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Abstract

This paper presents a study of the effects of the free surface to marine propeller including the mesh effect of the 
models. In the present study, we conduct the numerical simulation for propeller performance employing the open-
water test. The numerical simulations compare the meshing strategies for the propeller and show the effects on 
both thrust and torque. OpenFOAM is applied to solve the propeller problem and then open water performances of 
KCS propeller (KP505) are estimated using a Reynold-averaged Navier-Stokes equations (RANS) solver and the 
turbulence of the K-ω SST model. Unstructured meshes are used in the numerical simulation employing
hexahedral meshing for mesh generation. The arbitrary mesh interfacing (AMI) and multiple rotating frame 
(MRF) are compared to define the best meshing strategy. The meshing strategies are evaluated through 3 
classifications, i.e., coarse, medium, and fine mesh. Thus, the propeller can be performed utilizing the best mesh
strategy. The computational results are validated by comparison with the experimental results. The KT, KQ, and 
efficiency of the propeller are compared to an experimental result and for all of the meshing strategies. Thus, the 
simulations show the influence of meshing in order to perform the propeller performances.
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1. Introduction

Nowadays, there has been an increasing trend for the research of propeller due to the engineering problems as-

sociated with the propeller. There are increasing number on studies to investigate the performances of a propeller. 

Referring to the previous studies (Kowalczyk 2016), investigations have been carried out for open water charac-

teristics that are the primary methodology for analyzing the performance of propeller hydrodynamics in an open 

water. The power performance of a recently designed propeller has been improved by using Computational Fluid 

Dynamics (CFD) (Stajuda, Karczewski, and Obidowski 2016). The CFD method is based on the potential flow 

theory using Navier-Stokes equations that was considered difficult to solve (Horvat 2016), then a solution had 

been proposed by Reynold-Average Navier-Stokes (RANS) equations to compute the simulation for a propeller

in an open water. 

In the present study, we focus on the open water propeller investigation and the effect of interaction of the free 

surface with the marine propeller. Thus, the meshing strategy is the primary target of investigation to analyze the 
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effect of propeller performance on the open water test. The flow characteristics of the propeller are considered as 

the base problem of the investigation. 

Several prior studies on the propeller performance have been conducted specifically for CFD on the propeller 

or numerical analysis (Bahatmaka, Kim, Chrismianto, J.D, et al. 2017; Bhattacharyya, Krasilnikov, and Steen 

2016; Paik 2017; Wang et al. 2018; Yao 2015). In addition, optimization approaches and algorithms of the pro-

peller performances have been investigated by RANSE (Bahatmaka, Kim, Chrismianto, Hai, et al. 2017; 

Gaggero et al. 2017; Joung et al. 2012). These works serve as precursors to the current proposed study.

In the proposed study, the open-source CFD libraries are used to predict the propeller performance. A CFD 

program uses a solver for simulating hydrodynamic characteristics of the open water propeller. Some studies of 

CFD on OpenFOAM have been investigated (Bensow 2013; Lloyd, Turnock, and Humphrey 2011; Shen, Wan, 

and Carrica 2014; Turunen et al. 2014). Therefore, proving OpenFOAM a powerful solution to solve the engi-

neering problems, especially for the propeller simulation. The proposed study investigates the effect of meshing 

on the propeller performances and detail meshing utilizing CFD on OpenFOAM.

2. Geometry Model and Conditions

The present study used KCS propeller (KP505) as shown in Fig. 1. The KP505 database and its main par-

ticulars are utilized for the simulations. KP505’s sections are all according to NACA66. Table 1 lists the

principal particulars of KCS propeller (KP505).

3. Numerical Method

The numerical method predicts the flow around the propeller. These conservation equations are generally 

known as the Navier-Stokes equation and they are used in their incompressible form. Turbulence is mod-

elled with the two-equation k-w SST model. The simulations were conducted in two different methods, i.e., 

the steady-state computation that is based on the Semi-Implicit Method for Pressure Linked Equations 

(SIMPLE) algorithm and PimpleDyMFoam method, which is an implementation of the PimpleFoam solver 

that allows the implementation of dynamic meshes.

