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Recently Energy Saving Device has been developed actively due to

the regulation of the EEDI, This Energy Saving Device which

is newly developed is integrated duct and stator, This paper verified performance of the Energy Saving Device through CFD, The
experimentation to find the best pitch angle of each blade of the stator designed has been conducted, The angle of incidence
of the duct has been obtained through the measurement of the wake, The experimentation has been carried out with and without

Energy Saving Device, The efficiency increase was through these two experiments,

Keywords : EEDI1EC| 3}22 15lAL OIY 24t A| HIEE= 04k
M)

1. ME
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Sh=1 ck =S XAl A7 7149
M2t 2hHl Green ShipOl M, 2@, MERAZRS|AL Mant
£ S 2o 2o ZAAlolc

ZHISI AP | (International  Maritime  Organization) ollM=

2013 Az=ElE= Mol thsiod Az, doff % 2o of
5104 oll{x| 20 thet X|EE HMAlsid HAMCE M gst

AZ= Al Hgsks ol{X|g8X[4=2l
EEDI (Energy Efficiency Design Index)= 1=2| sl=22 164t
ol Sot &5kt Y= o MEtEte i E3E LIERHCE
Ol= 2013 1€ 10% MAUS ARCZ CHAMOZ 20257t
x| 30%S XNZslojok sich olof| w2l M MAMe=z EEDIS
HEAZ|7] fl8to M F FE HRE M 2M, Mutol
Chadst 2 oflX| M2 7|20l g od7t7t Mal =M4 3 2+

=5 sf UAck 53,

A2f) Energy saving device(HZMZZEX|), Duct(EE), Stator(1l

= TAE MO B2 A7 E= T QCt (Kim, et al.,
2013).
A, FrREgs M| st RIS
H2y, PBCF, Vare Wheel, HE, MF M| So| ti=EHo|c},
HEE= 2712 & 7 HENoz Alg=0f 21 Ut HE
o| fl2j= ZAY CHHE JTX|= Hi S2 YEHoE T4
Molol| ZzEtslo] RA2| STE TEEAIP | TIEYER}L 25A|
7= HEHER FRECE AN FR, Moje] RS2
7| 2lsto] 7ESHEES FElShs 0| YEAo|ct T2 e s
Moz MA|l FolM TS| w0l MAZ ols ==z
AbsiTol| HICHE! BERIH 47|30, o| 2 2I5h FHH|HolM & EE
287} e=7| = st £S5t TRER s 3XE Sl g
LA SAlof 0| SMFRE THE2EM of|HX| &4g Y
7ict olzfgt Z=Eze| 24 3™ &4 oHXIE F=
FHelEolM, TSZME a5k | fleiM HET AREE 4= Ut
(Shin, et al., 2013).
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MRIHDe| Z2, 19004t E5E| 1 ofo[clofz| et
=l Ax|olct 1980 o S0{=2M L=l Mitsubishi =M 40|
M ZAZ8HVLCCOll S HMEE|QICt (Takekuma, et al., 1981).
Olz =<7} ciagel MRIEDHZA IujollM A== VLCC
Che| & A%2d0| QU= ez =1 Yt (Kang, et al.,
2004). =M= 1990 ACHTE] SHsliTas SAo=
APE|OX|7| AlRFSI04, CHR=Mslknt SAICHoA ool chst
ATE Xdlsto 7|=e| 23 T MZ Ci2 HIjEES

2 Ux Qlct ol2f3t MRE = Z2E e o o5 R7|5
M £EE 37| fleto ==y
M- 2HE FRIAAY
TROIMS| e 230l|UX|e] &4E | ASRIOEN 2
sl A= ZEx|olCh (Kim, et 2Hz
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&2l Mewis ducte} H|Z3t 7HHo|ct SIX|2F Mewis ducte| 29
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Fig. 1 Mewis duct of form of stator protruding
through duct

ol MRDAHS L7t HE] ol Dol 57| ufof
Uzao= ofsol 25 U ASe| ULEIP} Ack BN
D} Sl ool Sixistn 9| w20l Sl=e| Tk ED)

