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Study on attack-angle optimization of a Rim-driven propeller using CFD
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Abstract: Currently, interest in electric propulsion vessels and rim-driven propellers (RDPs) is increasing due to strict regulations
on air pollution materials emitted from ships. Because an RDP has different flow characteristics than those of a conventional
propeller, optimizing the fundamental design of an RDP to reflect its inherent flow characteristics is necessary. This study is
on the optimization of an RDP. Specifically, we present a method of trial and error to optimize the angle of attack using com-
putational fluid dynamics (CFD) for a hubless RDP. Results of performance analysis through CFD revealed that the opti-
mization method proposed in this study was effective at increasing RDP efficiency and reducing cavitation. In the future, we
intend to conduct further optimization studies on various parameters for RDPs.

Keywords: Hubless rim-driven propeller, Optimization method, Computational fluid dynamics

Nomenclature Q: torque [kN-m]
C,: swirl component of absolute velocity [m/s] 1/R : propeller radius ratio [-]
C,: axial component of absolute velocity [m/s] TE : trailing edge
F thrust force [N] V.. advance speed [nvs]
i: attack angle [degree]
Ky torque coefficient [-] Greeks
K thrust coefficient [-] ay cpp: inflow angle based on the CFD result
LE : leading edge [,: blade inlet angle

MCR: maximum continuous rating [kW] 8,: blade outlet angle

N pm Npow: propeller efficiency at open water [%)]
p: density [kg/m’]

o,: slip factor [-]

s

NCR: normal continuous rating [kW]
n: rps
Pp: delivery power [kW]

: 1 locit d/
Py effective power [kW] w: angular velocity [rad/s]
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Figure 3: Absolute velocity distribution of the previous RDP

Sharut Al A Yo g a3 4] A437W A95.(2019.11)

Table 1: Attack angle distributions of the previous RDP

WR By @y, crp {
[deg] [deg] [deg]
0.2 -8.39 -11.03 2.64
0.3 -13.83 -17.14 3.30
0.4 -19.28 -22.25 2.98
0.5 -24.72 -26.85 2.13
0.6 -30.17 -31.16 0.99
0.7 -35.61 -35.23 -0.38
0.8 -41.06 -39.12 -1.93
0.9 -46.50 -42.48 -4.02
1.0 -51.95 -77.31 25.37

B,: Blade inlet angle, o, ., Inflow angle based on CFD

results. i=p3, —o o5 © attack angle

Modify LE angle

yes

no

modify TE angle Pp target = Pp,crn

Figure 4: Optimization process
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Table 2: Blade angle distribution

Previous RDP Opt7 RDP

x/R By By ) By

[deg] [deg] [deg] [deg]
0.2 -8.39 11.53 -9.54 10.17
0.3 -13.83 10.84 -15.49 9.48
0.4 -19.28 8.26 -20.78 6.90
0.5 -24.72 491 -25.51 3.55
0.6 -30.17 1.20 -29.75 -0.16
0.7 -35.61 -2.66 -33.61 -4.02
0.8 -41.06 -6.55 -37.16 -7.91
0.9 -46.50 -10.39 -40.48 -11.75
1.0 -51.95 -14.11 -43.67 -15.47

G,: Blade inlet angle, 3,: Blade outlet angle
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Mesh element No.[-]
11,381,466
9,678,120
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Domain
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Table 4: Design conditions and requirements

Variables Value
V., [m/s] 391
Ppaier = Q> w [kW] 75
Ppyer = @Xw [kW] 67.5
Nyep [rev/min] 500
Nyer [rev/min] 483

MCR : Max. continuous rating,

NCR : normal continuous rating
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Table 5: Attack angle distributions of Opt7

R B4 Qy cp [di ] Table 8: Attack angle distributions of Opt7

[deg] [deg] eg j i

0.2 9.54 -11.03 1.49 xR Z Of{gl; [pc;:gv]mus @ of the Opt7 RDP[deg]

0.3 -15.49 -17.21 1.73 0.2 2.64 1.49

0.4 -20.78 -22.44 1.66 0.3 3.30 1.73

0.5 -25.51 -27.07 1.57 04 208 166

0.6 -29.75 -31.36 1.60

0.7 -33.61 -35.29 1.68 05 213 1.57

0.8 -37.16 -39.00 1.84 0-6 0.99 1.60

0.9 -40.48 -42.10 1.62 0.7 -0.38 1.68

1.0 -43.67 -76.32 32.66 0.8 -1.93 1.84
B,: Blade inlet angle, o, ., Inflow angle based on CFD 0.9 -4.02 1.62
results. i=0; — oy o5 ¢ attack angle 1.0 25.37 32.66

Table 6: Performance of the Opt7 at NCR and MCR

Variable IR MCR
(483 rpm) (500 rpm)
PE FxV, [kW] 23.887 26.096
=% w [kW] 66.864 73.947
Nrow = PE/PD>< 100 [%] 35.7 353

Table 7: Performance of the previous RDP at NCR and
MCR

NCR
(483 rpm)

23.606
66.850
353

MCR
(500 rpm)

25.853
74.045
349

Variable

P,=FxV, [kW]
P,=Qxw [kW]
Npow = Pyl Pp>< 100 [%]
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