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A Study about Interaction of Propellers with Multiple Energy Saving Devices
-The Effect to Self-Propulsion Factors due to Propeller Position and Pitch Distribution -
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Summary

In recent years, ship owners and shipyards need more energy-saving vessels by the regulation of SOx and EEDI (Energy
Efficiency Design Index). Therefore, main shipyards are already equipped with ESDs (Energy Saving Devices) in front and behind
the propeller, such as a stern duct and a rudder bulb. However, there are almost no research examples of the interaction of propellers
with ESDs, and there is a possibility of improvement of propulsion performance by consideration of the interaction.

The self-propulsion test results with the stern duct and rudder bulb showed almost the same effect as adding the energy-saving
effect of each ESD, and the highest energy-saving effect compared with bare hull was 15.0%. Also, due to the propeller position and
pitch distribution, BHP (Brake Horse Power) difference of a maximum of 4.9% occurred. 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 of propeller with ESDs also changed.

In this paper, the authors described model test results to investigate the interaction of propellers with ESDs for achievement of

highest efficiency of propulsion devices.
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2.1 #HEREBEMNOHME

BT T 82,000 DWT(82BC & #9~5)? Panamax Bulk
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82BC DI IR A Fig. 1, BRI 7 1~ Z O4ME % Fig. 2 1T~
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Fig. 3127070y Fnfiznd. 7 X7 ohls
FFIEA R B R CREFEIY Th 5.

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
Propeller (MPNo. 1 and 2)
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
Expanded area ratio 0.5500
Boss ratio 0.1600

Fig. 1 82BC Stern Shape.
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Fig.2 Propeller model of MPNo. 1 and 2.
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Fig. 3 Pitch distribution of MPNo. 1 and 2.
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Fig. 4 Energy saving devices for model test.
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Table 2 Model test items.

Propeller | Energy savin
MPNo. p . gy. £ Kind of test
position device
— — Without* Resistance
— — Duct test
Without*
Fore Duct
F) Duct + Bulb*
MPNo. 1
Bulb*
Aft Duct
(A) Duct + Bulb* Self-propulsion test
Without
Fore
Duct
(F)
MPNo. 2 Duct + Bulb*
Aft Duct
A) Duct + Bulb*

*Item of PIV measurement
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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 duct.

MPNo. No.1 No.2 No.1 No.2
Propeller

. Fore (F) Aft (A)
position
E.S.D. Duct
A 1-t (%) 2.2 2.5 6.1 4.5
A 1-wr (%) 3.6 6.5 2.8 5.0
A 1-ws (%) 2.5 4.6 2.0 3.5
Any (%) 4.9 7.4 8.2 8.3
Ang (%) -0.1 2.6 0.9 2.4
Anos (%) -0.6 1.1 0.4 2.0
BHP (kW) 7724 7228 7344 7113
A BHP (%) 4.0 10.2 8.8 11.6

RIZ, Table 4 ([ZAALES K OVFEMA r— /L ZBIT 52 S
7 RSV THERF O AMUESE & BHP OBERERT.

Table 4 Improvement ratio of self-propulsion factors and BHP

with duct and bulb.

MPNo. No.1 No.2 No.1 No.2
Propeller

. Fore (F) Aft (A)
position
E.S.D. Duct + Bulb
Al-t (%) 5.8 4.0 6.7 5.6
A 1-wr (%) 6.2 8.3 5.1 6.7
A 1-ws (%) 4.4 5.9 3.6 4.8
Ang (%) 10.6 10.5 10.7 10.8
Ang (%) 2.5 3.9 1.4 4.4
Anos (%) -0.7 0.8 -0.2 1.7
BHP (kW) 7145 6955 7182 6844
A BHP (%) 11.2 13.6 10.8 15.0
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ELTWa., £/, M7 eIl T T eI ENET
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MPNo.2 (—EE v F) 12T 83% & K& RUFHEN/ S LN
7o, TaXINEORR I Y, §iF TEEENEL Lo T
5. BT o ST R N XTI NALE T OMEI IR R T
13& 575, MPNo.2 DWER DM ENBEFICRKNT.

MR 7 b ERBASL T EEREO L AMEZEIC DN T,
TR GAERE Y TR & o TALt (TRK 2.7 BA
b, Al-wp 13K 32 KA 2 b, Angidi K 3.0 KA > bE
fbL, METERNENMLD I LNy hoTz. 72 BHP
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i
Five-hole pitot tubes

Fig. 8 Measurement results of wake distribution.
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Fig. 9 PIV measurement results at S1.
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Fig. 10 PIV measurement results at S4.
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Fig. 11 Distribution of a(deg.) at S1.
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length(Pp/2) of duct for port side.
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Fig. 13 Comparison of o(deg.) at leading edge of duct for port

side.
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Fig. 14 Difference in a(deg.) between MPNo. 1 and 2.
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Fig. 16 PIV measurement results at S3.
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