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Analysis of Three-Dimensional Flow around Marine Propeller

by Direct Formulation of Boundary Element Method
(2nd Report : in Steady Ship’s Wake)

by Zhihao Ling, Member

Yasuo Sasaki, Member

Michio Takahashi, Member

Summary

The direct formulation of boundary element method (BEM) based on the thick wing theo-
ry, which is expected to be a more accurate method than lifting surface theory, to the analysis
of three-dimensional flow around the marine propeller in uniform flow has been presented at
the Ist report for the need of more accurate prediction of pressure distribution acting on the

surface of the propeller blade.

In the present paper, BEM formulation is extended to the marine propeller in steady ship’s
wake. The present method is applied to the analysis of flowfields around conventional propeller
and highly skewed propeller. The result is compared with that of the lifting surface theory
(LST), and the usefulness of the present method for the problem of marine propeller in steady

ship’s wake is verified.
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Table 1 Principal particular of model propellers

Type CP | Tip Unloaded HSP
Diameter of Propeller 3 600mm
Pitch Ratio (Mean) 0.950 0.920
Expanded Area Ratio 0.650 0.700
Boss Ratio 0.1872
Number of Blades 5
Blade Thickness Ratio 0.0442 0.0496
Mean Blade Width Ratio| 0.2465 0.2739
Skew Angle 10.5° 45.0°
Rake Angle 6.0° -3.0%
Blade Section MAU Modified SRI-B
Material A18C3(Ni-Al-Bronze)
MR=T
ST ‘ MC=10
SN =i
\
/] R

Fig.2 Mesh division of conventional propeller
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Fig.3 Mesh division of highly skewed propeller

Table 2 Comparison of propeller performance
(CP, 0.3+0.3cos nf)

CP. 7=0.461 PRESENT KOYAMA
stead unstead unstead
Vs=6.454(m/s) W_x=Me);n Wee0.340.3 | Wym0.340.3
N=163.5 (rpm) (Wx) cosnf cosnf
THRUST CO.Kt 0.288 0.275 0.306
TORQUE CO.Kq 0.0401 0.0377 0.0414
EFFICIENCY 7 0.527 0.535 0.542

Table 3 Comparison of propeller performance
(HSP, 0.34-0.3 cos nf)

HSP, J=0.461 PRESENT KOYAMA
stead unstead unstead;
Vs=6.454(m/) | 5o Y es0.340.3 | e, 3503
N=163.5 (rpm) (Wyx) cos nd cos né
THRUST CO.Kt 0.257 0.250 0.278
TORQUE CO0.Kq 0.0352 0.0324 0.0366
EFFICIENCY 7 0.536 0.566 0.556
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Fig. 15 Unsteady absolute and relative velocity distribution of CP blade in full-scale
ship wake (Vg=6.4535m/s, N=163.5rpm)
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Fig.16 Unsteady absolute and relative velocity distribution of HSP blade in
full-scale ship wake (Vg=6.4535m/s, N=163.5 rpm)
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