CHBHE S Sl =2 %l
Journal of the Society of Naval Architects of Korea

pISSN:1225-1143, Vol, 55, No, 2, pp. 169-177, April 2018
eISSN:2287-7355, https://doi.org/10.3744/SNAK.2018.55.2.169

S Zdo|uMe|] A=EAY HISE EF WY

2E AT —
Spithsln ZerEst)
SAIHER ZMGIZAE Sm e Aot TS

Development of Twisted Rudder to Reduce Fuel Oil Consumption for

Medium Size Container Ship

Ho—Hwan Chun'- Kyung—Jung Cha'- Inwon Lee'- Jung—Eun Choi®’
Department of Naval Architecture and Ocean Engineering, Pusan National University'
Global Core Research Center for Ships and Cffshore Plants, Pusan National UniversIty2

This is an Open—Access article distributed under the terms of the Creative Commons Attribution Non—Commercial License(http://creativecommons,org/licenses/oy—nc/3.0)
which permits unrestricted non—commercial use, distribution, and reproduction in any medium, provided the original work is properly cited,

Twisted rudder, twisted rudder with bulb, and twisted rudder with bulb and fin have been developed computationally for 3,000
TEU container ship through parametric study, The objective function is to minimize delivered power in model scale, Design
variables are twisted angle, rudder bulb diameter and fin angle. The governing equation is Reynolds averaged Navier—Stokes
equations in an unsteady turbulent flow and the Reynolds stress model applied for the turbulent closure, A double body model
is used for the treatment of free—surface, The calculation was carried out in towing and self—propulsion conditions at design
speed, The sliding mesh technique was employed to simulate the flow around the propeller, Form factor is obtained from the
towing computation, Self—propulsion point is obtained from the self—propelled computations at two propeller rotating speeds, The
delivered power due to the designed twisted rudder, twisted rudder with bulb, and twisted rudder with bulb and fin are reduced
by 1.1%, 1.6%, and 2,0%, respectively.
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Table 1 Principal dimensions of the ship, propeller

and rudder
Ship (KCS) Full scale
Length between perpendiculars Lpp 230.0 m
Breadth B 32.2m
Draft at FP and AP T 10.8 m
Displacement volume 52,030 m?
Wetted surface w/o rudder S 9,530 m?
Design speed Vs 24.0 knots
Propeller (KP505)
Diameter Dp 79 m
No. of blade z 5
Expanded area ratio Ae/Ao 0.8
Pitch—diameter ratio at 0.7Rp P/Dp 0.997
Rudder
Section shape NACA0018
Wetted surface Sk 115.0 m?
Rudder height b 9.90 m
Mean chord length Cm 550 m
Mean thickness tm 0.99 m
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Table 3 Results of the propulsion parameters during
parametric design of the twisted rudder with

bulb and fin
(a) Horn—-type
N Ra” T Qu t PDy RR
[rps] [N] [N] [N-m] [W] [%]

8.400 | 82.63 | 44.58 | 1.992 | 0.179 | 105.14 | 0.0

(b) Twisted rudder

DRy DR | Rt | Tu Qu t PDy | RR
[deg] | [deg] | [rps] | [N] | [N] |[N-m] (W] | [%]

28.9 | -31.9 | 8.430 |83.59|45.10|2.016(0.198/106.78| 1.6
249 | -27.9 | 8.428 83.13]44.83|2.014(0.189/106.65| 1.4
20.9 | —23.9 | 8.427 |82.84|44.79|2.011(0.183/106.48| 1.3
20.9 | —-18.0 | 8.422 |82.60|44.55|2.003(0.178/105.97| 0.8
10.4 | -10.0 | 8.384 |82.08|44.04|1.979(0.169|104.25| 0.8
5.2 -5.0 | 8.378 |82.04(43.99|1.975|0.168|103.95| —1.1
2.6 -2.5 | 8.376 |82.19|44.14{1.97410.171{103.88| -1.2
3.9 -3.8 | 8.384 |82.19|44.15{1.975|0.171{104.02| —1.
4.6 -4.4 | 8.379 |82.14|44.10{1.977|0.170{104.07| -1.0
3.3 -3.1 | 8.381 |82.12(44.07|1.975|0.170/104.01| —1.1
(c) Twisted rudder with bulb

Drs/ v | Rt | T Qu " PDy | RR
Duog | [ros] | [N] | [N] | [N-m] (W] | [%]

09 | 8371 | 8221|4416 | 1.968 | 0.171 | 103.49| -1.6
1.0 | 8.379 | 82.39 | 44.34 | 1.973 | 0.175 | 103.87 | -1.2

