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Abstract: With the development of computers, there are more and more studies on marine 

engineering and ship numerical pools using computational fluid dynamics (CFD), and the 

accuracy of numerical simulation prediction is also continuously improved, which provides 

a lot of convenience for the initial design and verification of ships, and also saves money. 

A lot of money and model test time, therefore, this paper studies marine engineering and 

marine numerical pool based on CFD. In this paper, the numerical pool and CFD workflow 

are briefly described first, then the model is constructed from the control equation, VOF 

model and stability calculation, and finally the model is analyzed from the parameters of 

rolling and model resistance. 

1. Introduction 

With the development of the times, marine resources have become the focus of attention of 

various countries [1]. The numerical pool simulation platform can be used for the related simulation 

of wind and wave current experiments in marine engineering, and can also analyze the specific 

causes of fluid flow phenomena by quantifying the dynamic situation of the tiny flow field of the 

ship [2]. The numerical pool simulation platform is built by using the world's leading 

high-performance supercomputer. In terms of flow field observation, it has much finer observation 

capabilities than physical pools, and the observation direction is relatively free, which is convenient 

for the actual situation of ships combined with marine wind and wave weather conditions. to select 

the appropriate best route simulation [3-4]. The use of numerical calculation methods is of great 

scientific significance in the comprehensive assessment of ship performance [5]. 

In recent years, many scholars have conducted in-depth discussions and research on marine 

engineering and ship numerical pools, and have achieved good research results. For example, 

Anyfantis K N used multiple nonlinear regression (MNLR) and CFD to predict the discharge 

coefficients of various types of weirs. The results of experimental studies and numerical codes were 

used to develop the hydraulic characteristics of top weirs with different head heads. Whether it is a 
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rectangular slot weir or a triangular slot weir, the increase of the peak head will lead to an increase 

of the discharge coefficient. CFD can simulate the hydraulic characteristics of the open channel 

flow upstream of the weir in the rectangular and triangular gaps [6]. Bayramolu K and other 

researchers used CFD technology to study the influence of fairing on the hydrodynamics of marine 

risers, and analyzed the frequency of change of lift coefficient and drag coefficient. The research 

shows that the riser with fairing has good performance and lift The rms value of the coefficients 

increases with the chord thickness ratio [7]. At present, although many researchers have conducted 

research on marine engineering and marine numerical pools, there are relatively few studies on 

marine engineering and marine numerical pools based on CFD. The use of CFD is beneficial to the 

research of numerical pools. 

This paper studies the numerical pool of marine engineering ships based on CFD, so the 

structure of this paper is roughly divided into three parts: the first part is a basic elaboration of 

related theories, such as the introduction of CFD and numerical pool theory; the second part is 

model construction In this part, the control equation, VFO model and stability calculation are 

mainly constructed and analyzed; the third part is the analysis of the model, and the model analysis 

part briefly analyzes the parameter roll and model resistance through CFD numerical simulation 

analyze. 

2. Related Theories 

2.1. Numerical Pool 

Numerical pool is a high-performance computing cluster as the carrier, CFD as a tool, using 

self-developed software and secondary development on the basis of open source commercial 

software. The integrated software system of numerical pool is developed [8]. The numerical pool is 

to encapsulate the knowledge of various subdivided attributes, and conduct experiments on a class 

of problems in a simulated way [9]. During the experiment, all parameter settings should be fixed 

without too many changes, and the process should be adjusted automatically to avoid human 

intervention as much as possible [10]. The numerical pool is an integrated service platform. The 

integrated software is the numerical simulation experiment software for ships in the numerical pool. 

Different simulation software systems can be used individually or as a whole. For the research on 

different aspects of ships, independent sub-systems can be used. Carry out experiments, and 

conduct overall experiments and analysis through the integration of sub-systems for the overall 

study of the ship. The composition of the numerical pool function is shown in Figure 1. 
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Figure 1. Functional structure diagram of the numerical pool 



Frontiers in Ocean Engineering 

19 
 

2.2. CFD Workflow 

CFD is highly adaptable and widely used. First, the solution equations for fluid mechanics 

problems are more independent and nonlinear. The simulation model involves complex 

computations and numerous boundary parameters, and it is difficult to solve these problems [11]. 

