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ABSTRACT 

 

A reliable prediction approach to obtain a sufficient thrust and torque to propel ship at 

desired forward speed is obviously required. To achieve this objective, the authors propose 

to predict the thrust coefficient (KT), torque coefficient (KQ) and efficiency (Ƞ) of the 

propeller in open-water model test condition using Computational Fluid Dynamics (CFD) 

simulation approach. The computational simulation presented in various number of 

propeller blades(Z) within the range of advance ratio J=0.1 up to 1.05. The higher value of 

J lead to decrease KT and KQ but the Ƞ increased steadily at lower value of J and 

decreased at higher value of J. The results also showed that the three number of propeller 

blades, Z=3 give the best efficiency. The computation result is very useful as preliminary 

data for propeller performance characteristics. 
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1.0 INTRODUCTION 

The hydrodynamics analysis of propeller performance is an important element of the ship 

propulsion system to ensure the propeller will generate maximum thrust and minimum 

torque for the optimum propeller rotational speed and propel the ship at desired forward 

speed [1]. A great propeller design and specification have directly influence on fuel 

efficiency of the ship propulsion system and to reduce the rate of propeller cavitation [2] 

and [3]. As a common propeller design, a hydrodynamics characteristic of the propeller is a 

very prominent aspect to be analyzed in the early design stage using several methods in the 

form of open-water propeller model test. Several researcher, has been investigate the 

hydrodynamics characteristics of propeller using numerical and experimental approaches.  

According to [4], [5], [4] and [6] mathematical methods can used to predict the 

hydrodynamics characteristics of the propeller based on circulation or lifting line theory. 

Meanwhile, hydrodynamics characteristics of the propeller also predicted by using an 

experimental model test with towing tank [7], [8] and [9]. This experimental method is very 

expensive, time-consuming, and have a complex procedure for various hydrodynamics 

analysis test configuration. Following the works of [10], [11], [12], [13], [14] and [15] the 

numerical methods is adopted to solve and analyze the fluid problem. The computational 

fluid dynamics (CFD) simulation are the best alternative with several advantages such as 

allow to simulate using actual and model geometry scale in extreme condition of the fluid 

flow and the CFD simulation also have a good agreement with experimental data [16], [17], 

[18] and [19]. 

           This paper presents a CFD simulation approach for the extension work from [20] 

and [21] to accessing the performance of propeller by KT, KQ, and Ƞ of the propeller. Here, 

a commercial CFD software, namely NUMECA Fine
TM

/Turbo v12.2 is utilize by grid 

generation, flow solver and post-processing capabilities. Fine
TM

/Turbo is specialized to 

simulate internal, rotating and turbomachinery flows for all types of fluids. The package 

has a fully hexahedral and highly automated grid generation module AutoGrid
TM

. The 

package uses a 3D Reynolds Averaged Euler and Navier Stokes flow solver EURANUS. 

CFView
TM

 is a post-processing module which is also part of the package. Basically, this is 

solved by means of a grid independent study to estimate the optimal domain discretization. 

In this computation simulation, several numbers of blades are considered. The result is then 
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comprehensively discussed to analyze their effect on KT, KQ, and Ƞ with the purpose of 

quantifying propeller performance quality.  

 

2.0 THEORETICAL BACKGROUND 

2.1 The Turbulence Model 

In this turbulence model, the author proposes the Spalart-Allmaras model, which is an 

alternative formulation of a one-equation model that determines the turbulent viscosity 

directly from a single transport equation. The one-equation model is given by the following 

equation: 

 
(1) 

 

2.2  Hydrodynamics Theory of Propeller 

According to [2], the propeller performance characteristics in open water test that indicates 

the behavior of the propeller in uniform flow with steady load. The performance data are 

given the form of dimensionless propeller thrust and torque, KT and KQ, plotted against the 

dimensionless ship speed called advance coefficient, J. the dimensionless quantities are 

defined as: 

 

where  is the water density, n the number of propeller rotations per second and D the 

propeller diameter. The dimensional quantities are propeller thrust, T, propeller torque, Q 

and ship speed, V.  

 

3.0  SIMULATION CONDITION 

3.1  Principal Data of Propeller 

In this paper, two different number of propeller blades models were used to investigates. 

The principal dimension of the propeller, which composes with three or four number of 

blades is clearly presented in Table 1. 

Table 1: Principle dimensions of propeller 

J = , KT = , KQ = , ɳ =  (2) 
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Geometrical parameters Full Scale  Model Scale 

Diameter (mm) 3650 119.25 

AE/AO 0.695 0.695 

P/D 1.013 1.013 

Pitch (mm) 3697.45 120.83 

Scale 1:30.6 

Propeller Orientation Right-hand rotation 

 

 

Figure 1: 3D view of propeller geometries. 

 

3.2  Simulation Condition 

In this study, there are the parametric studies to be focused to achieve the objectives. The 

parametric studies were based on Table 2 below: 

 

 Table 2. The simulation conditions.  

