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ARTICLE INFORMATION ABSTRACT

Original Research Paper In the present research, numerical simulation of the characteristic chart and steady-state Wakefield flow
Received 22 April 2017 around a marine propeller is conducted. Solutions were performed using the open-source OpenFOAM
Accepted 07 August 2017 software and the steady incompressible simple-Foam solver. The gradients were calculated using the

Available Online 08 September 2017 linear Gauss algorithm, and the pressure equation was solved with the multi-grid method. In this

research, characteristic chart simulation of the propeller was carried out for the entire operational

Keywords:

Propeller conditions and the effect of using Realizable — k — ¢ and k — ¢ — v? — f turbulence models on the

Thrust coefficient results was investigated. The results were found to be in good agreement in all conditions except for

Characteristic chart near the bollard region. In this region, the propeller inlet angle of attack severely increased, and the two

Wake flow simulation equation model predicted the thrust coefficient with 24% error, while implementing the four equation

OpenFOAM L .
model significantly developed the results and decreased the error to 5%. The wake region parameters
were also investigated in the numerical simulations at different longitudinal and radial cross sections
behind the propeller which showed good agreement compared with the available experimental data.
Wake region investigation showed that the flow behavior in downstream cross sections is similar to the
corresponding upstream section with smaller variation ranges and for the swirling flow behind the
propeller, the maximum and minimum angular position of the wake components rotates. The obtained
results also show that the wake axial velocity component deviation is extremely large at the blade tip,
and the contribution of axial and tangential velocity components is negligible out of the tip vortex
region.
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4 CFD Ship-lowa

° Reynolds Average Navier-Stockes (RANS)
© Detached-Eddy Simulation (DES)

" Delayed Detached-Eddy Simulation (DDES)
8 Reynolds Stress Model(RSM)
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! Bollard Condition
2 Lifting surface
% Laser Doppler Velocimetry (LDV)
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2 Damping function
3 Wall damping

4 Viscous damping
5 Buffer layer
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* Direct Numerical Simulation (DNS)
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Fig. 1 General view of the propeller geometry [26]
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Fig. 2 Propeller connection to the shaft and towing tank carriage [26]
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1.002 1.003 855432 0.0385 6
1.000 1.000 1691594 0.0275 7
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advance coefficient

a @ B J
36.55 36.55 0.00 0.00
33.09 36.55 3.46 0.13
29.62 36.55 6.92 0.27
26.24 36.55 10.31 0.40
22.90 36.55 13.65 0.53
19.65 36.55 16.90 0.67
16.60 36.55 19.95 0.80
13.60 36.55 22.95 0.93
10.81 36.55 25.74 1.06
7.93 36.55 28.62 1.20
5.38 36.55 31.17 1.33
3.15 36.55 33.40 1.45
0.54 36.55 36.01 1.60
0.78 36.55 37.33 1.68
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