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Abstract
The efficiency of propeller relation with the velocity of efflux plane, the distribution of axial velocity, the ratio of 

power required by the propeller and the power delivered to the propeller. This study investigated the current design of 
ship propeller to determine the efficiency impact on coastline. Propeller from RV Discovery is used in this study. The 
performance and the efficiency of the propeller were determined by using JavaProp software. The efficiency of the 
propeller is 50% which was good based on the propeller design. The environmental performances were determined 
by the range and speed of the distribution of axial velocity. The result has showed very good agreement with the 
previous research to validate the result. 

Keywords: Propeller; Propeller jet; Ship induced wave; Seabed
scouring; Shoreline erosion

Introduction
Propeller is a type of fan which is attached to the aft of ship and 

moves against resistant of water to drive the ship. It converts engine 
torque into propulsive force or thrust, thus overcoming ship’s resistance 
to produce forward motion by creating a sternward accelerated column 
of water. In propeller design, it is important to ensure that it drives the 
vessel efficiently. 

This study were focused on the propeller efficiency at optimum 
speed and impact of propeller wash to determine environmental 
performance of propeller in respect to impact such as coastal erosion 
seabed scouring, damage to moored vessel, marine structure and 
etc. [1,2]. This study is conducted base on theoretical modeling and 
simulation software [3]. Propeller efficiency is used to define how 
well a propeller transmits its rotational force or energy into thrust. 
The amount of energy it takes to rotate the propeller is almost always 
greater than the thrust from the propeller. Reducing the loss, and drag 
are the goal of propeller efficiency. The impact of a wave on a shoreline 
or structure is dependent on the parameters, wave height, wave period, 
wave direction and water depth. However, the common form of analysis 
is used for wind and waves are not directly applicable as there is so 
much variability in the parameters over the course of a single event. 
Stumbo et al. used an energy based analysis, whereby the total energy in 
the wave packet was determined and used as a design value [4,5]. Using 
this technique, he was able to assess the impact of different wave events 
on shorelines and structures.

The propeller affect the wake wash which cause coastal erosion 
and damage to the moored vessel, port, marine structure and marinas. 
Vessel movements in inland water require propulsive efficient and  
optimum speed [8]. Propeller jet caused seabed scouring [9]. This study 
determines the efficiency and environmental performance of propeller. 
This paper discusses the performance of current propeller design and 
the impact of propeller jet to environment. 

Methodology

Tools employed in this study are described below:

JavaPropsoftware: JavaProp is software used in this study to analysis 
the propeller impact. This software can be used for both airplane and 
ship propeller because it’s the analysis are not too details. As both 
propellers are used in different medium, this requires setting a few 
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parameters to make sure there is good accuracy of the result. In this 
research the parameters which are needed to set up are density of water, 
kinematic viscosity of water and speed of sound in water.

Axial momentum theory: This theory is derived from the concept 
of conversation of momentum and energy, encompass five core 
assumptions: 

i. The propeller is represented by an ideal actuator disc without 
thickness in the axial direction.

ii. The disc consists of an infinite number of rotating blades,
covering the entire disc without space in between.

iii. The disc is submerged in an ideal fluid without disturbances.

iv. All elements of fluid passing through the disc undergo an
equal increase of pressure.

v. The energy supplied to the disc is, in turn, supplied to the
fluid without any rotational effects being induced [10] (Figure 1).

Efflux plane: Hamill et al. suggested the efflux velocity is influenced 
by other propeller characteristics such as blade area ratio and hub 
diameter of a propeller (Figure 2).

0 0 tV = E nD C              (1)

Where, Hashmi HN (1993) proposed that the coefficient can be 
calculated using a semi-empirical equation by taking propeller diameter, 
hub diameter, thrust coefficient and blade area ratio into account.
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where n is number of rev per sec of propeller, Dh is hub diameter, 
Ct is thrust coefficient, D is propeller diameter, BAR is blade area ratio.

