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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 [m?] 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.
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Fig. 2 Profile of model propellers.
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Fig. 3 Pitch distribution of model propellers.
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Fig. 4 Energy saving devices for model test.

2.2 BERBROIEE

PSRRI B EAT 22 AT TR AT O 2 AV, 7 e T H
IMERERER & PIV (Particle Image Velocimetry, 77~ {4 it
FHANE) 1© X BTG EHE 2R 150m O Pk, BB - BT
B % 2R 400m O F /K CHEHME L7z,

AIFIENT BT, B =R M OREFRIES T 1~ T 7
By FRmoOE LD T ZMAT 2729, Table 2
O LD R NIRRT - 72, B 0 ST 3B A E N
TR ERED 1S [%)DRIRICET TE LR AHEE 2o
THY, AMRERE PIV FHUICIERE A AR S TZED
WA L. RO oA EIINE A% Fore (U
T, BET5), mEME At (LLF, (A)r95) LT
F L7 B DICRBW T T eI EE% S E LESEeD
FFTRE TR ENRKENT EDIRS N2, RAFZEICEB N
TH T _TEE %G & LIS E T 7.

WSFHINE, Fig. 5 1SR EKEL A 7 LA PIV 45 (& (Dantec

Dynamics H) 124> THEM L7z, AREETITL T/ UL R
Nd:YAG L — % — (Quantel laser, Evergreen EHP15-340,
Wavelenghth 532 [nm], Max. repetition rate 15 [Hz], Max.
energy 340 [m]]) & L—H—3— hJE2ER, 2 5D CMOS H
A7 (Dantec Dynamics, FlowSense EO 4M32, 2072 [pix]x2072
[pix], 12 [bit]) MFHAAENTEY, LA I TEE 2B
D 2RI 3 DN & FHlT 2 Z LR HRETHD. FL—
PR3 = — MR (i8¢ 8~20 [um], thHE 1.7) %
Mz, REBEOWHTEHIRIZSY 7V AL —FTH Y,
TL—AhA T RY R R YR EGOIRE 21T 7.
—HETIZ 500 <7 OBmGE AT L, SEHAELY 5 Z LT K
D SR 2 B U7 BHIIALET Fig. 6 (2R3 & D 1T
AT HREHEILTE D 5% & Lz,

Table 2 Model test items.

Propeller | Energy savin
MPNo. p ) gy. & Kind of test
position device
) Resistance
— — Without
test
Fore Without
(F) Duct + Bulb
Without
MPNo. 1
Aft Bulb
(A) Duct
Duct + Bulb
Without Self-propulsion
Aft Bulb test
MPNo. 2
(A) Duct
Duct + Bulb
Without
Aft Bulb
MPNo. 3
(A) Duct
Duct + Bulb

Fig. 5 Submersible PIV probe.
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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 ARt (A)
E.S.D. Bulb
A 1-t [%] 4.8 3.3 2.2
A 1-wr [%)] 1.6 3.9 6.8
A 1-ws [%] 1.1 2.8 4.8
A nu [%] 6.0 6.3 7.4
A nr [%] 2.0 3.0 4.1
A nos [%] 0.5 2.1 -3.3
BHP [kW] 7543 7327 7585
A BHP [%] 8.0 10.6 7.5
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R RT. WEENIRKE 2D T 0T 0L, #ETEREL
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Table 4 Improvement ratio of self-propulsion factors and

BHP with duct.

MPNo. No.1 No.2 No.3
Propeller

. Aft (A)
position
E.S.D. Duct
A 1-t [%] 5.1 3.8 2.8
A 1-wr [%] 3.1 5.4 8.8
A 1-ws [%] 2.2 3.8 6.2
A nr [%] 7.5 7.9 9.6
A nr [%] 1.4 2.8 5.1
A nos [%] 0.1 1.8 -3.8
BHP [kW] 7511 7262 7396
A BHP [%] 8.4 11.4 9.8
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Table 5 Improvement ratio of self-propulsion factors and BHP

with duct and bulb.
MPNo. No.1 No.2 No.3
Propeller
.. Aft (A)
position
E.S.D. Duct + Bulb
A 1-t [%] 5.5 4.5 3.9
A 1-wr [%] 5.1 7.1 10.1
A 1-ws [%] 3.6 5.0 7.1
A nu [%] 9.5 10.0 11.9
A nr [%] 2.7 5.2 6.9
A nos [%] -0.4 1.4 -3.9
BHP [kW] 7320 6987 7136
A BHP [%)] 10.7 14.8 13.0
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Fig. 8 Comparison of Al-¢ interaction effect.
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Fig. 9 Comparison of Al-w; interaction effect.



14 H AR T

0.08
0.07 = DBulb ®@Duct #D+2 ®@Duct+Bulb = D+D-@
0.06
0.05
0.04
0.03
0.02
0.01
0.00

Anr [-]

MPNo.1 MPNo.2 MPNo.3

Fig. 10 Comparison of Azr interaction effect.
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Fig. 11 Resistance coefficient of rudder (Aft).

A = RATI DO FERIF ZHEHRDT Frx ORI X 28 =%
R Z PN D720, FEEGUTK T DD 15 %(6)
ATE#ETD.

_ Frx—Frx0

tpre = — (6)
=72 L,
tFrx ﬁﬁ*ﬁﬁ Frx L:iﬁ#é*ﬁj}{@z/}\’$
Frao IRPUIRRE DFEIIHT [N]
T Ta_ZH#ET) [N]

& TG DEGERIED tr 7> D58 T AT I O d
Dt % 75 LW T Atpe & HETIIBUD RS DAL B Al -t
& DI EFERPURAD O HE RS E A~ DO T E R L ER

T 3T 5 2023 4 6 H
L, Z##% Fig 1217, JEEPLOB R IThE S 7
RIZTHI 50~T70 [%] EFFICKE R FTFHETH Y  WEX 7 |k
N SN REBICEB W TS 22~38 [%]2 5D TNDH I &
MR CTX 7.

WA, HEARHT Fro \Z5E 9 2 HE D S OTF W50 % Fig. 13
WRT. M S B O REZR TR, FHROAEN/NI N
BAI, WEHRNE N L EET. BRI RS S
NIHAITE, BRMOE vy FRRE WA, RO
VR R U 72 HE B R B D S R s < 72 D 2 & 3 43 e
5. Fiz, BEMOE v FRREL 21T ETHREITNEL
RO E 7D

100% 4‘ EBulb ®Duct Duct+Bulb
T 30% 72%
et 64%
= 60%
N
T 40%
£
Rl
< 20%

0%

MPNo.1 MPNo.2 MPNo.3
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Table 6 Comparison of Cr» for MPNo.1 and 3.
MPNo. No.1 (A) No.3 (A)
E.S.D. W/o Duct W/o Duct
Crnx103 0.041 0.020 0.101 0.089
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