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ABSTRACT  
The main focus of the paper is the numerical investigation 
of the flow behavior on an azimuth thruster under off-
design conditions. In the presented CFD investigation, the 
flow on a generic, ducted thruster configuration is 
simulated with different fixed heading angles, and under 
constant rotation with various azimuth speeds for different 
inflow velocities. The simulations are performed with 
ANSYS CFX, and the SST turbulence model is used. The 
aim of the study is to identify the off-design conditions 
where the azimuth thruster is exposed to extremely high 
dynamic loads. 

It has been observed that most of the critical cases with 
high dynamic loads appear in both scenarios between a 
heading angle of β=60°-120° and at an advance ratio of 
J=0.6-2.0. The forces and moments are higher in the case 
of continuously rotating thruster and they increase with 
higher azimuth speeds. Further, the steering direction of the 
thruster unit under identical positive or negative inflow 
angles has a considerable influence on the magnitude of the 
occurring forces and moments. 

Keywords 
Ducted Azimuth Thruster, Off-Design, CFD, Unsteady 
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1 INTRODUCTION 
The main propulsion units installed on modern ships vary 
significantly in their type and complexity. One of them is 
the azimuthing pod propulsor, which has many advantages 
such as high efficiency at free sailing and transit conditions 
and superior steering capabilities during low speed 
operations. Azimuthing pod propulsors are used often on 
tug boats, offshore supply vessels, anchor handlers, pipe 
layers and drill ships, where dynamic positioning 
capabilities is highly required. At the same time, there is a 
great concern regarding the frequency of damage found in 
the gear and bearings of mechanical azimuthing thrusters, 
which are believed to be caused by high static and dynamic 
loads because of operations in extreme off-design 
conditions which lead to large inflow angles, thruster-
thruster interaction, and propeller cavitation and 
ventilation (Dang et al, 2013). The thrusters are usually 
designed for a single static design condition, where 
traditional calculation methods, such as lifting-surface 

theory or BEM, work very well (Achkinadze et al, 2003), 
(Koushan & Krasilnikov, 2008). 

To avoid undesired consequences such as propulsor 
damage and failure, the implications of high dynamic loads 
should be considered at the early design stage. Therefore, 
the influence of different off-design conditions on the 
hydrodynamic behavior of an azimuth thruster is studied 
within the Norwegian and German research project called 
Inter-Thrust. The project is carried out within the 
framework of MARTEC-II network under the lead of 
MARINTEK and its participants are Havyard Ship 
Technology, Voith Turbo GmbH, Jastram GmbH and 
Hamburg University of Technology. One of the main 
objectives of the project is to identify the off-design 
conditions where the azimuth thruster is exposed to 
extremely high dynamic loads. The results of the 
systematic calculations shall be used to derive 
recommendations for propulsor design and to determine 
data for the expected efficiencies, forces and moments on 
the azimuth thruster in those operating conditions. 

Advanced numerical methods based on the Navier-Stokes 
equations have shown that they are particularly efficient in 
simulating complex unsteady flow on ship propulsion 
systems such as nozzle propellers or POD drives (Baltazar 
et al 2013, Abdel-Maksoud & Heinke 2002). In 
combination with multi-scale turbulence, e.g. Hybrid 
RANS-LES methods, CFD methods can resolve strongly 
unsteady vortical structures in separated flow areas (Abbas 
& Kornev 2014). 

2 OBJECT OF INVESTIGATION 
The numerical simulations of the study are carried out for 
a generic, ducted thruster configuration designed and 
experimentally investigated by MARINTEK. The 
geometry consists of a housing, shaft and gondola, and a 
duct of 19A type without diffuser. The original propeller 
used for this configuration by MARINTEK is replaced by 
a blade geometry based on the Ka 4-70 (Oosterveld 1973) 
and provided with a new skew distribution to be closer to 
actual used Kaplan propellers in such thruster 
configurations. The configuration is shown in Figure 1. 
The duct has a length of 0.5D and is centered at the 
propeller plane. The four-blade propeller has a pitch to 
diameter ratio of P/D=1.2. 



 
Figure 1: Azimuth thruster configuration. 

