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A Study on the Performance Comparison of

Energy Saving Devices for Handy-size Bulk Carrier

Kim, Eok Kyu

Department of Marine System Engineering

Graduate School of Korea Maritime University

Abstract

Recently, the environmental regulations have been developed in regards to CO,
emissions for the ship and fuel oil price has been increased continuously. In order
to overcome these circumstances, the eco-design is to be applied to the ship.
Accordingly, Energy Saving Devices(ESDs) have been developed continuously to
reduce the fuel oil consumption and improve the propulsive efficiency.

This paper deals with several kinds of energy saving devices and how to
achieve the fuel oil saving by selection of the main engine.

And this paper also describes the trial performance of PBCF(Propeller Boss Cap
Fins), SCHNEEKLUTH duct, Asymmetric rudder bulb and Mewis duct applied to
handy-size bulk carriers.

As a result, SCHNEEKLUTH duct is more effective than other energy saving
devices at the reducing the fuel oil consumption and the improvement of the
propulsive efficiency. In addition, it is confirmed that SCHNEEKLUTH duct is
really effective in the vibration of the deck house. And the fuel oil consumption
can also be reduced through main engine de-rating.

If SCHNEEKLUTH duct and main engine de-rating are properly combined for
handy-size bulk carriers, it will be expected to reduce more fuel oil consumption

and CO, emissions.

KEY WORDS: Energy Saving Device; SCHNEEKLUTH duct; De-rating.

- vii -



TA A7 TAMO)S]  “A2xF A AL 24 7F2 AT 2009(Second IMO
GHG Study 2009)° © ¢J3td 2007d A MAFe= W& A= COp viEF

< oF 3179 Eo= FAHEH. o] F AHd o3 CO; Mi&®2 1,046 WREE
oz M AA wMEFY oF 33%E AL o, A e AdHre] wEF

L 870 WMintEo & ok 2 7%E At YT}

ol#g o= ZAMAITO AFTHEETAADIMEPON A= AdHtol A
st 4 o drledEdd g SdAAH] FAE Aldsar i, A
A7 HWlEFY 3%E AA St SERoFIAE HASHd =¥e el

113
9}]\1—4_.[][]

53] 2011 7€ S AB RS AS] 623F FJ oA At oA ES FHES
Y3 7eH - g7 xx Heto @ YA &S A A4 (Attained  Energy

Efficiency Design Index, Attained EEDD<2} A8} o\ 2] &-& 3] A & A (Ship
Energy Efficiency Management Plan, SEEMP)E = &5} % T

EEDI= 20139 1€ 197¥E Adutel Z7] 9 F/o we gdaulE §871F
o] =80 A Ao|stA AHgo] A ugbA IR Aute AZXAGE = A

ol AlLte EEDI 469 30%7FA A4l ofgk gko,

1
e
—
flo
@
£
2
_>L
PN
>
e
r o
frt
Lo
)
Y
e
ot
il
2
o
o
&
Ay
1=
o
2
[
i)
[
2
>



Ao g FAE His AFodA F-8&5= IFO 3809 714E& e,
o7 FAYE = MGOMarine Gas OiDe] 744 A<58S vehdth sts
2 A" e CO, vl 93 FHa& UepdTh o] Iz E Ay
B HFOS 7HAE& Azt oF 2.5%% Zsdthal odsta i, 20209 F-H
SOxell gk AI7F Z&tEo] MGOO thek 87t F7lstHA MGOS| 744 &
743 FFsiAl "oy o7)e] 2014d5E CO; mlEel g Hig =3t 3|
AA Bt olFA d8nHe Fed 8H RHAFS
7vA-L 2010 iRl oF 4w FE7FA] Frbetal, Ao &g

JFS VX7 HEE HY ARE AR AV A
A

k

2o N
[0 &= dg

[¢]

Al 2 Aolth
EIFO 380 OMGO premium O CO2 surcharge
2000 —
1800 |~ A CO, emission trading may start in 2013. Costs — | |
are based on IPCC upper estimates. ||
1600 LA
1400 |
S 1200 O H
= 1000 b --.I...' _
8 In 2020, SO,-limits for fuel apply globally. MGO quality
3 800 3 demands a premium (at least 50% of HFO price).
800 = I . ] i I
poosl " 1A [ SRR ISRIRIRRIR ISR SR EEREFERFERE
200 SRR IIIIIIIIIIIIIIIIII
R e r e sea) [

Fig. 1 The analysis excludes inflation effects by GL research™

o
R

A AARR CO, 2% 7% 5o ARG ol O Barde A
Zoje} shaelne] 1A= AT Lavte] BAR A8 A2 4 18
5% 9lstel Aute] tjasl @ oluA A7 Ao U@ ATt FU ol

A ok o) mE F Z&S FEATV AT AvA Az FA 4

B L >
mw o 2

_2_



Wl
do

of thell =40t AFLdA B2 AdTFE st don, oo H&35}
A

A F3 2E&S FIANIN7 AT oUA A AA = A F7] A F

A

]
Z], F7317] A¥(upstream)?] oA At x|, F317] F¥(downstream)2] ol

A Az A=A 7= FiEEe] A 4 dom, FX7] A Ao+ 8 d
o]Z = =24 2(tip rake propeller), 718 3= 2{(Kappel propeller), CLT(Contracted
and Loaded Tip), 2tol= ¥ = zHz}(Wide tip propeller, STX 7§, PBCF(Propeller
Boss Cap Fins), CRP(Contra Rotating Propeller), <1 3= 2 (composite
propeller) 5ol L, F317] Aol oA A AA = HE zZ =23 2(duct
propeller), #FF Y E(wake duct), Alel¥ HA(Saver fin, FdFFH M), %
|

glow, Fx17] 4

[e5

A A G N (pre-swirl stator), 7ol YEMewis duct) s©
9] A A7+ Aol #Y HH(rudder bulb), E2E = (twist rudder),

