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Abstract 
 

The computational fluid dynamics software FLUENT is used to calculate and compare the hydrodynamic per-

formance of the propeller-rudder system of a 42-m trawler, which is installed with a ducted propeller. The effects 

of rudder on the hydrodynamic performance of the ducted propeller and the wake flow behind the propeller are 

firstly investigated. In addition, the different rudder angles are also considered to further study the performance of 

this system. 
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1. Introduction  

The rapidity and maneuverability are of great con-

cern in ship navigation. The hydrodynamic perfor-

mance of propeller and rudder is an important re-

search topic for many years [1]. The ducted propeller 

can be applied and installed in the trawlers, which 

may be the most widely used fishing vessel. This 

propeller can provide a powerful capacity to resist the 

heavy loads. In recent, the related research on the 

interaction between propeller and rudder mainly focus 

on in the generic propeller [2-4], however, there is 

few correlation study on the ducted propeller and 

rudder. 

Due to the installation of the duct, the hydrodynamic 

performance of ducted propeller-rudder system must 

be different from the generic propeller and rudder. In 

this paper, the ducted propeller-rudder system of a 42-

m trawler is selected and studied. 

2 Theory of CFD and Numerical Model 

2.1 Theory of CFD 

Equations (1) and (2) are continuity equation and 

RANS equations, respectively, 
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 (2) 

 

where, ??? is Reynolds average velocity, ??? is 

fluctuating velocity, and ??? with Reynolds Stress. 

Compared with the standard k-ε turbulence model, 

the RNG k-ε turbulence model considers the swirl-

ing of the averaged flows with the modified turbu-

lent viscosity[5]. Therefore, the RNG k-ε turbu-

lence model is utilized to deal with the rotational 

movement of the propeller, and its transport equa-

tion of k and epsilon are shown in Equations (3)and 

(4),the detailed derivation process and parameter 

selection can be found in [6]. 
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Table 1. Geometric parameters of propeller of 42m trawler 

Ka4-55 ducted propeller 

diameter 

(m) 

Hub diame-

ter (m) 
pitch(m) 

expanded area 

ratio 

3 0.48 4.26 0.55 
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2.2 Numerical Model 

The geometries of the ducted propeller and rudder 

of a 42-m trawler are shown in table1 and Table 2. 

The gap between the center line of propeller shaft 

and rudder stock was 1.3m. The geometry model as 

shown in Fig. 1 is constructed by Gambit, the pre-

processing module integrated in FLUENT. This 

model is then exported into ANSYS-ICEM to gen-

erate the mesh, as shown in Fig. 2 

Computational domain that chose is a cylinder 

which is shown in Fig.3, the distance between the 

inlet plane and the propeller is 2.5×D; the cylindri-

cal computational domain is 11.5×D in length and 

6×D in diameter around the duct propeller and rud-

der. The domain is composed of three sub-domains, 

which are the domain with propeller and the inner 

wall of duct, the domain with the ektexine of duct 

and rudder and the domain without flow field. For 

the mesh generation in ANSYS-ICEM shown in 

Fig. 2 and Fig. 3, the peripheral computational do-

main which using hexahedral cells as the structure 

mesh，and the other two domain used unstructured 

mesh contained tetrahedral cells and prism cells as 

the boundary layer. The mesh of domain had a total 

of around 1.47 million elements. 

 

    
Fig. 1 3D model of propeller-rudder system Fig. 2 Surface grid of propeller-rudder system 

 

   
Fig. 3 Grid of the computational domain  Fig. 4 Boundary condition of the computational domain 

 

Table 2. Geometric parameters of propeller of 42m trawler 

Rudder with profile NACA-18 

size features of 
rudder(m) 

rudder area

（m2） 
aspect ratio 

3.30×1.50 4.95 2.2 

 

http://dict.cnki.net/dict_result.aspx?searchword=%e5%87%a0%e4%bd%95%e5%8f%82%e6%95%b0&tjType=sentence&style=&t=geometric+parameters
http://dict.cnki.net/dict_result.aspx?searchword=%e5%87%a0%e4%bd%95%e5%8f%82%e6%95%b0&tjType=sentence&style=&t=geometric+parameters
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Fig. 5 Comparison of the coefficients: in the open water vs. 

