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ABSTRACT 

The performance of ship propellers is depended on many factors. In which, blade geometry has a strong effect on 

the performance. Therefore, in the fact, each type of ships will uses some special types of propellers. For examples, 

cagor ships usually use Seri B propellers, passenger and high speed ships uses Gawn propeller, tugs use Kaplan 

propellers. In this works, a Gawm propeller is modified its blade geometry for estimation the performance on 

creating thrust. The blade geometry factors of the propeller is modified by changing number of blades, blades 

thickness and rake angle. The study is conducted by Computational Fluid Dynamics (CFD) method. A ROV 

propeller with three blades has been investigated for considering the effect of its blade geometry factor to 

performance of creating thrust. Result shows that when the propeller rotates at low speed, the blade thickness and 

rake angle do not have valuable effect on the created thrust. However, when the propellers rotate at high speed, 

the blade thickness and rake angle of the blades will have a little effect on the created thrust of the propeller. 

KEYWORDS 

Performance, Propeller, Blade, Geometry, Thrust. 

INTRODUCTION 

Propeller is an important device on marine vehicles that creates thrust to win the total drag to help the vehicle to 

move forward or backward in water. Thrusts that created by propellers will affect the performance as well as fuel 

consumption of marine vehicles. Studying the effect of the blade geometry on the thrust and working performance 

of the propellers will be very significant in science and practice in the shipbuilding industry. Marine propellers 

are always improved by scientists and shipbuilding companies. In 2003, Benini did a study on multi-objective 

design optimization of B-screw series propellers using evolutionary algorithm design [1]. In that study, the author 

created a computer program with evolutionary algorithm maximizing both performance and thrust coefficient with 

a constraint determined by cavitation. Chen did basic designs of a series propeller with vibration consideration by 

genetic algorithm [2]. In the study, B-series propeller design was conducted using a genetic algorithm for both 

hydrodynamic performance and vibration consideration. Gaafary studied optimum the design of B-series ship 

propellers [3]. In that study, a computer program had created for finding the optimum characteristics of any B-

series ship propellers. The propeller design process is handled as a single objective function subjected to several 

constraints such as cavitation, material strength and the required propeller thrust. Tuan and his research team has 

carried a study on application of fluidized power coating for propellers [4]. He found that when the propeller is 

fluidized by power coating, it performance is almost not change but the propeller lifetime may be longer. 

BLADE GEOMETRY OF MARINE PROPELLERS 

Thickness of propeller blades 

When study on marine propeller, engineers care about the thrust and resistance that created by the propellers. 

Those values may be estimated via lift coefficient and resistant coefficient. Those non dimensional coefficients 

could be determined as follow: 
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  Where, CY is lift coefficient of propeller blade; 

CX is resistant coefficient; 

r is density of water; 

vR is velocity of the blade element; 

b is breadth of the blade element 

r is the radius of the blade element at cross section. 

Blade thickness of a propeller depends on the propeller types and its design. According to the analysis of the 

hydrodynamic characteristic of a blade element above, when the cross sections of propeller blades have the same 

breadths, the different of their thickness may cause of their different values of the created thrusts. Figure 1 shows 

an example of the thickness of propeller blades. This figure shows three models of propellers, M1, M2 and M3, with 

different thickness of their blades.  

Figure 1. Thickness of propeller blades 

Number of blades 

The number of blades of a marine propeller may effect to the disk area ratio of the propeller. The blade area ratio 

of a propeller is determined as in equation 3. 

A

A
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Where, Ae is the total area of the propeller blades

A is area of the circle with propeller diameter.

The disk area ratio of a propeller is a factor that may affect to the cavitation of the propeller.

Figure 2 shows an example of the number of blades in propellers. When the number of blades of a propeller 

changed, its thrust also could be changed too. 
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Figure 2. Propellers with different blades number 

Rake angle 

When the tip of a marine propeller is not precisely perpendicular to the hub, the propeller will have a rake angle. 

The angle is formed by the angle between where the tip really is and where the tip would be if it were in a 

perpendicular position. Figure 3 shows the rake angle of a marine propeller. When the rake angle is changed, the 

attack angle of the propeller changed too. This changing will effect to the inlet and outlet of the water flows go 

through the propeller disk. The changing of rake angle will effect to the state and vertex of the water flows that 

make the propeller performance changed. Therefore, each marine propeller type will have an optimized value of 

the rake angle. 

Figure 3. Rake angle of a ship propeller 

CFD PROCESS 

In this study, author would like to use CFD to upgrade a design of a propeller for a remotely operated vehicle 

(ROV). CFD is used for evaluation the effects of blade geometry factors to the propeller performance. Parameters 

of the designed ROV propeller are shown in Table 1. 

Table 1. Parameters of the ROV propeller 

Diameter 

D (mm) 
Blades Z 

Blade Thickness 

(mm) 

Pitch ratio 

P/D 

Length 

(mm) 

Rake angel 

(o) 

Rotational 

speed (rpm) 

260 2-5 24; 27; 30; 33; 36 1.2 60 0; 5; 10; 15 2,300 
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CFD has conducted with a ROV propeller and its modified models. The ROV propeller is modified with different 

blade geometry factors, such as blade thickness, blade number and rake angles. The thickness of the propeller is 

changed by 24, 27, 30, 33 and 36 mm. The blade number is change from 2 to 5 blades. The rake angle is changed 

by 5o, 10o and 15o. 