Hd/N(Thrust fin, ddlTFd AL), H6 A(udder fin), wWAd H(vane
wheel), 129F& €hhigh lift rudder) 5] Ut}

aga AsaRgS diketr] S Fr1d ﬂﬂi} WHddle HA; Aol <Azl
g dAgsrsk HHSHSFOC optimization), L& A3 ASF Az AL AHA
%% (de-rating) A& S| It

2 =FdAs 1874 Auta CO, Al SFel sl dolri dr]d dF4
F2 88 FHANT7] A A A7 A (energy saving device)E3 A
T ARFES Astr] 3 F718 HAE YHES F U AAT Lol B %
o] g (handy-size) HI Q! 34k Hadz} 35k HIM o= A X<

PBCF, SCHNEEKLUTH duct, BItH# &t *H E(Asymmetric rudder bulb), Mewis
duct= ’é?ﬂ]i Z &350 & %, Adk =9 vzl ke Ozt o) 3



A 2 8A At CO, Al TF

2.1 J87 ke 71

P
r (
o
L
T
2
rlo
o
&
we
N
N
rﬂ,
i
2
ot
rx
ot
=
_>.:
=2
°
>
o]-m el
&
%e
2
N
N
o}

of Wt Zle/M el 7H5EEA e wokolth

Adloly] Aute] A9, ARAAE FAe AR F R n&HW F7
A9, ABALE FTHA el bAAT 9B A F o] F BAA
Ak 21U H2 LFAT glo] AFAOE LgFHE AN WEHE
BrledBAT LA tAR FASE FABLT Fo] ntAPoN Ae
ol AT AAFE £FH B4 FA} AL osdnA FAsE 2

]j —/1\—
=22 34 JAR [d3Hz Yl



2.2 37 Hute] 7|& 5&
221 &9 71 ="

dA EU, €& # T3 oA MEEH e I8 A Vel g4I ¥

B7F low, dubH o ofge] A9} o] T v o o ddn.

(D) oA A7+ Au¥kenergy saving ship) : 71& Aut oz &8 Fh3 2L
A A E(d, LNG 5) 59 &8

(2) CO, =3 A¥HCCS, Carbon Capture Ship) : @A} IMO)A A3 CO, W=
F 30% A= oUA &8 S @ dAdES Edvegs AUt
ol HxolH, A8 A, dAY F A FHUo] =4H7| o]Hde FIhek
AZA, At A #lE5 = COE EFstA CO; i3S Adste 7€y =
Yol dddr.

(3) 98 A=A AuKfuel cell ship) : A AHgEHE tjA AR
o, CO, HiEZFS Hol 90%7HA AT = & AR o4y

Hddow AL Zow o 4FHT

o
r =
__)‘J_r“
et
W P

EU 3 Qo 187 A Age] 418 787 9istel Aass 3
A, A7) 59 e Adsn gou, of g tgd 2B A )
& ol 20009t ZWEE H5Eol 1y Fol Yk o]F U AL o



3 oF 10%%] 24d7t= viEde &l 37 S ZAolzhal Tt

YoM Fig. 2294 2ol 98 AHAE FHUOR 3 1008e] $4T &

A= #Fg AlukQl ZEMship(Zero Emission Ship, 5¢ Tz A E o]E)g 7|
ko] 2008 dHEH AW 235 o, =9 48kWel ds A=A 371} wiE g
9] gfolHP =Yoo FAH} EHLS AYa U

propulsion
motor
(100 kW
electric)

bow
thruster
(20 kw)

‘ electrical energy T

Fig. 2.2 Principle of the hybrid fuel cell propulsion system




222 4 7]1& =3¢

X
B

=

1(dual fuel engine)

el

o
A

Nd 7Nez2s FHE70, ARFALEEN, Aol & 59l

AT A9

3|

Eis

Aol AHK13,000 TEUDl o

[¢]

e

2 dHEA A

Byt

72 TtA

AAH o Z #e

Q2 A
-

b1 9

S|

o

A7HAE

4

oeh

Aol

1y

Il

(A8 ), Hull cleaning /

Blasting, Propeller polishing

5}

(1 AAA

: PBCF A %], Twisted leading edge rudder

. Slide valve, VID(Variable Ignition Distributor),

)

ol

7N

o)
=

od

S
Ll

F713% T/C cut-off &=

: AS# #H7HA, homogenizer

HAAR A3 A

=Y
=

4)

Weather routing



2.3 CO,9] !

71&Mslo] B3 AR 3d7]F(IPCC, International Panel on Climate

Change) 22t HuAdAE AF 2d3tE dore F2 247~ GCGHOE o
A 7R &4, & CO,; CHy(HEH, NoO(o}4tstd 4), HFCs(-4&83}¥+4), PFCs
(FEZEL), SF(FESo] o, olF CO= 293t AF7F 718 AR
A mE A A8 A FUIE IE AfF R dAEE COy9

o] Z7tHe wel HA) AFH s Er} Mg B EAZ AEFHa Qo

Z11 2 HFCs, PFCs, SFe= AFA Aol EA3}A] o <lzto] A3t 7fxo|t)
Fig. 233 #o] &4 7t2s AT ol d3A HYE HANUAE &

A7 = Wb A FERE BEse A SAelUAE FedoEs AR

l

Solar radiation powers
the climate system.

Some solar radiation
is reflected by
the Earth and the
atmosphere.

"&iMOSPH&E\

About half the solar radiation
a= Is absorbed by the .
" B Infrared radiation is \

Earth's surface and warms it.
emitted from the Earth's

surface.

