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Interaction of Propeller Pitch Distribution and Multiple Energy Saving Devices 
- The Effect of Propeller Pitch Distribution and Stern Duct on the Flow Field around the Rudder -
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Summary 

Recent years, merchant ships are equipped not only with high performance propeller, but also with multiple ESDs (Energy 
Saving Devices) to recover energy losses, so propulsion performance has been greatly improved. There is a possibility that 
propulsion performance can be improved by integrating propeller and multiple ESDs. 

In our previous study, the self-propulsion test results with the multiple ESDs like stern duct and rudder bulb showed the highest 
energy-saving effect, namely 15.0% compared with bare hull. In addition, the maximum difference of BHP (Brake Horse Power) 
caused by differences in propeller position and pitch distribution was 4.9%. The PIV (Particle Image Velocimetry) measurement 
results confirmed that the flow field in front and behind the propeller changed depending on the propeller position and pitch 
distribution, and the interaction among the propeller and the ESDs also changed. 

After the previous study, additional self-propulsion tests including rudder resistance measurements were conducted using 
propellers having three different pitch distributions and the multiple ESDs. Furthermore, the flow field changes in front of the rudder 
due to the presence of stern duct and the difference of propeller pitch distributions were analyzed by PIV measurement results. In this 
paper, the authors focus on the thrust deduction factor and describe the energy-saving effect due to changes in rudder resistance. 
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Table 1  Principal particulars of hull and propeller.

Hull

Model scale Full scale

Lpp [m] 7.6311 222.00

Breadth [m] 1.1089 32.26

Draft [m] 0.4194 12.20

Block coefficient 0.8671

Rudder

Area [m2] 0.0460 38.93

Chord length [mm] 148.7 4325

Aspect ratio 2.081

Thickness chord ratio 0.2266

Propellers

Model scale Full scale

Number of blades 4

Diameter [mm] 220.0 6400.0

Pitch ratio of 0.7R 0.6294 for MPNo.1
0.6500 for MPNo.2
0.6422 for MPNo.3

Expanded area ratio 0.5500

Boss ratio 0.1600

Fig. 1  82BC Stern Shape.

Fig. 2  Profile of model propellers.

MPNo. 1           MPNo.2             MPNo. 3
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Fig. 3  Pitch distribution of model propellers.

Fig. 4  Energy saving devices for model test.
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Table 2  Model test items.

MPNo.
Propeller
position

Energy saving
device

Kind of test

Without
Resistance

test

MPNo. 1

Fore
(F)

Without

Self-propulsion
test

Duct + Bulb

Aft
(A)

Without

Bulb

Duct

Duct + Bulb

MPNo. 2
Aft
(A)

Without

Bulb

Duct

Duct + Bulb

MPNo. 3
Aft
(A)

Without

Bulb

Duct

Duct + Bulb

Fig. 5  Submersible PIV probe.

Laser light sheet optics

Camera mirrorror CMOS Camera

Ultimate Rudder Bulb

Neighbor Duct
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Fig. 6  Measurement section by PIV. 
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Fig. 7  Propeller open water test results. 
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Table 3  Improvement ratio of self-propulsion factors and BHP 

with bulb. 

MPNo. No.1 No.2 No.3 

Propeller 
position 

Aft (A) 

E.S.D. Bulb 

1-t [%] 4.8 3.3 2.2 

 1-wT [%] 1.6 3.9 6.8 

 1-ws [%] 1.1 2.8 4.8 

ηH [%] 6.0 6.3 7.4 

ηR [%] 2.0 3.0 4.1 

ηos [%] 0.5 2.1 -3.3 

BHP [kW] 7543 7327 7585 

 BHP [%] 8.0 10.6 7.5 

 
Table 4 BHP

1-t MPNo. 1 5.1 [%]
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Table 4  Improvement ratio of self-propulsion factors and 
BHP with duct. 

MPNo. No.1 No.2 No.3 

Propeller 
position 

Aft (A) 

E.S.D. Duct 

1-t [%] 5.1 3.8 2.8 

 1-wT [%] 3.1 5.4 8.8 

 1-ws [%] 2.2 3.8 6.2 

ηH [%] 7.5 7.9 9.6 

ηR [%] 1.4 2.8 5.1 

ηos [%] 0.1 1.8 -3.8 

BHP [kW] 7511 7262 7396 

 BHP [%] 8.4 11.4 9.8 

 
Table 5

BHP
1-t MPNo. 1

5.5 [%] 1-wT MPNo. 3
10.1 [%] R

MPNo. 3 6.9 [%]
 

 
Table 5  Improvement ratio of self-propulsion factors and BHP 

with duct and bulb. 

MPNo. No.1 No.2 No.3 

Propeller 
position 

Aft (A) 

E.S.D. Duct + Bulb 

1-t [%] 5.5 4.5 3.9 

 1-wT [%] 5.1 7.1 10.1 

 1-ws [%] 3.6 5.0 7.1 

ηH [%] 9.5 10.0 11.9 

ηR [%] 2.7 5.2 6.9 

ηos [%] -0.4 1.4 -3.9 

BHP [kW] 7320 6987 7136 

 BHP [%] 10.7 14.8 13.0 
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Fig. 8  Comparison of Δ1-t interaction effect. 

 

 
Fig. 9  Comparison of Δ1-ws interaction effect. 
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Fig. 10  Comparison of ΔηR interaction effect. 
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Fig. 12  Comparison of ratio of ΔtFrx and Δ1-t. 

 

 
Fig. 13  Comparison of ΔtFrx interaction effect by rudder 
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Fig. 18  β of MPNo.1 w/o and with duct profiles. 

 

 
Fig. 19  β of MPNo.3 w/o and with duct profiles. 

 
Table 6  Comparison of CFrx for MPNo.1 and 3. 

MPNo. No.1 (A) No.3 (A) 

E.S.D. W/o Duct W/o Duct 
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