the ducted propeller-rudder system 

 

The boundary condition of the computational do-

main is seen from Fig. 4:Velocity inlet boundary 

condition is set at the inlet boundary and far field; 

The pressure exportation is used at the outlet 

boundary; The MRF is used at the region with pro-

peller; The area where the ektexine of duct and 

rudder are is all the static region; The interface be-

tween propeller-rudder region and its surrounding 

region, in front of screw and peripheral inflow are 

all set interface boundary condition because of the 

difference grid between this two plane; The grid at 

the interface between the propeller and rudder re-

gion are the same, thus, this interface was set as 

interior; The wall of propeller and rudder are set as 

no-speed-slip wall. 

3 Results and Discussion 

3.1 Numerical Model 

Take the RNG k-ε model as the turbulent model, 

and assume that the scalable wall function is close 

to the hull wall. The first order upwind scheme is 

used for numerical discretization, and the method of 

MRF is used to rotate the model about z ax-

is(positive direction) at the propeller region. Vari-

ous advance coefficients of ducted propeller are 

used in the calculation, such as 0.2, 0.3, 0.5, 0.7, 0.8 

and 0.9. The rotational speed is assumed to be a 

constant, 10r/s. Then the inlet-water velocity can be 

calculated according to J=v/nD. The main frequen-

cy of computing machine is 2.9GHz and the inner 

storage is 4GB. 

Since the rudder can be regarded as a part of the 

hull, the thrust or resistance due to the rudder may 

affect the efficiency of the ducted propeller-rudder 

system, even the whole hull. Therefore, three dif-

ferent coefficients are defined, including the thrust 

coefficient, torque coefficient and efficiency of the 

system (5-7)
 [7]

: 
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where Td , Tj and Tr correspond to the thrust made by 

duct, propeller and rudder respectively. 

Some results are shown in Fig. 5. The perfor-

mance of ducted propeller in open water seems to 

be similar to the hydrodynamic performance of 

ducted propeller with rudder. When the rudder is 

installed behind the propeller, the thrust coefficient 

of duct is lower than that in open water. Mean-

while, the thrust coefficient of propeller increases, 

and especially the torque coefficient has been in-

creased significantly. However, compared with the 

performance in open water, the efficiency of per-

formance installed with the rudders, except for the 

inflection point that appears at J=0.8.

     
 (a) ducted propeller without rudder (b) ducted propeller with rudder 

 

Fig. 6 Water particle orbital path behind propeller

http://dict.cnki.net/dict_result.aspx?searchword=降低&tjType=sentence&style=&t=decreased
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(a) Z=-0.067 without rudder (b) Z=-0.067with rudder (c) Z=-0.22with rudder 

 

Fig. 7 The induce axial velocity distribution of cut plane 
 

   
(a) Z=-0.067without rudder (b) Z=-0.067with rudder (c) Z=-0.22with rudder 

 

Fig. 8 The induce radial velocity distribution of cut plane 

 

   
(a) Z=-0.067without rudder (b) Z=-0.067with rudder (c) Z=-0.22with rudder 

 
Fig. 9 The induce tangential velocity distribution of cut plane 

 

3. Rudder’s Effects on Wake Field of Ducted 

Propeller 

In order to study the existence of rudder which 

may have influence on the wake field of ducted 

propeller, the trawling condition of trawlers (J=0.3) 

is selected and the difference between the wake 

field of ducted propeller with rudder or without 

rudder is analyzed. 

We can see from the picture of water particle or-

bital path behind propeller: the trajectory of water 

particles has been changed obviously: when there is 

the rudder, the water particles behind the propeller 

do rotate little, however, they are extended (or 

aligned) along both sides of the rudder in the verti-

cal direction. 

Then, the plane Z=-0.067m(between the duct and 

rudder) and Z=-2.2m(after the rudder)in domain are 

further considered, respectively. The velocity dis-

tributions at these planes are compared at trawling 

condition of trawlers (J=0.3) 

The Figures from 7 to 9 show that：The existence 

of the duct uncovers the velocity distribution at the 

cut plane inside and outside, and makes the internal 

and external domain that the velocity distribution of 

the cut plane between the duct and rudder entirely 

different. The velocity distribution are almost cen-

trosymmetric. The radial and tangential velocity 

distributions at the outside of duct are almost con-

stant. However, they shows quite different at the cut 

plane behind the rudder, if compared with those in 

the open water of the ducted propeller. 

