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Numerical Analysis of Unsteady Open Water Characteristics of Marine Propellers by
Surface Vortex Lattice Method

by Hisashi Yamasaki, Member Mitsuhisa Ikehata, Member

Summary

In this paper, the applications of surface vortex lattice method to marine propellers in non-uniform
flow are considered.

The surface vortex lattice method based on the general vortex lattice method is possible to simulate
the flow around a lifting body including thickness and volume effects by distributing horse-shoe vortices
and surface source distributions on the both side surfaces of the blades. The advantage of this method
compared to other panel methods is the fact that the Kutta-condition is satisfied automatically in not
only steady condition but also unsteady condition by convecting the trailing and the shed vortices. The
geometry of the wake using the linear wake model having the geometrical pitch of blades and all shed
vortices are convected to new positions step by step with a small time interval.

Three propllers are used to confirm the accuracy of the results of the present method. At first, the
fluctuation of the thrust and the torque coefficients of a propeller in harmonic wake are calculated
to compare the time derivative term with the results by VLM. And next, the pressure distribution on
the blade concerning to two full scale propellers are calculated by the present method.

The results of these calculations are good agreements with experimental results and other theoretical

calculations
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Table 1 Principal Particulars of Model Propellers
Propeller Type CP HSP AUS-50
Diameter (m) 0.300 0.300 0.250
Boss ratio 0.2133 0.2133 0.180
Pitch ratio 0.95(const) | 0.944(0.7R) | 1.00(const)
Exp. Area ratio 0.65 0.70 0.500
Angle of rake 6.00 -3.03 10.0(const.)
B-T ratio 0.0442 0.04961 0.050
Number of blades 5 3 5
Blade section MAU SRI-B(mod.) AU

Fig.2 Arrangement of SVLM (5 Blades) for CP
(Model)

Fig.3 Arrangement of SVLM (5 Blades) for HSP
(Model)
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Key Blade

Fig.4 Arrangement of SVLM (Key Blade) and VLM

(4 Blades) for CP (Model)

Key Blade

Fig.5 Arrangement of SVLM (Key Blade) and VLM
(4 Blades) for HSP (Model)
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Fig.9 Chordwise Pressure Distribution on HSP
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Angular Position of One Blade
(a) Thrust Fluctuation of One Blade
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Fig.11(a)(b) Thrust and Torque Fluctuations of

One Blade in Harmonic Wake COS 4
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Fig.12(a)(b) Thrust and Torque Fluctuations of

One Blade in Harmonic Wake COS 24

Table 2 Principal Particulars of Full Scale Propellers

Propeller Type CP HSP
Diameter (m) 3.600 3.600
Boss ratio 0.1972 0.1972
Pitch ratio 0.95(const) 0.944(0.7R)
Exp. Area ratio 0.65 0.70
Angle of rake 6.00 -3.03
B-T ratio 0.0442 0.0496
Number of blades 5 5
Blade section MAU SRI-B(mod.)

FHEOBRIR—BERL, BHHEERT VY v LD
BT nwTd, BIZREDEE2ELILNTET,

4.2.1 Full Scale Propeller DIEEHEH&

SEFHER2T>MA o513 28E T, Table 21
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propeller T, FEEH L L THEMEZEND conventional
propeller (LAF CP), highly skewed propeller & L C[&
CL&FERO HSP® TH 3,

Figs. 13, 4 K Z W T NBEHSEORTF AR T, 2ED
a7 HBYAFEIC N=12 738, FEHEC M=10 5734
ELT, £, 7uXTHEARESMIITERD OB RHE
(Table A1) CRENIDBDEZDEEASMEE Lz, &
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Key Blade

Fig.13 Arrangement of SVLM (Key Blade) and VLM
(4 Blades) for CP (Full Scale)

Key Blade

Fig. 14 Arrangement of SVLM (Key Blade) and VLM
(4 Blades) for HSP (Full Scale)
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