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Numerical Simulation of Tide by Conservative Region Method— |

Horizontal Two Dimensional Problems

Hiroyuki Kixukawa*

Abstract

The explicit method named conservative region method is proposed for the horizontal two
dimensional tidal flow problems. The method is formulated by considering the conservations of
the water mass and the momentum for some special subdomain instead of starting from the
governing equations and without using the weighted residual method.

The triangular and the quadrilateral element cases are formulated and are applied to a
rectangular model basin with constant depth. The results are almost the same in both cases.

The numerical results of the tidal residual flow are compared with Yasuda’s analytic
solutions, There are little differences between their shapes except in the neighbourhood of the
open boundary, but the absolute values of the numerical results are about twice as large as the
analytic ones, The differences between them might be due to
(i) the artificial boundary condition at the open boundary,

(i) a little rough division of the rectangular model basin and
(i) the ignorance of the nonlinear interaction of the tidal residual flow in the analytic

solutions.
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Fig. 1. Anexample of a subdomain. P; arethe  Fig. 2. A part of a subdomain in a triangular

midpoints of sides and G; are the element, the vertices of which are «,
centers of gravity of the triangular B and 7. T, and Ty, are two parts of
elements. A; denotes the area of a the boundary.

quadrilateral, the vertices of which are
a, Piy Gi and P;+1 .
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Fig. 3. Division of the rectangular model basin ~ Fig. 4. Inflow ( @——@ ) and outflow

by triangular elements. Since the (O-—-0) parts of the water mass
Coriolis force is ignored, only the transport for the tidal residual flow at
lower half of the basin is considered. the open boundary.
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Fig. 5. Distribution of the tidal residual flow  Fig. 6a. Distribution of the normalized advec-

at the 20-th peroid. tive term for the tidal residual flow.
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Fig. 6b. Distribution of the normalized gravi-  Fig. 6¢c. Distribution of the normalized viscous
tational term for the tidal residual term for the tidal residual flow.
flow.
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Fig. 7. The variations of 7 (solid line), u;
(dashed line) and u, (dotted line) at
the point P in Fig. 3.
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Fig. 8. An example of a subdomain. P; are the  Fig. 9.
midpoints of sides and G; are the

centers of gravity of the quadrilateral
elements.

Change of coordinates from a quadri-
lateral element to a square element.
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Fig. 10. Division of the rectangular model Fig. 11. Inflow (@—@ ) and outflow
basin by quadrilateral elements. (O-—-0) parts of the water mass
transport for the tidal residual flow at
the open boundary.
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Fig. 12. Distribution of the tidal residual flow  Fig. 13a. Distribution of the normalized advec-
at the 20-th period. tive term for the tidal residual flow.
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Fig. 13b. Distribution of the normalized gravi- Fig.13c. Distribution of the normalized vis-

tational term for the tidal residual cous term for the tidal residual flow.
flow.
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Fig. 14. The variations of 7 (solid line), u;
(dashed line) and u, (dotted line) at
the point P in Fig. 10.
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Fig. 15. Inflow (@—@ ) and outflow Fig. 16. Distribution of the tidal residual flow
(O-—-0) parts of the water mass at the 92-th period in the case of W™
transport for the tidal residual flow at =10 and L=2L"%*.
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Fig. 17a. Distribution of the normalized advec-  Fig. 17b. Distribution of the normalized gravi-

tive term for the tidal residual flow in tational term for the tidal residual
the case of W*=10 and L=2L"*. flow in the case of W*=10 and L=
2L*.

Fig. 17c. Distribution of the normalized vis- Fig. 18. The variations of 7 (solid line), u,
cous term for the tidal residual flow (dashed line) and u, (dotted line) at
in the case of W*=10 and L=2L*. the point P in Fig. 10 in the case of

W*=10 and L=2L%*.
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Fig. 19. Yasuda’s analytic solution for the Fig. 20. Yasuda's analytic solution for the
tidal residual flow in the case of W™* tidal residual flow in the case of W*
=5 and L=0.5L*. =10 and L=2L"%.
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