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This study investigates the scale effects on the open—water performance of a ducted propeller through RANS—based numerical
simulations using the commercial CFD software STAR-CCM+, The simulations were conducted for both model— and full-scale conditions
to analyze how scale influences hydrodynamic characteristics, particularly in the presence of a duct structure, The numerical results
were validated against open—water test data obtained from experiments conducted by the Korea Research Institute of Ships and
Ocean Engineering (KRISO), ensuring the credibility of the computational setup, To evaluate the effect of local flow interactions between
the duct and the propeller blades, two rotational modeling approaches—Multiple Reference Frame (MRF) and Sliding Mesh—were
applied and comparatively analyzed, The study also provides detailed comparisons of pressure distribution, wake flow, and performance
coefficients between the two scales, identitying the primary contributors to scale—induced variations, The findings offer practical
insights for the accurate prediction of full=scale ducted propeller performance based on model—scale analysis,
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Table 1 Principal dimensions of reference propeller

Full scale Model scale
Number of Blade (2) 3
max. Duct Diameter 0.4055m 0.2534m
Propeller Diameter (D) 0.3049m 0.1906m
Expanded Area Ratio 0.405
Scale Ratio 1.6
Hub Ratio 0.367
Pitch Ratio at 0.7R 1.3573
Reynolds number 1.5~1.7E+06 | 6.0~6.5E+05
Material Aluminum

Fig. 1 Geometry of the reference propeller and duct
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Fig. 2 Numerical domain and boundary condition
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Flg 4 Grid system around the ducted propeller
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Table 2 Comparison of relative error of POW characteristics
of MRF method and KRISO experiment

J K, (%) 10K, (%) ny (%)
0.028 -1.12 0.64 -3.41
0.100 —-1.43 1.23 —-2.66
0.300 -1.13 1.03 -2.19
0.500 0.63 0.84 -0.22
0.700 0.88 1.92 -1.05
0.900 3.92 4.42 -0.55
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Fig. 5 POW characteristics predicted using MRF method
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Table 3 Numerical result of POW using MRF method

Full scale Model scale
! K; 10K, 70 Kr 10K, 7,

0.028 | 0.574 0.683 0.037 |0.570 0.676 0.038

0.100 | 0.533 0.679 0.125|0.529 0.674 0.125

0.300 | 0.430 0.649 0.316 |0.426 0.646 0.315

0.500 | 0.344 0.606 0.452 |0.341 0.602 0.451

0.700 | 0.263 0.547 0.536 | 0.259 0.541 0.534

0.900 | 0.183 0.463 0.565 |0.174 0.450 0.553
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Fig. 6 Pressure and friction component of torque coefficient
of propeller blade (MRF)
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Fig. 7 Thrust coefficient of propeller blade and duct (MRF)

Table 4 Numerical result of thrust coefficient of propeller
blade and duct

J Full scale Model scale
KTP KTD KTP KTD
0.028 0.350 0.229 | 0.347 0.229
0.100 0.348 0.190 | 0.346 0.188
0.300 0.329 0.106 | 0.329 0.104
0.500 0.302 0.048 | 0.300 0.048
0.700 0.266 0.005 | 0.262 0.006
0.900 0.215 -0.024 | 0.208 -0.024
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Fig. 8 Pressure and friction component of thrust coefficient
of propeller blade (MRF)
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Fig. 9 POW characteristics of time step test result using

Sliding mesh method

Table 5 Relative error(%) of thrust coefficient and torque
coefficient of time step tests

5 deg/time step 10 deg/time step

J Ky 10K, K; 10K,
0.028 -0.42 -2.70 -1.26 -8.02
0.100 -0.61 -2.99 -1.75 —-7.65
0.300 -1.59 -4.50 -2.83 -9.16
0.500 -1.65 -3.51 -2.47 -3.44
0.700 -1.00 -0.41 -1.85 -0.93
0.900 -0.68 -0.75 -2.24 —-2.86
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Fig. 10 POW characteristics predicted using sliding mesh
method

Table 6 Numerical result of POW predicted using sliding
mesh method

Full scale Model scale
J K, 10K, 7 K, 10K, 70
0.028 | 0.649 0.739 0.039 | 0.642 0.738 0.039
0.200 | 0.550 0.725 0.241 | 0.546 0.732 0.238
0.400 | 0.446 0.699 0.406 | 0.443 0.704 0.401
0.600 | 0.345 0.614 0.536 | 0.344 0.625 0.526
0.700 | 0.296 0.563 0.585 | 0.296 0.577 0.571
0.850 | 0.224 0.484 0.625|0.218 0.488 0.603
0.900 | 0.200 0.456 0.628 | 0.190 0.454 0.598
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Fig. 11 Pressure and friction component of torque coefficient
of propeller blade (Sliding Mesh)
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Fig. 12 Thrust coefficient of propeller blade and duct
(Sliding Mesh)
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Table 7 Numerical result of thrust coefficient of propeller
blade and duct

| Full scale Model scale

KTP KTI) KTP KTD
0.028 0.384 0.271 0.380 0.269
0.200 0.376 0.180 0.377 0.176
0.400 0.360 0.093 0.360 0.090
0.600 0.310 0.041 0.314 0.038
0.700 0.280 0.023 0.285 0.019
0.850 0.233 -0.001 | 0.233 —0.006
0.900 0.217 -0.008 | 0.213 -0.014
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Fig. 13 Pressure component of thrust coefficient of propeller
blade (Sliding Mesh)
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Fig. 14 Friction component of thrust coefficient of propeller
blade (Sliding Mesh)
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Fig. 15 Comparison of POW characteristics between MRF
and sliding mesh method
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