295 12.00 324.1
3 K 23 25.82 210.2
41 O 16.8 23.93 189.2
4 21
n= mz_:lamsm (—fn- At — km) (38)

A7, 0,2 DE, ke 44, T.& M, S, K, O Exe F7], t& Aloloh

AtE thee CFLEAE HE3le At =02sec2 FAU

(39)

A71M, Are FEase Hadolelh

A(38)2 AMgEta] AAE AlAbg, ZAIAGGFAR, 2003 MERE A
€% &g v @t Fig. 59 el A5 A4 vluLsdd

uTh 4RZE ST B ANEY A9 3 AT YE R ¢ S A
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Fig. 5. Comparison of observed, /; constituent and calculated tidal

elevation in Jeju harbor

FarEde AE4E FES7] H8td Fig 89 #AE 3 C, D E & F A
o Adge e dTAEY AT Hng ZFHE Table 4°] HEHHUT

Table 4. Comparison Result of other papers with present method in flood tide

Velocity of flow(cm/sec)

Case | The author of a paper

C point D point E point | F point
1 Yang and Choi(1999) 19 20 15 16
2 Cho and Lee(2000) 17 22 11 9
3 Kim(1995) 12 20 5 6
4 873 9 F4(2002) el < 10m/sec PI %t
5 Present Method 904 | 779 | 242 | 17

SANEE - I T e

Alecrte] A 54 FAFEAZ 3
339 FEAEY ol &, MEZE AE
Se Ay MEZ AL

L EQu TN M, SEZ AE

FH8AY 48ZE(M, S, K, O)) At
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129) 23& 29 Fig. 89 EAIE & 47 A C% FXAAH DAMe £57 €
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A YevdD A5E & 5 U
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Fig. 6. 3-D Topographical map of Jeju harbor
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Fig. 7. Water depth of Jeju harbor
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Fig. 8. Finite element idealization of Jeju harbor
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Sanji river

Offshore.

200 400 600 800 1000 1200 1400 1600 1800 2000 (unkt m)

Fig. 9. Velocity vectors in Jeju harbor without seasonal wind
(Above : High tide, Below : Ebb tide)
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Sanji river
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T

200 400 600 800 1000 1200 1400 1600 1800 2000 (unk m)
Fig. 10. Velocity vectors in Jeju harbor without seasonal wind
(Above : Low tide. Below : Flood tide)
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Fig. 11. Calculated current at nodal point C, D, and E in Fig. 8
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Fig. 12. Calculated current ellipse at nodal point C, D and E in Fig. 8
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F&ol Aol " FEHT AANE AE & F AR

Fig. 17, Fig. 18, Fig. 19 ZtZ} Fig. 89 A4 C, D, EdllA AH¥F
A Fe B A A AEFE nHE FFE AMEA FEF FFE
Bl et GERHI T

Fig. 20, Fig. 21, Fig. 22& Z&FEI4E =X o= Fig 84 EAE #H C,
D H EolAMe 2dAe] F2YE dehla ok M 253 ALFT
FFoR ol @ WIFoz Wz ZFEAY HAo WU BAGAZ,
ALF T TS0 S5 Bl AA FAHHE AE € F AU

Table 5. The comparison of velocity vectors with wind stress and
without wind stress in nodal points C, D, E and F (Flood tide)

_ Wind velocity vector(cm/sec)
Wind
Case Direction Speed
(m/sec) C D E F
: . without
1 |without wind wind 6.42 6.21 2.61 1.25
2 SE 34 6.54 6.25 3.27 1.34
3 NW 53 6.91 6.28 4.57 1.72
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Fig. 13. Velocity vectors in Jeju harbor with seasonal wind(NW, 5.3m/s)
(Above : High tide. Below : Ebb tide)
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T
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. 14. Velocity vectors in Jeju harbor with seasonal wind(NW, 5.3m/s)
(Above : Low tide, Below : Flood tide)
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Fig. 15. Velocity vectors in Jeju harbor with seasonal wind(SE, 3.4m/s)
(Above : High tide, Below : Ebb tide)
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Fig. 16. Velocity vectors in Jeju harbor with seasonal wind(SE, 3.4m/s)
(Above : Low tide. Below : Flood tide)
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Fig. 17. Comparison Calculated current at nodal point C in Fig. 8
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Fig. 18. Comparison Calculated current at nodal point D in Fig. 8
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Fig. 19. Comparison Calculated current at nodal point E in Fig. 8
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Fig. 20. Calculated current ellipse at nodal point C in Fig. 8
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Fig. 21. Calculated current ellipse at nodal point D in Fig. 8
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Fig. 22. Calculated current ellipse at nodal point E in Fig. 8
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