3 NUMERICAL METHOD 
All numerical simulations are performed with the 
commercial CFD code ANSYS CFX (Release Version 
16.1). It is a RANS method for steady and unsteady flow 
simulation which numerically solves the instantaneous 
equations of mass and momentum conservation: 

+ ∇ ∙ (𝜌𝑈) = 0                                               (1) 

( )
+ ∇ ∙ (𝜌𝑈 ⊗ 𝑈) = −∇𝑝 + ∇ ∙ 𝜏 + 𝑆         (2) 

Where the stress tensor, 𝜏, is related to the strain rate by: 

𝜏 =  𝜇 ∇𝑈 + (∇𝑈) −  𝜌∇ ∙ 𝑈                        (3) 

The ANSYS CFX solver uses second-order discretization 
by default and is optimized for high performance 
computing. Different turbulence closure models (e.g. SST, 
SAS, DES and LES) are available. Free surfaces are 
handled via VOF-based formulations, and cavitation 
models based on Euler-Euler formulations are also 
available. For more details see (ANSYS 2013). 

4 SIMULATION CONDITIONS 

4.1 Simulation Domain and Numerical Grid 
All numerical grids are generated with ANSYS ICEM CFD 
meshing software. The computational domain consists of 
three parts: 

 rotating propeller domain, 
 thruster domain, which includes the whole 

thruster geometry; the domain has a cylindrical 
shape and can be rotated around a vertical rotation 
axis of the thruster, 

 exterior area. 

The thruster domain has a diameter of 4D and a height of 
3D. The exterior area has a quadratic form of 34D x 34D 
and a height of 7D. Figure 2 (left) shows the used domain 
arrangement. The exterior area or the thruster domain can 
be rotated when considering different inflow angles 
towards the thruster. The free surface is neglected and the 
top of the domain is treated as a free slip wall. Except the 
inlet and outlet, the other boundaries of the exterior area 
are treated as openings. The boundaries of the three 
domains are connected by sliding interfaces. 

All three domains have a structured mesh, and a Y+-value 
of 1 is applied for the low Reynolds number treatment of 
the thruster and propeller surface. Because of the three 
different thruster sizes (see next section) and their different 

flow velocities, the cell sizes in the boundary layer are 
adjusted for each thruster size to meet the Y+-value. The 
surface mesh on the thruster is depicted in Figure 2 (right) 
and the grid structure in the surrounding field at the bottom. 
To keep the computational effort in an acceptable scope for 
the large number of simulations, a grid with a relatively 
small number of cells is used. Additionally, a grid for the 
DES simulations of selected cases of interest is generated 
because they need a finer, adapted grid regarding cell size 
and aspect ratio. Table 1 summarizes the cell numbers for 
the different domains. 

Table 1: Cell number of the different domains. 

Domain 
Number of Cells 

RANSE (SST) DES 

Outer 0.23 M 0.23 M 

Thruster 2.89 M 12.66 M 

Propeller 3.92 M 8.63 M 

Total 7.04 M 21.52 M 

 
Figure 2: Domain arrangement (left), surface mesh on 

thruster (right) and grid structure in the surrounding field 
(bottom). 

4.2 Flow Conditions 
One important aim of the Inter-Thrust project is to identify 
off-design cases or conditions where the Azimuth Thruster 
is exposed to high dynamic loads. Therefore, two kinds of 
simulations are performed; one with fixed heading angles 
and one with constant azimuth rotation speed of the 
thruster configuration. 

For the simulations with fixed heading angles, a matrix was 
established where the following parameters were varied: 

 heading angle (β), 
 advance ratio (J), 
 scale / propeller diameter (D). 

The scale is also varied to capture possible scale effects. 
The exact chosen values can be found in Table 2. In total 
there are 243 simulations. 



Table 2: Parameter selection for simulations with fixed 
heading angles. 

