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Analysis of Three-Dimensional Flow around Marine Propeller by Direct Formulation
of Boundary Element Method
(1 st Report : in Uniform Flow)

by Zhihao Ling, Member
Michio Takahashi, Member

Yasuo Sasaki, Member

Summary

In recent years, the propeller’s fatigue fracture at the blade’s root of motorcar carriers
and refrigerated cargo carriers has become an important problem awaiting to be solved. On
the other hand, the use of the highly skewed propeller for the reduction of ship vibration
and noise leads to the strength problem of propeller. With such technical background, an
accurate method for the calculation of the pressure distribution acting on the surface of the
propeller blade has been needed.

This paper presents the direct formulation of boundary element method for the analysis
of three-dimensional flow around the marine propeller which is expected to be a more
accurate method than the lifting surface theory. The present method is applied to the analysis
of flowfields around the rectangular wing, conventional propeller and highly skewed propeller.
The result is compared with that of the lifting surface theory, and the usefulness of the

present method is verified.
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Fig.1 Coordinate System
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Table 1 Lift slope of rectangular wing
(NACA 65010, A=1&5)

s 6t 0pe |VORTEX LATTICE!" (b 56"™) | PRESENT
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| |.483 1.625
5 4.254 4.213
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Fig. 3 Chordwise pressure distributions at
mid-span of Rectangular Wing
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Table 2 Principal particulars of model propellers

==

.‘»“‘\
[ Type CP_ |Tip Unloaded HSP \&§
Diameter of Propeller 3600mm \
Pitch Ratio (Mean) 0.950 0.920 \
Expanded Area Ratio 0.650 0.700
| Boss Ratio_ 0.1972 ,
Number of Blades 5 L s . : ’
Blade Thickness Ratio 00247 0,049 Fig.5 Mesh division of h?ghly skewed propeller
Mean Blade Width Ratio | 0.2465 0.2739 N R e
Skew Angle 0.5 150 EU%R@@E#H@S?HMLVCV%#, Fig. 4, VFlg.5 T
Rake Angle 6.0° —3.03° . EHY B B D, HELAEOESERRL T
Blade Section MAU Modified SRI-B YN )
Material AIBC3(Ni-Al-Bronze) 5.1 THANRT/IN—T =T X
’ Table 3~Table 6 1= ZhFih 7 v RFFIEEK J=
M#7 0-6578 3 L T* 0.4 k7% BEM, EIHD, /NUVD %
MC=10 AEHEC LS CP, HSP -7, —= v 2%k Rit,
ey E, HHEE DRI EE ST, 7, BEM
» ; ‘ XA CRBRBOEIY T e <SERD 5ELE
N : D BLCHER Toleo ChBOEND, FHEFERET
: W IWHRIEERT EEL bR,
Tab]e,3b Comparison of propeller performance
calculated by various methods (CP,
J=0.6578)
CP,J=0.6578 [PRESENT | SUGAI® | KOYAMAID
THRUST €O.Kt! 0.208 0.207 0.215
TORQUE CO. Kg| 0.0301 0.6295 0.0314
\ EFFICIENCY 7 07726 0.735 0.718
Table 4 Comparison of propeller performance
! calculated by various methods (CP,
J=0.4) .
AV CP,J=0.4 PRESENT | SUGAI®" | KOYAMALD
\ » THRUST CO. K] 0.328 0.349 | 0.333

TORQUE CO.Kq| 0.0429 | 0.0454 | 0.0440
EFFICIENCY 7 | 0.487 0.489 0.48]

Fig.4 Mesh division of conventional propeller
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Table 5 Comparison of propeller performance
calculated by various methods (HSP,
J=0.6578)

HSP, J=0.6578 | PRESENT | SUGAI® | KOYAMAY
THRUST CO.Kr| 0.187 0.193 0.205
TORQUE CO.Kg| 0.0270 | 0.0271 | 0.0298
EFFICIENCY 7 | 0.725 0.746 0.720

Table 6 Comparison of propeller performance
calculated by various methods (HSP,

J=0.4)
HSP, J=0.4 PRESENT | SUGAI® | KOYAMAV
THRUST CO.Kr| 0.304 0.324 0.300
TORQUE CO. Kq| 0.0381 | 0.0404 | 0.0383
EFFICIENCY 7 | 0.508 0.510 0.498
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Fig. 6 Pressure distributions of CP blade with J=0. 6578
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Fig. 7 Pressure distributions of CP blade with J=0.4
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Fig.9 Pressure distributions of HSP blade with J=0.4
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