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Abstract: Post Swirl Stator (PSS), also known as the 'Energy 

Saving Device (ESD) Behind the Propeller' operates within the 
slip stream of the propeller. The aim of this project is to investigate 
the powering performance of a JAPAN Bulk Carrier (JBC) upon 
the installation of PSS. The prediction of resistance and 
propulsive factors were conducted using CFD simulation using 
SHIPFLOW CFD code. In order to find the optimised design of 
the ESD, three parameters were laid out and studied. The 
parameters are the left side fin length, right side fin length and the 
orientation of the fins.The aim of this study are to improvise the 
thrust fin design by changing the parameters to get the optimum 
powering performance result, and to quantify the powering 
performance of the JBC upon the installation of PSS in model and 
full scale. There were 27 different post-swirl stator configurations. 
All the 27 different configurations were compared in terms of its 
performance in model and full scale. All the 27 different 
configurations were simulated using full RANSE. The free 
surface of the water were modelled using panel method. A grid 
dependence study was conducted to determine the best grid cell 
resolution and it was chosen at a total of 7 millions cells. The bare 
hull resistance of the JBC were validated with available published 
experiment results. All the thrust fins were modelled using 
appendage setting in SHIPFLOW. The best thrust fins design 
were selected in judging its minimum drag, minimum thrust 
deduction fraction, minimum wake fraction, and the delivered 
power. It was found that he thrust fins design for case study #20 by 
CFD is the most optimised configuration in terms of its 
performance criteria as mentioned earlier. The thrust fins design 
was able to reduce delivered power to 6.012%. Thrust deduction 
was also reduced to 2.927%. Total efficiency was increased to 
6.709%. 

 
Index Terms: Post-Swirl Stator, Energy Saving Device, CFD.  

I. INTRODUCTION 

Recently there are demands from shipowners to have their 
modern fleets to be equipped with energy saving devices 
(ESD).  
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The major driving force in equipping ships with ESD is the 

push in getting higher Energy Efficient Design Index (EEDI).  
The EEDI is issued by the International Maritime 
Organization (IMO) to promote the use of energy efficient 
equipment, engines and devices to commercial vessels [1].  

There are numerous ESDs that are being used namely 
Mitsui duct [2], Grothues spoilers [3], Pre-swirl stators [4] 
etc. According to Carlton [5], ESDs are classified into three 
zone which are Zone 1: Before the propeller, Zone II: At the 
propeller, and Zone III: Behind the propeller.  To date there 
are not many investigation on the performance of ESD used 
at Zone III. This ESD that is in the interest in this 
investigation is known as Post-Swirl Stator. It is believe that 
the Post-Swirl Stator could suppress the detrimental flow at 
the aft end of the propeller to improve rudder efficiency. In 
other words, this post-swirl stator is built as an attempt to 
deflect the flow from the propeller to turn the propeller’s 

rotational components into useful axial flow.  
Min et al. [6] conducted a study using a post-swirl stator 

which consists of a rudder bulb and a pair of assymetrical 
thrust fins being fitted to the left and the right side of the 
rudder blade. Min et al. [6] has concluded in his study that the 
slipstream of the propeller produced asymmetrical  flow due 
to the influence of the body of the ship. Due to this 
asymmetrical flow, the design of the thrust fin must be in 
asymmetrical shape to enhance thrust. This is shown in his 
work, where the design of the thrust fin chord and blade span 
at the right side of the rudder was larger than the the thrust fin 
attached at the left side of the rudder for a clockwise rotating 
propeller. It is found that an increase of propulsive efficiency 
of approximately 6% was obtained when the thrust fin is 
attached to a position aligned with the shaft centreline. When 
the thrust fin is attached to a position spaced apart from the 
shaft centerline in an upward direction by 15% of the 
propeller radius, the propulsive efficiency is increased at only 
4%. Finally when the thrust fin is attached to a position to a 
position spaced apart from the shaft centerline in an upward 
direction by 30% of the propeller radius, the propulsive 
efficiency is increased at only 3%. Finally Min et al. [6] 
discussed that the he used a thrust fin with a length of 50% of 
the propeller radius for the left side fin and and 40% for the 
right side fin without discussing further on the effect of the 
fin’s length to the propulsive efficiency.  