Size Power 
[kW] 

D 
[m] 

n 
[1/s] β [°] J [-] 

Model 
Scale  

-- 0.25 11 -30,  -15,  

0,  15,  

30,  60,  

90,  120,  

150,  180 

0,  0.2,  

0.4,  0.6,  

0.8,  1.0,  

2,  5,  

infinity 

Full 
Scale 
(FS 24) 

1500 2.4 3.45 

Full 
Scale 
(FS 42) 

5500 4.2 2.1 

To considerer and identify the dynamical forces that appear 
when the whole thruster is rotating, simulations are 
performed with different azimuth speeds f under various 
inflow conditions J. Table 3 contains the parameter 
variations used for the Full Scale (FS 42) thruster version. 
In the simulations, the thruster turns to the starboard side 
from 0° to 180°. For some selected cases, the rotation to 
port side is also investigated. 

Table 3: Parameter selection for simulations with rotating 
thruster. 

J [-] Azimuth Speed f [rpm] 

0 1, 2, 3, 6 

0.1 2, 3, 6 

0.6 2, 3, 6 

1.0 2, 3, 6 

4.3 Simulation Setup 
In all simulations, the SST turbulence model is used and 
the timestep is set to 4° propeller rotation, except the 
simulation with the DES turbulence model, where a 
timestep for 1° propeller rotation is used instead. For each 
timestep, 3-5 inner iterations are considered. For the 
simulations with fixed heading angle, the rotor-stator 
option in ANSYS CFX is used for simulation of the 
propeller rotation, whereas the mesh deformation option is 
applied in the cases where the simultaneous rotation of the 
propeller and the thruster should be considered. In the 
rotor-stator approach only the rotation axis and the angular 
velocity has to be given, but in this rotating frames of 
reference (RFR) approach only one rotational movement 
can be considered. In the mesh deformation method, the 
explicit displacement of the nodes of the different domains 
(propeller and thruster) have to be given by a rotational 
matrix relative to a fixed coordinate system. For the 
thruster domain, only the rotation around the steering axis 
has to be considered, whereas for the propeller domain 
additionally the rotation around the propeller axis has to be 
taken into account. 

In the calculation cases with fixed heading angle, several 
propeller revolutions are simulated till a periodic solution 
(quasi-steady) behavior is achieved. As initial solutions for 
rotating thruster simulations, the corresponding results 
from the fixed heading angle calculations with β=0° are 
used. 

5 EVALUATION 
For the analysis of the forces and moments acting on the 
propulsion system, a thruster-fixed coordinate system is 
used. The coordinate origin is placed in the rotation axis of 
the thruster at the top of the shaft, as illustrated in Figure 3. 
The x–axis is pointing forward, the y–axis points to 
starboard side and the positive direction of the z–axis is 
downwards. The following quantities are analyzed: 

 propeller thrust (T Prop) and torque (Q Prop), 
 duct thrust (T Duct), 
 forces (F) and moments (Q) in the three spatial 

directions (x, y, z) for housing (gondola and shaft), 
duct, propeller, total, 

 total lateral force (FL) and total bending moment 
(QL). Which is equal to the square root of (Fx+Fy) 
and (Qx+Qy), respectively. 

The forces and moments are normalized as follows: 

Forces by  𝑟ℎ𝑜 ∙ 𝑛 ∙ 𝐷   (4) 

Moments by  𝑟ℎ𝑜 ∙ 𝑛 ∙ 𝐷   (5) 

An average is built over several propeller revolutions and 
the standard deviation is used to consider the fluctuation 
range. 

 
Figure 3: Main structural parts of the thruster and used 

coordinate system. 

6 SIMULATION RESULTS 

6.1 Fixed heading angles 
The magnitudes of the force and moment coefficients are 
generally very similar between the three scales of the 
thruster. The existing differences arise mainly through the 
scale effects due to the appearance of flow separation or 
different sizes of flow separation areas. As expected, the 
rotation direction of the propeller has an influence on the 
calculated loads. In general, at positive steering angles the 
forces and moments at usual operating conditions are 
higher than the corresponding values for negative steering 
angles. The differences increase with increasing steering 
angle. 