Fig. 2.3 Greenhouse effect(PCC)"”



CO= 29lAo g mEHE AA A7t~ ko] oF 60%S 2HA|3t=dH 4y
Fol| AHgEE e Af @ HArtx 59 spMds da 2 FE, A
, TEHAANA F2 LAHAT, 4AFe] A B hEA A el &
o] tj7] o2 WEHIIE Ttk AFH CO; MEHF 80%~85%+
59 AME, 15%~20%c HRIAE 5 EXo]EY Wyt AAFe o=

gk
ol
Py

P
_[N
O
HU
=
e
i)
rr
=
N
rlo
i1
N
_|_,
>4
O
oy
Lo
©
—
(@)
°\°
N
(e}
°\°
]
N
X
ok
a
I

ek

deol BEARE B A FolA wiEEY dA wEed T A3
ol o3 A& ofF 15% Ao Edrh

HFCs9} PFCsv= Z #2729 HAIEZZE /fitEo] Wr, 4317 2 Zdibx

B, 2RO, SWESA, BEA Sol AEHE, SFE AR, sy 9
Zuk PAE ol 2oL I AEFE AAHOE Frsta Utk o] AR
gde eaue PAE dge b2 ZAd vkl ue = 5o glof 7|
W3} ZRolA HFHQ FEol Bash

o oolz <l 2HEHAE dod|e= FAHe] DY ol AF2IIAF
(Global Warming Potential : GWP)g} 3t CO,E 12 7]F% w CH,= 21, N,O
310, HFCs&= 1,300, PFCs= 7,000, SFe= 23,9002 Z+7+ Al=#t. &, CHy
2HEHAE dod= FAeHe] CO, Boh 218 =AW, SFex= 2
MR =20 wA o] Ho] AAH 0T ATt 7dsts AEE CO, B
o F At g #JA COF ATt =99 —rﬁlfﬁ”ol Ha ok
Table 2.1°o4 &= 24 712 F/REZ E/SIAUT Table 2.2= AdEbo A Ay
st COY Mz 2 JAA wiEZFAAY HF<s BT Atk 18
Fig. 2.4= Aute] A5 149z CO.9 TAFS HodFa Qo

fr e

rr



Table 2.1 Classification of the green house gas

CO; CH,4 N,O PFCs, HFCs, SF
Energy Industrial
Waste/ .
o usage/ ) Plant/ Refrigerant/
Emission source ) Agriculture/ . i
Industrial ) Fertilizer Cleaning
Livestock
Plant use
Global warming
. 1 21 310 1,300~23,900
potential
Global warming
o 55 15 6 24
contribution(%)
Domestic total
o 86.6 6.8 2.7 3.9
emission(%)
Table 2.2 CO; emission from ships
. CO, emission from ships o
Section Global CO, emissions(%)

(million tons)

Total shipping

1,046

3.3%

International shipping

870

2.1%

Tank

Bulk

Gen Cargo
Container
Vehicle / RoRo
Ropax Cruise

Other

m Oceangoing Shipping
m Coastwise shipping

Fig. 2.4 CO, emissions by ship category’
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Table 2.3, Fig. 2.7 7t}

Reference line value =a>xb °

Table 2.3 Parameters for determination of reference values for the different ship types

2.3

[10]

Ship type a b C
Bulk carrier 961.79 DWT of ship 0.477
Gas carrier 1120.00 DWT of ship 0.456
Tanker 1218.80 DWT of ship 0.488
Container ship 174.22 DWT of ship 0.201
General cargo ship 107.48 DWT of ship 0.216
Refrigerated cargo carrier 227.01 DWT of ship 0.244
Combination carrier 1219.00 DWT of ship 0.488
00 - ‘ Bk Carrier i=
) | ‘
; ! ‘ | j .
25.0 A ’ o] : 1 e Tanker gg = %
- :
RER —
g i \ === General Cargo ; & v
8'150 [y=t7a2z0m] e
E Refrigerated cargo é;- \\\;
100 \\\ T e
\ e
i k —— @l s Container ship E M;
°f T e et
00 0 50000 100000 150000 200000 256000 ——Gas Carrier EZE
DWT »

Fig. 2.7 EEDI reference line for different ship types
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Q) AAAEE&LAA A4 -84k (Required EEDD A1k

MARPOL R4/ 6 #1217+ 5 0] we} o= &84 A
245 2or], X AUAESAAAS 7EAT} waE lLﬂXlig*éﬁlZl#
A4S sl FAE FEASoH, o] AL Table 2

Attained EEDI < Required EEDI= (1— X/100) X Reference line value (2.4)

Table 2.4 Reduction factors (in percentage) for the EEDI relative to the EEDI reference line!'”

Phase 0 Phase 1 Phase 2 gélza;elf
Ship Type Size 2013.1.1~ 2015.1.1.~ 2020.1.1~ an'd' '
2014.12.31 | 2019.12.31 | 2024.12.31
onwards
20,000DWT and 0 10 20 30
. above
Bulk carrier 10,000~
s _10* _9N* _20*
90.000DWT n/a 0-10 0-20 0-30
10,000DWT and 0 10 20 30
. above
Gas carrier 5000~
) _ * _ * _ *
10.000DWT n/a 0-10 0-20 0-30
20,000DWT and 0 10 20 30
above
Tanker 4000~
) _10* _90N* _20*
90.000DWT n/a 0-10 0-20 0-30
. 15,000DWT and 0 10 20 20
Container above
ship 10,000~ 10 _o(% _a*
15.000DWT n/a 0-10 0-20 0-30
15,000DWT and 0 10 15 30
General above
Cargo ships 3,000~ _1n% R _20*
15.000DWT n/a 0-10 0-15 0-30
Refrigerated | >000DPWT and 0 10 15 30
cargo above
: 3,000~ 10 1E% _0*
carrier 5 000DWT n/a 0-10 0-15 0-30
20,000DWT and
Combination above 0 10 20 30
carrier 4,000~ 1% o)k _2()*
90.000DWT n/a 0-10 0-20 0-30
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* Reduction factor to be linearly interpolated between the two values dependent upon vessel

size. The lower value of the reduction factor is to be applied to the smaller ship size.
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Table 2.5 MARPOL Annex VI Reg. 2.25 ~ 2.35%%

Reg.

Ship Type

Definition

2.25

Bulk carrier

A ship which is intended primarily to carry
dry cargo in bulk, including such types as
ore carriers as defined in SOLAS chapter
XII, regulation 1, but excluding combination
carriers.

2.26

Gas carrier

A cargo ship constructed or adapted and
used for the carriage in bulk of any
liquefied gas.

