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ABSTRACT  

Within the Sea Zero research project, significant attention 
was devoted to the energy-saving potential deriving from 
efficient propulsion systems. Contra-rotating propellers 
(CRPs) were identified as strong candidates for the 
investigated coastal ferry due to their high hydrodynamic 
efficiency. The project comprised experimental 
campaigns, numerical tool development and CFD analysis. 
Conventional shaft-in-shaft CRP systems were tested 
experimentally, while a tandem hybrid configuration- 
combining a shaft-line with an aft pulling thruster (CRP-
POD)- was specifically designed by Brunvoll and 
investigated by CFD to assess its potential not only in terms 
of propulsive efficiency but also steering capabilities. A 
fully CFD-based procedure was employed to predict the 
full-scale performance of the tandem CRP propulsion 
system. The approach included calm-water resistance 
simulations for the hull, open-water simulations of the 
CRP-POD unit, and self-propulsion simulations of the ship 
equipped with the hybrid propulsion system. Propulsive 
coefficients at a selected ship speed were calculated and 
compared with those obtained from model tests of the 
conventional CRP configuration. 
In addition, CFD simulations under drift conditions were 
conducted to evaluate the steering and course-keeping 
capabilities of the CRP-POD system relative to a 
conventional CRP with rudder. The rudder is designed by 
Becker Marine Systems. Both propulsion arrangements 
were analyzed using consistent numerical methodologies. 
The paper presents the numerical approach in detail and 
discusses the main results obtained for propulsion 
efficiency and maneuvering performance.  

Keywords 
CRP-POD, Hybrid propulsion, propulsive performance, 
steering capability, CFD.  

1 INTRODUCTION 

 The hybrid tandem contra-rotating propeller system 
consists of a conventional shaft-line propeller directly 
driven by the main engine and an aft propeller mounted 

coaxially behind it, driven by an azimuthing pod unit. This 
configuration is commonly referred to as the Hybrid 
Contra-Rotating Shaft–Pod (HCRSP) or CRP-POD 
concept. The hybrid arrangement enables overcoming the 
power limitations of existing main engines for commercial 
vessels while combining the high propulsion efficiency of 
conventional contra-rotating propeller (CRP) systems with 
the superior maneuverability provided by podded 
propulsion. The aft pod can be rotated around its azimuth 
axis, allowing a relative angular offset with respect to the 
forward propeller. However, this capability is constrained 
by the axial spacing between the propellers and its 
influence on the hydrodynamic performance of the pod unit 
(Xiong et al 2015).  

Currently, the design of propeller blades for CRP-POD 
systems largely relies on methodologies developed for 
conventional CRP configurations. Unlike conventional 
CRP arrangements, the rotational speed ratio between the 
two propellers in a CRP-POD system is not mechanically 
fixed, allowing the aft propeller to operate independently 
of the forward one. While the equivalent single-propeller 
approach combined with standard self-propulsion analysis 
can estimate overall system performance, it cannot 
accurately predict the load distribution or rotational speed 
of the aft propeller. As a result, traditional self-propulsion 
factors offer limited guidance for practical propeller design 
(Chang & Go 2011). Only recently have dedicated model 
test procedures been established (ITTC 2017). 
Nevertheless, the equivalent single-propeller approach 
commonly used for conventional CRP systems is typically 
applied, often supplemented by load-variation tests. In this 
context, numerical approaches such as computational fluid 
dynamics (CFD) are particularly well suited for evaluating 
CRP-POD performance at the design stage. The present 
work follows this approach and builds upon previous 
studies, in which CFD has been used not only as an 
advanced analysis tool but also as direct support for the 
design and optimization of contra-rotating propeller 
systems. (Johannessen et al. 2024). 

 

 



 Figure 1. Rendering of the Sea Zero vessel (source Vard Design)  

  (a) (b) 

Figure 2. Description of the CRP unit including the rudder designed Becker Marine Systems (a) and of the CRP-POD unit (b) 

2 WORK DESCRIPTION 

A fully CFD-based procedure was applied to predict the 
full-scale performance of a tandem contra-rotating (CRP-
POD) propulsion system. The approach comprised calm-
water resistance simulations, open-water simulations of the 
tandem CRP unit, and self-propulsion simulations of the 
ship equipped with the propulsion system. Propulsive 
coefficients were evaluated at a selected operating ship 
speed and compared with corresponding values obtained 
from model tests of a conventional CRP propulsion system. 
The vessel model and the two propulsion configurations 
are described below.  

