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ABSTRACT  

In the present study, the implementation of a coupled implicit solver is presented for solving the free-surface 

flows. The implementation of the coupled pressure and velocity along with the default interface tracking 

algorithm has led to the creation of a solver equivalent to the basic foam-extend solver, which is called 

interTrackFoam. All of the features of the foam-extend platform can still be used i.e. mesh motion and parallel 

processing. Also, the libraries related to the block matrices available in foam-extend are used in the developed 

solver. The block matrix system is utilized as the basis of the coupled solver. The single-step solution of 

pressure and velocity is known as one of the main differences with the default solver. The ability of the 

developed solver to solve various test cases including a three-dimensional tank, solving the free-surface flow 

around an airfoil, and the flow passing over the ramp is demonstrated. The simultaneous solution capability 

has provided the possibility of reducing the number of iterations or considering a relatively higher time step 

related to solving the flow field. This aforementioned solver is the first step towards the velocity, pressure, 

temperature and species coupled solver with heat and mass transfer capability.  
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1. Introduction 

One of the fundamental methods for studying two-

phase flows involves analyzing fluid flow with a free-

surface. In free-surface flows, one fluid is fully 

simulated, and the influence of the second fluid is 

modeled using specific boundary conditions at the 

interface. The interTrackFoam solver is well-known for 

its capabilities in solving various free-surface and two-

phase problems. It operates using the PIMPLE flow 

solution algorithm and the surface displacement 

algorithm by Muzzafarija and Peric [1]. In problems 

where temperature and species equations are activated 

and mass and heat transfer occur at the free-surface, the 

boundary conditions of the free-surface and within the 

field can be highly interdependent. For instance, in the 

studies of Cheraghi and Vakilipour [3] and Havestini 

and Ormiston [3], the convergence rate of the problem 

is significantly reduced with segregated algorithms, 

which is why they have moved towards coupled 

algorithms [4]. The existence of two default solvers, i.e. 

interTrackFoam and pUCoupledFoam, has provided the 

possibility of developing a partially coupled solver that 

operates with the interface-tracking displacement 

algorithm. The interTrackFoam solver has a very high 

speed in solving free-surface flows. The only challenge 

to the performance of this solver arises when different 

phenomena with high physical coupling are involved in 

the problem. 

Specifically, in the present study, a solver equivalent 

to the default solver, interTrackFoam, but with a 

coupled flow algorithm, has been developed and 

evaluated. The coupled algorithm involves solving 

velocity and pressure simultaneously and implicitly 

within a single system and matrix system, which is 

implemented using another default solver pUCoupled 

within the foam-extend. Initial efforts for the 

simultaneous pressure and velocity solution algorithm 

were initiated by Patankar [5], and further advanced by 

works from Schneider and Karimian [6], Darwish et al. 

[7], Vakilipour and Ormiston [8]. To verify the 

performance of this solver, various two-dimensional and 

three-dimensional test cases are considered. These 

include flow over a ramp, flow around an airfoil 

underneath the free-surface, and finally, flow within a 

three-dimensional tank. Comparisons between the 

results of both the default and developed solvers, as 

well as with results from other studies, show very good 

agreement and validate the performance of this solver. 

Furthermore, the coupled algorithm enhances the 

convergence rate and reduces the number of solution 

iterations, although in flow solution problems, the 

default segregated solver, i.e. interTrackFoam, 

demonstrates relatively higher computational speed.  

2. Test Cases 

Three test case are examined to evaluate the 

performance of the solver. The first example is flow 

over a ramp. The final free-surface shape is shown in 

Figure 1. 

 

 

Figure 1. Comparison of the final position of the free-

surface, up) Default solver (black dots) and developed solver 

(red line), deown) Muzaferija and Peric [1] 

The second case is the hydrofoil problem [9]. The 

free-surface shape in comparison with the literature are 

shown in Figure 2. 

 

Figure 2. Comparison of results for three grids with 

different resolutions and also comparison of free-surface 

waves with numerical and experimental results of [9] 

The third case is a three-dimensional flow in a 

cubical tank. In these test cases, accuracy, velocity and 

pressure distribution, convergence behavior and surface 

motion are investigated. The flow structure and velocity 

contours are presented in Figure 3.   

 
Figure 3. Flow structure and velocity contour for the 

three-dimensional tank 
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Also, the final shape of free-surface for the three-

dimensional tank is shown at Figure 4. 

 
Figure 4. : Comparison of the free-surface position in two 

inclined planes for three-dimensional tank 

3. Conclusion and Results  

In the present study, the development, 

implementation, and comparison of results of a 

velocity-pressure coupled solver operating with the 

interface-tracking algorithm [1,10] are presented. This 

solver has been evaluated on various problems, yielding 

the following results: 

 It can be asserted that the pressure equation 

limits the convergence rate of a single loop. In 

comparison to the default solver, the coupled 

solver shows approximately 10, 4, and 6 times 

fewer pressure solution iterations for ramp, 

hydrofoil, and 3D tank cases, respectively. 

 The overall flow solution speed for the coupled 

solver relative to the default solver is 0.67, 2.2, 

and 1.24 times for the aforementioned cases. In 

other words, despite a higher number of 

pressure equation iterations, the 

interTrackFoam solver exhibits a more 

desirable computational speed. 

 All object-oriented programming capabilities, 

including classes related to parallel 

programming, working with mesh 

displacement libraries, using functions of the 

freeSurface class, and working with functions 

of coupled solver classes, are preserved in this 

solver. 

 For solving flows, the interTrackFoam solver 

is recommended as the preferred solver 

because it allows separate control over the 

number of iterations for each of the velocity or 

pressure equations, enabling optimization of 

the number of iterations while increasing 

computational speed. However, in the presence 

of strong coupling and physical complexity, 

this trend might reverse, or convergence 

challenges for this solver may arise. 
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