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ABSTRACT  

Recently, the various energy saving devices (ESD) are 

installed at many types of vessels with the rise of oil price. 

For this reason, the working principles and power savings 

of ESDs are often discussed in many papers. In this paper, 

various efforts for analyzing the performance of ESDs are 

described. Firstly, the (towing tank) model tests for 

inferring the working principles of ESDs are mentioned. 

The model tests are carried out with the local sensors for 

measuring the force of ESDs as well as conventional 

propulsion test procedure. Secondly, the methodology for 

extrapolating full scale with applying the effect of ESDs is 

discussed from analysis of the model test results. 

The Pre Swirl Duct (PSD, half & full duct) which are 

frequently installed to full block ships are tested with local 

force measurement system. For this, the new local sensor 

and other measurement systems are developed and 

validated. The results of model test are compared with 

conventional model test and Computational Fluid Dynamics 

(CFD) calculations. Based on these results, the working 

principles of ESDs are addressed. 

With understanding the working principles of ESDs, the 

model test and analysis methods for ESDs are discussed. 

First of all, the model test and analysis methods for Pre 

Swirl Stator which were recommended in ITTC1999 are 

studied with comparison analysis of model test results using 

local sensor. From analysis of tests, ESDs are classified as 

part of hull or propulsor and test results are re-analyzed by 

classification of ESDs. And finally, the model test and 

analysis methods for applying to full scale with appropriate 

effect of ESD are suggested. 
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1 INTRODUCTION 

With high oil price and implementation of EEDI, many ship 

owners, ship builders and research institute make an effort 

to reduce the fuel oil consumption.  Besides optimizing the 

hull form and propeller, the study about ESD for improving 

the propulsive efficiency of ship is actively performed. 

Some ESDs show a successful result in model test. And 

finally these are installed and operated at full scale ships. 

The typical examples are Pre Swirl Stator (PSS), PSD (Half 

and Full (Mewis) duct), Propeller Boss Cap Fin (PBCF), 

Twisted rudder and rudder bulb. 

Although the studies about ESDs have been performed, the 

studies about working mechanism and analysis method of 

ESDs are a few. For this reason, the information from EFD 

and CFD is extremely limited in past decades. And the sea 

trial and operating data about full scale ships with ESDs are 

few and the reliability of the data is low.  So it’s very hard 

to estimate the performance of ESDs at full scale. 

In this paper, the model tests with local sensor measurement 

system are performed to evaluate the working mechanism 

and analysis method of ESDs. The test results are validated 

with normal measurement system results and CFD results. 

 

2 MODEL SHIP AND TEST SETUP 

A subject hull form for this study is bulk carrier developed 

by HHI. And ESD type fitted on this vessel is PSD (Half 

duct type).The power saving efficiency of PSD is already 

verified with model test for normal measurement system. 

The main particulars of subject hull form and propeller are 

as Table 1. 

Table 1 Main particular of ship and propeller 

Ship Main Particulars 

Item Ship Model 

Scale 37.0994 

LBP(m) 264.0 7.12 

B(m) 48.0 1.29 

T_design(m) 16.0 0.43 

Propeller Main Particulars 

Prop. Dia.(m) 8.8 0.2372 

No. Blades 4 



P/D(mean) 0.7438 

EAR 0.4692 

Hub ratio 0.1600 

The configuration of PSD for this vessel is as Figure1.  

 
Figure 1 PSD configuration  

The configuration of local sensor measurement system is as 

below figure 2. The local sensor can measure ±10N at X, Y 

direction. The local sensor installed between dummy hull 

part (Yellow) and PSD (Blue) part can measure the force of 

PSD.  

 
Figure 2 Local sensor configurations 

 

Figure 3 Local sensor installations 

The figure 3 shows the installations of local sensor at model 

ship. The forces of stern hull part with and without PSD are 

measured. And the real force acting on PSD is extracted.  

The model test condition is as Table 2. All model tests are 

conducted in one day and have enough waiting time 

between carriage run to get reliable data. 