RR= — = 100[%] 9) 1.1 | 8379 |82.60|44.56 | 1.977 | 0.179 | 104.05 | -1.0
PDy; 1.2 | 8377 |82.63|44.59|1.975|0.179 | 103.97 | -1.1
1.3 | 8371 (82.78|44.74 | 1.974 | 0.182 | 103.81 | -1.3
Table 32| FA[HA Z2follAf BIHE Ef AARE <7 HIS 14 | 8374 |82.03 | 4488|1975 | 0,184 [103.93| 1.1
8l Zhz 52° Bk g|EE 2t 50°, WE XAD ZzHz - - :
3 AT 5.2, ofF HISR 5.0 o ZE2EE (d) Twisted rudder with bulb and fin
52 A4 H|g 0.9(Z2de] &Ho| 14% 37() J=|1 = Zt N
T +135°Y ME M gaoz ZYSIQICt HithE Ele| & [psls | Re® | Ty Qu t PDy | RR
. o i ] FIN. | IN] | [ND | [N'm) Wl | [%]
T = E} 2t S8 40.3%), ME HN0.7%), == & [deg]
2(1.3%)2f EQF ZA(0.9%) 2 2l5l0] FHUAMASTT 6.2% +£11.5 | 8361 | 8217 | 44.12 | 1.963 | 0.170 | 103.11 | -1.9
2t4510 MEEESH0| 1.1% 2SIt EF HEE 2S5 H|O| +125 | 8.362 | 82.16 | 44.12 | 1.963 | 0.170 | 103.15 | 1.9
z Elo| A E} ®EZ HAGIK| 22 dH|tj& E} 2o} At 135 | 8.362 | 82.17 | 44.13 | 1.961 | 0.171 | 103.04 | —2.0
24(0.5%) 2 Z=HZA(0.9%)7F 0| ZBAZIAH LT} 4.5% 2t 1145 | 8.364 | 82.13 | 44.09 | 1.964 | 0.170 | 103.23 | -1.8
A5t EQT ZA(1.0%)7F HA FMetEaio] 1.6% 24ASIH 4155 | 8.365 | 82.26 | 44.21 | 1.967 | 0.172 | 103.36 | —1.7
C} E} W3} ¢=2 Sakst v|chal Elo| A Ef ¢EE Hakst +16.5 | 8.361 | 82.34 | 44.30 | 1.965 | 0.174 | 103.25 | 1.8
HICHE! EHECH KBRIAN0.6%)2 24ZHA(1.6%)7}F QoL = +17.5 | 8.367 | 82.22 | 4417 | 1.968 | 0.171 | 103.45 | 1.6
174 CHSEEAMSISI=2%! & 55 H X|25 20184 4



S

=

8

ARz ololel &

(b) Twisted angle @r=2.6°, Tr="2.5°
Fig. 14 Pressure contour and streamlines on the
surface of twisted rudders

— 0,=52° 0, =50
o5 - 0, m26°, 0, =-25°
00f
[*8
O \
05F
10+
Y= — o 98 = A48 0
c
(a) Pressure coefficient along ze=—0.7Rs
10
— 0,=52° 0, =50
05f Starboard) i °PU'25 °m‘ -2.5°
00f
[*8
Q
05F
10+

7 SR | R | SEER | T T 0
c
(b) Pressure coefficient along z==0.7Re

Fig. 15 Pressure distribution of twisted rudders
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(a) Horn—type rudder
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(d) Twisted rudder with bulb
and fin

Fig. 17 Axial vorticity contours of various type of
rudders at x/LPP=0.52
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ship for horn-type and twisted rudders

Rudder t Wrs MH MR Mo b PD (kW)
Horn—-type 0.179(0.0%) | 0.259(0.0%) | 1.108(0.0%) | 1.002(0.0%) |0.710(0.0%)|0.788(0.0%) | 18,324(0.0%)
Twisted 0.168(-6.1%)|0.253(-2.3%)| 1.113(0.5%) | 1.000(-=0.2%)| 0.712(0.3%) | 0.793(0.6%) | 18,219(-0.6%)

Twisted w/ bulb

0.171(-4.5%)|0.255(=1.2%)[1.113(0.5%)

1.006(0.4%) |0.712(0.2%) | 0.797(1.0%) | 18,136(-1.0%)

Twisted w/ bulb
and fin

0.171(-4.5%)|0.256(-1.2%) | 1.114(0.6%)

1.008(0.6%) | 0.712(0.2%) | 0.799(1.4%) [18,076(~1.4%)
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