2.1 Model description 
The investigated vessel is a coastal ferry, which also 
includes wind propulsion units (Alterskjær et al. 2024). 
The model geometry is shown in Figure 1 and the principal 
hull dimensions are listed in Table 1. 

Table 1. Hull main dimensions at design waterline 

LPP [m] 136.0 
B [m] 23.23 
T [m] 5.15 
 [m^3] 10530 

The model was tested at the SINTEF Ocean facilities under 
several operating conditions and configurations. While the 
conventional CRP system was investigated 
experimentally, the CRP-POD system was analyzed 
exclusively using CFD. The CRP-POD was developed by 
Brunvoll as a matched contra-rotating propeller pair using 
the boundary element design tool AKPD (Achkinadze et 
al. 2000), developed by SINTEF Ocean. This code 

supports the hydrodynamic design of both single and 
contra-rotating propellers, for open or ducted 
configurations, pushing and pulling azimuth thrusters, as 
well as propeller–rudder interaction. For the CRP-POD, 
the forward propeller was intentionally designed with five 
blades, while the pulling thruster propeller was given four 
blades. This configuration provides favorable interaction 
characteristics and enables the use of a controllable pitch 
propeller (CPP) on the pulling thruster, which may be 
advantageous during maneuvering. To ensure sufficient 
clearance for thruster rotation, the axial spacing between 
the two propeller planes was set to approximately 0.5 times 
the forward propeller diameter. As the propellers of the 
CRP-POD system were specifically designed for this 
configuration, they differ from those used in the 
conventional CRP system. The main propeller properties 
for the CRP-POD and the conventional CRP systems are 
summarized in Table 2 and in Table 3 respectively. In 
addition, the headbox geometry differs between the rudder-
equipped CRP system and the pod-equipped CRP-POD 
system, as illustrated in Figure 2. 

The hull fitted with the CRP-POD arrangement was 
analyzed by CFD to determine the propulsive coefficients 
at the design speed of 14.5 kn. These results were 
subsequently compared with the coefficients derived from 
model tests of the conventional CRP configuration. 

Table 2. Main properties of the CRP unity. 

CRP FRW prop. AFT prop. 
Number of blades 4 5 
Diameter 3.6 3.484 
Direction of rotation Right-hand Left-hand 



Table 3. Main properties of the CRP-POD unity. 

CRP-POD FRW prop. AFT prop. 
Number of blades 5 4 
Diameter 3.6 3.3 
Direction of rotation Right-hand Left-hand 

2.2 Numerical setup 

The CFD simulations were performed using STAR-CCM+ 
(version 19.06.009), which is based on the finite-volume 
method and a segregated flow solver. The software allows 
for a multi-region, part-based meshing strategy and 
supports various motion-modelling techniques. In all 
simulations, the propeller blades were fully resolved, and a 
sliding-mesh (SM) approach was employed to model the 
rotation of the propellers. Turbulence was modelled using 
the SST k- (Menter Shear Stress Transport) model. 
All simulations were conducted at full scale. Calm-water 
resistance and self-propulsion simulations employed a 
Volume of Fluid (VOF) method to capture the free surface 
and its interaction with the hull. In the self-propulsion 
simulations, the ship position was fixed to the equilibrium 
attitude obtained from the resistance calculations. The 
rotating propeller regions arrangment is shown in Figure 3. 

Figure 3. Rotating propeller regions. 

The open-water simulations of the CRP-POD system were 
performed as mono-fluid calculations using the sliding-
mesh (SM) approach and the same definition of the rotating 
regions adopted in the calm-water self-propulsion 
simulations. The shaft of the forward propeller and the top 
of the headbox of the aft pod-thuster were extended to the 
inlet and top boundaries of the computational domain, 
respectively, as shown in Figure 4. 

Figure 4. Model set-up for the open-water simulations. 

