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This study investigates the open—water performance of a toroidal propeller proposed by Ye et al, (2024) through model tests and
Reynolds—averaged Navier-Stokes (RANS) simulations, Changes in propeller performance in response to variations in major design
variables—including pitch angle, wheelbase length, vertical angle, and lateral angle—were analyzed, The performance trend with
respect to changes in the pitch angle was found to be similar to that of a conventional propeller, Similar to the pitch angle, the
vertical angle, which determines the blade's incidence angle, increased thrust and torque as it increased, while propeller efficiency
decreased, An increase in the wheelbase length, which governs the interference between the front and rear blades, improved
propeller efficiency. Likewise, increasing the lateral angle, which affects lateral interference between the front and rear blades
when viewed from the front, decreased torque and enhanced efficiency. Overall, the toroidal propeller was found to generate
higher thrust than a conventional propeller but exhibited excessive torque and lower efficiency. These results indicate that further
design optimization is necessary to improve the applicability of the toroidal propeller for marine propulsion systems,

Keywords : Toroidal propeller(&2tx]| T2H2) Propeller open water performance(POW, T2H2| HE=EAMS)  Computational Fluid
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Fig. 1 Geometrical definitions of toroidal propeller
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Table 1. Design parameters of the toroidal propeller (Ye et al., 2023)

1/L r/R b/D P/D t/b f/b 0, [] z/D $l°] ¥[°] al’]
0.0000 0.200 0.1210 1.3120 0.3007 0.0140 0.00 -0.0620 —27.56 0.00 0.00
0.1203 0.400 0.1600 1.3362 0.1967 0.0440 -1.10 —0.0933 -23.44 3.38 0.62
0.2343 0.600 0.1797 1.2807 0.1253 0.0634 -0.36  -0.0928 -18.93 5.44 2.61
0.3590 0.800 0.1683 1.0784 0.0774 0.0698 1.46 —0.0587 -13.26 14.67 6.89
0.4377 0.900 0.1423 0.9317 0.0608 0.0619 2.83 —0.0255 -9.33 28.78 9.39
0.4889 0.950 0.1228 0.8631 0.0548 0.0518 3.78 -0.0022 —6.55 42.83 10.45
0.6000 1.000 0.1010 0.8060 0.0538 0.0216 5.87  —0.0458 -0.24 90.00 11.51
0.7146 0.950 0.1311 1.0400 0.0727 -0.0113 7.99 0.0789 6.95 151.75 8.97
0.7574 0.900 0.1514 1.1829 0.0867 —0.0203 8.75 0.0819 9.78 164.02 5.54
0.8150 0.800 0.1763 1.3959 0.1138 -0.0268 9.72 0.0723 13.77 173.49 2.33
0.8941 0.600 0.1862 1.6367 0.1686 -0.0260 10.94 0.0298 19.44 177.66 0.98
0.9523 0.400 0.1626 1.6636 0.2246 -0.0190 1M.77 -0.0272 23.82 179.13 0.38
1.0000 0.200 0.1240 1.6310 0.2807 -0.0100 12.41 -0.0910 27.56 180.00 0.00

(0.25m)2} 512H((0.2) 2 AL MM oM, 0.7 R(EHE) of A
A, mxH|, 2flo]3 J2|10 M) HAH|E d|wst Ak M4
HXH|o| 2 CHAF ik T2H2{7}0.5352 0.62] P4119 2C}
WL RICE AT, Ye et al. (2024)2] Y&k ZT2HUZJ|P4119S
7HleZ FAHMS WS 2ol MA=ACHE ME= WS 2t

Fig. 2 Three dimensional points of blade sections

/ N " DTMB P4119 toroidal propeller

Fig. 4 Three dimensional shapes of DTMB P4119 and Ye et
al.(2024)’s toroidal propeller
Fig. 3 Three dimensional shape of the toroidal propeller
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Table 3 Dynamometer capacity for POW test in towing tank
Rated capacity
Thrust (N) +400
Torque (N-m) +15
Revolution (rpm) +3000

Fig. 5 Toroidal propeller model

Fig. 6 POW test in KRISO towing tank
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Fig. 8 Numerical grids for grid dependency test
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and wake vortex structure
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Fig. 14 Thrust coefficient variation against pitch angle
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Fig. 15 Torque coefficient variation against pitch angle
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Fig. 26 POW performances under the variation of lateral angle
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Fig. 28 Torque coefficient variation against lateral angle
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