2.27

Tanker

An oil tanker as defined in MARPOL Annex
[, regulation 1 or a chemical tanker or an
NLS tanker as defined in MARPOL Annex II,
regulation 1.

2.28

Container ship

A ship designed exclusively for the carriage
of containers in holds and on deck.

2.29

General cargo
ship

A ship with a multi-deck or single deck hull
designed primarily for the carriage of
general cargo. This definition excludes
specialized dry cargo ships, which are not
included in the calculation of reference lines
for general cargo ships, namely livestock
carrier, barge carrier, heavy load -carrier,
yacht carrier, nuclear fuel carrier.

2.30

Refrigerated
cargo carrier

A ship designed exclusively for the carriage
of refrigerated cargoes in holds.

2.31

Combination
carrier

A ship designed to load 100% deadweight
with both liquid and dry cargo in bulk.

2.32

Passenger ship

A ship which carries more than 12
passengers.

2.33

Ro-Ro cargo ship
(vehicle carrier)

A multi deck roll-on-roll-off cargo ship
designed for the carriage of empty cars and
trucks.

2.34

Ro-Ro cargo ship

A ship designed for the carriage of
roll-on-roll-off cargo transportation units.

2.35

Ro-Ro passenger
ship

A passenger ship with roll-on-roll-off cargo
spaces.
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Table 2.6 CO, conversion factor for fuel

Carbon Cr

Type of fuel Reference
content (t-CO,/t-Fuel)

) ) ISO 8217 Grades
Diesel/Gas Oil 0.875 3.206000
DMX through DMC

, _ ISO 8217 Grades
Light Fuel Oil(LFO) 0.86 3.151040
RMA through RMD

ISO 8217 Grades

Heavy Fuel Oil(HFO) 0.85 3.114400
RME through RMK
Liquefied Petroleum Propane 0.819 3.000000
Gas(LPG) Butane 0.827 3.030000
Liquefied Natural
0.75 2.750000
Gas(LNG)
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Fig. 3.3 Kappel propeller

i

Fig. 3.4 Tip vortex — conventional versus Kappel*¥
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3.1.3 CLT (Contracted and Loaded Tip)
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Fig. 3.5 CLT (Contracted and Loaded Tip)
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Fig. 3.13 Combi Drive Azimuth Thrusters, SCHOTTELR
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Fig. 3.14 Duct propeller
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Fig. 3.15 SCHNEEKLUTH duct™

2 A5
D vld&E o] Maritime 9749 3 FFFANA 9.7%2 A
Fom = sHE =2 59 HSVAOA 11.8%% =27 7]
2) ZEAHE FUHE MRE MAFC=N 2y A TAst= F

= 50%7tE € =3l

3 MEds

1) SCHNEEKLUTH7} 7b4 thm=Ql Al 2Ak ol m 15008 ol4e] Aube] s
Z5 HES AU

2) 2,500TEUF A1Hte] ¢ SstR2Z FoAx A=Y 7bA] 11,8000} 2] Aol A
27,000% 22 ARE I 253E9] CO, Ph EIHE AL 5 Yu). B2
A} AVFETY o= F 8,541t AdlA 19,0002 AsdT
184E 2] CO, A '
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3.2.3 Aol HA (Saver fin)

D 44

Aloly] AL A FTFFAA N A A
ujof] ®Wz] o}F(bilge vortex)7} A E = H-H ol H(fin)
Adule] AHfFHoE Hujo] giRE /dste] FX13

Z

ZHo g Ry WUx 972 <3 dHA3}E

Fig. 3.16 Saver fin

H A 5% d=e vEAA EIU) oy RuEdon, A
vk 93l AREE A59 2v4% A tsdm AMA AEE 50%7
[e)

_37_



Q) MEd

1) 2007974 AAFFL o8 A Fom 20103400 oF 505 0] Aut
of A4 =t

2) VLCC7|& 4zt 5~10

12

249 d8vE d4E + Aok
3.24 AR AGN (pre-swirl stator)

D 4=
Fig. 3172 AR gerieoln =248 o] dX =i Fig 318 dgek &2

=3
o mzaele] 3w v Gow mAd FUsE AT f

SAES F7IE AANA Z=2dY FRA ZmAe] o7 IHdUAE
AR A 88 FIATI= AA T ARG dA
Fol dis o] FWFer FHo TPV =S wiAHY, A7 2ol
osf AF7E EAH7] el Z2drE A= FHo| SUtetL AdE
&5 7T

Typical circumferential angular position, 170°~220°,
where propeller cavitation is critical

N N
/

T o0

Fig. 3.17 Pre-swirl stator®
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Propeller swir
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Fig. 3.18 Operational principle of Pre-swirl stator
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= OF 2wk whol 3¢ 4 My AMpe] RS 250 2Rk Hopk of 400%F
=9 oA Az a9l

3.25 HolA HE (Mewis duct)

1) A
Fig. 3.19% frolz HEoIW A ofs metso] Zzded Evds
FYHE #5S ARAT zRA fdWe) FEF #Y 2=E v &
g
%21

Fin system

Fin system + Pre-duct
Fig. 3.19 Mewis duct™
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(3 NMEAg

Becker Marine Systemsol| A A 2 A Z st = oAUA AT AXZA T
FR7F glo] @ AX st U #E7E Heioh dubd o s FAXH 82 44t
= F 35 & F glon, AAE 49 A= Fe U7

19 Bk ewtdid ®

of

=

7}&3htt.

