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Numerical Simulation Study on Flows in Coral Reefs

Hitoshi NAKAMURA*? Kimiaki KUDO"’

Coastal currents on the coral reef are difficult to understand its structure because
of the complex bottom topography in such areas.

However, dispersion of coral larvae and red soil can be predicted by examining
the interaction of complex flows in a bay and ocean currents outside of it.

Towards this objective, a numerical model was developed to simulate coastal
current movements on the coral reef, as well as in the open sea at large .

In a parameter experiment with two-layered free level model, the effect of the tid-
al current and wind-driven current on the flow, and stability of calculation for outer
sea areas were evaluated.

Stability was achieved using the greater coefficient of vertical eddy viscosity in

outer sea areas.

* 1 HpiRBAZEUFE

* 2 Marine Development Research Department
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Comparisons to observations of drifting buoys showed the viability of the simula-
tion . As a result , the flow pattern in the middle area of the bay , with wind blow-
ing in the north-northeast and south-southwest directions, could be identified.

It was also found that flow patterns inside the bay were sensitive to wind changes.

Key words : Coral reef, Tidal current, wind-driven current, Vertical eddy viscosity,
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K9 BEEFNVE2B7Y—VvRXLVEFLVOFNORE (B (@) 371 OEREBHIS,
RO )1 EBZ2D 71 DAIEBEART o)
(a)BifgE 7 )W [case 2], (D27 —VL~WEFI [ case 4 ]

Fig.9 Comparison of water movements between single layer model and 2—layer free level
model. (Black circle (@) and dot ( * ) indicate drifting start point and positon
buoy at evey hour respectively.)

(a)single layer model [ case 2 1, (b)2—layer free level model [ case 4 ]

X10 B@Eics ) 2@y ERER (EE) 128EE2» 524REIE £ T [ case 3 ]
Fig.10 Tibal residual current in Nakagusuku bay (upper level)

from t=12hr to t=24hr. [ case 3 ]
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Fig.11 Residual currents in upper level with the wind of SSW 5 m/’s.
Calculation from t=12hr to t=24hr. [ case 5 ]
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01 3|Bh ﬂl 4l | 1|4 3' '
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e 5 m/s it ml( 6m/s 8 m/s dn/s
K12 RROZT/bicX MDY — ok (BE)

(a)JE—#E [ case 10 ], (b)EERIZAL [ case 11 ]
Fig.12 Comparison of flows in upper level with different wind patterns.
(a)constant wind [ case 10 ], (b)variable wind [ case 11 ]
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K13 573 2EREERBICX 5/ — v 2B (LB) (v—27 &I 9 EFIL.)

Fig.13 Comparison of flows in upper level with different vertical eddy viscosity. (Mean

K14 KA2ZZ ZHEBOER (8 (a) & (b) DEERERI3/KEZEOm DELER,)
Fig.14 Definition of area with different values of K,. (Boundary line between
areas (a) and (b) is here defined as isobath of 60m.)

JAMSTECR

(b)

o

_,_J_

(a)K.=0.06m? s, (b)K.=0.1m*/ s[ case 7 ]

of the wach mark is similar to Fig.9.)

(a)K.=0.05m*>/s [ case6 ], (b)K.=0.1m%/s [case 7 ]
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Fig.15 Residual current in changing value of K. by depth (K.=0.01m?/s in depth=60m

and K.=0.1m*”s in depth_>60m).
(a)upper level, (b)lower level [ case 8 ]
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(a) upper level, (b)lower level
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[ case 4 ]

16 K—kD & XDEER AttEE 8 m, s, K.=0.1m*/s) (a) L@, (b)T/E
Fig.16 Residual current with constant K, (wind of NNE 8 m s, K,=0.1m?/s).

[ case 4 ]
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K17 thigBic BT 2ER 74 o (19914 9 H21H~228)

()RR, ¥ av—va VR [ case 9 ]
(=—7 DEKRIIN 9 &[F Lo MWRIEIX 1 mo)

Fig.17 Trajectories of drifting buoys in Nakagusuku bay. (21-22. Sep. 1991)
(a)observation result, (b)simulation result [ case 9 ]

(Mean of the each mark is similar to Fig. 9. Amplitude of tide is 1 m.)

JAMSTECR 30 (1993)



K18 HimBIcBIT A2ER 74 O (19924 9 H23H~248)
()BAEER, DY Iav—va ViR [ case 12]
(=— 27 DFHKIIK 9 &[] Lo EIWIRIEIX 1 mo)
Fig.18 Trajectories of drifting buoys in Nakagusuku bay. (23-24 Sep. 1991)
(a)observation result, (b)simulation result [ case 12 ]
(Mean of the each mark is similar to Fig. 9. Amplitude of tideis 1 m.)
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