7t DN olol HAashA Eok g DEEIIF HES| of

of fI&lsH U1, Fig. 12t 20| DYLDH7E HE| Hioz =&
off ACHH HEQF DHEDNT} oht= XIFHoM EEAT} 2k
St XMl oM 22| Hol2f EESIICE

ol2iet 2SS 1124510{ MZ2 7HEe| AZMUERIE T4
WS ME AASH ARKMUERI= Fig. 22+ 2t

% s@

Fig. 2 3D modeling of i-Speed
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(a) Case 1

(b) Case 2
Fig. 3 Generated whole grid system
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Table 1 Analysis conditions

Governing Equation RANS
Time Steady
Scheme 2nd-order

K—¢ model

— Stator, Duct, Shaft : Wall
Inflow : Velocity inlet
Outflow : Pressure outlet
Side @ Symmetry

Turbulence Model

Boundary Conditions

.. ! L L
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(a) Case 1

NSRRI 77/
et A .7, Velocity (m/s)
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(b) Case 2

Fig. 4 Velocity vector distribution at outlet of duct

Fig. 4= Perspective viewz = JEO 24, T2HEE| Hoj|A]
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ST} 0| Zashes A =olet = QUrt Ol DEEIHS| 2%
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Fig. 52t Z0| HBIA0| U X1 ZTE |2EHo= LiE}
LiQICE (a)2l Z7t (b)2t Hlwsio ELEIATET Bo| Lhys|od

ZT ok Zot A Belst 5= olrt (b)2 49, DY HE

(a) Case 1

Vorticity: Magnitude (/s)

(b) Case 2
Fig. 5 Vortex distribution at outlet of duct

Velocity: Magnitade (ms)

(b) Case 2
Fig. 6 Streamline simulation
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Fig. 62| (a)2 #M2 EH, HEQ| 5o} SHEFE0A i
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Pl F2RH 3H D™D F2R|e MHURs SE2 =

{ S5t 258 Holok J2f H|wslod (b)el
TrA1° = EQP IYDIE wHLIRE 50| MAMez H#l
Sio{ H|WA OFYAQl HE &
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Table 2 Outcome of CFD performed

Case 1 Case 2 Diff.

Drag(N) 1.482 1.342 18.79%

OllAf =4 Zaof X|0|2 2loH Case 12| Drag @0l M & A2

QA Cp) Bz Eolst AT} IHBlet HES| HeHs
el
10| Case0l| st Cp2

meiEic Fig, 7 242

LIt Zolct,

(b) Case 2
Fig. 7 lllustration of pressure distribution on energy
saving device as computed star-ccm+
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Fig. 9 Axial velocity contours and transverse velocity
vectors
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Fig. 10 Wake distribution considered of acceleration
effect of the duct
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- Table 4 Resistance of model test

without i-Speed

Speed(knots) Resistance(N) EHP(PS)
10.0 12.12 4298
11.0 14.37 5623
12.0 16.94 7318
13.0 19.83 9416
Fig. 13 Towing tank in Pusan National University 14.0 22.95 11894
15.0 26.33 14815
3.2 ZHAIY 16.0 29.94 18189
DEAISAM ARREl ZEM2 176k bulk carier2 E&H|= with Speed
45.280]C}. Fig. 142 DaMo| Moo} MZo| B20|T, Table Speed(knots) Resistance(N) EHP(PS)
32 ZgMe| H@olct. 10.0 12.29 4320
11.0 14.61 5688
12.0 17.25 7413
13.0 20.19 9546
14.0 23.45 12133
15.0 27.01 15225
Fig. 14 Model ship of 176k bulk carrier 16.0 30.89 18870