Test speeds are 12.5knots and 15.5knots at resistance and 

self-propulsion test. And each speed was repeated three 

times in resistance test. In propulsion test, the propeller load 

variation tests are performed at each speed. 

Table 2 Test condition 

Kind of Test Loading Cond. Remark 

Resistance  
Design w/o ESD 

Design w/ ESD 

Self-Propulsion  
Design w/o ESD 

Design w/ ESD 

 

3 TEST DATA AND ANALYSIS 

The directions of measured force with local sensor are as 

Table 3. The positive force of X-Axis is resistance, and the 

positive force of Y-Axis is port side force. 

Table 3 Direction and type of force 

Sensor Direction Type of force 

Fx (+) Stern Resistance 

Fx (-) Bow Thrust 

Fy (+) Port - 

Fy (-) Starboard - 

 

3.1 Resistance test results 

The resistance test results without and with PSD are as 

Table 4. Three repetition tests are performed at each speed. 

All the values of Table 4 are averaged value. The total 

resistance of model ship is measured with conventional 

dynamometer of towing tank. 

Table 4 Resistance test results 

12.5knots 

ESD Rtm (N) Fx(N) Fy(N) 

w/o ESD 28.9316 -0.0007 -0.0048 

w/ ESD 29.2464 0.1907 -0.1834 

15.5knots 

ESD Rtm (N) Fx(N) Fy(N) 

w/o ESD 43.7995 0.0011 -0.0033 

w/ ESD 44.3445 0.2984 -0.2126 

Table 5 PSD force and increase resistance by PSD 

Speed △Rtm1)(N) Fx_PSD2)(N) 

12.5 kts 0.3148 0.1914 

15.5 kts 0.5450 0.2973 

*△Rtm1) (N): Rtm (w/PSD) –Rtm (w/o PSD) 



*Fx_PSD2) (N): Fx (w/PSD) – Fx (w/o PSD) 

The test results show that PSD generates drag at resistance 

test. In all test speeds, PSD drag (or Resistance) is smaller 

than increase of resistance of model ship. It’s considered 

that additional resistance by hull and PSD interaction 

increase the total resistance of model ship a little bit more.  

The reason that PSD could not make thrust in resistance test 

is that the inflow is not sufficiently accelerated by only PSD 

suction. So the duct part of PSD could not generate the 

thrust to overcome the drag. Moreover angle of duct and fin 

is adjusted at propeller working condition.  

The resistance by hull and PSD interaction is generated by 

suction effect of PSD as propeller. The PSD accelerate the 

flow front of PSD. That changes hull pressure and make 

additional resistance like propeller suction effect. From test 

results, the resistance by interaction can be calculated by 

subtracting PSD drag from total resistance of model ship. 

The results are as Table 6. 

Table 6 Additional resistance by interaction 

Speed △Rtm1)(N) Fx_PSD2)(N) △Rtm3)(N) 

12.5 knots 0.3148 0.1914 0.1234 

15.5 knots 0.5450 0.2973 0.2477 

*△Rtm3): △Rtm1) - Fx_PSD2) 

Table 7 Component ratio to total resistance 

Speed 
△Rtm1)/ 

Rtm 

Fx_PSD2)

/Rtm 

△Rtm3)/ 

Rtm 

△Rtm3)/ 

△Rtm1) 

12.5 knots 1.08% 0.66% 0.42% 39.2% 

15.5 knots 1.23% 0.67% 0.56% 45.5% 

*Rtm: Resistance of model ship with PSD 

*△Rtm1)/ Rtm: The ratio of increase total resistance to total 

resistance with PSD (Ratio A) 

*Fx_PSD2)/Rtm: The ratio of PSD drag to total resistance with 

PSD (Ratio B) 

*△Rtm3)/Rtm: The ratio of interaction resistance to total resistance 

with PSD (Ratio C) 

As Table 7, the ratio of PSD drag to total resistance with 

PSD (Ratio B) is about 0.66%. It’s almost same ratio of 

PSD wetted surface to model ship wetted surface. It’s about 

0.51%. It means that PSD has a frictional resistance as own 

wetted surface. 