The dimensions of the computational domains are reported 
in Table 4, normalized by the ship length between 
perpendiculars (LPP) for the calm-water simulations and by 
the forward propeller diameter (DFRW) for the open water 

simulations. Details of the mesh in the propulsion unit 
region are illustrated in Figure 5. On the hull and propeller 
surfaces, 16 and 10 prismatic layers were extruded, 
respectively, with target y+ values of 120 for the hull and 
30 for the propeller blades, as shown in Figure 6. 

Table 4. Dimensions of computational domain 

 LxDxH 
Resistance and self-propulsion 8x8x3 (LPP) 
Open water 32x10x10 (DFRW) 

 

Figure 5. View of the volume mesh on the wall, zoom on the 
propulsion unit. 

Figure 6. Wall y+ distribution on hull and propelllers. 

3 NUMERICAL RESULTS 

3.1 Calm-water resistance 
Calm-water resistance calculations were carried out on the 
hull equipped with pod, in order to account for the effect 
of the pod on the forces acting on the hull. The hull surface 
was modeled as rough no-slip wall to allow direct 
comparison with full-scale resistance extrapolated from 
model tests data. An equivalent sand-grain roughness 
height of 50 m was prescribed. The same roughness 
setting was also applied in the self-propulsion simulations, 
enabling direct consideration of roughness effects on the 
hull boundary layer development and its interaction with 
the propulsion system.  

The simulations were performed at the design waterline 
and a ship advance speed VA=14.5 kn (Fr=0.204). The 
results of calm-water resistance simulations are reported in 
Table 5 and compared with the corresponding full-scale 
resistance values obtained by model tests. The total 
resistance coefficient CT includes the contribution of the 
rudder in model test data and the pod in the CFD results. In 
the CFD simulations, the pod resistance was also evaluated 



separately. The predicted resistance values, including the 
effects of pod installation and hull roughness, were found 
to be reasonable, particularly in view of the larger headbox 
associated with the CRP-POD configuration. 

Table 5 

The same numerical setup adopted for the resistance 
simulations was used for the self-propulsion simulations, 
with the additional modelling elements required to 
represent the rotating propellers and sliding-mesh regions, 
as described in Section 2.2. 

3.2 Self-propulsion simulations 
Self-propulsion and open-water simulations were initially 
performed for the design ratio of rotational speed between 
the aft and the forward propellers, corresponding to 162 
and 100 rpm respectively (rD=1.62). The self-propulsion 
point was determined by varying the rotation rate of the 
forward propeller and, hence, of the aft propeller, keeping 
rD=1.62. The same procedure was repeated for a second 
value of revolution rate, rN=1.7. The objective was to 
achieve, at the self-propulsion point, a load distribution of 
approximately 70/30 between the forward and aft 
propeller. Assuming that, at constant ship speed, the 
revolution rate uniquely corresponds to the power ratio 
between the propellers (Chang & Go 2011), linear 
interpolation was applied to the self-propulsion point 
results obtained for rD and rN, reported in Table 6. This 
yielded a final revolution ratio rF=1.671, expected to 
produce the target load distribution. Additional self-
propulsion simulations performed at rF confirmed this 
assumption. The values of rate of revolution of the FRW 
propeller at the self-propulsion points for all the ratios rD, 
rN and rF, are reported in the third column of the same table. 

Table 6. Self-propulsion points at different revolution ratios. 

 Load on FRW propeller nFRW [RPM] 

rD =1.62 74% 107.49 

rF =1.671 70% 105.60 

rN =1.7 67% 104.29 

The self-propulsion points were identified by adjusting the 
rotational speed of the front propeller (and accordingly of 
the aft propeller), for the fixed revolution ratio, until the 
equilibrium of the longitudinal forces was achieved. The 
results are summarized in Table 6. Here, FPX_Prop 
denotes the total longitudinal force generated by the 
propulsion unit, including the pod. R_(SP)_hull represents 
the hull resistance obtained from the self-propulsion 
simulations with operating propellers, while R_hull 
corresponds to the hull resistance derived from the calm-