Table 3 Principal parameters of the 176k bulk carrier

Fig. 152 27IX| Case®| EHPE H|w$t T2 =olct,

Designation Symbol pesien load
(unit) Ship Model 20000
18000
Scale ratio A 45.28 16000
Design speed Vs(knot) 12 14000 |
~12000
Length of n '
terlne LWL(m) | 286.75 | 6.333 ?mm -
Length bet ¥ eooo
ength between -
perpendiculars LPP(m) 282.20 6.232 6000;
4000
Breadth B(m) 45 0.994 -
2000

Draft T(m) 16.5 0.364 R T R v S e T
Speed(knots)

321 HEM[3 Fig. 15 Comparison of EHP in resistance test

AMo| RE0EE FMsP| 26l ITTC 1978 HiHol| Mol=

M2 Design Speed 12knotsollAM Bare AlEfe} = =2H 3%l M3t NS ARSI MAIST 12 knotsollA EHP

212} i-Speed7| &2l AMEHS| 27IX| Caseoll CHall 3H3ILCY. J|FEO=, i-SpeedE FESSH Mulo| FESIK| b2 MUfECE of
Table 4= Zt2{e| Case B2 XMEA|EHS Falst ZAzjo|ct. 1.3% = FH=Uc

424 CatABIEI=27] K52 A H|6 5 20155 122
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Table 5 Comparison table of pitch angle for stator

optimization

Additional pitch angle (degree)

Case No. | gt 2nd 3rd 4th
Blade Blade Blade Blade

Case 01 w/o energy saving device
Case 02 0 0 0 0
Case 03 0 0 0 -2
Case 04 0 0 0 +2
Case 05 0 0 -2 0
Case 06 0 0 +2 0
Case 07 0 -2 0 0
Case 08 0 +2 0 0
Case 09 -2 0 0 0
Case 10 +2 0 0 0
Case 11 -2 -2 -2 -2
Case 12 +2 +2 +2 +2

3.2.3 XA

K}EtAI&2 Design Speed 12 knotsOlAM Bare AlE{2} ==
Hefet i-Speed7t 22 Alefe] 271X| Caseol| CHaf 345t
Ct. Table 6,7,8,9= 24zt 2 XSS S 46l 5t
ajo|ct.,

ofr
Y 8

-

9| Case &

Table 6 Outcome of self-propulsion test performed
without i-Speed

Speed F EHp DHP Thrust | Torque | Ship

(knots) n (kN) (kN) Wake

10.0 | 0.097 | 4225 | 7048 878 839 0.327

11.0 | 0.107 | 5720 | 9901 1043 1076 | 0.324

12.0 | 0.116 | 7538 | 13151 1244 1310 | 0.326

13.0 | 0.126 | 9710 | 16828 | 1482 1542 | 0.328

14.0 | 0.136 | 12271 | 20981 1756 1773 | 0.329

15.0 | 0.145 | 15253 | 25632 | 2067 2003 | 0.327

Speed Ng

(knots) (rpm) N Nr No b

10.0 | 0.312 | 59.04 | 1.021 | 1.0834 | 0.542 | 0.599

11.0 | 0.271 | 64.65 | 1.0564 | 1.0055 | 0.545 | 0.578

12.0 | 0.278 | 70.52 | 1.070 | 0.9840 | 0.544 | 0.573

13.0 | 0.279 | 76.65 | 1.072 | 0.9937 | 0.542 | 0.577

Fig. 162 MASE
gf=olct.

12knotsollA E&Me| TelE Hlw

B
W

105%

100%

100%

95%

90%

85%

1 2 3 4 5 6 7 & 9 10 11 12

Fig. 16 Comparison of power of model ship at target

speed
Al 21 PASTA Z20HE S50 &= D1 E & 1]
X|[Zte| Ms0| 71& 55t Ho 2 HtEIC

140 | 0.286 | 83.11 | 1.063 | 1.0226 | 0.538 | 0.585

15.0 | 0.297 | 89.89 | 1.045 | 1.0648 | 0.535 | 0.595

Table 7 Self-propulsion test :
without i-Speed

powering performance

Brake
Speed(knots) Horsepower rps
(PS)
10.0 7266 0.977
11.0 10207 1.071
12.0 13558 1.168
13.0 17349 1.269
14.0 21630 1.375
15.0 26425 1.487

