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Analysis of Tidal Flow Using the Frequency
Domain Finite Element Method ()
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Summary

A numerical simulation of a 2-dimensional tidal flow in a shallow sea was performed
using the frequency domain finite element method. In this study, to overcome the inherent
problems of a time domain model which requires high eddy viscosity and small time steps
to insure numerical stability, the harmonic function incorporated with the linearized function
of governing equations was applied.

Calculations were carried out using the developed tidal model(TIDE) in a rectangular
channel of 10m(depth) X 4km(width) X 25km(length) under the condition of tidal waves ente-
ring the channel closed at one end for both with and without bottom friction damping.

The predicted velocities and water levels at different points of the channel were in close
agreement with less than 1% error between the numerical and analytical solutions. The
results showed that the characteristics of the tidal flow were greatly affected by the magnitude
of tidal elevation forcing, and not by on surface friction, wind, or the linear bottom friction
when the value was less than 0.01. For the optimum size of grid to obtain a consistent
solution, the ratio between the length of the maximum grid and the tidal wave length should
be less than 0.0018.

It was concluded that the finite element tidal model(TIDE) developed in this study could

handle the numerical simulation of tidal flows for more complex geometrical conditions.
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Fig. 1. Schematic diagram of a tidal wave
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Table-1.Comparison of analytical and numerical elevations and velocities for test domain at

diffeent location

N X Elevations(m) Velocities(m/ses)
(m) Analytical Numerical Analytical Numerical
- 0| 1.000000.0000) 1.0000€0.0000) 0.3675(1.5708) 0.3685(1.5708)
6000 1.0280(0.0000) 1.0280(0.0000) 0.2818(1.5708) 0.2841(1.5708)
0.0 |[13000| 1.0511(0.0000) 1.0512(0.0000) 0.1793(1.5708) 0.1818(1.5708)
19000 |  1.0627(0.0000) 1.0628(0.0000) 0.0900(1.5708) 0.0926(1.5708)
25000 |  1.0666(0.0000) 1.0666(0.0000) 0.0000(1.5708) 0.0010(1.5708)
0| 10000 0.000) 1.0000( —0.000) 0.3672(1.5391) 0.3685(1.5391)
6000 |  1.0274(—0.020) 1.0275(—0.020) 0.2816(1.5326) 0.2839(1.5327)
0.001 { 13000 |  1.0504(—0.036) 1.0505(—0.036) 0.1792(1.5274) 0.1817(1.5275)
19000 |  1.0620(—0.044) 1.0620(—0.044) 0.0899(1.5249) 0.0925(1.5249)
25000 | 1.0658(—0.047) 1.0658(—0.047) 0.0000 — 0.0010(1.5259)
0| 1.0000( 0.000) 1.0000(—0.000) 0.3444(1.2703) 0.3453(1.2702)
6000 | 0.9815(—0.189) 0.9814(—0.189) 0.2633(1.2065) 0.2654(1.2073)
001 | 13000 | 0.9842(—0.347) 0.9840(—0.347) 0.1673(1.1543) 0.1696(1.1548)
19000 | 0.9917(—0.425) 0.9915(—0.425) 0.0839(1.1849) 0.0864(1.1284)
25000 | 0.9951(—0.451) 0.9948(—0.451) 0.0000 — 0.0010(1.1389)

() : Phase in rad
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