3.3 Fx17] 3¢9 oA A ZA

=z R0 A8t Tz ofste] T de A == A
AR AAEE BedoEA JduA A a3E de Ao,

a) 2] ¥ H (rudder bulb)

b) ESIZE Y (twist rudder)
o) F¥7) (thrust fin)

d) 219 A (rudder fin)

e) #Ql & (vane wheel)

f) a1eF= €} (high lift rudder)
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331 85 EXE (rudder bulb)

Hu
=
e
o
<
o
5
@]
z
i
N
N
B
>~

(2 A%

D oF 2~7% & 3ol Utk

2) ulgo] AT erete] EaHo] ST

0

g o HErt 2289 s H7kA] A= PP E A

il R i R R 2

FHQA A E & 7 Utk
a) Rolls-Royce : Promas (Fig. 3.20)

b) Wartsila : Energopac (Fig. 3.21)

¢) Mitsui Engineering & Shipbuilding (MES) : Mitsui Integrated Propeller
Boss (MIPB) (Fig. 3.22)
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Fig. 3.22 Mitsui Integrated Propeller Boss of MES
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332 ESI2E 3¢ (twist rudder)

D 4=

Fig. 3.237 #Zo] Za2dAa 2R e Mg esE $H7F HUz S0oE ¢
aste] o] AEe sHEE A E HEYA v T EN, EFO E%%

S Al71aL, FRRlE ol S a7l 7 olt.

upper side l
|

lower side

.,/////'////////////////j//_///z,
=
“'N-.
—
Fig. 3.23 Operational principle of Twist rudder, NAKASHIMA propeller

@ A%
o},
2) AEl 2ol = el Bl driet EAbolel o] fitk.

%2

D oF 3~4% && Fol

3 71E9] ol vldl, £2 d¥<= 71 = Aoy, fHlEHelA 2 IE =

wol A frelstet.

- 44 -



(3 7Nds 3

1) Becker Marine Systems®] E3|7} wta gl wizh, =W 7|4l sig 29
ool A 7]E2] Eld HIE] Aol MAEH E2E HHE MEste E3AS
Asla At}

2) EQIZE FoA HASt= AlvlHold B HAS WASHy] £13te], HHe}
AdstAY, EH2E H7t IR A dAHES o] MAE AFS°] A
=i gl

3.3.3 F¥2/0 (Thrust fin)

D |4

Fig. 3.248} o] m2de] ¥ waete] 2ol 28< Fujsksts ule)
7] MR A2 oF 2~5% A5dE7 a3} ok

@ NEds

D ddiTsdelM 7idsisien, 53 7kAa

°
o
o
rlt
o
2
1
B
3&
i
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2) HHI®| F#d7Me] 4%, & AelolddeolA 6,0008 22 AmdzH(d
o

b 2407 22x25d) &7 S AL=E oAAsta o, ) Az W&
509F g8 FE(EY st Eolgjit, 8,600TEUR ZElolHA, 20061d <+, 2008

d 449 elx)o|t}h.
3.34 29 ¥ (rudder fin)

D A
Elo] FHE DAY= S MAste], T2de TFA £AHE A

AUAE 3= 7Hdgeolth

9 20) He} Hge = A2 1Y)

©
[\G]
{

o
SN
2
kil
2
N
l:op
::1,
N
%0
o
i

3 MNEds
D HIoE #Hy dre gl Adste Algste 53 A FHZ AHEH

= A7 53 ok
2) = H AE fF8H FoAA FAR IEY FEEF EE ZREHD
Rom, ofgel 2 tEAA AHHE & & Utk
a) Hyundai Heavy Industries (HHD : Thrust Fin (Fig. 3.25)

b) Ishikawajima-Harima Heavy Industries (IHD) : Additional Thrust Fin

(Fig. 3.25)
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¢) Nippon Kokan (NKK) : Swept-back Up-thrusting Rudder Fin (SURF)
(Fig. 3.25)

d) Kawasaki Heavy Industries (KHI) : Rudder-bulb System with Fin (PBS-F)
(Fig. 3.25)

e) Mitsubishi Heavy Industries (MHD : Rudder Stator Fin (Fig. 3.25)

f) Asea Brown Boveri (ABB) : AZIPOD Trailing Fin (Fig. 3.25)

IHI Mi‘ﬁal

Thrust Fin NKK SURF :

RECEEEEEE o RS« F EOEE . ] ’\‘:’:;"4‘ e
-
:T .- b

[ 4

MHI tldder ABB AZIPOD

= Stator Fin ' Trailing Fin

Fig. 3.25 Rudder fin type
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3.3.5 #ld & (vane wheel)

D g

Adure] FxzA(screw propellens HXEE $al z2dee= 1w $
MR IR 2709 B 3E5S dozith Ao ZHRE oz
dF= Hie] o 2o JhERol o8 A ®uh Fig. 3.26, Fig. 3.273 o]
Hel ¥e Bt Fx e (screw propeller)e] v 3o 7o Zabo] AH|E I,
LAY THERE IARE vt FXEdgRng Z AAS 7HA )
o WQl B ) 2 FEEIAY qH 9F0 7 e}, oyo] Ut
F28& A7e Ao A

2 y-£ i B e

Fig. 3.26 ane wheel sd on propellér cap

[18]
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Fig. 3.27 Vane wheel installed on rudder horn

dE HA= 7fd" Wl A(vane wheeD)s H83 Mutox Hd 8%
dEAAe 4o Hdd d& A8 IRt AH M 5-6%9 &8 Fe

@ Neasg
199016 Qo] HNAH =935 Mutg m=de 2140tk 7449 2
fog Al Mwstgon, ogd EAHE Adad W L Y

ol AAjste] &I MBS FIATIE 7R JiEe] I

)

3.3.6 1¢¥ €} (high lift rudder)

D ¥
Fig. 3.285 %ol #H(ruddene] W< Z2AAA He FHe Tl
7] flete Hde 9HS 1YY dHoE nie], B & X

Ash} AAA Ao G A Tl

1
rlo
oift
e
ol
ol
h)



Flow acceleration delays stall Stabilising forces

—F e —
— & —
H_-_ ‘
BLUNT FISHTAIL
LEADING STREAMLINED TRAILING
EDGE MID BODY EDGE

Fig. 3.28 Operational principle of High lift rudder, Becker Marine Systems

@) MEd=

U9 HSVAdIA &= 71&9] NACAQO AEe] & thale] sk FdF 74

=

=

+ NACA00# sy, sid B2 2t 253k (hollow) ¥Eo]l ¢F 10% ©]
A

=

¢ S7FE MP73 ©R1s AREsto] oF 1% Asdgt a8 AT

l
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A4 F718 HHE U AR

4.1 AR Ao AR H&

37] Fig. 4.1¢ MANARS]