Since the focus in the project is mainly on full-scale 
propulsors, the azimuth thruster with the propeller 
diameter of D=4.2m is chosen to identify cases with high 
loads. Two different approaches are used, and cases where 
the largest values for the main forces and moments and 
their standard deviations (SD) occur are determined. In the 
first approach, the force and the torque coefficient values 
are used. In the second approach, absolute values of the 
forces and the torques are considered. It should be 



mentioned that for the second approach the values for J=2 
and 5 are corrected to a more reasonable number of 
revolutions for these conditions, which are n=1.05 1/s and 
0.42 1/s (50% and 20% of n=2.1 1/s), respectively. 
Following this, the three cases occurring most frequently 
are determined. The results for the two approaches can be 
found in Table 4. 

Table 4: Overview on conditions with the highest loads and 
most frequently occurring cases. 

 

 
Looking at the coefficient values, it becomes clear that all 
critical cases can be found at an advance ratio of J=5 and 
at heading angles of β=60°, 120° and 150°. But in real 
operation, such high J values (J = 2 and 5) can only be 
achieved by an extremely fast reduction of the number of 
revolutions of the propeller, which means that the 
calculated forces and moments from the coefficients will 
not be high due to the small value of n. Therefore, these 
cases are not necessarily the most critical. This can be seen 
in the second approach where the absolute values are 
considered. Here the conditions with β=90° at J=1.0 and 
β=120° at J=0.6 and 1.0 are the most critical. 

In summary, it can be said that for the investigated 
geometry of an azimuth thruster, most of the critical cases 
lie between a heading angle of β=60°-120° and at an 
advance ratio of J=0.6-2.0 if only the absolute values are 

considered. This finding does not change if the mean 
values within the fluctuation range in form of the standard 
deviation is added. 

As a result of the previous analysis, the case with a heading 
angle of β=90° and an advance ratio of J=1.0 is exemplary 
used because many of the main forces and moments as well 
as their standard deviations are the highest of all 
investigated cases. For a more detailed analysis and to 
determine the reasons for this, the main force and moment 
coefficients are separated into the three main structural 
components of the azimuth thruster, namely the duct, the 
propeller and the housing. The result can be seen in Table 
5. The values marked red (bold) represent the highest 
forces or moments of all investigated cases, whereas the 
values in blue (italic) are the parts with the greatest fraction 
of the total. 

Table 5: Apportionment of the main force and moment 
coefficient values into the main structural components. 

 
In this case, the duct is the component in which a large 
fraction of force and moment is generated. In axial 
direction (kF X), the propeller thrust is the important one; 
whereas for the vertical force (kF Z), the housing plays the 
biggest role. With respect to the standard deviation, the 
propeller is the component that provides the greatest part 
of the fluctuation due to its rotation. 

 
Figure 4: Pressure distribution and limiting streamlines on 

the duct; full-scale (FS42) case: β=90° and J=1.0. 

Figure 4 shows the pressure distribution and the limiting 
streamlines on the duct. On the outer windward duct side, 

beta [°] J [-] beta [°] J [-]
kT Duct 0 5,0 150 5,0
kT Prop 150+180 5,0 60+120 5,0
kQ Prop 150+180 5,0 120 5,0
kF X 0 5,0 60 5,0
kF Y 60 5,0 180 5,0
kF Z 90 5,0 150 5,0
kQ X 60 5,0 150 5,0
kQ Y 0 5,0 120 5,0
kQ Z 120 5,0 60 5,0
kF X+Y 60 5,0 150 5,0
kQ X+Y 60 5,0 120 5,0

interesting Cases:
β=60° J=5,0
β=120° J=5,0
β=150° J=5,0

Coefficient Values FS42
max Mean-Value max SD-Value

beta [°] J [-] beta [°] J [-]
T Duct 120 0,8 120+150 0,6
T Prop 120 1,0 90 1,0
Q Prop 120 1,0 90 1,0
F X 120 1,0 90 1,0
F Y 90 1,0 120 0,6
F Z 90 1,0 120 0,6
Q X 90 1,0 90 1,0
Q Y 120 1,0 90 1,0
Q Z 120 5,0 90 0,8+1,0
F X+Y 90+120 1,0 90+120 1,0+0,6
Q X+Y 90 1,0 90 1,0