Even though there are some reports mentioning that the 
post-swirl devices as discussed earlier, could improve 
powering performance of a vessel, there are still a few 
challenges especially in determining the best configuration 
and the position of the post-swirl stator.  
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Therefore, the main purpose of this study is to investigate 
the best configuration of the post-swirl devices for a typical 
bulk carrier. In this study a cape-size bulk carrier designed by 
the National Maritime Research Institute (NMRI) [7], was 
chosen as the test case. 

This bulk carrier is named Japan Bulk Carrier (JBC). The 
reason for this is there are abundance of measurement data of  
resistance test, self-propulsion test and PIV measurements of 
stern field flow field available from NMRI [7].  

The assessment of the resistance and the propulsive factors 
were conducted using CFD simulation. In order to find the 
optimised design of the ESD, three parameters were laid out 
and studied. The parameters are the left side fin length, right 
side fin length and the orientation of the fins.The aim of this 
study are to improvise the thrust fin design by changing the 
parameters to get the optimum powering performance result, 
and to quantify the powering performance of the JBC upon 
the installation of PSS in model and full scale. 

II. THE CONCEPT OF A PSS IN REDUCING DRAG 

A PSS is an inclined foil which can be retrofitted to the left 
and the right side of rudder(s), of a ship at a particular degree 
and is fixed in its position. At this position, it is able to 
develop a lift force and a forward thrust from the surrounding 
flow which directly influences the reduction of trim and the 
total resistance. The lift force created by the fin  surrounded 
by the incoming flow from the aft bulb and propeller can be 
decomposed in the x-direction and the z-direction as shown 
in Figure 1, which is a close-up view of the post-swirl stator 
retrofitted to the side of a rudder.  

 

Fig. 1 The PSS fin produces forward thrust force FX 
under the stern area at the ship’s rudder.  The PSS fin 

also produced lifting force upwards FZ in correcting the 
trim of the vessel, thus reducing the total resistance. 

The lift force generated by the fin is denoted by LF, which 
acts perpendicular to the direction of the incoming water flow 
from the aft bulb and propeller. Subsequently, the drag force 
acting on the foil is identified by DF and is parallel to the 
direction of the flow. The angle θ, α, and β are defined as the 
trim angle of the vessel,  the angle of attack and the angle of 
slope of the fin respectively. Therefore the thrust force in the 
x-direction FX, generated by the fin can be calculated using 
Equation (1), 
 

    FFX DLF   cossin           (1) 

In cases where the x-component of the force vector is 

greater than the drag vector of the same component, there is a 
reduction of total resistance. Furthermore, the lift generated 
by the fin, lifts the hull at the aft, thus decreasing the wetted 
surface area resulting in a reduced frictional resistance. 
Another feature of this PSS fin as an energy saving device is 
the ability to correct the vessel’s trim. This trim correction 

due to the force FZ at z-direction, further reduce the total 
resistance especially at higher speeds. The force in the 
z-direction can be calculated using Equation (2),  
 

    FFZ DLF   sincos         (2) 

III. THE JAPAN BULK CARRIER 

The hull chosen in this investigation is a standard reference 
hull, the Japan Bulk Carrier (JBC). The JBC hull is a capsize 
bulk carrier equipped with a stern duct as an energy saving 
device. In this study only the bare hull of the JBC was used.  
The JBC hull was designed jointly by NMRI, Yokohama 
National University and Shipbuilding Research Centre of 
Japan (SRC) [7]. There are abundance of data available on 
the towing tank experiments which were conducted at NMRI, 
SRC and Osaka University. The towing tank experiments 
include resistance tests, self-propulsion tests and PIV 
measurements of stern flow fields. There are no full scale 
ship exists. The main purpose of the development of the JBC 
hull was for CFD validation puposes in a workshop on CFD 
in ship hydrodynamics held in Tokyo in 2015. The JBC body 
plan and the particulars of the hull are illustrated in Figure 1 
and Table 1 respectively.  

