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with high Reynolds and in cases when a breakwater constitutes large pieces such as concrete armour pieces. In the second 

viewpoint, porous medium geometry is modeled precisely and in such cases, fluid can move inside a porous solid object 

(Dentale et al., 2012). The second model obviously requires fabricating a shape's complex geometry and applies more com-

putational cells, but it provides a more accurate model. Dentale et al. (2009) introduced an innovative RANS/VOF procedure 

by integrating CAD and CFD software to analyze the hydrodynamic aspects of the interactions between breakwaters and 

waves. Their method produced better results than the traditional approach whereby the flow within the armour is computed 

with seepage flow approximation (Cavallaro et al., 2012). Latham et al. (2008) used discrete element and combined finite-

discrete element methods to model the granular solid skeleton of randomly packed units coupled to a CFD code which 

resolves the wave dynamics through in interface tracking technique. Latham et al. (2008; 2013) and Xiang et al. (2012) de-

monstrated that FEMDEM provides excellent shape representation and deformability for static and dynamic problems for 

faceted and angular concrete units and rock blocks used in armour layers. Their method also provides a powerful tool for 

examining stress chains within granular packs of armour units. 

This present research work investigates the wave run-up on breakwaters covered by antifer units via Flow-3D and Auto-

CAD software, and is supported by the second mentioned viewpoint that incorporates an accurate geometric model of the 

breakwater. AutoCAD is utilized to construct different parts of the breakwater's geometry such as core, toe and armor layers. 

In Fig. 1, armour and other used stones into the stone layer and the breakwater's toe are also shown. 

RANS type RNG model is used for the turbulence modeling. The numerical results obtained by Bakhtyar et al. (2010) 

revealed that the RNG turbulence model yielded better predictions of nearshore zone hydrodynamics, although the k-ε model 

gave satisfactory predictions. 

 

 
Fig. 1 Virtual 3D models of stones and antifer. 

CFD model 

Flow-3D is the computed fluids dynamic model in this research work. The software is capable of considering different 

boundary conditions of fluid and to solve the common interface of fluid with fluid and fluid with air. Proposed model is utilized 

in different applications of hydraulic engineering and coasts such as flow and erosion around hydraulic structures and 

transmission of waves near the beach. Flow-3D solves three-dimensional Navier-Stokes equations and continuity equation 

simultaneously. The flow is described by the general Navier-Stokes equations (Dentale et al., 2012):  
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where  is the molecular viscosity, ui is the ith component of the instantaneous velocity in the pores, p the instantaneous 

effective pressure and gi the ith component of the gravitational force. 

Flow-3D is a non-hydrostatic model. Non-hydrostatic models do not apply simple assumptions into momentum equations, 

so these must be solved repeatedly. Flow-3D uses a method that considers ‘volume of fluid’ (VOF) to study the common 

interface of fluid with air and fluid with fluid. This method records levels of fluid volume for each cell. This volume is then 

used to determine comparisons with evaluations for cell adjutant volumes for ant, slope, position and curvature of the fluid into 
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