Number of Blades (Z) Number of RPM 

3 
1200 

4 

 

4.0  COMPUTATIONAL DOMAIN AND GRID GENERATION  

The automatic hexahedral structured-grid generator AutoGrid5
TM

 software from NUMECA 

has been used for the meshing process.  
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(a) Bondary condition (b) Mesh generation 

 

Figure 2: (a) Bondary condition ; and (b) the computation domain associated with 4 number 

of propeller blades mesh model. 

 

The automatic grid generator needs to define the geometry such as leading edge, trailing 

edge, pressure side, suction side and hub of the propeller. The meshing procedure continue 

to defines a fictitious shroud line as showed at Figure 3, which splits the upstream and 

downstream domains into a main channel. The main channel extends from the hub to the 

blades tip with no artificial tip gap is needed.  

 

Figure 3: Upstream and downstream location in domain. 
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The blades and the hub, including the infinite cylinders, are considered as rotating viscous 

walls. It has to be noticed that this assumption has been taken in the two calculations. The 

mesh presents therefore a clustering in the vicinity of the hub. The domain extends radially 

to a radius R corresponding to five times the rear rotor radius, while the axial length L 

corresponds to six times this same radius. 

 The mesh point distribution is guided by two main criteria. A high-density 

distribution must be kept in the near-field of the blades for acoustic requirements while the 

first cell size on solid surfaces must be consistent with the low Reynolds turbulence models 

used here. The nodes number of this scale-model reaches 2.8 million. The first cell size is 

set at 1.0μm for blades and hub surfaces, keeping y+ values below 1.14 on all solid surfaces. 

The O4H blade-to-blade (B2B) grid topology uses 97 grid points in the pitchwise direction. 

Therefore, Figure 4 present the periodic matching patches of the upstream and downstream 

domain in B2B view. 

 

 

Figure 4: Mesh B2B view for propeller. 

 

Figure 5: Surface mesh for single blade of propeller. 
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Referring to the meshing procedure, the B2B and 3D mesh as showed at Figure 4 

and 5 will have generated without any negative cells in a quality report. A time-marching 

algorithm is used to converge to the steady state solutions of the time-mean equation. 

Multigrid method and local time-stepping are also used to speed-up the convergence. 

Turbulence is modeled by the one-equation Spalart-Allmaras model. The boundary 

condition is set the velocity of the fluid flow and the rotational speed for rotating machinery. 

This solution serves using medium grid and full multigrid start-up procedure. The 

convergence criteria considered here require a fully stabilization of the global quantities, 

axial thrust and torque on blades surface. In accordance with the best practice guidelines for 

turbo-machinery application of NUMECA Fine
TM

/ Turbo. The average duration of every 

simulation was about 7 hours (double solver precision) on a HP Z820 Workstation PC with 

processor Intel® Xeon® CPU ES-2690 v2 @ 3.0GHz (2 processor) associated with the 

installed memory RAM of 32.0 GB and 64-bit operating system.  

 

Table 3: Mesh Independent study on propeller geometry 

Case Grid 

Level 

Total 

Number of 

Cell Meshing 

Thrust 

Coefficient,  

KT 

Torque 

Coefficient, 

KQ 

Efficiency, 

Ƞ 

A 

Medium 

1,789,042 0.3679 0.0554 0.1057 

B 2,559,546 0.3719 0.0556 0.1064 

C 2,817,090 0.3727 0.0557 0.1065 

D 4,000,666 0.3744 0.0555 0.1073 

 

The meshing generation of the propeller was created in AutoGrid5 v12.2 software. 

It should note that an adequate number of mesh is very important for proper and accurate 

simulation. Hence, a mesh independent study may need to be performed for four different 

total number of cell meshing. Referring to mesh independent study result, the case C with 

2.8 million total number of cell meshing was selected in all computed simulation of the 

propeller model accuracy of the CFD solution. This can be explained by the fact the 4.0 

million total number of cell meshing were unnecessary due to its insignificant influence 

into the computational result of the thrust coefficient, torque coefficient and efficiency. In 

the final stage of the CFD simulation, a package software in CFView was used to visualize 
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the scalar torque for pressure and suction side for all various configuration of the propeller 

as displayed in Figure 6. 

 

            

Figure 6: Pressure and suction side of four number of propeller blades, J=0.1, RPM=1200.  

 

5.0  RESULT AND DISCUSSION  

The analysis for thrust coefficient, torque coefficient and efficiency of the propeller in 

various number of propeller blades was analyze in the steady state have been presented and 

appropriately discussed. In this study, the computational fluid dynamics (CFD) approach 

was utilized to obtain the propeller performance. 

5.1 Effect of Various Number of propeller Blades 

 Referring to the Figure 7, the KT and KQ decreases by increasing the advance ratio, J. The 

effect to the KT occurs due to low axial velocity, the water surrounding the propeller will be 

accelerated from a low velocity. While at higher advance ratio, the water surrounds the 

propeller already moving at high velocity and makes less change to the water velocity [22]. 