Domain and Boundary Conditions 

Computational domain for CFD simulation in this study is showing in Figure 4. It is a double tube domain. The 

inside domain is a tube with 280 mm diameter and 100 mm in length. The outside domain is a tube with 800 mm 

diameter and 2,800 mm in length. For boundary conditions in this study, propeller is rotation with different speeds 

from 1,800 rpm to 3,300 rpm, inlet is water velocity, outlet is gauge pressure of 0 Pa, temperature is set at 300oK, 

density of water is 998.2 kg/m3 and viscosity of water is set at 1.003x10-3 kg/(ms). 

Figure 4. Domain and boundary conditions in CFD 

Turbulent model 

Although turbulent flow is fully described by Navier-Stokes equations, it is characterized by a wide range of time 

and length scales, while interactions between vortices are extremely non-linear. Such properties make turbulence 

hard to describe statistically, which certainly contributes to the complexity of predicting turbulent flow. To close 

the Navier-Stokes equation, in this research authors use the turbulent model k-ε. The equation form of the k-ε 

turbulence was demonstrated as follows. 

For turbulent kinetic energy k [5] 
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Where, ui represents velocity component in corresponding direction, 

Eij represents component of rate of deformation, 

t represents eddy viscosity,
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The equations also consist of some adjustable constants k, , C1, and C2. The values of these constants have 

been arrived at by numerous iterations of data fitting for a wide range of turbulent flows. These are as follows [5]: 

09.0C      1k   3.1  44.11 C   92.12 C

RESULT AND DISCUSSIONS 

After carrying CFD, result is shown in following figures and graphs. Figure 5-10 shows the pressure characteristic 

of propeller in the CFD process. This figure shows the pressure characteristic of the original propeller at the 

rotational speed of 2,300 rpm, inlet is water velocity is 10 m/s, outlet gauge pressure is 0 Pa. Figure 5 shows the 

pressure contour on the suction surfaces of the propeller. Figure 6 shows the pressure contour on the pressure 

surfaces of the propeller. Figure 7 shows the pressure contour on the symmetry vertical plane of the propeller. 

Figure 8 shows the chart of pressure in water flow along the propeller shaft. Figure 8 shows that the pressure along the 

propeller shaft has a big changing at the blade disk position. At this position, the pressure changing is the cause of creating thrust 

for the propeller to make the ship moving on water surface. 

Figure 5. Pressure contour in suction surfaces 

Figure 6. Pressure contour in pressure surfaces 
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Figure 7. Pressure contour in symmetry vertical plane 

Figure 8. Pressure chart along the propeller shaft 

Figure 9-10 shows the velocity characteristic of the propeller in CFD process. Figure 9 shows the velocity contour 

of the water flows around the propeller symmetry vertical plane. Figure 10 shows the velocity chart along the 

propeller shaft. Similar with the pressure characteristic, the velocity characteristic of water around propeller also 

shows that there is a big changing of water velocity at the blade disk of the propeller. 

Figure 9. Velocity in symmetry vertical plane 
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Figure 10. Velocity chart along the propeller shaft 

Effects of blade thickness to performance of propeller 

Figure 10 shows the effects of blade thickness to the created thrust of the propeller. This figure shows the thrust 

charts of the propellers when their blade thickness is changed by 24; 27; 30; 33 and 36 mm. Those values are get 

from the CFD estimation with the rotational speed of the propellers are from 1,800 rpm to 2,300 rpm. In this 

figure, notes of BT are blade thickness. 

Figure 10. Effect of blade thickness to created thrust of propeller 

Figure 10 shows that when the propeller rotates at low speed, the blades thickness does not have valuable effect 

on the created thrust. However, when the propeller rotates at high speed, the blade thickness will have a little 

effect on the created thrust. 

Effects of blade number to performance of propeller 

Figure 11 shows the effects of blade number to the created thrust of the propeller. This figure shows the thrust 

charts of the propellers when their blade number is changed from 2 to 5 blades. Those values are get from the 

CFD estimation with the rotational speed of the propellers are from 1,800 rpm to 2,300 rpm. Figure 11 shows that 

when the propeller changes its blade number, the created thrusts changes too. The more blade number of the 

propeller has, the more thrust they created. However, since rotate at the same speed, the more blade number of 

the propeller has, the more power on its shafts is required. Therefore, the performance of the propeller is not 

depending on only the created thrust, it is also depending on the supported powers on its shafts. 
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Figure 11. Effect of blade number to created thrust of propeller 

Effects of rake angle to performance of propeller 

Figure 12 shows the effects of rake angle to the created thrust of the propeller. This figure shows the thrust chart 

of the propeller when its rake angle is changed from 0 to 15 degree. Those values are get from the CFD estimation 

with the rotational speed of the propellers are from 1,800 rpm to 2,300 rpm. 

Figure 12. Effect of rake angle to to created thrust of propeller 

Figure 12 shows that when the propeller rotates at low speed, the rake angle does not have valuable effect on the 

created thrust. However, when the propeller rotates at high speed, the rake angle will have a little effect on the 

created thrust. 

CONCLUSIONS 

This study shows that there are influences from blade geometry factors on the performance of creating thrust of 

propeller. Study has investigated the influences from blade geometry factors of a ROV propeller. When the 

propeller rotates at low speed, its blade thickness does not have valuable effect on the thrust. However, when the 

propellers rotate at high speed, blade thickness will have a little effect on the created thrust. When the propeller 

changes its blade number, its thrust is changed too. However, the performance of the propeller is not depending 

on only the thrust, it is also depending on the supported powers on its shafts. When the propeller rotates at low 

speed, the rake angle does not have valuable effect on the thrust. However, when the propeller rotates at high 

speed, the rake angle will have a little effect on the thrust. In this study, author has not considered the influences 

of changing geometry factors on other technical parameters of the propeller yet, such as cavitation, strength, 

vibration of tip blades, manufacturing process, etc. 
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