 As can be seen Table 6, the PSD drag and increase total 

resistance are increased by speed. But the ratio B is almost 

constant. And the ratio C is increased by speed as ratio A. 

With increasing speed, most of the increase total resistance 

PSD is additional resistance by hull and PSD interaction. 

 The Y-Axis force of PSD is starboard direction in 

resistance test as shown Table 4. The pressure side is 

outside of duct and the port side of duct is large than 

starboard side. So the total Y-axis force of duct is acting on 

starboard direction. Moreover the pressure side of center fin 

is port side.  

 

3.2 Self-propulsion test results 

The self-propulsion tests are performed at 12.5knots and 

15.5knots. And propeller load variation tests are conducted 

at each speed. The test results are as Table 8. 

Table 8 Self-propulsion test results 

12.5knots 

rps PSD TF (N) T(N) Q(Nm) Fx(N) Fy(N) 

5.3 
w/o PSD 17.937 15.326 0.441 0.042 0.015 

w/ PSD 16.321 16.631 0.471 0.015 -0.885 

6.0 
w/o PSD 13.087 21.732 0.621 0.053 0.023 

w/ PSD 11.159 23.137 0.653 -0.070 -1.112 

5.7 
w/o PSD 14.394 18.953 0.544 0.047 0.025 

w/ PSD 13.862 20.163 0.570 -0.031 -1.016 

5.5 
w/o PSD 16.642 17.106 0.491 0.042 0.025 

w/ PSD 15.595 18.293 0.517 -0.007 -0.941 

15.5knots 

rps PSD TF (N) T(N) Q(Nm) Fx(N) Fy(N) 

6.7 
w/o PSD 25.640 24.576 0.716 0.064 0.025 

w/ PSD 23.298 26.555 0.761 0.013 -1.410 

7.4 
w/o PSD 18.570 32.504 0.940 0.079 0.030 

w/ PSD 16.598 34.841 0.994 -0.096 -1.693 

7.1 
w/o PSD 21.361 28.933 0.839 0.072 0.035 

w/ PSD 19.680 31.138 0.889 -0.050 -1.597 

6.5 
w/o PSD 27.058 22.435 0.655 0.056 0.030 

w/ PSD 25.855 24.262 0.695 0.045 -1.346 

Table 9 Change of thrust and resistance 

Speed rps 
PSD 

Thrust(N) 
PSD Y-

Force(N) △TF(N) △T(N) 

△T+ 

PSD 
Thrust 

12.5 

knots 

5.3 0.027 -0.900 -1.616 1.305 1.332 

6.0 0.123 -1.135 -1.928 1.405 1.528 

5.7 0.077 -1.040 -0.533 1.210 1.287 

5.5 0.049 -0.966 -1.047 1.187 1.236 

15.5 

knots 

6.7 0.051 -1.435 -2.342 1.978 2.030 

7.4 0.175 -1.723 -1.972 2.337 2.512 

7.1 0.121 -1.614 -1.681 2.205 2.326 

6.5 0.011 -1.375 -1.202 1.827 1.838 

PSD Thrust:  ABS (Fx(w/PSD)-Fx(w/o PSD)) 



PSD Y-Force: Fy(w/ PSD)-Fy(w/o PSD) 

△TF : TF(w/ PSD)-TF(w/o PSD) 

△T : Propeller Thrust(w /PSD)-Propeller Thrust (w/o PSD) 

As shown Table 8, the propeller thrust with PSD is larger 

than without PSD at same rps. Since the fins of PSD make a 

Pre-Swirl-Effect, the propeller with PSD makes a more 

thrust and torque at same rps. Thus the propeller rps and 

torque at self-propulsion point are getting lower. And 

propeller thrust at self-propulsion point is almost equal. 

That’s why the PSD is installed for energy saving. 

In propulsion test, PSD generates the thrust as opposed to 

resistance test. The propeller sufficiently accelerates the 

inflow enough to generate thrust of PSD itself. 