M
GERAT Sl 90% et 71E, ABamel of 3% AREL FAT 4 A

185 _ — -

180

.=- 175

% ~—6S50ME-89.2

g e -=-6550MC-C8.2

» 6SS0ME-BS.2
” ‘5gkWh  ——BSSOME-C8.2

160

155
30 40 50 60 70 80 90 100

Engine load (%)

Fig. 4.1 SFOC comparison between ME vs MC engine (MAN)2!
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4.2 A5 422%F FHZ3s} (SFOC optimization)

£ A RaplA wy] Bue e 1E, AB B4 B4, dh 37 4
& zse] ARARFS Has T 5 dbd oHF PPL ARLRY F

Z3HSFOC optimization)gtal gt} MANAL=E 845 X315 s17] Table
413} o] A7FA AR Rtz FR Yt

Table 4.1 SFOC optimized load ranges

Load Optimized load range
High load 85~100% SMCR (standard-tuned engine)
Part load 90~85% SMCR
Low load 25~70% SMCR

Fig. 42+ ME <x3 MC dx1e] 7 73 F-abg < (optimized load range)el
et Adsamge H el gltk ME dizle A HslolA HHSE &
Sh

A%, 65% el mysuth dEaEF] 3% YRPL HAY

=

E

=
4»

C A= ARSIN HARE & A9, 65% Fakold nHIRT ARLE
2ol 18% W3rE e AT & Yok
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SFOC g/kWh SFOC g/kWh
176 180

175 —— Standard 178 —— Standard
_ s \IT, part load — T, part load
174 = = VT, low load 178 - = T lowload

17

SMCR: 25,080 kW x 78 r/min

SMCR: 25,080 kW x 78 r/min e

175

-3 g/kWh'

25 30 35 40 45 50 S5 60 65 70 IS 80 B85 80 95 100
Engine shaft power % SMCR Engine shaft power % SMCR

SFOC reduction for 6S80ME-C8.2 with VT SFOC reduction for 6580MC-C8.2with VT

Fig. 4.2 SFOC curves for each optimization (MAN)?%?

22 HY T ¥ AW fFE 4o v FH9E
t}. o] H|&o] AAY A F&E FUIEH Hed 2 U¢IE ds54R
2

o
)4 7)o Al YA (stroke/bore) B]&o] HAAL
x

ol MANoA G-type X3 o] 1&E¥ Azl Z=ZH3A(Ultra long

stroke)= 2§38t F7]3 g AF AFE FaAAT

R CIEE R R LT TR ER

s}7] Fig. 4.32 MANALS] G-type A3} S-type Aol et dsa=zgo
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Fig. 4.3 SFOC comparison between G-type vs S-type engine (MAN)?
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0c=0.25 oC=0.30

Power, % of L,

T E
o£=0.15 = & eed lines =
0C=0.20 //,;; rstant ship SP 3
oo L, = 100%
2 90%
Ly % Ly 2 80%
g il 2 7o%
1 E|
L, E
=1 60%
-+ 50%
Mominal propeller curve B
1 1 11 1411 LllllllllJLJ[llllJLli4D%
5% 80% 85% 90% 95% 100%  105%
Speed, % of L,

Fig. 4.4 Engine layout diagram (MAN)
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ASZA

) 4

X 22 4%

o A

o] Follde AYF B 34k BAMH 35k A A Azt

¢l SCHNEEKLUTH duct, PBCF, ®Iti3d & ¥HE,
shel o= Ame] 7 Yol AHH

o HH%E B Avh} 987t Y HEAE H L vw A=A

o}, Table 5.1 24 F8 A o™ Table 5.2+

ol HES AdA=

AELEY ASH HolE e} F7]

F71% Aldoltt.

Table 5.1 Principal dimensions of bulk carrier

L

o . . DWT 34,000 DWT 35,000
Principal Dimensions . .

Bulk Carrier Bulk Carrier
Length (O.A) 180.40 m 182.00 m
Length (B.P) 171.40 m 177.00 m
Breadth (Mld) 30.00 m 30.00 m
Depth (Mld) 14.40 m 14.60 m
Draft (D.L.W.L) 9.3 m 10.016 m

Table 5.2 Specification of main engine

) ) DWT 34,000 DWT 35,000
Main Engine . .
Bulk Carrier Bulk Carrier
Model 6542MC7 5S50ME-B9.2

Cylinder Bore X Stroke

420mm X 1,764mm

500mm X 2,214mm

NMCR

6,480kW at 136rpm

8,900kW at 117rpm

SMCR 6,480kW at 136rpm 6,050kW at 99rpm
NCR 5,832kW at 131rpm 5,445kW at 95.6rpm
Mean Piston Speed at

8.0 m/s 7.3 m/s
SMCR
MEP at SMCR 19.5 bar 16.9 bar
Max. Combustion Pressure

145.0 bar 190.0 bar
(Pmax)
SFOC at SMCR 179 g/kW - hr 162.1 g/kW - hr
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5.1 34k A9 oA Az FAE 4 v

F 3349 T A=l 34k A 132 oAdA Az ZAE 2 &35HA
@9kal, 142 PBCFE #&3tlom yrx 142> SCHNEEKLUTH ductE =&
stlth. AAl Aled2 sh7] Table 533 2 Wt rE xHo=® IPHIJC
W, ASS WA TRt Hla AEsH] As) 2 Le2E 2385
A Hlal E4sHa .