interesting Cases:
β=90° J=1,0
β=120° J=0,6
β=120° J=1,0

Absolute Values FS42 
max Mean-Value max SD-Value

Arithmetic Average
Duct Prop Housing Total

kF X 0,581 0,725 0,060 1,366
kF Y 1,053 -0,017 0,170 1,206
kF Z 0,059 0,092 0,255 0,405
kQ X -1,018 -0,116 -0,103 -1,237
kQ Y 0,659 0,724 0,036 1,419
kQ Z -0,143 0,086 0,007 -0,050

kF X+Y 1,203 0,726 0,180 1,822
kQ X+Y 1,018 0,118 0,120 1,883

Standard Deviation
Duct Prop Housing Total

kF X 0,013 0,067 0,009 0,074
kF Y 0,037 0,058 0,018 0,042
kF Z 0,027 0,037 0,012 0,042
kQ X 0,152 0,255 0,066 0,204
kQ Y 0,093 0,341 0,021 0,428
kQ Z 0,080 0,119 0,006 0,143

kF X+Y 0,040 0,088 0,020 0,079
kQ X+Y 0,155 0,257 0,067 0,448



a high pressure area is clearly visible. In combination with 
the low-pressure region on the inner windward duct side, 
caused by the suction effect of the propeller, the high 
lateral force (kF Y) of the duct is generated. The pressure 
difference on the leeward duct side seems to be negligible. 
This high side force occurred on the duct is responsible for 
the high value of the connected forces and moments; 
namely, the total lateral force on the thruster (kF X+Y), the 
total bending moment on the thruster’s shaft (kQ X+Y) and 
the moment around die x-axis (kQ X). The propeller thrust 
also contributes a large part to the total lateral force (kF 
X+Y). 

 
Figure 5: Pressure distribution and limiting streamlines on 

the housing; full-scale (FS42) case: β=90° and J=1.0. 

Additional simulations are performed with the DES 
turbulence model for certain selected cases to check the 
influence of the turbulence model applied on the simulation 
results. In the following example, the results for the case 
with β=120° at J=1.0 are compared. Due to the high 
unsteady flow, the forces and moments are analyzed over 
25 propeller revolutions. The resulting coefficients for the 
different parts can be seen in Table 6. 

Table 6: Comparison of the main force and moment 
coefficient values from the main structural components. 

 

In general, the total coefficients predicted by the DES 
simulation are 5-15% lower, depending on the considered 
force or moment, than by the SST calculations. As 
expected however, the fluctuation range is significantly 
higher in the DES simulation. This applies mainly to the 
fluctuations in the forces and moments generated on the 
duct and the housing, which can be 3-6 times higher than 
in the prediction of the SST turbulence model. 

6.2 Continuous Rotating Thruster 
In a second step, the thruster is simulated during a constant 
azimuth rotation in order to consider and determine the 
influence of the time-related acceleration and deceleration 
of the flow, such as hydrodynamic mass.  

But before varying the azimuth speed or the inflow 
velocity, respectively, a study is performed to estimate the 
influences of different initial propeller blade angular 
positions and different timesteps for such simulations. For 
these investigations, the case with J=0.6 and f=3rpm is 
chosen. To analyze the influence of different initial 
propeller blade angular positions, three simulations are 
started from initial solutions where the propeller blade 
angular position is changed by 30°. This means that in the 
initial solutions one blade is in the 12, 1 and 2 o’clock 
position, respectively. When the blade is in the 3 o’clock 
position, the following blade is in the 12 o’clock position 
and the initial conditions are like the first one. The results 
are shown in Figure 6 for the total thrust of the thruster. 
One can see that the overall development over time and the 
azimuth angle, respectively, is the same. Only a phase shift 
due to the propeller blade-induced fluctuations takes place. 
So, different initial propeller blade positions have no 
influence on the force and moment development. 

 
Figure 6: Comparison of different initial propeller positions. 

To investigate the influence of different temporal 
resolutions, simulations with a timestep of 1° and 4° 
propeller rotations are performed. Figure 7 depicts the 
results for the total thrust. Again, the overall development 
over time is almost the same. The small deviations at 
azimuth angles around β=120°-150° are negligible with 
respect to the aim of this work. To save computational 
effort, the variation study regarding the azimuth speed and 
the different inflow velocities are performed with a 4° 
propeller rotation. 

