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Abstract Cavitation refers to a phenomenon in which empty spaces occur in a fluid due to changes in
pressure and a velocity. When a liquid moves at a high speed, the pressure drops below the vapor
pressure, and vapor bubbles are generated in the liquid. This study used CFD to analyze the flow of fluid
machinery used in marine and offshore plants. The goals are to ensure the validity of the analysis
method for marine propellers in an open water test, to increase the forward ratio, and to use FLUENT
to understand the flow pattern due to cavitation. A three-dimensional analysis was performed and
compared with experimental data from MOERI. The efficiency was highest at advance ratios of 0.7 - 0.8.
Thrust was generated due to the difference between the pressure surface and the suction surface, and
it was estimated that bubbles would be generated in the vicinity of the back side surface rather than
the face side of the propeller, resulting in more cavitation. The cavitation decreased sharply as the
advance ratio increased. The thrust and torque coefficients were comparable to those of the MOERI
experimental data except at the advance ratio of 1, which showed a difference of less than 5%.

Therefore, it was confirmed that CFD can evaluate an open water propeller test.
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Table 1. Basis specification of KP505 propeller

Parameter Principal
Scale ratio 31.6
Diameter(m) 0.25
Pitch/Diameter mean 0.95
Ae/AO 0.8
Hub ratio 0.18
No. of Blades 5
Section NACAGG
Atmospheric pressure[Pal 101,325
Operating pressure[Pal 32242.81
Vapor pressure[Pal 3540
Speed(rpml] 720
Angular velocity wlrad/sl 75.40
Densitylkg/m3] 998.2
Kinematic viscosity[s] 1.004e-06
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Fig. 1. Flow domains and boundary conditions
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Fig. 2. Generated grid of propeller around
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Table 2. Result of analysis according to advance ratio

CFD Result
Advance
ratio N N Inlet VR Re Force Moments Thrust Torque Single
¥ (rev/s) (rad/s) Va X X coefficient | coefficient | efficiency
(Kp 10Ky (M)
0.1 12 75.40 0.30 6.60 5.66x10° 243.08 9.41 0.433 0.671 10%
0.2 12 75.40 0.60 6.62 5.67x10° 230.12 8.90 0.410 0.634 21%
0.3 12 75.40 0.90 6.66 5.70%10° 210.18 8.16 0.374 0.581 31%
0.4 12 75.40 1.20 6.71 5.74%10° 184.39 7.26 0.328 0.517 40%
0.5 12 75.40 1.50 6.77 5.80%10° 156.42 6.38 0.279 0.454 49%
0.6 12 75.40 1.80 6.84 5.86x10° 127.54 5.51 0.227 0.393 55%
0.7 12 7540 | 2.10 6.92 5.93x10° 97.80 459 0.174 0.327 60%
0.8 12 75.40 2.40 7.02 6.01x10° 66.91 3.59 0.119 0.255 60%
0.9 12 75.40 2.70 7.13 6.11x10° 34.05 2.46 0.061 0.176 50%
1 12 75.40 3.00 7.25 6.21x10° 6.30 1.18 0.011 0.084 21%
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Fig. 3. Pressure distribution at J=0.5 Back side (Pa)
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Fig. 4. Pressure distribution at J=0.5 Face side (Pa)
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Table 3. Pressure distribution in back side according to the advance ratio (Pa)
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Fig. 5. Comparison CFD with MOERI on the thrust coefficient, torque coefficient and single performance

efficiency
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