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Nonlinear Finite Element Model for Tidal Analysis(I)
— Model Development —
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Summary

An efficient tidal model, TIDE which is an iterative type, nonlinear finite element
model has developed for the analysis of the tidal movement in the coastal area which is
characterized by irregular boundaries and bottom topography.

Traditional time domain finite element models have been in difficulties with require-
ment for high eddy viscosity coefficients and small time steps to insure numerical insta-
bility. These problems are overcome by operating in the frequency domain with an elabo-
rate grid system by combining the triangular and quadrilateral shape grids. Furthermore,
in order to handle non-linearity which will be more significant in the shallow region, an
iterative scheme with least square error minimization algorithm has been implemented in
the model.

The results of TIDE model are agreed with the analytical solutions in a rectangular

channel under the condition of tidal waves entering the channel closed at one end.
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Fig. 1. Flow Chart of TIDE Model
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Table-1. Primary Tidal Constituents in
Shallow Region

Tide Frequency(hr™') Period(hr)
M. 0.080536 12.42
S, 0.083333 12.00
K, 0.041783 23.93
O, 0.041987 25.82
N, 0.079051 12.65
L, 0.082079 12.18
K, 0.083449 11.98
P, 0.041580 24.05
M, 0.161074 6.21

MS, 0.163870 6.10
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Table-2. Analytical Solution for Closed
Rectangular Channel

Elevation Velocity
Amplitpde Phase [Amplitude| Phase
(m) (rad) | (m/sec) | (rad)

Distance

(m)

0| 1.0000 ; 0.0000| 2.0467 | 0.4642
48,000 | 1.5835 |-1.1654( 1.3237 | 0.2597
96,000 [ 2.0612 [-1.3699| 0.0000 | 0.2008

% Distance shows the location of channel from

inlet.

Table - 3. Numerical Solution at Midpoint for Rectangular channel

Mesh Elevation ) Velocity

Amplitude Phase Amplitude Phase

Sh El t Nod
ape emen ode (m) (rad) (m) (rad)
A 8 9 1.7727 -1.3717 0.8620 0.1763
] 9 1.7794 -1.4301 1.1575 0.1644
A ] 6 9 1.7782 -1.4137 1.0169 0.1652
A 16 15 1.5803 -1.1940 1.2830 0.2095
] 8 15 1.5465 -1.1967 1.3646 0.1880
A (] 12 15 1.5583 -1.1945 1.3393 0.1976
A 32 27 1.5950 -1.1742 1.2756 0.2455
[l 16 27 1.5818 -1.1732 1.3338 0.2420
Al 24 27 1.5893 -1.1729 1.3115 0.2451
A 128 85 1.5936 -1.1679 1.3468 0.2596
] 64 85 1.5906 -1.1673 1.3262 0.2553
Nl 96 85 1.5933 -1.1681 1.3334 0.2579
A 288 175 1.5936 -1.1664 1.3083 0.2569
O 144 175 1.5922 -1.1663 1.3248 0.2578
A 216 175 1.5938 -1.1667 1.3160 0.2573
S A 512 297 1.5936 -1.1660 1.3350 0.2603
] 256 297 1.5928 -1.1659 1.3243 0.2586
A 384 297 1.5934 -1.1660 1.3292 0.2596
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