water resistance simulations (see Table 5). The difference 
between FPX_Prop and R_(SP)_hull, denoted as FX, is 
approximately 1% of the total propulsion force FPX_Prop, 
indicating good numerical consistency. Variations on the 
revolution ratio primarily influence the hull resistance at 
the self-propulsion point through changes in the rotational 
speed of the forward propeller and its interaction with the 
hull. As the forward propeller rotational speed increases, 
the hull resistance increases accordingly, leading to 
variations in thrust deduction. For the final rate rF=1.671, 
corresponding to the target load of 70% on the forward 
propeller, the thrust-deduction factor is t=0.156, while for 
rN=1.7 it is t=0.153. For reference, the conventional CRP 
configuration showed a self-propulsion point at 
n_FRW_EXP=106.6 rpm and tEXP=0.189. The differences in 
the thrust deduction are expected, as the propulsor systems 
differ substantially and the forward propellers have 
different designs. 

Table 7. Self-propulsion points for the CRP-POD at 
different propeller revolution ratios. 

n_AFT/ 
n_FRW 

n_FRW 
[RPM] 

FPX_Prop 

(kN) 
R_(SP)_hull 

(kN) 
R_hull 
(kN) 

t 
(-) 

FX_FRW/ 
FX_prop 

1.620 107.49 250.42 249.15 209.76 0.158 74.47 % 

1.671 105.60 251.27 248.57 209.76 0.156 69.84 % 

1.700 104.29 249.32 247.72 209.76 0.153 67.44 % 

3.3 Open water characteristics and propulsive 
coefficients 
To evaluate the propulsive performance of the CRP-POD 
system, open-water (OW) characteristics of the two 
propellers operating as a single unit were determined. 
Open-water simulations were carried out for the selected 
revolution ratios, rD, rF and rN. The diameter and the 
rotational speed of the forward propeller (DFRW and nFRW) 
were used to define the non-dimensional thrust and torque 
coefficients for both the forward and aft propellers, and the 
expressions given in (1) were applied to compute the 
coefficients of the combined CRP-POD unit. The resulting 
OW characteristics are presented in Figure 7. The left axis 
is intentionally left without labels and has no units, as the 
curves represent non-dimensional coefficients. 

𝐾்஼ோ௉ = 𝐾்ிோௐ + 𝐾்஺ி் 

𝐾ொ஼ோ௉ = 𝐾ொிோௐ +
𝑛஺ி்

𝑛ிோௐ
𝐾ொ஺ி் 

𝜂஼ோ௉ =
௃

ଶగ

௄೅಴ೃು

௄ೂ಴ೃು
,  where 𝐽 =

௏ಲ

௡ಷೃೈ஽ಷೃೈ
 

 

(1) 

By entering the diagrams in Figure 7 with the thrust 
coefficient obtained from the self-propulsion simulations 
and applying the thrust-identity principle, the values of J*, 
KQ*, and * (and hence the open-water efficiency 0) can 
be determined for all the considered cases. Increasing the 
revolution ratio leads to an increase in the effective 
advance ration J*, as well as in the thrust and torque 
coefficients of the CRP-POD unit, while the overall 
propeller efficiency remains nearly unchanged. The wake 
fraction w and the relative rotative efficiency R can be 
derived from J* and KQ* together with the corresponding 



values obtained under behind-hull conditions. The hull 
efficiency is then calculated as 𝜂ு = (1 − 𝑡)/(1 − 𝑤), and 
the quasi-propulsive coefficient is defined as  𝜂஽ = 𝜂ோ ∙
𝜂଴ ∙ 𝜂ு. The propulsive coefficients for ship equipped with 
the CRP-POD system are thus determined for all the 
investigated revolution ratios and their variations are 
reported in Table 8. The values are expressed as 
percentages and normalized with respect to the 
corresponding experimental data. 