As resistance test, the sum of increase thrust of propeller 

and PSD is almost equal to change of total resistance of 

model ship (△TF). The Figure 3 shows the close relation 

between the increase of thrust (Propeller and PSD) and 

change of total resistance. 

 

Figure 3 Relationship between increase of thrust and change of 

resistance 

The test results are shown that PSD thrust has linear relation 

with propeller rps. The reason is that propeller suction 

effect is getting more with increasing rps. To figure out the 

relation between propeller thrust, rps and PSD thrust, non-

dimensional coefficients of propeller and PSD were 

calculated as Table 10. And the results are shown as Figure 

4 and 5.  

Table 10 Non-dimensional coefficient of propeller and PSD 

Speed RPS J KT_PSD KT_Prop. 

12.5 knots 

5.3 0.8400 0.000303 0.1871 

6.0 0.7420 0.001081 0.2031 

5.7 0.7810 0.000750 0.1962 

5.5 0.8094 0.000512 0.1911 

15.5 knots 
6.7 0.6645 0.000360 0.1870 

7.4 0.6016 0.001011 0.2011 

7.1 0.6270 0.000760 0.1952 

6.5 0.6849 0.000079 0.1815 

 

 

Figure 4 PSD thrust coeff. Vs propeller thrust coeff. 

 

Figure 5 PSD thrust coeff. vs propeller J 

All thrust coefficients are non-dimensionalized by propeller 

diameter and rps. These results are opposed to previous 

study of Dang.J. (An Exploratory study on the working 

principles of energy saving device (ESDs) (Greenship’2011, 

Jie Dang)[1]. In previous study, the PSD thrust coefficient 

decreases with increase of propeller thrust coefficient. In 

contrast, the PSD thrust coefficient increase with increase of 

propeller advance ratio. 

Both studies, PSD is fitted and tested. But one is half duct 

type, the other one is full duct type. Depending on the type, 

the number of fin and position are different. So it’s hard to 

be compared directly.  

To verify the test results, CFD calculation is performed with   

STAR-CCM+. The results are shown as Table 11 and 

Figure 6. 

Table 11 CFD Results  

Speed RPS J KT_PSD KT_Prop. 

15.5 

knots 

7.0 0.7884 0.0016 0.1702 

7.5 0.7358 0.0019 0.1832 

8.0 0.6898 0.0021 0.1943 
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8.5 0.6492 0.0024 0.2038 

9.0 0.6132 0.0026 0.2120 

 

 

Figure 6 PSD thrust coeff. Vs propeller thrust coeff. –CFD 

results 

 

Figure 7 PSD thrust coeff. vs propeller J- CFD results 

As seen Table 11, the PSD thrust coefficient has direct 

proportion to propeller thrust coefficient in CFD and EFD 

results.  

To figure out which part makes the thrust, partial forces of 

PSD are extracted. Table 12, Figure 8 and 9 show partial 

force of PSD. And figure9 shows pressure contour of PSD 

by propeller rps.    

Table 12 Partial forces of PSD at 15.5knots 

RPS Duct Port-Fin STB-Fin 

7.0 -0.247 0.047 0.025 

7.5 -0.336 0.052 0.017 

8.0 -0.432 0.056 0.007 

8.5 -0.537 0.060 -0.003 

9.0 -0.657 0.065 -0.014 

 (+): Resistance, (-): Thrust 

The duct part of PSD makes more thrust with increasing the 

rps. As seen Figure 9, the pressure of inner duct is getting 

lower with increasing rps. It means that the inflow is more 

accelerated by propeller. And it makes more thrust.  

The CFD and EFD results about PSD thrust with increasing 

rps show a same trend. And it’s explained by simple 

physics. So it’s said that measurement with local sensor has 

been performed successfully.  

 Figure 8 Partial force of PSD at 15.5knots 

  

7.0 rps 7.5 rps 

  

8.0 rps 8.5 rps 

 

 

9.0 rps  

Figure 9 Pressure contour of PSD at 15.5 knots 

Finally, the model values at self-propulsion point are 

showed in Table 13 and 14. When calculating the FD value, 

the wetted surface of PSD is considered. And bare-hull 

form factor is used. 

