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Prediction of open-water performance of a rim-driven integrated propulsor using CFD
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Abstract: This study presents numerical results for the open-water performance of a rim-driven integrated propulsor designed based
on the Ka4-70 propeller blade and No. 19A duct geometry. Computational fluid dynamics (CFD) simulations of non-cavitating and
cavitating flows were conducted with the propulsor not mounted to the hull using commercial Reynolds-averaged Navier-Stokes solv-
er (Fluent software). The rotation of the propeller was described by the moving reference frame method. Mixture and Schnerr-Sauer
models were used to simulate two-phase flow and mass transfer by cavitation. The simulation results showed that the developed
rim-driven propulsor had lower open-water efficiency and exhibited different cavitational characteristics compared with the conven-
tional shaft-driven propulsor, and the hydrodynamic characteristics changed according to the presence or absence of a propeller hub.
In addition, we investigated the effects of modified duct shapes and additional swirl stators for roll control on the performance.
Keywords: Rim-driven integrated propulsor, Open-water performance, Computational fluid dynamics (CFD), Moving reference
frame (MRF), Cavitation, Propeller hub
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Figure 1: Mechanical Structures of marine propulsors (ex-
amples) (a) conventional shaft-driven propulsor (b) rim-driv-

en propulsor
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Figure 2: General outline of Ka4-70 Propeller

Figure 3: Duct outline of (a) Original No. 19A (b) conven-

tional shaft-driven propulsor (c¢) rim-driven propulsor
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Figure 4: Configuration of rim-driven propulsor (a) with hub
(b) without hub
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Figure S: Configuration of conventional shaft-driven pro-

pulsor (a) original Ka4-70 with unmodified No. 19A duct
(b) with modified duct and without swirl stator (c) with

modified duct and with swirl stator

Table 1: Geometric parameters of propeller and duct

Parameter Value
Propeller type Kaplan (Ka4-70)

Propeller Diameter(D,) 380 mm
Number of Blades 4
Expanded Area Ratio(Ap/Ao) 0.7
Pitch/Diameter Ratio(P/D) 1.4

Hub Diameter(Dy) 63.5 mm

Rim Length 128.4 mm

Rim Outer Diameter 407.4 mm

Duct Length 312 mm

Duct Inner Diameter 381 mm

Duct Outer Diameter 462 mm
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Table 2: Boundary conditions and properties

Value
7.7 m/s
1000~3000 rpm

Parameter

Flow Velocity of Free Stream( V)

Revolution of Propeller

Reference Pressure

at Cavitation Simulation 150 kPa

1025.87 kg/m’
0.00122 kg/m’
0.5542 kg/m’
1.34E-5 kg/m’
3540 Pa

Density

Sea Water - -
Viscosity

Material

Densit
Property cnsity

‘Water Vapor|

Viscosity

Vapor Pressure

fil
")

Qg FA kel
A9~ K, Thrst Coefficient), B2
A9*(K,, Torque Coefficient), &£ (1,, Open Water
Efficiency), 7HH]El°]d <=(o, Cavitation Number)2] <]+

et .

A X1

T

FF FA4A) A

(J4, Adavance Ratio), 5+
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with swirl stator in condition of non-cavitating flow (a) thrust

coefficient (b) torque coefficient (c) open water efficiency
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Figure 14: Static pressure distribution of fluid around pro-
pulsor at /,=0.6768 in condition of non-cavitating flow (a)
shaft-driven propulsor with swirl stator (b) rim-driven pro-
pulsor with swirl stator and hub (c) rim-driven propulsor

with swirl stator and without hub
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Figure 18: Iso-surface of vapor volume fraction (cv,)=0.5 at

J,=0.6768 and ©=2.2269 (a) shaft-driven propulsor with

swirl stator (b) rim-driven propulsor with swirl stator and hub

(c) rim-driven propulsor with swirl stator and without hub
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Figure 19: Iso-surface of vapor volume fraction(c,)=0.5 at J,
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Table 3: Open water performance of conventional shaft-driven propulsor and rim-driven propulsor with swirl stator in condition of non-cavitating flow