 
Figure 7. Open-water curves for the CRP-POD unit 

Table 8. Propulsive coefficients of the CRP-POD system 
normalized by the corresponding values obtained by model 

test for the conventional CRP system. 

n_AFT/ 
n_FRW 

R
R_EXP 

w 
/wEXP 


EXP 


EXP 

D
D_EXP 

1.620 95.8 % 66.5 % 98.0 % 93.8 % 88.0 % 

1.671 95.9 % 67.2 % 98.1 % 94.2 % 88.6 % 

1.700 95.9 % 67.0 % 98.4 % 94.4 % 89.1 % 

Table 8 also enables comparison between the CFD results 
for the CRP-POD configuration and the full-scale values 
extrapolated from model tests of the ship equipped with a 
conventional CRP system at the same ship speed. 
Increasing the revolution ratio, thereby reducing the load 
on the forward propeller from 74% to 67%, results in an 
increase in all the propulsive coefficients and a reduction 
of the thrust-deduction factor, as previously shown in 
Table 7. Still, for the investigated cases, the quasi-
propulsive coefficient (D) of the CRP-POD is 
approximately 11-12% lower than that of the conventional 
CRP with rudder. The close agreement between CFD and 
experiments supports the validity of the numerical 
approach. The remaining differences are reasonable, 
considering that the two propulsion systems share only the 
diameter of the forward propeller.  

3.4 Additional considerations 
For additional insight, the open-water characteristics are 
also presented in Figure 8 as separate OW curves for the 
forward and aft propellers operating as a unit. In this 
representation, the thrust and torque coefficients of both 
propellers are computed using nFRW and DFRW, allowing 
direct comparison within a single diagram. Because of this 
normalization, the efficiency of the aft propeller appears 
particularly high. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8 Open-water curves for the forward and aft 
propellers working in the CRP-POD unit 

The CFD results indicate that the performance of the 
forward propeller is essentially unaffected by the presence 
of the aft propeller. The thrust, torque and efficiency curves 
(KT, KQ, and  of the forward propeller at different 
revolution ratios overlap closely (orange curves). In 
contrast, for the aft propeller, increasing the revolution 
ratio leads to an upward shift of the OW curves. Entering 
the diagram in Figure 8 using the thrust coefficient of the 
forward propeller obtained under behind-hull conditions at 
the self-propulsion point (KT_FRW) results in an increase in 
the effective advance coefficient J*. Consequently, the unit 
and the propellers operate at a lighter loading and exhibit 
higher efficiency. The aft propeller, however, requires a 
deeper analysis. This can be achieved by expressing the 
OW coefficients in terms of the actual diameter and 
rotational speed of the aft propeller, nAFT and DAFT. When 
represented in this way, the OW curves of the aft propeller 
appear as shown in Figure 9, clearly influenced by the front 
propeller and the load distribution. The aft propeller shifts 
toward heavier loading conditions when the revolution 
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ratio increases, as expected, since part of the load is 
transferred from the forward propeller to the aft propeller. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. OW curves of the aft propeller at different 
revolution ratios, expressed in terms of nAFT and DAFT. 

4 STEERING CAPABITITIES OF THE CRP-POD 
The steering capabilities of the CRP-POD system were 
assessed by CFD and directly compared with those of a 
conventional CRP system equipped with rudder. Both 
propulsion configurations were analyzed using consistent 
numerical approaches.  

A representative operating condition corresponding to the 
vessel sailing with active wind propulsion units was 
selected. This condition was defined using VeSim, a time-
domain vessel simulation tool developed by SINTEF for 
the simulation of ships in a seaway with variable heading 
and speed. The SteadySail module was used, specifically 
developed for the assessment of ship performance under 
combined wind and propulsion effects (Eide et al. 2023). 
For a wind speed of 10 m/s coming from 302o deg (North-
referenced), the tool was used to estimate the drift angle, 
the rudder angle, main propeller rotational speed, and the 
surge and sway forces acting on the vessel at an advance 
speed of 13.5 kn and design waterline for the conventional 
CRP configuration. This operating point, referred to as 
Condition1 and summarized in Table 9, was reproduced in 
the CFD simulations.  

Table 9. Condition 1, as defined by the SteadySail 
calculations for the CRP-rudder unit. 

Wind speed: 10.0 m/s Wind direction (from): 302 deg 

Ship speed: 13.5 kts Drift angle: -3.68 deg 

Rudder angle: -10.07 deg Main propeller RPM: 91.95 (-) 

The results obtained from SteadySail are summarized in 
Table 10 in terms of propeller power demand and surge and 
sway forces, decomposed into propulsor and hull 
contributions (with the rudder included in the propulsion 
term). The resulting CW surge and sway forces are in 
equilibrium with the corresponging components of the 
wind forces acting on the superstructure and on the wind 
propulsion unit. 