Zone of flow establishment: The zone of flow establishment is the 
region where the jet was divided into two parts by the influence of the 
rotating hub. The velocity profiles of this zone contain two symmetric 
peaked ridges propagating downstream jet.

Predicting maximum velocity of a traverse profile is the first step to 
understand the whole distribution. This maximum velocity at the zone 
of flow establishment can be predicted using.

( )- BAR/4
max
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V x= 0.87
V D

 
 
 

                                    (3)

For the efflux plane and the region up to 0.5 Dp from the propeller, 
the distribution of axial velocity can be determine by
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and within the zone of flow establishment, 

( )2mo mo[-(1/2) (r-R )/(R /2)+0.075(X-R)) ]x,r
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Where Rmo can be obtained using Berger’s equation 

mo hR = 0.67(R-R )                  (6) 

where R is the radius of the propeller and Rh is the radius of the 
propeller hub.

Zone of established flow: The fluid from the two peaked ridges will 
penetrated into the central axis to produce an individual peaked ridge. 
This zone has been called zone of established flow. The flow velocity will 
decelerate along the jet with distance from face. The maximum velocity 
of this zone can be predicted using the Hashmi’s equation

(-0.097(x/D))max
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V

                                 (7)

While the distribution can be calculated using Fuehrer and 
Romisch’s equation

2x,r [-22.2(r/X) ]
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= e

V
                                                                     (8)

Data collection and analysis: The data obtained for propeller 
performance from JavaProp software was transfer to Microsoft Excel. 
Then the data used for this study was selected and form in a new table for 
further analysis. The propeller performance was determined from data 
of power, torque, thrust and efficiency obtained. The data calculated 
for the propeller jet by using the equation was transfer to Microsoft 
Excel. The analysis for propeller jet included the efflux velocity and the 
distribution of axial velocity for Zone of Flow Establishment and Zone 
of Establish Flow.

Result and Discussion
Propeller performance

The propeller from UMT RV Discovery vessel was used in this 
research. The data uses for this research are shown in Table 1.

From the specification of engine and propeller, the propeller 
performance was analyzed by using JavaProp software. All the data 
were analyzed using off design analysis for full advance coefficient 
range. The performance data were shown in Table 2.

 From the Figure 3, the graph of propeller performance, both 
coefficient of thrust and power decrease when the number of advance 
coefficient increase. The advance coefficient represents the speed of 
propeller.While the efficiency of the propeller, in the beginning of the 
advance coefficient from zero to 0.7 the graph gradually increases to 
the highest point which is 0.58. Then the efficiency start decrease as 
advance coefficient increase until the last point. Based on this graph, 
the propeller is designed with a good performance. 

From the Figure 4, power versus propeller speed curve, it is 
observed that when the propeller speed at zero the power are higher 

Figure 1: Axial momentum theory (Lam et al 2011) [6].

Figure 2: A submerged propeller jet suggested by Hamill et al. [7].

Table 1: Engine and propeller specification.

Specification Dimension
Propeller diameter 1.56 m

Hub diameter 0.21 m
Number of blades 4
Blade area ratio 0.7
Propeller RPM 446.65
Gear box ratio 4.03:1
Engine power 850 HP
Engine RPM 1800
Max speed 12 knots
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clearly shows that the torque is inversely as propeller speed. The torque 
more needed when the propeller speed at 0 m/s compare to the speed 
10.46 m/s. Based on the graph, the torque delivered to the propeller was 
good. This is because the torque was high in the beginning to overcome 
the resistance to rotate the propeller [11].

Impact of propeller jet

The propeller jet had been determined by their velocities from the 
propeller face. For this calculation the propeller specification of RV 
Discovery used are shown in Table 3.

which is 1.53 MW. From there the power gradually decrease until 0.27 
MW as the propeller speed increase to 10.46 m/s due to less resistant. 
Based on the graph the power delivered to the propeller was good.

From the Figure 5, the graph thrust versus propeller speed, its show 
that when the propeller sDelft Hydraulics speed at 0 m/s the thrust 
produced was 139 kN. The thrust value continuous to decrease as the 
propeller speed increasing. Based on the graph, the thrust produced by 
the propeller was good. This is because the thrust required are higher 
when the propeller starts to rotate to drive the ship.

From the Figure 6, the graph torque versus propeller speed, it 

Figure 3: Graph propeller performance.

Figure 4: Graph power vesus propeller speed.

v/(nD) v/(ΩR) Ct Cp η v
[m/s]

n
[1/min]

Power
[MW]

Thrust
[kN]

Torque
[kNm]

0 0 0.4145 0.3906 0.00 0 447 1.53 139.68 32.67
0.1 0.032 0.4179 0.3499 0.11 1.16 447 1.37 140.82 29.27
0.2 0.064 0.3592 0.3308 0.21 2.32 447 1.3 121.05 27.68
0.3 0.095 0.3220 0.3082 0.31 3.49 447 1.21 108.52 25.78
0.4 0.127 0.2823 0.2817 0.4 4.65 447 1.1 95.11 23.56
0.5 0.159 0.2387 0.2501 0.48 5.81 447 0.98 80.43 20.92
0.6 0.191 0.1953 0.2162 0.54 6.97 447 0.85 65.82 18.09
0.7 0.223 0.1418 0.1718 0.58 8.14 447 0.67 47.78 14.37
0.8 0.255 0.0832 0.1204 0.55 9.30 447 0.47 28.05 10.07
0.9 0.286 0.0263 0.0681 0.35 10.46 447 0.27 8.87 5.70

Table 2: Data of the propeller performance.
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5 m from propeller face. The axial velocity contiuosly decrease until 
0.24 m/s at distance 3.2 m. Based on the graph, the distribution of axial 
velocity at this region was not good and the axial velocity are high.

Zone of established flow 

This zone has been called zone of established flow. The flow velocity 
will decelerate along the jet with distance from face. Equation (7) and 
(8) were used in this calculation. All the calculated data for this zone 
are shown in Table 6.

From Figure 9, it is obserevd that the distributions of axial velocity 
at zone of establish flow along a radial distance from propeller axis at the 
distance 12 m from propeller face. Then, the axial velocity reached its 
lower velocity which is 0.67 m/s at distance 4.0 m. Based on the graph, 
the distribution of axial velocity is not good and the axial velocity are 
high for this region. 

From Figure 10, its clearly shown that the distribution of axial 
velocity along radial distance from different distance from propeller 
face. At radial distance of 0 m the axial velocity increase from 2.69 m/s 
to 10.04 m/s and then decrease to 8.48 m/s.It shows the distribution 
along radial distance increase as the distance from propeller face 
increase. Based on the graph, the distribution of axial velocity was good 
but the axial velocities are high.

In conclusion, this study determines the efficiency and its environmental 
performance for propeller from UMT RV Discovery. Based on the 
result of the study, it shows that propeller efficiency depends on the 

Efflux velocity

The exit plane of a propeller flow is called the efflux velocity. The 
efflux velocity were calculate using equation (1) which proposed by 
Hamilet al. While the coefficient can be calculate using equation (2) 
proposed by Hashmi 1993. From both equations the efflux velocity is 
28.05 m/s. Based on the propeller size, the efflux velocity produced is 
quiet high.

Zone of flow establishment

First of all, the maximun velocity at zone of flow establishment 
should be determined. This maximum velocity was calculated by using 
equation (3) which is 19.89 m/s. The axial velocity distribution at zone 
of flow establishment are divided by two region which is efflux plane 
at up to 0.5D and zone of flow establishment 3.25D for further region 
in the zone of flow establishment. Equation (4), (5) and (6) were used 
in this calculation. All the calculated data for this zone are shown in 
Tables 4 and 5.

Figure 7, it shows the distribution of axial velocity at efflux plane 
along a radial distance from propeller axis at the distance 0.78 m from 
propeller face.The hub didn’t produced the axial velocity which describe 
why the axial velocity is lower at distance 0 m compare to 0.2 m. Based 
on the graph, the distribution of axial velocity was good but the axial 
velocity are high. 

Figure 8, shows the distribution of axial velocity at zone of flow 
establishment along a radial distance from propeller axis at the distance 

Figure 5: Graph thrust versus propeller speed.

 

0

5

10

15

20

25

30

35

0 2 4 6 8 10 12

To
rq

ue
(k

N
m

)

Propeller Speed (m/s)

Figure 6: Graph torque versus propeller speed.
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Specification Dimension

Propeller diameter, Dp 1.56 m

Hub diameter, Dh 0.21 m

Thrust coefficient, Ct 0.224

Blade area ratio, BAR 0.7
Rotation speed 7.45 rps

Table 3: Propeller Specification details.

Vmax (m/s) Rmo (m/s) x (m) r (m) Vx,r (m/s)
19.89 0.9 0.78 0.0 2.69
19.89 0.9 0.78 0.2 5.93
19.89 0.9 0.78 0.4 10.72
19.89 0.9 0.78 0.6 15.91
19.89 0.9 0.78 0.8 19.41
19.89 0.9 0.78 1.0 19.41
19.89 0.9 0.78 1.2 15.91
19.89 0.9 0.78 1.4 10.71
19.89 0.9 0.78 1.6 5.93
19.89 0.9 0.78 1.8 2.69
19.89 0.9 0.78 2.0 0.99

Table 4: Data of axial velocity distribution at efflux plane (0.5D).

Vmax (m/s) Rmo (m) x (m) r (m) Vx,r (m/s)
19.89 0.9 5 0.0 10.04
19.89 0.9 5 0.4 16.11
19.89 0.9 5 0.8 19.73
19.89 0.9 5 1.2 18.43
19.89 0.9 5 1.6 13.18
19.89 0.9 5 2.0 7.16
19.89 0.9 5 2.4 2.98
19.89 0.9 5 2.8 0.95
19.89 0.9 5 3.2 0.24

Table 5: Data of axial velocity distribution at zone of flow establishment (3.25D).

Vmax (m/s) x (m) r (m) Vx,r (m/s)
8.48 12 0.0 8.48
8.48 12 0.4 8.28
8.48 12 0.8 7.72
8.48 12 1.2 6.78
8.48 12 1.6 5.68
8.48 12 2.0 4.58
8.48 12 2.4 3.48
8.48 12 2.8 2.54
8.48 12 3.2 1.78
8.48 12 3.6 1.18
8.48 12 4.0 0.67

Table 6: Calculate data for zone of establish flow.

Figure 8: Distribution of axial velocity at zone of flow establishment (3.25D).
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Figure 7: Distribution of axial velocity at efflux plane (0.5D).
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Figure 9: Distribution of axial velocity at zone of establish flow (8D).
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Figure 10: Distribution of axial velocity at 0.5D, 3.25D and 8D from propeller face.

relation between rate of revolution of propeller and power delivered 
to the propeller. The result of axial velocity and its distribution was 
along the radial distance from propeller axis for a certain distance from 
propeller face. The study also shows that the axial velocity are higher at 
zone of flow establishment compare to the zone of establish flow. This 
is because at zone of flow establishment there are turbulence flow while 
at zone of establish flow the turbulence flow has expanded and establish 
due to the distance from propeller face.

Recommendation for the future research are:

i. More than one propeller with different specification to make 
good comparison and to get a better result is suggested.

ii. Use computational fluid dynamic (CFD) simulation software to 
analysis the parameter involved for an accurate result. Besides 
that it’s also a faster and cheaper method.

iii. Further study also needs to consider the hull interaction which 
generates the ship wake wave.
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