Fig. 1. KCS propeller (KP505) model

Table 1. Main particulars of KP505

Description Dimension

Diameter 250.0 mm

Ae/A0 0.800

Hub ratio 0.180

No. of blades 5

Blade section NACA66
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3.1 Governing Equation

In the Reynold-Average Navier-Stokes equation, a large number of problems are considered in the open 

water test. Its main objective is to solve the average velocity field (thrust and torque) that depends on the 

mean flow characteristics. Velocity and pressure field can be expressed as:

u u u¢= + (1)

p p p¢= + (2)

where �� is value of velocity ; � i̅s value of pressure. Then �� is the fluctuating part of velocity and ��

is the fluctuating part of pressure, it can be seen in Eq. (1) and (2). The time-average continuity equation is 

substitution from velocity and pressure equation into the Navier-Stokes equation. It can be expressed as:
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Where ���������� is the Reynold stress tensor in Eq. (3), it depends on the fluctuating variables of turbulence 

flow. The open water propeller characteristics were then conventionally presented in the form of the thrust 

and torque coefficient KT detailed out in Eq. (4), KQ in Eq.(5) denotes the term of the advanced coefficient, 

and J is elaborated through Eq.(6).
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The propeller efficient is expressed by:
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where h0 and p shown in Eq. (7) denotes the efficiency of the propeller and motion in circle, which value is 

generally 3.14.

3.2. Grid, Domain and Boundary Conditions

The two meshing approaches are compared through experimental results to investigate the effect of mesh-

ing strategies applied on the propeller. The computational domain has been previously investigated (Seo et 

al. 2013), the domain consists of an internal rotating cylinder enclosing the propeller and an external station-

ary cylinder with a radius of 10D. In addition, the inlet uniform boundary condition is located at 10D up-
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stream of the propeller plane, and the outlet that is a constant pressure condition was located at 27D down-

stream of the propeller. Both domains are illustrated in the Fig. 2 and Fig. 3.

3.2.1 Moving Reference Frame (MRF)

The steady-state solver employing the SimpleFoam as solver of the flow follows the blade rotation accord-

ing to the Moving Reference Frame (MRF) method.

3.2.2 Arbitrary Mesh Interface (AMI)

The propeller used the Arbitrary Mesh Interface (AMI), where the propeller is located, within a disk vol-

ume and the volume is self-rotating with non-conformal interface placed between the rotational and station-

ary sub domain, also known as the sliding mesh technique.

Fig. 2. Domain for MRF approach in open water test

Fig. 3. Domain for AMI approach in open water test

  

Fig. 4. Convergence history of the thrust coefficient for dif-

ferent grids

Fig. 5. Convergence history of the torque coefficient for 

different grids
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Table 2. Boundary conditions in open water test

The boundary P U k epsilon

Wall symmtryPlane symmtryPlane symmtryPlane symmtryPlane

Blade/

Hub

MRF wallFunction fixedValues wallFunction wallFunction

AMI wallFunction wallFunction wallFunction wallFunction

Inlet zeroGradient fixedValues fixedValues fixedValues

Outlet fixedValues inletOutlet inletOutlet inletOutlet

AMI1 cyclicAMI cyclicAMI cyclicAMI cyclicAMI

AMI2 cyclicAMI cyclicAMI cyclicAMI cyclicAMI

Both approaches employed an outer and a small cylinder. For the MRF approach, the small cylinder is the 

rotating domain and the outer cylinder is the stationary domain. Then for the AMI approach, small cylinder 

is the AMI domain. The detailed boundaries are described in Table 2.

The meshing process was defined by unstructured meshes that are used in the numerical simulation em-

ploying hexahedral meshing. The meshes are created in coarse, medium, and fine mesh for all approaches. 

Three different time steps were used for the fine grid (2Dt), medium (Dt), and coarse (Dt/2). The grid mesh-

es are used to predict the thrust and torque respectively.