Table 10. SteadySail predictions at Condition1 for CRP. 

  SteadySail 
Power (kW) 1254.934 
  

Main propulsion surge force (kN) 122.218 
Hull surge force (kN) -154.499 

 CW surge force -32.281 
Main propulsion sway force (kN) 150.163 
Hull sway force (kN) 183.797 

 CW sway force 333.960 

As in the previous simulations, the propeller blades were 
fully resolved, and a sliding-mesh (SM) technique was 
employed to model propeller rotation. Differently from the 
earlier cases, only the submerged part of the vessel was 
modelled, including the hull, CRP propellers, and rudder, 
and mono-fluid simulations were performed. The free 
surface was neglected and represented by a symmetry-
plane boundary condition. These simplifications were 
adopted to reduce computational cost and to focus the 
analysis on the hydrodynamic interaction between the hull 
and the propulsion system. The simulation setup used for 
the hull equipped with the CRP-POD system was 
simplified accordingly. The ship-based coordinate system 
was rotated by the prescribed drift angle together with the 
ship geometry. For the new simulations of the conventional 
CRP system, the CRP-POD geometry and its headbox were 
replaced by the geometry of the conventional CRP 
propellers, rudder and corresponding headbox.  

While the rudder rotation angle was obtained by the 
SteadySail calculations, the CRP-POD configuration was 
not modeled in the ship simulator. Consequently, no 
information was available regarding pod rotation angle, 
main propeller rotational speed, or propeller revolution 
ratio. It was therefore decided to adopt the same rotation 
angle for the pod as for the rudder, to use the same 
rotational speed of the forward propeller, and to initially 
assume the design revolution ratio 𝑟஽  as used in the 
previous analyses. Maintaining geometrically similar 
configurations was considered beneficial for comparison 
purposes, as it ensured that the main force vectors acting 
on the pod and on the rudder were aligned in the same 
direction. In addition, a pod rotation angle of 10° was 
geometrically feasible, as the axial spacing between the 
propellers, the  aft propeller diameter, and the position of 
the pod rotation axis did not impose limitations for this 
specific arrangement. The choice of adopting the same 
rotational speed for the forward propeller in both CRP 
configurations was based on the observation that, at the 
self-propulsion point at 14.5 kn, the rotation rate of the 
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front propeller (see Table 6) did not differ significantly 
from the model test value n_FRW_EXP=106.6 rpm. The same 
forward propeller rotational speed was therefore used as an 
initial value and it was subsequently adjusted, together 
with the propeller revolution ratio, to achieve the target 
surge and sway forces while maintaining comparable 
power consumption. The alternative rotational speed 
setting was also investigated, with nFRD=80 rpm and 
nAFT=160 rpm, corresponding to a revolution ratio of 2. A 
summary of the results  is reported in Table 11.  

Table 11. CFD results at Condition1 for CRP and CRP-POD. 

   CRP CRP-POD  CRP-POD 
n_AFT/n_FRW 1.059 1.620 2.000 
PD_tot (kW) 1251.440 1463.182 1463.846 
PD_FRW/PD_tot 42.50 % 57.78 % 28.80 % 
    

Prop. surge force (kN) 142.579 162.877 162.834 
Hull surge force (kN) -185.774 -211.008 -206.263 

 CW surge force -43.194 -48.131 -43.429 
    

Prop. sway force (kN) 142.834 89.631 133.956 
Hull sway force (kN) 174.478 196.695 178.478 

 CW sway force 317.312 286.325 312.435 

A comparison with the results obtained from SteadySail 
(Table 10) indicates that the CFD simulations of the 
conventional CRP are in overall good agreement with the 
vessel simulator, particularly in terms of delivered 
propulsive power. Differences are observed in the 
distribution of surge and sway forces, with CFD predicting 
slightly higher surge force and lower sway force for both 
the propulsion system and the hull. In aggregate terms, the 
total sway force prediced by CFD is approvimately 5% 
lower, while the total surge force is higher than the 
corresponding values estimated by SteadySail. These 
differences are considered acceptable and can be attributed 
to the higher level of physical detail in the CFD approach, 
especially in modelling the hydrodynamic interaction 
between the propellers and the hull. Overall, the CFD 
results of the ship equipped with the conventional CRP are 
consistent with the trends provided by the vessel simulator 
and support the validity of the numerical setup. 

The comparison of the CFD results obtained for the two 
CRP configurations indicates that the performance of the 
CRP-POD system is strongly dependent on the propeller 
revolution ratio. Reducing the power share of the forward 
propeller from 57.78% to 28.80%, corresponding to an 
increase of the aft propeller contribution to 71.20%, 
enables the system to approach the target surge and sway 
forces more closely without significantly affecting the total 
delivered propulsive power, which remains nearly 
unchanged between the two investigated RPM ratios. 
Overall, the performance of the CRP-POD configuration is 
comparable to that of the conventional CRP system, with 
additional potential for improvement through further 
optimization of the pod steering angle and power 
distribution between the propellers.  

Selected visualizations from the CFD simulations are 
presented in Figure 10, highlighting the main similarities 
and differences between the conventional CRP and the 

CRP-POD configurations. In particular, the contributions 
of the rudder and the pod to the surge and sway forces are 
-27.24 and 121.52 (kN) for the rudder, and -18.89 and 
79.33 for the pod, respectively. The lower force levels 
generated by the pod are primarly attributed to its 
alignment with the aft propeller slipstream, which reduces 
its effectiveness in generating lateral forces compared to 
the rudder. 

5 CONCLUSIONS 
The Sea Zero project aims at developing a zero-emission 
concept for Hurtigruten’s coastal vessels through a 
combination of energy-efficiency measures. Among these, 
efficient propulsion systems play a key role. Contra-
rotating propellers (CRPs) were identified as a promising 
solution due to their high hydrodynamic efficiency, while 
wind-assisted propulsion was considered to further reduce 
route-based energy demand. Within the project, a 
conventional CRP system with rudder was investigated 
both numerically and experimentally through model tests 
and ship-simulator studies. 

This study focuses on an alternative CRP configuration, 
referred to as hybrid tandem CRP or CRP-POD. The 
hydrodynamic performance and steering capabilities of the 
CRP-POD were investigated using fully blade-resolved 
CFD simulations. A complete numerical procedure was 
applied, including calm-water resistance, open-water, and 
self-propulsion analyses at full scale, and the results were 
compared with experimental data available for the 
conventional CRP configuration. The CFD methoodology 
proved effective in predicting the full-scale propulsive 
coefficients of the CRP-POD system. Good agreement 
with model-test results for the conventional CRP supports 
the reliability of the numerical approach and its suitability 
for evaluating innovative propulsion concepts for which 
established experimental procedures are lacking. 

The analyses highlighted the strong influence of the 
propeller revolution ratio on CRP-POD performance. 
Redistributing the power between the forward and aft 
propellers improved overall propulsive efficiency while 
maintaining comparable delivered power. In the 
investigated case, the aft propeller benefited from higher 
rotational speed, operating at lower loading and higher 
efficiency, while the forward propeller performance was 
largely unaffected. 

Steering capabilities were assessed under off-design 
conditions with drift angle and compared with those of a 
conventional CRP with rudder operating together with 
wind-assisted propulsion. CFD results, based on 
simulations of the submerged hull only, showed that the 
CRP-POD can generate surge and sway forces comparable 
to the conventional configuration. Although the pod 
produces lower lateral forces than a rudder due to its 
alignment with the propeller slipstream, appropriate 
selection of pod rotation angle and power distribution can 
compensate for this effect. Overall, the CRP-POD concept 
demonstrates strong potential as an efficient and flexible 
propulsion solution, combining high propulsive efficiency 



with podded-propulsion maneuverability. Further 
improvements are expected through systematic 
optimization of propeller design, revolution ratio, and pod 

steering angle, as well as through analyses covering a 
broader range of operating conditions. 
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Figure 10. Visualizations from the CFD simulations. (a) Pressure contours and streamlines, SB side; (b) Pressure contours 
and streamlines, PT side; (c) Vorticity magnitude, 3D volume rendering. Left: conventional CRP, Right: CRP-POD 
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