Parameter Case /i
1.2183 | 1.1076 | 1.0153 | 0.9025 | 0.8122 | 0.6768 | 0.5802 | 0.5076 | 0.4512 | 0.4061
SDP 0.1217 | 0.1780 | 0.2201 | 0.2648 | 0.2968 | 0.3365 | 0.3592 | 0.3732 | 0.3823 | 0.3893
K, RDP w/ Hub | 0.1029 | 0.1604 | 0.2040 | 0.2526 | 0.2858 | 0.3292 | 0.3537 | 0.3684 | 0.3788 | 0.3861
RDP w/o Hub| 0.1372 | 0.1932 | 0.2351 | 0.2810 | 0.3138 | 0.3555 | 0.3811 | 0.3950 | 0.4081 | 0.4145
SDP 0.0116 | 0.1090 | 0.1830 | 0.2572 | 0.3280 | 0.4178 | 0.4806 | 0.5278 | 0.5683 | 0.5959
K, RDP w/ Hub | -0.0014 | 0.0958 | 0.1706 | 0.2467 | 0.3178 | 0.4082 | 0.4712 | 0.5179 | 0.5552 | 0.5857
RDP w/o Hub| 0.0243 | 0.1190 | 0.1920 | 0.2668 | 0.3363 | 0.4255 | 0.4877 | 0.5343 | 0.5717 | 0.6018
SDP 0.3437 | 0.4578 | 0.5408 | 0.6225 | 0.6859 | 0.7583 | 0.7989 | 0.8234 | 0.8383 | 0.8513
K, RDP w/ Hub | 0.4325 | 0.5416 | 0.6217 | 0.7038 | 0.7646 | 0.8364 | 0.8755 | 0.8980 | 0.9135 | 0.9240
RDP w/o Hub| 0.4994 | 0.6039 | 0.6796 | 0.7564 | 0.8157 | 0.8844 | 0.9253 | 0.9464 | 0.9664 | 0.9753
SDP -0.0980 | -0.0353 | 0.0064 | 0.0483 | 0.0827 | 0.1171 | 0.1358 | 0.1460 | 0.1278 | 0.1570
q RDP w/ Hub | -0.0671 | -0.0132 | 0.0295 | 0.0871 | 0.1214 | 0.1660 | 0.1888 | 0.2007 | 0.2107 | 0.2160
RDP w/o Hub| -0.0375 | 0.0121 | 0.0525 | 0.1043 | 0.1338 | 0.1803 | 0.2063 | 0.2212 | 0.2330 | 0.2378
SDP 0.6869 | 0.6854 | 0.6577 | 0.6111 | 0.5593 | 0.4780 | 0.4152 | 0.3662 | 0.3275 | 0.2955
Nop RDP w/ Hub | 0.4612 | 0.5221 | 0.5303 | 0.5155 | 0.4832 | 0.4240 | 0.3731 | 0.3315 | 0.2978 | 0.2701
RDP w/o Hub| 0.5328 | 0.5640 | 0.5591 | 0.5335 | 0.4973 | 0.4331 | 0.3804 | 0.3372 | 0.3033 | 0.2747
SDP 0.0657 | 0.4199 | 0.5469 | 0.5935 | 0.6181 | 0.5935 | 0.5555 | 0.5179 | 0.4869 | 0.4524
Mo RDP w/ Hub | -0.0064 | 0.3117 | 0.4433 | 0.5035 | 0.5374 | 0.5258 | 0.4969 | 0.4660 | 0.4365 | 0.4097
RDP w/o Hub| 0.0942 | 0.3475 | 0.4566 | 0.5066 | 0.5330 | 0.5183 | 0.4867 | 0.4561 | 0.4249 | 0.3988