 

Fig. 2 The JBC body plan with spacing of LPP/74 stations. 
[NMRI] 

IV. CFD ASSESSMENT 

The investigation was conducted using a commercial CFD 
code SHIPFLOW 6.3 which is available from FLOWTECH 
International AB. The solver used in the SHIPFLOW code is 
a viscous flow RANSE solver XCHAP. XCHAP is a finite 
volume computation using the Explicit Algebraic Stress 
Model (EASM) as the turbulence model [8].  

A global approach was chosen for the computation where 
the computational domain was built using the H-O grid 
topology. All the grids in this study were created using the 
SHIPFLOW in-house grid generation module XGRID.  
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The grids generated using XGRID were structured grids 
with hexahedra cells throughout the whole computational 
domain.  

Table. 1 The main particulars of JBC in model and full 
scale 

Main Particulars  Mod
el 
scale 

Full 
scale 

Units 

Length between 
perpendiculars 

LPP 7.0 280.0 m 

Length of waterline LWL 7.125 285.0 m 
Max. beam of waterline BWL 1.125 45.0 m 
Draft T 0.413 16.5 m 
Displacement  Δ 2787 

kg 
182829 
tonnes 

kg/ 
tonne
s 

Wetted surface area S 12.22 19556 m2 
Block coefficient CB 0.86 0.86 - 
Midship section 
coefficient 

CM 0.99 0.99 - 

LCB (%LPP), fwd+ lcb 2.55 2.55 - 
Propeller diameter D 0.203 8.12 m 
Propeller center, long. 
location (from FP) 

x/L
PP 

0.986 0.986 - 

Propeller center, vert. 
location (below WL)  

-z/L
PP 

-0.04
0 

-0.040 - 

Propeller rotation - CW CW - 

 

Fig. 3 The computational domain used the H-O grid 
topology, with the inflow and outflow of the viscous flow 
computation shown above. No slip condition was applied 
to the boundary region close to the hull. Note that grid 
refinements were applied at the bow and the aft region. 

A single block grid was used for the JBC hull as proposed 
by Broberg and Orych [9]. For the PSS fins, a multi-block 
structured or overlapping grids were used. The viscous flow 
computations were carried out with the computational 
domain having six boundaries as shown in Figure 3. The 
distance between the inlet of the viscous flow and the 
fore-perpendicular of the ship is at half the length 
perpendiculars, LPP of the ship. The outlet of the viscous flow 
is located at 1.5 of length perpendiculars, LPP of the ship 
behind the aft-perpendicular of the ship. The radius of the 

cylindrical outer boundary is at 1.0 length perpendiculars of 
the ship. This is necessary to prevent from any influence of 
the blockage effect due to shallow depth of the domain 
boundary. 

A multiple series of computations were carried out under 
different grid cells size in order to determine the optimal grid 
cell number. In this grid dependence study, the XGRID 
command was modified as to control the grid cell 
distribution. The command ‘etamax’ and ‘zetamax’ were 
used in order to increase or decrease the number of planes in 
circumferential and radial direction respectively. The 
command of the manual grid control nu, nf, nm, na and nw 
were used to increase or decrease the number of cells in the 
longitudinal direction in the clusters of upstream, forward, 
midship, aft and wake respectively.  

The optimum grid cell that was chosen in the grid 
dependence study was at approximately 7 million cells. With 
a CPU of 6 cores processor, the average computation time 
taken for the simulation to converge is approximately at 40 
hours. The computation using Shipflow was done in 
resistance mode, open-water test mode and the 
self-propulsion mode in a similar manner in what the author 
has done in [10]. The propeller was numerically modelled 
using Lifting Line Theory in Shipflow. The propeller chosen 
in this study wasis a five-bladed propeller, the MP687 model 
available from [7].  

V. THE CASE STUDY 

The case study using the JBC were set at 27 test cases as 
illustrated as a parametric space in Figure 4. Each node 
represents a post-swirl stator with different configuration or 
parameter. The parameter that were systematically varied in 
these 27 test cases are (1) right side fin length, (2) left side fin 
length, and (3) the fin orientation or angle as shown in Figure 
5(a), Figure 5(b) and in Table 2. The fin length of the PSS for 
were quoted as a fraction of the propeller radius. Let say for 
an example, for a length of  0.3R means that the fin length is 
30% of the propeller radius.   