However, the calculation results that meet the engineering requirements can be obtained by the 

CFD method. Second, the individual values can be simulated by a computer. For example, the 

validity and sensitivity of the fluid equations are tested by different parameters in order to compare 

the various methods [12]. CFD usually studies specific problems such as abstracting objects, 

establishing models, and setting solving parameters. Similar to single-piece testing, it focuses on 

new problem solving methods [13-14]. The basic flow of CFD solution is shown in Figure 2. 
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Figure 2. CFD workflow 

As shown in Figure 2, the following is a detailed description of the CFD solution steps. The first 

step is to establish the control equation, which is to mathematically describe the problem under 

study. After establishing the initial conditions and boundary conditions, the second step begins. The 

second step is to divide the overall model grid, and the granularity of the calculation is determined 

by dividing the grid. The third step is to discretize the initial conditions and boundary conditions 
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and solve the discrete equation after establishing the discrete equation. The fourth step is to judge 

whether the equation is converged. If the equation converges, analyze the solution result. If the 

equation does not achieve the convergence effect, proceed to the second step until the equation 

converges. 

3. Model Building 

3.1. Governing Equations 

According to the principle of the law of conservation of mass, the fluid continuity equation is: 
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In the formula, e, f, and g represent the velocity components of the fluid on the x, y, and z axes, 

respectively, and ρ represents the density. 

The fluid studied in this paper is a homogeneous incompressible fluid. Formula (1) is simplified 

in the Cartesian coordinate system to obtain formula (2). Formula (2) is as follows: 
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3.2. VOF Model 

The numerical pool studied in this paper has an interface between water and air, which involves 

a two-phase medium of water and air, which belongs to a two-phase flow problem. The key to the 

numerical simulation study of the flow with free surface lies in the tracking of the free surface [18]. 

When dealing with two-phase flow problems in ships, the VOF model has unique advantages over 

other models in dealing with free surface tracking simulations. In this paper, the VOF (Volume of 

Fluid) multiphase flow model is used to track the free surface, and the gas and liquid two-phase 

flow calculation is used in this paper. In each calculation unit, the sum of the volume fractions of 

water and air is 1, which can be expressed as: 

 

1 md RR
                                        

(3) 

 

In formula (3), Rd and Rm are the volume fractions of water and air, respectively. In each 

computing cell, there are three cases: Rd=1 means the cell is completely filled with water; Rd=0 

means the cell is completely filled with air; 0<Rd<1 means the cell contains a water-air interface. 

3.3. Verification of Stability Calculations 

In order to test the reliability of the turbulence model and the numerical pool forced heeling 

experiment for the stability calculation of the ship when sailing with the waves in regular waves, the 

ship is simulated, and the same wave conditions as the pool experiment are set, and the wave 

parameter is a wavelength of 2 meters. , the wave steepness is 0.06, and the Deruder number Fr is 

0.1. The comparison between the numerical calculation and the experimental results is shown in 

Figure 3. 
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Figure 3. Comparison of wave stability numerical results 

Through the analysis of the data in Figure 3, it is found that the numerical simulation results 

have the same general trend as the results obtained from the pool experiment. When the heel angle 

is between 0 degrees and 8 degrees and between 16 degrees and 20 degrees, the error between the 

calculated simulation value and the experimental value is not much different, and the curve changes 

basically coincide; but when the heel angle is between 8 degrees and 16 degrees, The experimental 

values are always larger than the numerical simulation results, the reason may be that the conditions 

in the flow field are idealized when using CFD for numerical simulation. It can be seen from Figure 

3 that the maximum difference occurs when the heel angle is 12 degrees, the error between the 

calculated value and the experimental value is about 9.26%, and the maximum error rate is below 

10%. The wave stability analysis of ships while sailing is reliable. 

4. Model Analysis 

4.1. Parameter Roll Influence Analysis 

The parametric roll of the ship often needs to go through multiple rolling cycles under the set 

working conditions. The excessively long development time of the parametric roll is very 

unfavorable for the CFD numerical simulation with a large number of grids, a small time step and a 

large number of iterations. In order to speed up the process of the parametric roll reaching the stable 

stage and reduce the calculation cost, the roll angular velocity is selected as the initial disturbance, 

and then the rolling motion of the ship in the headwater of the numerical pool is simulated to the 

stable development stage of the parametric roll. Period, maximum amplitude and stable roll 
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amplitude to analyze the effect of initial disturbance on parametric roll. For the head wave with a 

wave steepness of 0.06, the working condition of the ship's Deruder number Fr=0.1 is selected. 