Arithmetic Average

SST DES SST DES SST DES SST DES
kF X 0,631 0,575 1,028 0,956 0,046 0,060 1,705 1,591
kF Y 0,508 0,310 -0,095 0,011 0,227 0,214 0,639 0,535
kF Z 0,095 0,288 -0,047 -0,088 -0,260 -0,213 -0,212 -0,012
kQ X -0,488 -0,297 -0,087 -0,177 -0,153 -0,143 -0,728 -0,616
kQ Y 0,694 0,599 0,941 0,971 0,025 0,029 1,660 1,599
kQ Z 0,020 0,006 -0,108 -0,063 0,008 0,004 -0,081 -0,053

kF X+Y 0,810 0,653 1,033 0,956 0,231 0,223 1,822 1,654
kQ X+Y 0,488 0,304 0,087 0,178 0,165 0,152 1,813 1,689
10kq 1,785 1,668

Standard Deviation

SST DES SST DES SST DES SST DES
kF X 0,006 0,042 0,032 0,090 0,006 0,033 0,033 0,110
kF Y 0,019 0,076 0,037 0,048 0,011 0,059 0,038 0,079
kF Z 0,011 0,069 0,032 0,042 0,006 0,045 0,032 0,056
kQ X 0,078 0,310 0,155 0,204 0,033 0,211 0,144 0,292
kQ Y 0,029 0,230 0,221 0,391 0,013 0,073 0,231 0,491
kQ Z 0,050 0,147 0,119 0,144 0,003 0,018 0,157 0,203

kF X+Y 0,020 0,087 0,049 0,102 0,013 0,068 0,029 0,093
kQ X+Y 0,079 0,318 0,158 0,208 0,034 0,215 0,236 0,454
10kq 0,223 0,633

Duct Prop Housing Total

Duct Prop Housing Total



 
Figure 7: Comparison of different timesteps. 

6.2.1 Variation of azimuth speed at constant inflow velocity 

Figure 8 and Figure 9 illustrate the results for total thrust 
and total lateral force when the azimuth speed is changed 
at J=0. Both show an increase of the forces with increasing 
azimuth angle and the development is similar. In 
comparison, the longitudinal forces (Figure 8) and the 
transverse forces (Figure 9) are more sensitive to the 
rotation rate f and the influence is nearly proportional to 
the azimuth speed. One reason for this is the relative 
velocity between the nose of the nozzle and the flow 
around it, which increases with an increase of the steering 
speed. The framed area in Figure 10, which shows the 
velocity difference at f=3 and 6 rpm for one specific 
azimuth angle, clearly indicates this phenomenon. A 
second reason is the upcoming added masses. 

 
Figure 8: Time history of total trust at J=0 for different 

azimuth speeds f=1, 2, 3 and 6. 

 
Figure 9: Time history of total side force at J=0 for different 

azimuth speeds f=1, 2, 3 and 6. 

 

 
Figure 10: Difference of velocity according to f = 0 rpm for 

different turning rates at heading angle of 30°. 

6.2.2 Variation of inflow velocity at constant azimuth speed 

In Figure 11 and Figure 12, the results for total thrust and 
total lateral force are shown when the azimuth speed is kept 
constant (f=3 rpm) and J is changed. At the heading angle 
of 0°, the total thrust decreases with the increment of J. 
Then the curves get closer but after reaching an azimuth 
angle about 45°, they separate from each other until the 
maximum difference is reached at a heading angle of about 
120°. Here the longitudinal force at J=0.6 is almost two 
times and the transverse force five times higher than in the 
pollard pull condition (J=0), respectively. After this, only 
for high inflow velocity does the thrust decrease when 
going up to azimuth angle of β=180°. The total lateral force 
for J=0 is only increasing with increasing azimuth angle, 
whereas for higher inflow velocities it increases till a 
maximum is reached between azimuth angles of β=60°-
150°. After that the side force decreases and meets nearly 
the same level at β=180° for all J-values. 

 
Figure 11: Time history of total trust at azimuth speeds of 

f=3 for different advance ratios J=0, 0.1, and 0.6. 

 
Figure 12: Time history of total side force at an azimuth 

speeds of f=3 for different advance ratios J=0, 0.1, and 0.6. 
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Figure 13: Pressure distribution and velocity field for 

β=120° and J=0.6; left fixed heading angle and right snap-
shot during constant azimuth rotation. 

6.3 Comparisons 
In a further step, comparisons are made between the 
simulations with fixed head angles and constant azimuth 
rotation while also considering the rotation direction of the 
thruster (starboard side vs. port side). Figure 13 shows the 
pressure distribution and velocity field for β=120° and 
J=0.6. Different flow behavior can be seen in the region 
close to the propeller. 

Without considering the propeller influence the force on 
the duct as well as on the housing should be the same 
whether the thruster turns to the starboard or port side. But 
in the presence of the working propeller, the force is 
different. Figure 14 shows the time history of the total 
thrust at J = 0. The thrust generated while turning to 
starboard side is greater than to port side. The difference is 
growing during the azimuth rotation till the maximal 
difference is reached at β=180°. Here the thrust is 10% 
higher for starboard and 5% lower for port side regarding 
the thrust at zero heading angle. One can state that the 
difference is caused by the combination of the flow field 
induced by rotation direction of the thruster and between 
the propeller rotation. 

 
Figure 14: Influence on total trust for different azimuth 

rotation directions at J=0. 

This effect takes place at other inflow conditions. For 
J=0.6, the development of total thrust and total side force 
over the azimuth angles are shown in Figure 15 and Figure 
16, respectively. The solid lines represent the results 
obtained from the constant azimuth rotation of f=3rpm for 
the different rotation directions, and the symbols represent 
the results obtained by the simulations with fixed heading 
angles. At the beginning the predicted thrust values agree 
well for both types of simulations. The distinction in the 

prediction of the thrust between fixed heading angles and 
azimuth rotation suddenly arises after heading angles of 
β=120° in the case of turning to starboard. The reason for 
this is the different interaction between the inflow and the 
slip stream of the thruster unit, see Figure 13. The steering 
speed of the unit leads to an additional velocity component, 
which changes the inflow to the duct and causes an even 
stronger vortex inside the nozzle on the luv side; thus, a 
low pressure region takes place (see Figure 17) in this area. 

In the case of turning to port side, the predicted thrust from 
the fixed heading angle calculation also shows a good 
agreement beyond azimuth angle of β=120°. The side 
forces from both sides (starboard and port side) are more 
or less symmetrical in both simulation conditions (see 
Figure 16). The predicted forces shown here are for the 
calculations with fixed heading angles lower and have an 
almost constant deviation up to β=90°, which represents 
the dynamical part. Beyond this azimuth angle, the 
deviations get larger. The explanation for this is the same 
as for the thrust force. 

It should be noted that for the sake of comparison, the signs 
of the heading / azimuth angles (starboard side ‘+‘ and port 
side ‘-‘) are neglected in Figure 14 to Figure 16. 

 
Figure 15: Influence on total trust for different azimuth 

rotation directions in comparison with fixed heading angles 
at J=0.6. 

 
Figure 16: Influence on total side force for different azimuth 
rotation directions in comparison with fixed heading angles 

at J=0.6. 
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Figure 17: Pressure distribution on the nozzle inside at 

heading angle of 150°. 

7 CONCLUSION 
In this work, the flow on a generic azimuth thruster is 
investigated at different flow and operating conditions to 
identify off-design conditions where the azimuth thruster 
is exposed to extremely high dynamic loads. In a first step, 
the azimuth thruster is simulated at different fixed heading 
angles and inflow velocities. In a second step, the thruster 
is simulated during a constant azimuth rotation. Different 
rotation rates as well as different advance ratios are 
considered. The results of these simulations are compared 
with the one of fixed heading angles. 

It has been observed that most of the critical cases with 
high dynamic loads appear in both scenarios between a 
heading angle of β=60°-120° and at an advance ratio of 
J=0.6-2.0. To determine the off-design conditions, it is 
important to not look at coefficients but at absolute values 
under realistic operation conditions. Otherwise, the 
findings are misleading and lead to too high forces and 
moments. 

Additional simulations of selected cases, where large areas 
with separated flow occur, with the DES turbulence model 
instead of the SST model have shown that, in general, the 
total coefficients predicted by the DES simulation are 5-
15% lower, depending on the considered force or moment, 
than those predicted by the SST calculation. Here, the 
fluctuations range is significantly, up to 3-6 times, higher 
in the DES simulation. 

As expected, dynamic forces become important when the 
steering speed of the thruster is considered. The dynamical 
part of forces grows with increasing azimuth speed. This 
applies mostly to side force and the steering moment. 

Also, the rotation direction of the whole thruster unit under 
identical inflow conditions has a considerable influence on 
the occurring forces and moments due to the same rotation 
directions of the propeller. The differences increase with 
increasing steering angle. 

 

 

 

 

 

ACKNOWLEDGEMENT 
The work presented here has been conducted within the 
project Inter-SimPlex funded by German Ministry of 
Economics and Technology (BMWi; Grant Nr. 
03SX395B). It is part of the Norwegian-German research 
project Inter-Thrust, which is carried out within the 
framework of MARTEC-II network coordinated by 
MARINTEK. The consortium members are MARINTEK 
(Norway), Havyard Ship Technology (Norway), Voith 
Turbo GmbH (Germany), Jastram GmbH (Germany) and 
Hamburg University of Technology (Germany). 

REFERENCES 
ANSYS. Inc. (November 2013). ‘ANSYS CFX-Solver 

Theory Guide’. Release 15.0. 

Oosterveld MWC. (June 1973). ‘Wake Adapted Ducted 
Propellers’ NSMB Wagningen Publication No. 345. 

Baltazar, J., Rijpkema, D., Falcao de Campos, J. A. C., 
Bosschers, J. (2013). ‘A Comparison of Panel Method 
and RANS Calculations for a Ducted Propeller 
System in Open-Water’. 3rd International Symposium 
on Marine Propulsors smp’13. 

Abdel-Maksoud, M., Heinke, H.-J. (2002). ‘Scale Effects 
on Ducted Propellers’. 24th Symposium on Naval 
Hydrodynamics. 

Abbas, N., Kornev, N. (2014) ‘Determination of the 
unsteady load of the propeller performance using 
hybrid RANS-LES methods’. STG Hamburg. 

Dang, J., Koning, J., Brouwer, J. and de Jong, J. (2013). 
‘Dynamic Loads on Mechanical Azimuthing 
Thrusters’. Proceedings of the PRADS2013, CECO, 
Changwon City, Korea. 

Achkinadze, A.S., Berg, A., Krasilnikov, V.I. and 
Stepanov, I.E. (2003). ‘Numerical Analysis of Podded 
and Steering Systems Using a Velocity Based Source 
Boundary Element Method with Modified Trailing 
Edge’. Proceedings of the Propellers/Shafting'2003 
Symposium, Virginia Beach, VA, USA. 

Koushan, K. and Krasilnikov, V.I. (2008). ‘Experimental 
and Numerical Investigation of Open Thrusters in 
Oblique Flow Conditions’. Proceedings of the 27th 
Symposium on Naval Hydrodynamics, Seoul, Korea. 

 

Question from Sverre Steen 

     Did you look into the side forces and bending 
moments of the propeller itself (meaning propeller 
shaft loads)? 

 

Author’s closure 

     Yes, we have look at the bending moment of thruster. 
At high advance ratio (J=0.6) and high heading angles 
(90°~120°), the side force is getting close to the values 
of the propeller axial force. In the meantime, the 
bending moment is ten times bigger than the steering 
moment, which is around the rotation axis of the shaft.   



  

Question from Stephan Helma 

      Did you calculate the value of the total thrust at 180°? 
Because if you stop the azimuthing motion the values 
should converge to the steady state values. 

 

Author’s closure 

     Yes, I agree with your point. If the propeller slip 
stream is in the steady state, the thrust should be the 
same. 

 

 