 

Fig. 4 The 27 test case or case study parametric space of 
the PSS by varying the right side fin length, the left side 

fin length, and the fin angle or orientation. 
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The position of the thrust fins were kept aligned to the shaft 
centerline in as what have been suggested by Min et al. as 
discussed earlier in section I. This is the position where the 
propulsive efficiency is at the highest according to [6]. In the 
parametric study, the left side thrust fins are set to be longer 
in terms of its length than the right side thrust fins. The foil 
profile chosen for both left side and the right side thrust fins 
was the NACA0012 foil section [11].  

 

Fig. 5. (a) The top view of a rudder showing the rudder is 
retrofitted with a right side fin and a left side fin. (b) The 

side view of the rudder showing the right side fin. The 
parameters that were varied systematically in 27 

different test cases are the left side fin length (A), the 
right side fin length (B), and the fin angle (C). 

 

Fig. 6. The simulated streamline through the thrust fins. 
As stated earlier the drag reduction are from the forward 
thrust force, FX and the lift force FZ.  The dark color of 

the streamline tube indicate a higher streamline velocity. 

Table. 2 The complete list of the systematically varied 
parameter i.e. Left side fin length, right side fin length, 

and fin angle. The length of the fin were quoted as a 
fraction of the propeller radius. 

Case 
Study 
# 

Left side fin 
length 

Right side fin 
length 

Fin angle 
(deg) 

1 0.3R 0.2R -10 
2 0.3R 0.2R 0 
3 0.3R 0.2R 10 
4 0.3R 0.4R -10 
5 0.3R 0.4R 0 
6 0.3R 0.4R 10 
7 0.3R 0.6R -10 
8 0.3R 0.6R 0 
9 0.3R 0.6R 10 
10 0.5R 0.2R -10 
11 0.5R 0.2R 0 
12 0.5R 0.2R 10 
13 0.5R 0.4R -10 
14 0.5R 0.4R 0 
15 0.5R 0.4R 10 
16 0.5R 0.6R -10 
17 0.5R 0.6R 0 
18 0.5R 0.6R 10 
19 0.7R 0.2R -10 
20 0.7R 0.2R 0 
21 0.7R 0.2R 10 
22 0.7R 0.4R -10 
23 0.7R 0.4R 0 
24 0.7R 0.4R 10 
25 0.7R 0.6R -10 
26 0.7R 0.6R 0 
27 0.7R 0.6R 10 

VI. RESULTS AND DISCUSSION 

A. The wake field and the streamline 

The streamline of the flow surrounding the aft bulb, the 
propeller plane and the thrust fins for case study number 20 is 
shown in Figure 6.  It is observed that the velocity of the 
stream flow at the upper side of the thrust fin is higher than 
the velocity of the stream flow at the bottom side of the fin, 
where darker color indicates an increase of velocity. In 
having a higher velocity at the upper side of the fin and a 
lower velocity at the bottom side of the fin creates a pressure 
difference between the pressure at the upper side of the fin 
and the lower side of the fin. With the lower pressure at the 
upper side of the fin and a higher pressure at the bottom side 
of the fin, a lift upwards FZ is created and hence a component 
of thrust pointing forward FX is reducing the total resistance 
of the hull.  

The wake field before the post-swirl stator is shown in 
Figure 7. It is observed that the wake  after the propeller is 
assymmetrical. The design of the left-side fin should be 
longer as illustrated in Figure 7 as to take the advantage of the 
higher velocity of the slipstream flow in the wake field.  
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Fig. 7 The wake field before the thrust fins. The thrust 
fins shown here is with a length of 0.7R for the right side 

fin and 0.2R for the left side fin. 

(a) 

 
 

(b) 

 

Fig. 8 (a) The plot of the non-dimensional total resistance 
coefficient with respect to all 25 case studies. (b) The plot 
of the delivered power in watt with respect to all 25 case 
studies. Note: The horizontal line indicates the value for 

the JBC bare hull without the post-swirl stator. 