When the ship model is released, the initial roll angular velocities of 0.07rad/s and 0.7rad/s are 

applied to the ship model respectively. Statistics are shown in Table 1. 

Table 1. Parameter roll data statistics table 

Initial Angular 

Velocity(rad/s) 

Cycles Required To 

Reach Stability 

Stable Roll 

Amplitude 

Maximum Roll 

Amplitude 

0.07 23 25.31 29.64 

0.7 10 25.12 28.31 

 

It can be seen from Table 1 that the initial roll angular velocity of 0.07rad/s is applied to the ship 

after 23 cycles, and a stable roll amplitude value of 25.31 is reached. After the initial roll angular 

velocity of 0.7rad/s, only after 10 roll cycles, the inward-inclined ship reached a stable roll stage, 

and the roll amplitude was 25.12, of which the maximum roll amplitude was 28.31. By comparison, 

it is found that the initial roll angular velocity of 0.07rad/s and 0.7rad/s does not affect the roll 

amplitude after the parametric roll is linearly stabilized, but only shortens the time required for the 

parametric roll to stabilize, which greatly reduces CFD. The time consumed by the numerical 

simulation shows that the parametric roll phenomenon can be accelerated by applying a large initial 

roll angular velocity to the ship, which greatly reduces the time required for the CFD simulation. 

4.2. Model Resistance Analysis 

CFD simulation was used to calculate the static water resistance at five different speeds when the 

ship was fully loaded and the draft. The Froude numbers Fr corresponding to the five speeds were 

0.108, 0.117, 0.126, 0.135, and 0.144, respectively. After the model is imported, it is checked and a 

series of settings are performed. After the setting is completed, the calculation will start. The 

calculation takes more than 50 hours. After the resistance curve is stabilized, the average resistance 

value for a period of time is calculated as the calculation result. For the computer memory problem, 

only the most recent 10 results are kept as statistics, and the average value is calculated as the 

calculation result of this time. The resistance results obtained by CFD numerical simulation are 

shown in Table 2. In order to observe the error between the calculated resistance value and the 

experimental value more intuitively, the calculated results are compared with the experimental 

values, and the comparison results are shown in Figure 3. 

Table 2. Resistance calculation result table 

Fr Calculated value(KN) Experimental value(KN) Error(%) 

0.108 18.32 18.78 -2.44 

0.117 23.46 24.23 -3.18 

0.126 27.86 27.82 0.14 

0.135 34.75 34.13 1.82 

0.144 39.14 37.69 3.85 
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Figure 4. Resistance comparison chart 

It can be seen from Table 2 and Figure 4 that when the Fr are 0.108, 0.117, 0.126, 0.135,0.144, 

the absolute values of the errors between the calculated and experimental values are 2.44%, 3.18%, 

0.14%, and 1.82%, respectively. 3.85%. When Fr is 0.126, the numerical simulation error is the 

smallest, and when Fr is 0.144, the numerical simulation error is the largest, but the error degree of 

CFD numerical simulation is between 0.1% and 4%. Therefore, CFD numerical simulation can 

meet the requirements of engineering accuracy. The built model, mesh division, boundary and 

simulation settings are reasonable. 

5. Conclusion 

CFD is used more and more widely in the field of marine engineering and ship research. 

Therefore, this paper studies the numerical pool of marine engineering ships based on CFD, and 

analyzes the influence of parameter roll. It is found that by applying a large initial roll angular 

velocity to the ship, the parameters can be accelerated. The roll phenomenon occurs and reduces the 

time required for CFD simulations. The resistance analysis of the model shows that the CFD 

numerical simulation can meet the requirements of engineering accuracy and the division of the 

mesh and the settings of the boundary and simulation are reasonable. The research on numerical 

pools in this paper is relatively simple and not deep enough, and there are many things that need to 

be improved. However, the research on numerical pools of marine engineering ships based on CFD 

is a worthy research direction. 
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