Table 5.3 Sea trial ballast condition

Ship Normal Ballast Condition2 | Heavy Ballast Condition3
Without ESD (Energy . .
Saving Device) Carried out Carried out
With PBCF Carried out N/A
gggl SCHNEEKLUTH N/A Carried out

(1) PBCF &3}

A7) Table 5.3< 71ZF2 % WA Normal ballast &73}tol Ao oA #7+ &
A v AL At PBCFE A 83 Autel Al AS#S vlu AESA,
ANAA A7+ A= wHE Hduke Al Adh 1] Fig. 5.1 =We] PBCFE A&
gk AukS A2 Adlolglal A ST

Al Aursh A2 Mure] A|&A A=7+S Fig 529 Fig 539 1=z ubg
yith Fig. 5.2 A8 =9 np=Egl ko] T2 o)a Fig 532 7% 3A
g9} v gk ke gjzolt)

2) Normal Ballast Condition : M5Bl 3(Fore Peak Tank)Ql A 0]8) 3 (After Peak Tank)S A
93t UmA] W} AE EfF(Ballast Tank)o|gt el AE)(Ballasting)gt &710]c}.
3) Heavy Ballast Condition : X483 Xojej3 wetAE B3 @ tof watAgst x7iojct
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Fig. 5.1 PBCF for A2 ship
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. 5000 <
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Fig. 5.2 Speed-Power for Al ship and A2 ship

Fig. 5.2 825 HE3SH A9 £% 15knots 7], Al Muba} A2 A

al =
npE L2 Table 5.49F Zom A2 Ad¥fo] Al Autthn] mpgho] 6% s}
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e
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=

AsHAL,
o

vl Zk 5,000kW 715, Al Auka A2 Aluke]
™ A2 Arto] Al AMErH] &2 7} 1.3% =715 28

o =

k
rr

e

Table 5.5
A Th

o

o
o
9‘&

Table 5.4 Power for Al ship and A2 ship

Item Al ship A2 ship

Power based on 15knots

9,145kW 4,829kW

Table 5.5 Speed for Al ship and A2 ship

Item Al ship A2 ship
Speed based on 5,000kW 14.9knots 15.1knots
RPM-POWER
6000 /] M F V. ol
. 5000 = /
2 Z
i g
3000 s
RPM

Fig. 5.3 RPM-Power for Al ship and A2 ship
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Fig. 5.3 28 =2 AESH 248 AY SUntzEdA A2 AMuto] Al Autdn)
FH A5 F 04% F7Fe.om, o] PBCF7l Ze2de] £ 4
3

FE HA L, EF ae F7I1E v A e ARg S v, dAE A
% o

aEan Al Aubs} A2 Aduke) A5 4R AS3S Table 563 Table 5.7=
HERA Tt Table 5.6 Al Aute] daimad AZSgholal Table 5.7 A2 A
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Table 5.6 F.O. consumption for Al ship

Main engine load | 90% load

Flowmeter inlet

Start 62950
Stop 64570
Flow M/E in [L] 1620
Measuring Time [Second] 1603
Flow M/E in, A [L/h] 3638.2
Flowmeter outlet

Start 52270
Stop 53340
Flow M/E out [L] 1070
Measuring Time [Second] 1607
Flow M/E out, B [L/h] 2397
Flow M/E in - out, AL [L/h] = (A-B)*C*D 1131.2
F.O. temp. 135
Gravity, C 0.9836
Volume at indicated temp., D 0.9266
Engine Output (kW) 5312
g/kW - hr, B3=AL*1000/kW 213.0
Ambient temp.(TD | 26
Conversion factor by ambient temperature TIF=0.002X(25-T1)/10

TIF= -0.0002
Charge air coolent temp(T2) 38
Conversion factor by air coolant temperature T2F=0.006X(25-T2)/10

T2F= -0.0078
Ambient pressure(P) 1025
Conversion factor by ambient pressure PF=0.0002X(P-1000)/10

PF= 0.0005
Fuel oil lower calorific value(HF) 9610.0
Conversion factor by lower calorific value HF=(H-10200)/10200

HF= | -0.05784
Total conversion factor, TCF=TIF+T2F+PF+HF

TCF= | -0.065
Converted of fuel of F.O. consumption based on ISO(g/kW - hr), B1=B3+(B3*TCF)
Fuel Oil Consumption (ISO) g/kW - hr | 199.04
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Table 5.7 F.O. consumption for A2 ship

Main engine load | 90% load

Flowmeter inlet

Start 72420
Stop 73050
Flow M/E in [L] 630
Measuring Time [Second] 602
Flow M/E in, A [L/h] 3767.4
Flowmeter outlet

Start 73760
Stop 74190
Flow M/E out [L] 430
Measuring Time [Second] 607
Flow M/E out, B [L/h] 2549.7
Flow M/E in - out, AL [L/h] = (A-B)*C*D 1120.0
F.O. temp. 128
Gravity, C 0.9882
Volume at indicated temp., D 0.9308
Engine Output (kW) 5564
g/kW - hr, B3=AL*1000/kW 201.3
Ambient temp.(TD | 32
Conversion factor by ambient temperature TIF=0.002X(25-T1)/10

TIF= -0.0014
Charge air coolent temp(T2) 38
Conversion factor by air coolant temperature T2F=0.006X(25-T2)/10

T2F= -0.0078
Ambient pressure(P) 1025
Conversion factor by ambient pressure PF=0.0002X(P-1000)/10

PF-= 0.0005
Fuel oil lower calorific value(HF) 9500.0
Conversion factor by lower calorific value HF=(H-10200)/10200

HF= | -0.06863
Total conversion factor, TCF=TIF+T2F+PF+HF

TCF= -0.077
Converted of fuel of F.O. consumption based on ISO(g/kW - hr), B1=B3+(B3*TCF)
Fuel Oil Consumption (SO) g/kW-hr | 18573
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’}7] Table 5.63} Table 5.7914 F7]& 90% F-3} 7]&, Al Aute] dgiAw
F AZSFE 199.04 g/kW -hr olH, A2 Xnule] Ag4Awa A= 185.73
glkW - hr 9= sttt

o] A&#eS F THE O AlLetH, Al Aule] dsaEgFe 254
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A+7] Table 5.3& 7|22 F WA 2 Heavy ballast 2743l A2e] oz A
7+ A=) w28 Auky SCHNEEKLUTH ductE 283 Autel AL&d A=zs
Hlw HESIH I, A Az 2] w58 dubs A3 A8} &17] Fig. 5.4 &9

©] SCHNEEKLUTH duct& & &3 Hdu-& A4
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DRAWING.-NO, SH792 — i
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: 14(17)
- /;E‘E
= 14(17)ls1
g 20
i ; CENTER LINE r
l @) CENTER LINE
= 3
g & . 3
m 25 | L .
1220 Port 2 SPOILER STARB.- SIDE ~ %?\‘
g PESiSTE 2 SPOILER PORT. - SIDE
| 2755 Port BI1361 ‘
L
T T T T T T | [Eols | — 20081

o i 2 3 4 5 & 7 &% W N o7 B W BASE LINE : ; i |

1220

[
'/’EW CENTER LINE
\m\%

i@@\

LA R D A 11 A A A S A S
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A3 Atz A4 Adube] Al AlZ=%kS Fig. 5.59 Fig. 5.69 8= = Yeh)
ATh Fig. 55+ A8t L£xof npeEgl 7he] Tz ola Fig. 5.6 7% 3 AF
oF mbeE gk kel ol

SPEED-POWER

7000

6000
-+

5000

B _
L] A A3 SHIP

4000 / M A4 SHIP

3000 x

BHP (kW)
\

2000
11 12 13 14 15 16

SPEED(knot)
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Table 5.8 Power for A3 ship and A4 ship

Item A3 ship A4 ship

Power based on 14knots 5,277kW 4,353kW

- 6511 -



Table 5.9 Speed for A3 ship and A4 ship

Item A3 ship A4 ship
Speed based on 5,000kW 13.7knots 14.6knots
RPM-POWER
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Fig. 5.6 RPM-Power for A3 ship and A4 ship
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Table 5.10 F.O. consumption for A3 ship

Main engine load | 90% load
Flowmeter inlet

Start 178980
Stop 180680
Flow M/E in [L] 1700
Measuring Time [Second] 1561
Flow M/E in, A [L/h] 3920.6
Flowmeter outlet

Start 138020
Stop 139140
Flow M/E out [L] 1120
Measuring Time [Second] 1555
Flow M/E out, B [L/h] 2592.9
Flow M/E in - out, AL [L/h] = (A-B)*C*D 1210.0
F.O. temp. 135
Gravity, C 0.9836
Volume at indicated temp., D 0.9266
Engine Output (kW) 5509
g/kW - hr, B3=AL*1000/kW 219.6
Ambient temp.(TD | 25
Conversion factor by ambient temperature TIF=0.002X(25-T1)/10

TIF= 0
Charge air coolent temp(T2) 38
Conversion factor by air coolant temperature T2F=0.006X(25-T2)/10

T2F= -0.0078
Ambient pressure(P) 1025
Conversion factor by ambient pressure PF=0.0002X(P-1000)/10

PF= 0.0005
Fuel oil lower calorific value(HF) 9610
Conversion factor by lower calorific value HF=(H-10200)/10200

HF= | -0.05784
Total conversion factor, TCF=TIF+T2F+PF+HF

TCF= | -0.065

Converted of fuel of F.O. consumption based on ISO(g/kW - hr), B1=B3+(B3*TCF)

Fuel Qil Consumption (ISO)

g/kW - hr | 205.3
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Table 5.11 F.O. consumption for A4 ship

Main engine load | 90% load
Flowmeter inlet

Start 82550
Stop 83656
Flow M/E in [L] 1106
Measuring Time [Second] 1200
Flow M/E in, A [L/h] 3318.0
Flowmeter outlet

Start 62150
Stop 62861
Flow M/E out [L] 711
Measuring Time [Second] 1200
Flow M/E out, B [L/h] 2133.0
Flow M/E in - out, AL [L/h] = (A-B)*C*D 1092.3
F.O. temp. 125
Gravity, C 0.9884
Volume at indicated temp., D 0.9326
Engine Output (kW) 5027
g/kW - hr, B3=AL*1000/kW 217.3
Ambient temp.(TD | 35
Conversion factor by ambient temperature TIF=0.002X(25-T1)/10

TIF= -0.002
Charge air coolent temp(T2) 39
Conversion factor by air coolant temperature T2F=0.006X(25-T2)/10

T2F= -0.0084
Ambient pressure(P) 1025
Conversion factor by ambient pressure PF=0.0002X(P-1000)/10

PF-= 0.0005
Fuel oil lower calorific value(HF) 9593.0
Conversion factor by lower calorific value HF=(H-10200)/10200

HF= | -0.05951
Total conversion factor, TCF=TIF+T2F+PF+HF

TCF= | -0.069

Converted of fuel of F.O. consumption based on ISO(g/kW - hr), B1=B3+(B3*TCF)

Fuel Oil Consumption (SO) g/kW - hr |

202.2
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Table 5.12 Power for Bl ship and B2 ship

Item B1 ship B2 ship
Power based on 14knots 9,305kW 4,792kW
Table 5.13 Speed for Bl ship and B2 ship
tem Bl ship B2 ship
Speed based on 5,000kW 13.7knots 14.2knots
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‘D (

Starboard side Port Side
Without rudder bulb

Starboard side Port Side
With rudder bulb

Fig. 5.12 Pressure distribution and streamlines'®”

Without rudder bulb With rudder bulb
Fig. 5.13 Rotational energy by tangential flow®

_74_



T18]al HSVAOA Fig. 5.14¢F #o] 3 2t ®E stioAs dojde ¢
o ZHg3sta HA Y HWEH FRAMNE do= mMAUrtes Yol FAEF¢S &
A3tH L, ojfgk g2 <3| Fig. 587 o] $d9 =y HH &2 3
o Hoj¥= 3 d3ATI A A= &Y A Yy HE 2 A5 4
o2 WAyt S F o SUATZ] A8 oldE U™ Hoj, o
213k vty 2] dEo FPow s 71E FA Hr o & ¢ 9
B olR/ Ao FFS A FUIH IHF FUke duEHE ZoE HRlth

Sensitivity
?. i
0.08
0.04
| o]
-0.04

o008
0.1

Starboard side : