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ABSTRACT 

Presently, the majority of podded propulsion systems 

are of the pulling type, because this type provides 

better hydrodynamic efficiency than the pushing 

type. There are several possible explanations for the 

better overall performance of a puller type podded 

propulsor. One is related to the difference in hub 

shape. Puller and pusher propellers have opposite hub 

taper angles, hence different hub and blade root 

shape. These differences cause changes in the flow 

condition and possibly influence the overall 

performance. The current study focuses on the 

variation in performance of pusher and puller 

propellers with the same blade sections, but different 

hub taper angles. A hyperboloidal low order source-

doublet steady/unsteady time domain panel method 

code was modified and used to evaluate effects of 

hub taper angle on the open water propulsive 

performance of some fixed pitch screw propellers 

used in podded propulsion systems. The modified 

code was first validated against measurements of two 

model propellers in terms of average propulsive 

performance and good agreement was found. Major 

findings include significant effects of hub taper angle 

on propulsive performance of tapered hub propellers 

and noticeable effects of hub taper angle on sectional 

pressure distributions of tapered hub propeller blades.  

1. INTRODUCTION 

For a podded propulsor, a fixed pitch screw propeller 

is fitted at the fore or aft or both ends of an 

azimuthing pod (generally a body of revolution big 

enough to enclose an electric drive) located at the 

ship's stern. An electrical motor located inside the 

pod drives the propeller through a short shaft. The 

pod is attached to the ship hull by a streamlined strut 

and a slewing bearing arrangement, both of which 

have azimuthing capability; thus the whole pod-strut 

structure can rotate 360°. The thrust produced by the 

propeller can be directed in any horizontal direction, 

thus eliminating the need for a rudder. The prime 

movers/generators are usually located topside of the 

strut or elsewhere in the ship, requiring only electric 

cable to connect to the pod. 

Although research has been done on podded 

propellers for over three decades [1], this propulsion 

system type was introduced to the marine industry 

only a little over a decade ago. Since then, it has 

obtained wide acceptance as a main propulsion 

system for a variety of large commercial vessels, 

notably for large cruise ships and ferries where 

manoeuvrability at low speed is very important. 

Two types of podded propulsion systems are used: 

puller and pusher. The general arrangement of these 

two systems is shown in Fig. 1. Presently, the 

majority of commercial vessel installations are of the 

puller type. Although a number of model and full-

scale tests complemented by some numerical work 

have been done, there are still knowledge gaps, 

especially in the understanding of podded propulsion 

system hydrodynamics. 

One of the main features that distinguishes a puller 

propeller from a pusher propeller is the hub 

geometry. To streamline the pod profile, the hub of 

the propeller must be tapered. That is, a more 

conically shaped hub is usually used for a podded 

propeller, rather than the straighter or cylindrical hub 

used in conventional fixed pitch propellers. The 

pusher and the puller podded propellers have 

opposite hub taper angle. Fig. 1 shows the difference 

of the two types of podded propulsion systems and 

the definition of hub taper angle.  



  

 
Fig. 1 Podded Propulsion Systems; puller and pusher 

podded propulsion system; definition of hub taper 

angle. 

The flow field around the propeller changes because 

of the introduction of the tapered hub. This results in 

changing the propulsive performance of the propeller 

as compared to performance of a straight hub 

propeller. As far as is known by the authors, there has 

not been any numerical or experimental work 

reported to date which studies the effects of root hub 

taper angle on propeller performance. Some research 

work has been done on propeller boss cap fins [2] 

and [3], which are fitted to tapered hub cones behind 

the propeller boss. These papers addressed the effects 

of boss cap fins on propeller performance but did not 

address the effect of hub taper angle. The numerical 

prediction of effects of hub taper angle on the 

propulsive performance of propellers designed for 

podded propulsion systems is the main focus of this 

research work. In the calculations as well as tests, 

bare propellers (geometrically similar propellers with 

different hub shapes) were used without any pod-strut 

placed fore or aft of the propellers so that only the 

effects of hub taper angle could be studied. 

The modified panel method code, PROPELLA, was 

first extended and then used to calculate the 

propulsive performance of three propellers having the 

same blade section but different hub geometry. The 

predictions were then validated against experimental 

measurements of two propellers of pusher and puller 

types. The predicted pressure distributions of blade 

sections at different radial positions for the two types 

of propeller are also presented to study the effect of 

hub taper angle on pressure distributions. 

 

 

2. METHOD 

The low order source-doublet, steady/unsteady time 

domain panel method, PROPELLA, was modified 

and used to predict hydrodynamic performance of 

screw propellers with various configurations. The 

structure, functionalities, implementation and 

demonstration of the code are discussed in detail in 

[4]. A brief description of the numerical model of the 

multiple-body and multiple-path panel method used 

in the code is given in [5]. The geometry part of the 

code was extended to include hub taper angle [6]. 

The blade planform, especially around the root 

section, as well as the hub geometry, changes 

because of this inclusion. Several functions were 

written to take care of all these changes. All of these 

functions are used after all coordinates of corner 

points of the blade panels are obtained in the original 

code.  

Fig. 2 shows the blades of the model propeller after 

modification due to the inclusion of hub taper angle 

in the code. This and other discretized pictures are 

viewed in GPPPP [7]. Fig. 2(a) shows only the 

blades after the inclusion of taper angle. Fig. 2(b) 

shows only the discretized hub of the model propeller 

after the inclusion of taper angle. Fig. 2(c) is the 

propeller geometry with no taper angle (straight hub) 

and Fig. 2(d) is the geometry with a positive taper 

angle. 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 2 Discretized view of right-handed model 

propellers: (a) blades of the propeller after inclusion 

of taper angle; (b) hub of the propeller after inclusion 

of taper angle; (c) model propeller with straight hub 

and (d) model propeller with tapered hub. 



  

3. RESULTS AND DISCUSSIONS 

In the current study, three model propellers were 

studied, one of which was for a puller podded system, 

one for a pusher podded system and the remaining 

one was a conventional straight hub propeller. The 

propellers have the same blade sections with different 

hub taper angles. All the geometric details of the 

model propellers are provided in [8]. The two 

propellers have a hub taper angle of 15° (right handed 

pusher configuration, Push+15) and -15° (left handed 

puller configuration, Pull-15).  Fig. 3 shows a 

rendered view of the model propellers. 

 

(a) Push+15° 

 

(b) Pull-15° 

Fig. 3 Two model propellers: figure (a) and (b) are 

the propellers with hub taper angles of +15° (push) 

and -15° (pull), respectively. 

3.1 Validation of the modified code 

The code, PROPELLA has been validated for more 

than a dozen propellers in terms of hydrodynamic 

properties since its development about a decade ago. 

In the current study, the extended code was used to 

produce numerical results first. The numerical results 

were then compared with the measurements without 

tweaking the code. The measurements consist of 

open water tests of three propellers with the same 

design blade sections (except hub taper angle). The 

model propellers have hub taper angles of 15° in push 

configuration and –15° for puller configuration.  

For the purpose of calculations, the simulation 

parameters that were used and information about the 

total number of simulations done and time required 

are summarized [8].  

The experimental results for the two propellers were 

collected and analyzed in terms of propeller thrust 

coefficient, KT, propeller torque coefficient, 10KQ, 

propulsive efficiency, η and propeller advance 

coefficient, J [9]. KT, KQ, η and J are defined in 

equation 1-4, respectively. 
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where, T is the thrust produced by the propeller in N, 

Q is the torque consumed by the propeller in N-m, ρ 
is the water density in Kg/m3, n is the propeller 

rotational speed (rps), D is the propeller diameter in 

m and  VA is propeller speed of advance in m/s.  

 Figs. 4 and 5 show comparisons of propeller open 

water performance between measurements and 

predictions for model propellers Push+15 and Pull-

15, respectively. It can be seen that predictions of 

open water propulsive performance are close to 

measurements for a wide range of advance 

coefficient. This is true for the pusher and puller 

propellers. For KT and KQ, it is observed that the 

corresponding predicted values approach the 

measurements closely for a wide range of advance 

coefficient from the bollard pull condition (J=0.0) to 

an advance coefficient J/(P/D) = 1.0 (covers most of 

the operating range of any practical propeller). In the 

case of the pusher propellers (Fig. 4), for an advance 

coefficient of close to zero (J/(P/D) = 0.0-0.2), the 

calculated values are very close to the measurements. 

For an advance coefficient of more than 1.0, the 

calculated values are slightly higher than the 

measurements. For a moderate advance coefficient 

range (J=0.20-0.80), the calculated values are slightly 

lower than the measurements. The predictions for the 

puller propeller, Pull-15, are closer to the 

corresponding measurements (see Fig. 5). In this case 

the predicted values are lower than the measurements 

for high J/(P/D) values. 

The comparison of performance between the 

measurements and the predictions are provided in 

table 1. Here the positive numbers represent the fact 

that the predicted values are higher than the 

measurements and visa versa. All numbers are 

percentages based on measurements. 
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Fig. 4 Comparison of the measured (Expt) and 

predicted (PROPELLA) propulsive characteristics of 

the model propeller, Push+15, with hub taper angle 

of 15° (push configuration). 

 

Predicted and Measured Propulsive 

Performance (Pull-15)
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Fig. 5 Comparison of the measured (Expt) and 

predicted (PROPELLA) propulsive characteristics of 

the model propeller, Pull-15, with hub taper angle of  

-15° (pull configuration). 

The predicted thrust and torque are slightly lower 

than that of the corresponding measured values for 

moderate advance coefficients (J/(P/D) = 0.2-0.6) 

and higher for low advance coefficients (J/(P/D) = 

0.0-0.2) (see Fig. 4). The code is a potential flow 

code but a simplified empirical formulation was used 

to take into account the viscous effects in terms of 

skin friction. A more realistic formulation to take 

into account the viscous effects might improve the 

predictions further. 

 Push+15 Pull-15 

J % Kt % Kq % Kt % Kq
0 -1.51 3.75 2.25 1.92 

0.2 -4.24 -0.41 -2.67 -1.09 

0.4 -3.83 -2.76 -6.35 -4.44 

0.6 -2.41 -5.88 -8.98 -6.62 

0.8 -0.26 -8.70 -15.33 -9.59 

0.9 3.63 -7.49 -23.15 -8.30 

Table 1 Comparison of propulsive performance of 

the two model propellers between predictions and 

measurements. Here the positive numbers represent 

the fact that the predicted values are higher than the 

measurements and visa versa. All numbers are 

percentages based on measurements. 

3.2 Effects Of Hub Taper Angle On 

Performance 

The effects of hub taper angle on propulsive 

performance of the model propeller are evident when 

performance of the propellers with different taper 

angles is compared in terms of KT, KQ and η, for a 

wide range of J. Fig. 6 shows the predicted values of 

open water propulsive performance for hub taper 

angles of 15° push and –15° pull configurations. 

Propulsive performance for a straight hub propeller is 

included in the figure to emphasize how the hub taper 

angles influence propulsive performance. 

From Fig. 6, it is apparent that the hub taper angle 

has more influence on KT and KQ at highly loaded 

conditions (low J/(P/D) values, J/(P/D)<= 0.4) and 

lightly loaded conditions (high J/(P/D) value, 

J/(P/D)> 0.8) than for moderately loaded conditions 

(J/(P/D)= 0.4~0.8). For the same 15° hub taper angle, 

the push propeller produced less thrust than the pull 

propeller (for J/(P/D)=0.0-0.6). A quantitative study 

of the effects of hub taper angle on propulsive 

performance (KT, KQ and η) for a practical range of 

J/(P/D)=0.0 to J/(P/D)=1.0 is summarized in table 2.  
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Fig. 6 Numerical results showing the effects of hub 

taper angle on the propulsive performance of 

propellers with hub taper angles of 0°, 15° and –15°. 

 

According to the table 2, at J=0.0 (bollard pull 

condition) an increase of 10% of KT and an increase 

of 2% of KQ were predicted for the Pull-15 propeller 

as compared to that of the Push+15 propeller. The 

corresponding measured values were 7% and 4%, 

respectively. The percentage change of KT and KQ 

decreased as J/(P/D) increased and at high J/(P/D) 

the values became negative. In other words, at high 

J/(P/D), the performance of a puller propeller gets 

worse than the pusher ones. Quantitatively, at 

J/(P/D)=0.9, a decrease of 27% of KT and a decrease 

of 2% of KQ were predicted for the Pull-15 propeller 

as compared to that of the Push+15 propeller. The 

corresponding measured values (decrease) were 2% 

and 1%, respectively. 

  Predictions Measurements 

 J % Kt % Kq % η % Kt % Kq % η
0.00 10.39 1.73 0.00 6.58 3.56 0.00 

0.20 8.57 3.47 4.96 6.82 4.18 2.53 

0.40 4.63 3.46 1.47 7.45 5.28 2.06 

0.60 0.24 3.74 -3.39 6.81 4.57 2.14 

0.80 -11.27 0.42 -12.76 3.02 1.42 1.58 P
u

ll
-1

5
 v

s.
 

P
u

sh
+

1
5
 

0.90 -27.04 -1.70 -27.93 -1.62 -0.83 -4.47

Table 2 Quantitative studies of effects of hub taper 

angle on propulsive performance at different Js.  

Here the positive numbers represent the fact that the 

predicted values of the puller propeller are higher 

than the basis propeller (pusher propeller) and visa 

versa. All numbers are percentages based on the 

performance of the pusher propellers. 

That an increase in propulsive performance for a 

propeller with negative hub taper angle, and a 

reduction in propulsive performance for a propeller 

with positive taper angle occur may be attributed to 

two reasons. First is the change in leading and 

trailing edge area in the tapered hub propellers and 

second is the change in root section camber due to 

the conical hub surface. The pressure distributions of 

blade sections show that the majority of total thrust 

produced by the propeller blades is produced in the 

leading edge area. For propellers with positive taper 

hub angle some blade portion around the leading 

edge near the blade roots is chopped off and some 

blade portion around the trailing edge is added, 

resulting in lower total thrust produced by the 

propeller as compared to that of a straight hub 

propeller. The reverse case is true for propellers with 

negative hub taper angle. A further discussion on this 

is provided when the effect of hub taper angle on 

sectional pressure distributions is discussed in the 

next section. 

3.3 Effects of Taper Angle on Sectional 

Pressure Distribution 

Pressure distributions in terms of pressure coefficient, 

CP, at the blade root section were predicted for a wide 

range of advance coefficient in open water conditions 

for the Push+15 and Pull-15 propellers. The 

predictions of pressure distributions were analyzed in 

order to identify the variations of propulsive 

performance of the propellers, which vary only in 

hub geometry. It was observed that because of the 

variation of hub taper angle the pressure distribution 

around blade sections varied, which influences the 

average propulsive performance. 

The predictions for the pressure distribution in terms 

of pressure coefficient, CP, around the blade root 

section (pressure side, PS as well as suction side, SS) 

for an advance coefficient of J/(P/D) = 0.20 are 

shown in Figs. 7~9 for the propellers with hub taper 

angles of 0°, 15°, and –15°, respectively. The blade 

root sections for each of these propellers are also 

shown in the figures to facilitate the understanding of 

sectional pressure distributions. 



  

 
Fig. 7 Numerical results showing the pressure 

distribution at the blade root section of the propeller 

with straight hub at J/(P/D)=0.20. 

 
Fig. 8 Numerical results showing the pressure 

distribution at the blade root section of the propeller 

Push+15 at J/(P/D)=0.20. 

 
Fig. 9 Numerical results showing the pressure 

distribution at the blade root section of the propeller 

Pull-15 at J/(P/D)=0.20. 

Fig. 7 shows the pressure distribution at the blade 

root section for a straight hub propeller. In this case it 

is seen that the majority of the blade thrust is 

produced by the leading edge from negative pressure 

on the suction side and positive pressure on the 

pressure side. The pressure distribution appears 

normal and favorable for producing positive thrust. A 

pressure peak is seen around the leading edge. The 

pressure distribution for the propeller with a taper 

angle of 15° for the push configuration (Fig. 8) shows 

some undesired crossover of the CP curves around 

mid-chord and an unloaded trailing edge. The loop 

downstream of the crossover produces a negative 

pressure difference, which leads to a reduction of 

total thrust produced by the blades. This might be one 

of the reasons for which lower thrust is produced for 

propellers with positive hub taper angle (pusher 

configuration) as compared to a straight hub propeller 

at lower advance coefficients (J/(P/D)<0.60). Also at 

positive taper angle, the minimum pressure 

coefficient is less than for the conventional straight 

hub propeller. The abnormal root sectional shape as a 

result of the intersection between two 3D surfaces - 

the blade section and the hub cone - causes the poor 

pressure distribution. The pressure distribution for the 

Pull-15 propeller, shown in Fig. 9, shows a more 

desirable pressure distribution, hence more typical 

load distribution, as compared to that of the previous 

two propellers. The area covered by the CP curves 

(thrust produced by that section) is larger than that of 

the straight-hub propeller, thus giving higher thrust. It 

can be seen in Fig. 9, as a result of the intersection of 

the two 3D surfaces that the camber of the root 

section was reduced substantially, which gave a more 

desirable pressure distribution in terms of CP 

difference, and hence increased thrust production. 

4. CONCLUDING REMARKS 

Presently, the pulling podded propeller configuration 

is more widely used than the pushing one. The main 

advantage of a pulling type propeller is the 

uniformity of the inflow wake in front of the 

propeller disk. Both pulling and pushing propeller 

shed strong wake vortices, but in the puller case they 

cause a problem by interacting with the strut causing 

cavitation, vibration and noise. In contrast, the 

advantage of the pushing type propeller is the 

absence of vortex wake impingement related 

problems, but the inflow wake is affected by the strut 

upstream to cause a rather non-uniform inflow wake 

in front of the propeller disk. The current study did 

not take the effect of the presence of pod-strut or strut 

wake or impingement effect into account.  

An in-house steady/unsteady low order time domain 

panel method code, PROPELLA was extended to 

predict the performance of tapered hub propellers. 

The modified code was validated against 

measurements. The measurements consisted of open 

water tests of two propellers having same blade 

sections but different hubs (hub taper angles). The 



  

two propellers have hub taper angles of 15° and –15°. 

The KT and KQ values of the predictions and 

measurements for the propellers in both 

configurations were very close for a wide range of 

advance coefficient (J/(P/D) = 0.0 to J/(P/D) = 1.0). 

For the propellers with a negative hub taper angle, 

good agreement between predictions and 

measurements were observed throughout all values of 

advance coefficient. 

The effects of hub taper angle on propulsive 

performance of the model propeller were evaluated in 

terms of propeller open water characteristics for a 

wide range of advance coefficient. It is seen that hub 

taper angle has more influence on KT and KQ at 

highly loaded conditions (low J/(P/D) value) than for 

lightly loaded conditions (high J/(P/D) value). For 

the same 15° hub taper angle, the pusher propellers 

produced less thrust for heavily loaded conditions 

(J/(P/D)<0.60), than the puller ones. The pusher 

propeller produced higher thrust and torque than the 

puller ones for lightly loaded conditions 

(J/(P/D)>0.90). These facts were observed both in 

predictions and measurements. Quantitatively, at 

J/(P/D)=0.0 (bollard pull condition) an increase of 

10% of KT and an increase of 2% of KQ were 

predicted for the Pull-15 propeller as compared to 

that of the Push+15 propeller. The corresponding 

measured values were 7% and 4%, respectively. The 

percentage change of KT and KQ decreased as J/(P/D) 

increased and at high J/(P/D) the values became 

negative. In other words, at high J/(P/D), the 

performance of a puller propeller gets worse than the 

pusher ones. Quantitatively, at J=0.9, a decrease of 

27% of KT and a decrease of 2% of KQ were predicted 

for the Pull-15 propeller as compared to that of the 

Push+15 propeller. The corresponding measured 

values (decrease) were 2% and 1%, respectively. 

Predicted pressure distributions on the blade root 

sections for puller propellers were found to be more 

desirable than those of pusher propellers. Puller 

propellers should therefore produce more thrust than 

a pusher propeller under the same operating 

condition.  
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