JSNAK; Vol. 52, No. 6, December 2015

425



176k Bulk Carriere| H2XZES I8 MZ2 Energy Saving Device 7Hgt

Table 8 Outcome of self-propulsion test performed
with i-Speed

Speed Thrust | Torque | Ship
(ots) | T | B PP | kw | wake

10.0 | 0.097 | 4320 | 6487 934 792 0.425
11.0 | 0.107 | 5688 | 8744 1107 972 0.414
12.0 | 0.116 | 7413 | 11565 | 1313 1173 | 0.405
13.0 | 0.126 | 9546 | 15020 | 1552 1396 | 0.397
14.0 | 0.136 | 12133 | 19185 | 1824 1640 | 0.388
15.0 | 0.145 | 15225 | 24161 | 2130 1905 | 0.377

Speed Ng

(knots) (rpm) Na Nr No np

10.0 | 0.339 | 57.53 | 1.1561 | 1.2024 | 0.481 | 0.666
11.0 | 0.332 | 63.19 | 1.140 | 1.1665 | 0.489 | 0.650

12.0 | 0.327 | 69.22 | 1.131 | 1.1507 | 0.492 | 0.641

13.0 | 0.324 | 75.56 | 1.121 | 1.1469 | 0.494 | 0.636

14.0 | 0.321 | 82.17 | 1.109 | 1.15612 | 0.495 | 0.632

15.0 | 0.319 | 89.08 | 1.095 | 1.1602 | 0.496 | 0.630

Table 9 Self-propulsion test : powering performance

with i-Speed
Brake
Speed(knots) Horsepower rps
(PS)
10.0 6955 0.950
11.0 9375 1.045
12.0 12399 1.148
13.0 16104 1.254
14.0 20570 1.365
15.0 25904 1.482

Rrek Al sfiAofl= ITTC 1978 M= RS ARZSIICt 2
oM & = A0 AALE F721 12, 13 knotsOllA] 7|& o
S o] 71 22 M52 20iFT 9201 12 knotsollMe &4
8% olatel 28 Bt 7|th=lof 10 knotsolA 14 knots Afo]
o| 23 F7lolAtE Ol STOIN SEHIOIE A4 4~5% OlAf
ol iz HMZt F1pPt 7|cHElCt EAF 3|Mgol A IE=DEot
CIEOR HELINE 4T U 2%U2IZ 38 2Tt ofads]
L, = dF0lA JHEE MFSEEES| 9= HEof oot 7t
£OZ Aol 34 Haks gl AL ofldEct

Fig. 172 Zg¥Alee| 21t g2 Aoz FAZl = BHP
£ Hlugh Jejzo|ct,

[Self-Propulsion Test_Ship scale (Design)]

35000

—a=—— W/Q Stator
W00 =] ——e—— With Stator |

25000

]

]

5
ma

BHP (PS)

15000

10000

5000 ~

ol Lo L L
9 10 " 12 13 14 15 16

Speed (knots}

Fig. 17 Comparison of DHP in the self-propulsion
test

4. 2 E

Z2He] SR0|AMo| 3|Mst 2F0LX| £AS ZAAIF |7
e Mz sEfe] ABRMZRXIE JHeSID, 176k Bulk
Carriere| 2&Mol| ZEkslo] AR $alsiict O|2RE Cks

O

(1) 1’8'@‘7H9F HEO| A= 2lsf MAELRI 12 knotsol|
=

(2) DEphet dEo] FBIE Ol 12 knotsollAf DHPE bl
WIS Al 2k 8.5%2| 280| BIIES 2 F UCt
=7

£ oiTE SRATAYE MEPHERI AR 2R
MIE{) 1 STX MARINE SERVICES| "176k HaM FEI=g 7
S Ex| N DSl Yzoz SUE o7 It F UvAS

gk5(od, odt| X|dofl ZAP=RILCE

I'_.?.
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