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Calculation of Unsteady Cavitation on a Marine Propeller Using a Simple Surface Panel Method

by Takashi Kanemaru, Member Jun Ando, Member

Summary

This paper presents a calculation method for the unsteady cavitating propeller problem. The method is based on a simplified surface panel
method “SQCM?” which satisfies the Kutta condition easily. Hess and Smith type source panels are distributed on the propeller and cavity
surface. Discrete vortices are distributed on the camber surface according to Lan’s QCM (Quasi-Continuous vortex lattice Method). The
boundary conditions to determine these singularities are the constant pressure condition on the cavity surface and the zero normal velocity
condition on the propeller and camber surface. In the unsteady problem, we give the modified normal velocity instead of zero normal
velocity at the end of camber surface in order to satisfy the Kutta condition exactly. The cavity shape in each radial section is determined so
that the zero normal velocity condition is satisfied.

In the present method, a cavity length for each radial section is given first. Then the singularities and the cavity shapes are determined.
These steps are repeated until both constant pressure condition and normal velocity condition are satisfied on the cavity surface. Next, the
cavity length is corrected in order that the opening at the cavity end will get closer to the target value. By using the corrected cavity length,
the calculation is repeated from the beginning. These steps are repeated until the opening at the cavity end agrees with the target value in
each section. In this method, constant pressure condition is satisfied including cross flow velocity because its effect is not small near the tip
of a propeller blade.

The variation of cavitation patterns, cavity shapes, cavity area and cavity volume in wake are calculated for two kinds of propellers. Good
agreements are obtained between the calculated results and the experimental data.
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Fig.1 Coordinate systems of propeller
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Cavity Surface

Fig.3 Model of supercavitating section
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Table 1 Principal particulars of propellers (Seiun-Maru-I)

NAME OF PROPELLER CP HSP
DIAMETER (m) 0.22095 0.2200
NUMBER OF BLADE 5 5
PITCH TARIO AT 0.7R 0.95 0.944
EXPANDED AREA RATIO 0.650 0.700
HUB RATIO 0.1972

RAKE ANGLE (DEG.) 6.0 -3.03
BLADE SECTION MAU Modified SRI-B

90°

ropeller Disk

180°

Fig.4 Axial wake velocity distribution
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Fig.5 Panel arrangements for Seiun-Maru-I propellers (Non-Cav)
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Fig.6 Cavitation patterns (CP, K4 =0.207, o, =3.06)
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Fig.7 Cavitation patterns (HSP, K =0.201, o, =2.99)
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Fig.8 Cavity shapes (CP, K =0.207, o,, =3.006)
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