From Fig. 7, it can be concluded:  due to the ex-

istence of duct, the lamellar distributions of velocity 

in and out of the duct are less significant than that 

with rudder at the section of Z=-0.067, and the ve-

locity distribution at the propeller area is extended 

drown up and down. At the section of Z=-0.22, 

there is big difference from the open-water propel-

http://dict.cnki.net/dict_result.aspx?searchword=存在&tjType=sentence&style=&t=existence
http://dict.cnki.net/dict_result.aspx?searchword=工况&tjType=sentence&style=&t=condition
http://dict.cnki.net/dict_result.aspx?searchword=存在&tjType=sentence&style=&t=existence
http://dict.cn/be%20entirely%20different
http://dict.cn/be%20entirely%20different
http://dict.cnki.net/dict_result.aspx?searchword=存在&tjType=sentence&style=&t=existence
http://dict.cnki.net/dict_result.aspx?searchword=存在&tjType=sentence&style=&t=existence
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ler and the propeller with rudder. In addition, an 

accelerated region and a decelerated region cab be 

distinguished at the bottom portside and above star-

board of rudder, if seeing from the leading edge to 

the trailing edge. 

For the induced axial velocity distribution of sec-

tion, there are four leaf-type regions of low speed at 

Z=-0.067. There is a high-speed zone adjacent to 

each region of low speed in the radial direction, and 

this region spreads along the inner wall of the duct 

after it is connected to duct. As there is the rudder, 

a region of high-speed zone appears at both the 

bottom and top of the rudder. However, both the 

high and low-speed zones almost disappear, when 

there is the rudder. The uniform velocity region 

seems to be expanded outward vertically at the sec-

tion behind the rudder, and a high-speed zone ap-

pears at the upper center area of the section simul-

taneously 

For the induced tangential velocity distribution at 

the section Z=-0.067, the velocity becomes gradual-

ly smaller from the inside to the outside in the inner 

domain of duct, however, there is a significant low-

er-speed area. The presence of the rudder makes the 

high-speed region stretched into two long and nar-

row areas vertically. However, the tangential veloc-

ity distribution at the section Z=-0.22 is significant-

ly different from the open water wake field of duct-

ed propeller. 

3.3 Impact of Rudder Angles on Hydrodynamic 

Performance of System 

 
Fig. 10 Comparison of efficiency of propeller-rudder system 

at different rudder angle 

 

During the voyage, the fishing vessel may have to 

change their path to avoid the deviation from the pre-

determined route or chase shoal. Therefore, for the 

purpose of studying the impact of different rudder 

angle on hydrodynamic performance of ducted propel-

ler-rudder system, we select different rudder angles,  

8°, 15°, 22° and 30°. 

The selection of the computational domain, meshing 

and settings of solving parameter are the same as that 

shown in the paper published.  

From Fig. 10 shown above, we can conclude: the ef-

ficiency of ducted propeller-rudder system continuous-

ly decrease with the increase of rudder angle. Besides, 

the bigger the advance coefficient is, the reduction of 

efficiency decrease faster. 

4 Conclusions 

In this paper, the softwares ANSYS and Fluent are 

used to calculate and investigate the hydrodynamic 

performance of the ducted propeller and the ducted 

propeller-rudder system. Some conclusions can be 

made based on the analysis: 

The rudder may help to increase the thrust coefficient 

and the torque coefficient, however, the thrust coeffi-

cient of duct and the efficiency of the propeller may be 

decreased. 

There are significant differences between the wake 

field of the ducted propeller with or without rudder: 

Water particles behind the propeller do not rotate too 

much, but extend along both sides of the rudder in the 

vertical direction. 

Due to the rudder, the velocity distribution in front of 

the rudder can be separated into two distinct regions: 

the open water and the area behind the rudder for the 

propeller with rudder. 

The efficiency of ducted propeller-rudder system 

continuously decreases with an increasing rudder an-

gle. Besides, the bigger the advance coefficient is, the 

faster the reduction of efficiency is. 

In future work, the model test may be carried out to 

verify the findings shown in this paper based on CFD 

method. 
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