3.3 Benchmarking Study

The current study compared results from numerical calculation and experimental result (Dong Jin Yeo 

1997). OpenFOAM is employed to solve the problem of hydrodynamics propeller in an open water test. The 

meshing for coarse, medium, and fine mesh in the simulation of KCS propeller (KP505) model are com-

pared to the experiments. According to the references (Horvat 2016; Krishna 2017; Yao 2015), the advance 

of velocity in range 0.7 ≤ J ≤ 0.9, and the result mostly closer to the experimental result. For this study, the 

simulation performed at J value of 0.5. It is the state of art for this paper and to observe the phenomenon 

with the possibility of this configuration. The convergence histories of the trust coefficient KT, torque coef-
ficient KQ, and the comparison against experiments for all grids are shown in Fig. 4, Fig. 5, and Fig.6.

The coarse mesh has the biggest fluctuation flow when compared with the medium and fine mesh.       

The simulation result is only slightly different from the experimental result for the KT and KQ. It means the 

validation reach shows acceptable achievement.

Fig. 6. Grid and time step compare to experimental result
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Fig. 7. Location of tip vortices on the X-Y plane for different mesh strategies

The traces of tip vortices from each mesh strategies are plotted in the Fig. 7, where the location of the tip 

vortex is identified by the effect of meshing. From the figures, can be seen that the fine mesh of each ap-

proach is better than coarse and medium meshes. And also for the MRF approach is closer to the experi-

mental result.

4. Results and Discussions

The numerical simulation results for both approaches were in good agreement with the experimental data 

according to the values of thrust and torque. Other than the possible limitations of the computational meth-

od, these differences between experiments and CFD for AMI and MRF approach can be caused by various 

factors, one of which are errors from mechanism for shaft in the towing tank neglected in the CFD computa-

tions. The velocity and pressure contour for J=0.5 in the OpenFOAM simulations are shown in the Fig. 7 

and Fig. 8, respectively. 

         
(a)AMI approach (b)MRF approach

Fig. 7. Iso-surface conditions during acceleration for J=0.5

              
(a)AMI approach (b)MRF approach

Fig. 8. Pressure contour for J=0.5
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Fig. 7 shows the flow motion appears near the tip and a large velocity gradient occurs in the wake sheet. 

The MRF approach has stronger flow than AMI approach. It means the MRF has a good result and can per-

form the best rotational velocity if compared to AMI in the same advance velocity.

In the pressure condition for AMI approach has a higher value than the MRF approach. It can be seen in 

the Fig. 8. For this test, MRF has a minimum pressure if compared to AMI approach in the same advance 

velocity.

The validation of KT and KQ for the AMI and MRF approaches can be seen in the Fig. 9 and Fig. 10.        

It compared to Experimental result. Based on the figures, both simulations are in a good agreement and 

shows trivial differences to the experimental result. The complete comparison is detailed out in Fig. 11.

5. Conclusions

This study has employed the RANS solver in OpenFOAM to investigate hydrodynamics performance of 

the propeller in an open water test. The simulation is proposed to show a comparison between two methods 

in meshing strategies, i.e., AMI and MRF approaches. These approaches were conducted and a comparison 

was carried out between the experimental result and the simulation results. Both methods show acceptable 

achievement. Observing the results, the AMI technique in simulations has a slight difference compared with 

experimental results. It should be noted that the AMI should apply additional steps to reduce the required 

time that slows down the simulation compared with the faster MRF technique having robust and closer re-

sults to experimental result. The difference in performance is due to approach by MRF to solve the propeller 

performance for both thrust and torque in an open water flow, while AMI resolves transient interaction with 

either the hull or rudder by employing PimpleDyFoam with rotating mesh. Therefore, the MRF is useful for 

modelling of interaction around propeller blade with a relative error of the thrust below 2% and the MRF is 

considered the practical way to model moving multiple zones.
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Fig. 9. Validation of KT Fig. 10. Validation of KQ

Fig. 11. Comparison results of AMI, MRF, and Experimental for KT, KQ, and h0
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