Table 4: Open water performance of conventional shaft-driven propulsor and

rim-driven propulsor with swirl stator in condition of cavitating flow

Parameter Case 4
1.2183 | 1.1076 | 1.0153 | 0.9025 | 0.8122 | 0.6768 | 0.5802 | 0.5076 | 0.4512 | 0.4061
SDP 0.1343 | 0.1950 | 0.2348 | 0.2795 | 0.3080 | 0.3603 | 0.3123 | 0.2584 | 0.2357 | 0.2090
K, RDP w/ Hub | 0.1127 | 0.1746 | 0.2135 | 0.2583 | 0.2864 | 0.3254 | 0.2785 | 0.2613 | 0.2381 | 0.2003
RDP w/o Hub| 0.1494 | 0.2126 | 0.2507 | 0.2979 | 0.3274 | 0.3757 | 0.3138 | 0.2589 | 0.2482 | 0.2183
SDP 0.0367 | 0.1472 | 02118 | 0.2946 | 0.3465 | 0.4463 | 0.3930 | 0.3214 | 0.2748 | 0.2306
K, RDP w/ Hub | 0.0204 | 0.1316 | 0.1946 | 0.2773 | 0.3287 | 0.4131 | 0.3578 | 0.3122 | 0.2669 | 0.2176
RDP w/o Hub| 0.0473 | 0.1576 | 0.2214 | 0.3047 | 0.3572 | 0.4365 | 0.3685 | 0.3030 | 0.2715 | 0.2276
SDP 0.3613 | 0.4816 | 0.5597 | 0.6435 | 0.6973 | 0.8025 | 0.7134 | 0.6020 | 0.5526 | 0.4930
K, RDP w/ Hub | 0.4510 | 0.5691 | 0.6401 | 0.7197 | 0.7666 | 0.8008 | 0.7045 | 0.6607 | 0.6087 | 0.5276
RDP w/o Hub| 0.5000 | 0.6080 | 0.6767 | 0.7593 | 0.8149 | 0.8046 | 0.7172 | 0.6060 | 0.5844 | 0.5174
SDP -0.1366 | -0.0942 | -0.0604 | -0.0260 | 0.0000 | 0.0548 | 0.0693 | 0.0702 | 0.1631 | 0.1742
K, RDP w/ Hub | -0.1059 | -0.0779 | -0.0515 | -0.0256 | -0.0049 | 0.0079 | 0.0670 | 0.1488 | 0.2388 | 0.2539
RDP w/o Hub| -0.1011 | -0.0749 | -0.0517 | 0.0025 | 0.0579 | 0.0787 | 0.1076 | 0.1919 | 0.2605 | 0.1846
SDP 0.7208 | 0.7138 | 0.6780 | 0.6237 | 0.5709 | 0.4837 | 0.4042 | 0.3467 | 0.3064 | 0.2740
Thop RDP w/ Hub | 0.4847 | 0.5408 | 0.5389 | 0.5155 | 0.4830 | 0.4377 | 0.3651 | 0.3196 | 0.2810 | 0.2453
RDP w/o Hub| 0.5793 | 0.6163 | 0.5987 | 0.5635 | 0.5193 | 0.4814 | 0.4040 | 0.3452 | 0.3051 | 0.2727
SDP 0.1972 | 0.5386 | 0.6113 | 0.6575 | 0.6423 | 0.5992 | 0.5087 | 0.4313 | 0.3571 | 0.3024
o RDP w/ Hub | 0.0876 | 0.4077 | 0.4913 | 0.5534 | 0.5542 | 0.5558 | 0.4689 | 0.3818 | 0.3149 | 0.2666
RDP w/o Hub| 0.1834 | 0.4569 | 0.5287 | 0.5763 | 0.5666 | 0.5594 | 0.4744 | 0.4040 | 0.3336 | 0.2843

Table 5: Cavitation number (o) and mass of water vapor in condition of cavitating flow

J
Parameter Case 1.2183 | 1.1076 | 1.0153 | 0.9025 | 0.8122 | 0.6768 | 0.5802 | 0.5076 | 0.4512 | 0.4061
Cavitation number (o) | 7.2152 | 5.9629 | 5.0105 | 3.9589 | 3.2067 | 2.2269 | 1.6361 | 1.2526 | 0.9897 | 0.8017
Mass of SDP 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0007 | 0.0262 | 0.1154 | 0.2489 | 0.3818 | 0.5299
water | RDP w/ Hub | 0.0000 | 0.0000 | 0.0000 | 0.0002 | 0.0012 | 0.0274 | 0.1205 | 0.2378 | 0.3651 | 0.5218
vapor(kg) |RDP w/o Hub| 0.0000 | 0.0000 | 0.0000 | 0.0003 | 0.0024 | 0.0351 | 0.1220 | 0.2528 | 0.3642 | 0.4986
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