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 Numerical investigations of the effects of ocean water waves on the structures and also the devices 
designed to capture energy from waves, mainly require proper generation of desired water waves with 
Specific  features.  In  this  study,  a  numerical  method  for  generation  of  nonlinear  irregular  waves  is  
proposed for viscous flow simulations based on Navier-Stokes equations. The numerical method is 
based on a control-volume approach where a two-step projection method is used to solve the governing 
equations. In this regard, the motion of the flap-type wavemaker inside the water is simulated using the 
fast-fictitious domain method, the VOF method is used to capture the free surface evolutions and high-
viscosity regions are employed to damp the reflecting waves. First, various methods of wave generation 
for the numerical wave tanks, available in the literature, are reviewed and next, three waves with 
different wave steepness are simulated to demonstrate the capabilities of the proposed method. Results 
show that the method can effectively produce irregular waves, from linear waves up to the steep 
nonlinear ones. Furthermore, shallow to deep water waves can be generated with reasonable accuracy 
using the proposed method. 
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Fig. 1 Computational domain and boundary condition 
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1   
Table 1 Harmonic wave characteristic of studied irregular wave 

] 46[ ] 21[ ] 20[ 

                
deg cm m-1 cm s-1 deg cm m-1 cm s-1 deg cm m-1 cm s-1 

7.82 11 1.9 4.33 1.82 1.4 3.9 3.12 4.77 1.14 8.096 5.7 2.073 1.2 2.22 
4.72 6.6 2.1 2.9 1.67 1.52 4.24 2.73 4.72 1.23 3.976 2.78 2.83 0.8 1.67 
2.75 3.84 3.06 2.51 1.25 0.68 1.9 5.67 2.97 0.84 6.31 4.42 1.59 0.71 2.86 
3.89 5.44 1.7 1.91 2 0.723 2 4.55 2.95 0.94 3.36 2.35 2.57 0.62 1.82 
1.9 2.65 3.34 1.9 1.18 0.56 1.57 3.56 2.07 1.07 4.19 2.93 1.83 0.54 2.5 

3.25 4.54 1.51 1.4 2.22 0.427 1.2 4.04 1.66 1 1.29 0.9 3.92 0.36 1.25 
1.49 2 2.55 1.12 1.43      2.85 1.99 1.36 0.27 3.33 
1.02 1.42 3.63 1.11 1.11      0.79 0.55 4.53 0.26 1.11 
0.83 1.16 3.95 0.98 1.05      0.97 0.68 3.64 0.26 1.33 
0.47 0.66 5.46 0.74 0.87      1.04 0.72 3.36 0.25 1.43 

 
2   

Table 2 Significant parameter of studied waves  
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Fig. 2 Wave height variation and wave maker motion during time   
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Fig. 3 Mesh refinement study for three different case  
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Fig. 4 Wave height compersion  between present study, analytical and 
numerical [20] results 
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Fig. 5 Wave height compersion  between present study, analytical and 
numerical [21] results 
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Fig. 6  Wave height compersion between present study, analytical and 
numerical [46] results 
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Fig. 7  The irregular wave profile and the velocity field at t = 12s 
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Fig. 8  Error checking between present study, analytical and numerical 
[20] results 
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Fig. 9 Error checking between present study, analytical and numerical 
[21] results 
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Fig. 10  Error checking between present study, analytical and numerical 
[46] results 
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