Table 13 Ratio of PSD thrust and changes of total resistance 

Speed rps PSD Thrust / △TF 

12.5 knots 

5.3 1.7% 

6.0 6.4% 

5.7 14.5% 
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5.5 4.7% 

15.5 knots 

6.7 2.2% 

7.4 8.9% 

7.1 7.2% 

6.5 0.9% 

PSD Thrust: ABS (Fx(w/PSD)-Fx(w/o PSD)) 

Table 13 shows the proportion of PSD thrust to change of 

total resistance at propulsion test. As above the results, the 

duct thrust becomes 7~14 % of change of total resistance at 

nearby self-propulsion point. At thrust perspective, 86~93% 

of energy saving is pre swirl effect.  

Table 14 S-P test results w/o PSD 

w/o PSD 

Vs(knots) FD (N) N(rps) T(N) 100Q(NM) 

12.50 14.15 5.81 19.50 58.21 

15.50 20.59 7.19 29.60 88.22 

Table 15 S-P test results w/ PSD 

w/ PSD 

Vs(knots) FD (N) N(rps) T(N) 100Q(NM) 

12.50 14.22 5.66 19.34 56.85 

15.50 20.70 6.99 29.52 86.75 

Table 16 Model value comparison w/o and w/ PSD 

w/ PSD 

Vs(knots) N T 100Q 2πNQ 

12.50 97.42% 99.18% 97.66% 95.1% 

15.50 97.22% 99.73% 98.33% 95.6% 

2πNQ : ( w/PSD)/(w/o PSD) 

By pre swirl effect of PSD, propeller with PSD generates 

more thrust at same rps condition. So the rps at self-

propulsion point is reduced. By reducing the rps, the torque 

is decreased too. And PSD generates enough thrust to 

overcome the PSD own drag. Thus thrust at S-P point is not 

increased. Unless the PSD generates enough thrust, 

propeller thrust should be increased by additional 

resistance. And propeller rps should be increased to make 

more thrust. Finally, it makes to decrease the energy saving 

efficiency.  

When design the PSD (Half or Full), the main function is 

pre swirl effect as above the results. But to obtain the 

highest propulsion efficiency, at least the duct part 

generates thrust as same as drag of PSD. Cause the portion 

of PSD thrust is around 10% of total energy saving. 

Table 17 Thrust of PSD and propeller at self-propulsion point 

Vs(knots) PSD Thrust(N) △T(N) 

12.50 0.07 -0.16  

15.50 0.10 -0.08  

PSD Thrust: ABS(Fx(w/PSD)-Fx(w/o PSD)) 

△T(N): T(w/PSD)-T(w/o PSD) 

As the PSD generates the thrust, the thrust of propeller with 

PSD is decreased at S-P point (Table 17). It means that PSD 

thrust directly affect the propeller thrust. So although PSD 

is considered as propulsion system, the thrust deduction is 

almost same as bare hull condition.  

 

4 A STUDY FOR METHOD FOR MODEL TEST AND 

EXTRPOLATION  

The test procedure and analysis about PSS at ITTC 1999 is 

summarized as Table 18. 

Table 18 Summary of ITTC 1999 

 Method A Method B 

Concept of 

Stator 
Propulsion system Part of hull 

Model test 
P.O.W w/Stator 

S-P w/ stator 

Resistance w/o, w/ stator 

S-P Test w/o, w/ stator 

Analysis 

P.O.W 

-Thrust 

(Propeller & Stator) 

- No scale effect for 

Stator 

Wake Scaling 1) 

Remarks 
-Higher Reynolds 

number in POW Test 

The stator action is 

considered to be a 

mainly potential 

phenomenon 

Caution 

The proposed methods are acceptable when applied 

to special propulsive devices that do not 

considerably alter the flow around the hull. 