Besides that, the effect to torque coefficient due to the decreasing drag force on the blade 

surface. According to [22], the water pressure surrounding the blade was high when the 

water condition at a low velocity and directly contributes as pressure drag on the blade 

surface. While at high water velocity, the water pressure surrounding the blades will drop 

slowly and the pressure drag also drop. This can be explained by the fact that the lowest 

pressure drags at leading edge (blue color) resulted in higher scalar torque value. 
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Figure 7: Thrust coefficient, torque coefficient and efficiency for propeller at various 

number of blades with 1200 RPM. 

 

Table 4: Thrust coefficient, torque coefficient and efficiency for propeller at various 

number of propeller blades, Z. 

Z = 3 Z = 4 

Advance 

Ratio, J 

Thrust 

Coefficient, 

KT 

Torque 

Coefficient, 

KQ 

Efficiency, 

ɳ 

Advance 

Ratio, J 

Thrust 

Coefficient, 

KT 

Torque 

Coefficient, 

KQ 

Efficiency, 

ɳ 

0.10 0.3338 0.0472 0.1125 0.10 0.3727 0.0557 0.1065 

0.15 0.3268 0.0464 0.1681 0.15 0.3638 0.0546 0.1590 

0.20 0.3193 0.0455 0.2232 0.20 0.3546 0.0535 0.2108 

0.25 0.3109 0.0446 0.2775 0.25 0.3445 0.0524 0.2617 

0.30 0.3015 0.0435 0.3310 0.30 0.3334 0.0511 0.3116 

0.35 0.2912 0.0423 0.3834 0.35 0.3213 0.0497 0.3603 

0.40 0.2797 0.0409 0.4349 0.40 0.3079 0.0481 0.4077 

0.45 0.2668 0.0394 0.4849 0.45 0.2930 0.0463 0.4534 

0.50 0.2525 0.0377 0.5337 0.50 0.2766 0.0442 0.4974 

0.55 0.2365 0.0355 0.5832 0.55 0.2583 0.0417 0.5416 

0.60 0.2194 0.0331 0.6331 0.60 0.2389 0.0390 0.5845 
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0.65 0.2014 0.0306 0.6814 0.65 0.2186 0.0362 0.6248 

0.70 0.1829 0.0280 0.7277 0.70 0.1975 0.0332 0.6616 

0.75 0.1637 0.0253 0.7718 0.75 0.1754 0.0302 0.6940 

0.80 0.1437 0.0225 0.8129 0.80 0.1522 0.0269 0.7201 

0.85 0.1226 0.0195 0.8500 0.85 0.1277 0.0234 0.7368 

0.90 0.1007 0.0164 0.8814 0.90 0.1021 0.0198 0.7393 

0.95 0.0778 0.0130 0.9028 0.95 0.0751 0.0159 0.7155 

1.00 0.0534 0.0094 0.9020 1.00 0.0465 0.0117 0.6336 

1.05 0.0279 0.0056 0.8334 1.05 0.0165 0.0072 0.3822 

 

 

J Pressure Side Suction Side 

0.95 

  

(a) Scalar torque for optimum advance ratio at Z=3. 

 

J Pressure Side Suction Side 

0.90 

  

(b) Scalar torque for optimum advance ratio at Z=4 

Figure 8: (a) Z=3 and (b) Z=4 Scalar torque on pressure side and suction side  

Besides that, the number of propeller blades has a positive effect on the open water 

performance [23]. As showed in Figure 7 and detail result presented in Table 4, the 
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efficiency for Z=3 and Z=4 increase steadily with advance ratio from J= 0.1 up to 0.95 and 

J=0.1 up to 0.90. However, the Ƞ decreased for the further advance ratio. The propeller 

optimum, Ƞ value for Z=3 and Z=4 occurred at about J= 0.95 and 0.90 respectively. For Z 

= 3, peak performance was archive at more than 73.93% while for Z = 4 at 90.28%. In the 

other hand, the KT at peak Ƞ for Z=3 achieved at 7.78%, Z=4 at 10.21%. As compared with 

various number of blades, the propeller optimum for Z=3 give the best efficiency. This can 

be explained by less total blades area that create less turbulence and reduce scrambling up 

each other’s water flow.  

 

6.0 CONCLUSION 

The Computational Fluid Dynamics (CFD) simulation on hydrodynamic analysis of 

propeller is performed using NUMECA Fine
TM

/Turbo software. The hydrodynamic 

analysis of propeller was summarized as follow: 

i. The higher value of J lead to decrease KT and KQ due to low axial velocity 

and pressure drag surrounding the propeller. 

ii. The Ƞ curve maintained, a large drop in Ƞ at higher values of J and a linear 

decrease in efficiency at lower value of J. 

iii. As compared with various number of blades, the propeller optimum for Z=3 

at J= 0.95 with KT= 77.80%, 10*KQ= 1.30% and Ƞ= 90.28% give the best 

efficiencies. 

In general, the effect of number propeller blades, Z has positive influence on the open water 

characteristics of the marine propeller and a propeller with three number of blades gives the 

best efficiency. Therefore, these CFD results are useful as preliminary prediction for propel 

the ship at desired forward speed. 
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