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A Simplified Numerical Method for Simulating the Generation of Linear Waves
by a Moving Bottom
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Abstract : In this study, simplified linear numerical method that can simulate wave generation and transformation
by a moving bottom is introduced. Numerical analysis is conducted in wave number domain after continuity equa-
tion, linear dynamic and kinematic free surface boundary conditions and linear kinematic bottom boundary condi-
tion are Fourier transformed, and the results are expressed in space domain by an inverse Fourier transform. In the
wavenumber domain, the dynamic free water surface boundary condition and the kinematic free water surface
boundary condition are numerically calculated, and the velocity potential in the mean water level (z = 0) satisfies
the continuity equation and the kinematic bottom boundary condition. Wave generation and transformation are
investigated when the triangular and rectangular shape of bottoms move periodically. The results of the simplified
numerical method are compared with the results of previous analytical solutions and agree well with them. Stabil-
ity of numerical results according to the calculation time interval (A7) and the calculation wave number interval
(Ak) was also investigated. It was found that the numerical results were appropriate when Az < T(period)/1000 and
Ak < 7/100.

Keywords : moving bottom, linear waves, simplified numerical method, wave generation and transformation
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Input the initial conditions
¢(k,0,0),{(k,0),W(k,0,0)

v
Calculation of free surface
boundary conditions N
output : ¢(k,0,t),{(k,t)
[

A 4
Substitution to Continuity
equation and bottom
boundary condition
output: A(k,t)

t=t+At

A 4

Calculation of vertical
water velocity with A(k, t)
output : W(k,0,t)

|
y

Inverse Fourier Transform
Output the results
¢(x,0,1),{(x,t),W(x,0,t)

Fig. 2. Algorithm for numerical analysis.
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Fig. 3. Definition sketch of rectangular shape for periodically mov-

ing bottom.
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Fig. 4. Non-dimensionalized free surface elevation when rectangu-
lar bottom moves periodically (b=5.0m, 7=3.395).
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Fig. 5. Non-dimensionalized free surface elevation when rectangu-
lar bottom moves periodically (5= 10.0 m, 7=6.50 s).
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Table 1. RMSE between numerical analysis and analytical solution and average non-dimensional wave heights when rectangular bottom

moves
Average wave height (H/Ah
Cases RMSE £ ght ( )
Numerical analysis Analytical solution

b=50m, t=2T 0.0068 1.860 1.828
b=50m, t=5T 0.0256 1.934 1.852
b=10.0m, t=2T 0.0113 1.954 1.933
b=100m, t=5T 0.0785 2.123 1.959
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Fig. 6. Definition sketch of triangular shape for periodically mov-
ing bottom.
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Table 2. RMSE between numerical analysis and analytical solution and average non-dimensional wave heights when triangular bottom

moves
Average wave height (H/Ah
Cases RMSE £ ght ( )

Numerical analysis Analytical solution
b=50m, t=2T 0.0047 1.199 1.179
b=50m, t=5T 0.0172 1.249 1.199
b=10.0m, t=2T 0.0080 1.280 1.259
b=100m, t=5T 0.0438 1.319 1.255
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Fig. 9. Variation of non-dimensionalized free surface elevation as
varying time interval of calculation (=4.07, 5= 10.0 m).
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