Wake Scaling 1) :  

Wts_w/ESD=Wts_w/o ESD + (Wtm_w/ESD –Wtm_w/o ESD) 

In case of PSD type, ITTC 1999 method has a problem to 

be applied in principle. The reason is that PSD changes the 

hull pressure by accelerating the flow.  

Through the local force measurement, the type of PSD force 

is figured out. Depending on the type of force, the ITTC 

1999 method has various considerations. The summary 

table is as Table 19.  

Table 19 Considerations by ESD force 

 Test procedure and analysis method  

ESD Force Method A Method B Remarks 

Resistance - Form factor  

Thrust Full scale method Rtm is reduced Wetted 



for ESD thrust by ESD thrust surface 

(CTM, FD) 

When ESD force is resistance, Method A and B don’t have 

any conceptual problem. But in Method B, form factor of 

ESD should be considered.  

In case of thrust, Method A coincides conceptually. So the 

full scale method for ESD thrust should be considered. In 

case of Method B, there are many problems.  

In resistance test, the ESD generate additional thrust rather 

than resistance. But ESD installed at resistance test, when 

calculating the CTM value, wetted surface of ESD should 

be added to total wetted surface. Thus CTM value becomes 

excessively smaller. Moreover if the bare-hull form factor is 

used, the ESD performance in resistance is estimated too 

optimistic. 

In propulsion test, the wetted surface of ESD is considered 

for calculating the roughness correction (FD). And same 

problem is occurred as resistance test. If the wetted surface 

is considered, the ESD performance is estimated to be 

positive. Thus if ESD generates the thrust at all tests, ESD 

would be considered as propulsion system. 

If the ESD generates the resistance at all tests, it’s possible 

to estimate full scale performance of ESD to only consider 

for resistance of ESD. For this, 2D method which don’s use 

form factor would be an alternative plan. But it would be 

supported by sufficient sea trial results with ESD for CA 

value (Correlation allowance). 

When ESD generates the thrust at all test, Method A is 

proper way to perform and analyze the model test. 

Otherwise ESD performance at full scale is estimated too 

optimistic.  

The ESD which is used in this study generates the 

resistance at resistance test and thrust at propulsion test. 

Thus it’s hard to select one method of ITTC 1999.  

 

5 CONCLUSIONS AND FUTURE WORK 

With local sensor measurement, types of PSD force 

(Resistance or Thrust) can be classified at resistance and 

propulsion test. The local measurement system is verified 

with comparing the normal test results.    

Through local measurement system, working mechanism of 

PSD is figured out. The main function of PSD is pre swirl 

the inflow of propeller. The duct part generates thrust to 

overcome the drag of PSD.  

And the proportion of pre swirl and thrust to total energy 

saving is analyzed with thrust perspective. In thrust 

perspective, thrust of PSD becomes 7~14% of total energy 

saving. So pre swirl effect is almost of energy saving. Thus 

design the PSD, position and angle of fin is most important 

to maximize efficiency. But duct part should be considered 

to generate the thrust to overcome own PSD drag. Unless 

duct part generates thrust, the energy saving efficiency 

decreases more than 7~14% of maximized efficiency. If 

PSD has own drag, the propeller rps should be higher to 

cover the PSD drag. Then the propeller torque would be 

higher. So reduction of energy saving efficiency is bigger 

than simply subtracting ESD thrust portion to total energy 

saving efficiency. So the duct part of PSD should be 

important to design as much as fin of PSD. 

 

Table 20 Recommended test procedure and analysis method 

 

Test condition  

Resistance 
Self-

propulsion 
Method* 

Type of 

ESD force 

Resistance Resistance Method A,B 

Thrust Thrust Method A 

Resistance Thrust  

Method*: Test procedure and analysis method in ITTC 

1999 

 

The method for conducting and analyzing model test with 

ESD would be classified by type of ESD force as Table 20. 

And the prefer method for ESD is recommended depend on 

force type. But in case of PSD used in this study, type of 

PSD force is not consistent at resistance and propulsion test. 

So it’s hard to choose one method.  

Through this paper, it’s significant to figure out working 

principle of ESD and review the performing and analyzing 

of model test with ESD. 
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