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According to the increase of concern for environmental problems, the energy saving becomes an important issue because it is
one of the most effective methods of decreasing CO2 which is major environmental problem, In the present study, the post
device after propeller related with rudder has been focussed, Recently the full-spade twisted rudder has been frequently used
not only to increase the efficiency but also to remove the cavitation risk on leading edge, In addition to that the rudder bulb
is also applied to the rudder to increase the propulsion efficiency as well as to minimize the cavitation erosion risk around
twisting part, The parametric study has been conducted for investigating the optimum configuration of twisting rudder with bulb
by CFD. The present optimization has been applied to the KVLCC2 full=body ship. The verification of the computed results is
also expected to be conducted by the comparison with experimental results in the near future,
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Fig. 1 Zones for the classification of energy—saving devices
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Table 1 Parameters of horn-type rudder(HR)

Parameter Value Note
K, 19276 Factoradsepp;irt\dri;gigoon the
K 110 | 0.80 Factorru?jzp;?nsriggleon the
Ks 10 Factor depending on the
rudder location
1.827 h* [ A
A 112.99(m?) Section area
A 136.66(m?) Area witr:)ip thdedg;esn height
h 15.80(m) Mean height of rudder
Top. chord| 9.80(m) Chord length of top side
Bot. chord| 7.50(m) Chord length of bottom side
vV 15.5(kts) Design speed
Fr 5.028x10° Rudder force

Table 2 Parameters of ful

I-spade rudder(FSR)

Parameter Value Note
K, 1195 Factor dependmg on the aspect
ratio
K, 110 | 0.80 Factor dependlng on the rudder
profile
Factor depending on the rudder
Ks 1.0 .
location
A 1.585 h? / A
120.63(nT) Section area
Area within the mean height of
A 120.63(rr) rudder h
h 13.83(m) Mean height of rudder
Top. chord 9.73(m) Chord length of top side
Bot. chord 7.72(m) Chord length of bottom side
V 15.5(kts) Design speed
Fr 5.028x10° Rudder force

Table 3 Main dimensions of the designed rudder

E} AR A| ZE}o| 7F20)|A EHAISH= FHH|Ef|o] Ao 2|5+ ZIAl Horn-type rudder | Full-spade rudder
2 3|mst 4 Q= AEo| Ut wriM 7|E el Sst Ef A(m?) 112.99 120.63

HE JIKIES Elo| ot MaS Yct Ee| eHe 71E Adm? 136.66 120.63
ZEfet SYUSH NACA 4 digit THHE ARESIIL, MELS| MA| W.S. Am?2

S 2[5t ERPINE SRMZAIN HAlSHE METAS Bxst ~with skeg 304.98 297.83

0] Al&ks FRlsIQIct 7|& ZEQ| M2 Table 1, 2EIRF & Height(m) 15.80 13.83

Ust Bl 2 7= MELQ| M2 Table 2, F Efo| Hafnt x| A 1.82 1.58

flo| H|W= Fig. 22} Table 3z} &} (Korean Register(KR), Fr 5 028x10°

2019)
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Fig. 2 Comparison of side view between semi-spade
rudder and full spade rudder
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D
Fig. 5 Definition of design variables for a rudder bulb and
a cap
o li q l*
<2.5°& L1H> <5.0°& 12H> <7.5°& 1.3H>
Paralleltype * * *
<25°& 1.1H>  <5.0°& 1.2H>  <7.5°& 1.3H>

Fig. 6 Variation of design parameter according to the bulb
type — sphere type and parallel type
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Table 4 Main dimensions of KVLCC?2

Parameter Real ship Model ship
LPP (m) 320.00 5.5172
LWL (m) 325.50 5.6120
Breadth (m) 58.00 1.0000
Depth (m) 30.00 0.5172
Design draft (m) 20.80 0.3586
CB 0.8098
Design speed 15.5 knots 1.047 m/s
Scale ratio 58
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Fig. 7 Grid generation for the computation with full spade
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Table 5 Comparison of results between CFD and EFD

DA CFD Diff(%)
Cm X 107 4107 4.045 1.5
T(N) 14.462 14.144 2.2
Q(N-m) 0.280 0.271 3.2
21mnQ(W) 16.420 15.821 3.6
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Fig. 8 Comparison of stream-lines around upper location
of rudder (HR and FSR)

Table 6 Comparison of propulsion performance between
horn—type rudder(HR) and full-spade rudder
(FSR)

100Q | 2mQ(

ey |y | DiffC%)

RPM | D(N) | T(N)

HR | 557.4 | 21.90 | 14.14 | 27.10 | 15.82 -

FSR | 6567.0 | 21.85 | 14.10 | 27.00 | 15.75 | -0.47

Table 7 Comparison of propulsion performance of twisted
rudder according to the variation of twisting angle

2mnQ
RPM (1NO_()FS) W Diff. with

HR (%)

HR 557.4 | 27.10 | 15.82 -
FSR 557.0 | 27.00 | 15.75 -0.47
TR 5 | 556.9 | 26.98 | 15.73 -0.56
TR6° | 557.0 | 26.96 | 15.73 -0.61
TR7° | 556.7 | 26.95 | 15.71 -0.70
TR 8 | 556.6 | 26.93 | 15.70 -0.80
TR9 | 556.7 | 26.93 | 15.70 -0.79
TR 10° | 556.7 | 26.95 | 15.71 -0.74

Fig. 9 Comparison of pressure distributions on each side
of a rudder
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Table 8 Comparison of propulsion performance of twisted
rudder according to the H parameter

2mnQ
RPM (ﬁ_or% w) | Diff vith
HR(%)
HR 557.4 | 27.10 | 15.82 -

TR 8° 556.6 | 2693 | 1570 -0.80
Sphere 2.5° | 555.7 | 27.01 | 15.72 -0.66
Sphere 5.0° | 5554 | 26.86 | 15.62 -1.25
Sphere 7.5° | 5555 | 26.86 | 15.62 -1.26
Parallel 2.5° | 555.6 | 26.85 | 15.62 -1.26
Parallel 5.0° | 555.2 | 26.80 | 15.58 -1.50
Parallel 7.5° | 554.1 | 26.88 | 15.60 -1.43

<2.5°& 1.1H> <5.0°& 1.2H>

Sphere type

<7.5°& 1.3H>

<2.5°& 1.1H>

<5.0°& 1.2H>
Parallel type

<7.5°& 1.3H>

Fig. 10 Comparison of streamlines around cap region according
to the parameter H and the type of cap
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