B. Total resistance 

The result of the total resistance coefficient, CT is plotted 
with respect to the case study as shown in Figure 8(a). The 
total resistance coefficient of the bare hull JBC is at 4.649  x 
10-3. It is observed that there are reductions in the total 
resistance coefficient for case study 4, 5, 7, 8, 10, 11, and 16. 
The largest reduction in total resistance coefficient is in case 
study number 11, where the total resistance coefficient is at 

4.629 x 10-3. The highest total resistance coefficient is in case 
study number 12, where the total resistance coefficient is at 
4.680 x 10-3.  

From this result, we can conclude that by setting the  fin 
angle at 10 degree results in an increase of total resistance. 
When the fin angle is in between 0 to -10 degree, it  seems 
that less resistance were generated where most of the results 
shows a reduction in total resistance when the fin angle is set 
at between 0 to -10 degree. It is clearly understood when we 
refer back to Figure 1,  when the thrust fin angle is at 10 
degree, there will be obviously no lift force FZ generated 
upwards, and instead the force FZ will be pushing the hull 
downwards, thus no trim correction is obtained. Furthermore  
with this angle of the fin is at 10 degree, there will be no 
forward thrust FX  produced by the thrust fin, instead a thrust  
pointing to the stern in the x-direction, which results in an 
increase of the total resistance.  

C. Delivered power 

The result of the delivered power, PD in W is plotted with 
respect to the case study as shown in Figure 8(b). The 
delivered power of the bare hull JBC is at 44.91 W. It is 
observed that there are reduction in the delivered power for 
case study 2, 12, 13, 14, 17, 18, 19, 20, 21, 22, 23, 24 and 25. 
The largest reduction in the delivered power is at case study 
number 20, where the delivered power is at 42.21W. The 
highest delivered power is at case study number 8, where the 
delivered power is at 46.87W.  

It is observed that there is no correlation between the total 
resistance and the delivered power, i.e. even though the 
lowest total resistance is at case study 11, it does not mean 
that this case study 11 will produce the lowest delivered 
power when compared to the other case study. The total 
resistance coefficient of case study no. 20, which is at 4.66 x 
10-3 is larger than the bare hull resistance. But due to 
propeller-hull interaction, the delivered power in case study 
20 seems to be the lowest when compared to the other case 
study. This results proved that with a propeller in action in 
behind the stern of a vessel, is has a significant impact to the 
assessment of the performance of a vessel. The assessment 
which is based only on total drag is not adequate. Any 
assessment on the powering performance of a vessel should 
now include the performance test of a vessel in the 
self-propulsion mode and should not be kept to bare hull 
resistance test only.  

The case study number 20 was finally chosen to be the 
optimized configuration of thrust fin attached to the rudder of 
the JBC hull. The configuration of the thrust fins in this case 
study number 20 consisted of a left side thrust fin at 70% of 
the propeller radius, a right side thrust fin at 20% of the 
propeller radius and with fin angle of 0 degree for both fins. 
However it is still difficult to conclude on any relationship 
between the length of the fins to the powering performance of 
the JBC.  

Probably we could conclude that, for this specific case, the 
right side thrust fin should remained at 20% of the propeller 
radius, the left side thrust fin should be more than the left side 
fin and the fin angle should remained at 0 degree to achieve 
the optimum performance.  
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VII. CONCLUSION 

The study on the improvement of powering performance of 
JBC by adding thrust fins as post-swirl stator was presented. 
The assessment was made using a viscous flow CFD code 
using structured grids and hexahedra cells troughout the 
computational domain. A series of case study were 
performed with different thrust fins setting or configuration. 
The configuration were varied in terms of the left side and the 
right side fin length and the fin angle itself. There are 27 case 
study with the length varied from 20% to 70% of the 
propeller radius and from -10 degree to 10 degree of the fin 
angle. Setting the  fin angle at 10 degree results in an increase 
of total resistance. When the fin angle is in between 0 to -10 
degree, it  seems that less resistance were generated where 
most of the results shows a reduction in total resistance when 
the fin angle is set at between 0 to -10 degree. For this 
specific case of JBC hull, the right side thrust fin should 
remained at 20% of the propeller radius, the left side thrust 
fin should be more than the left side fin and the fin angle 
should remained at 0 degree to achieve the optimum 
performance.  
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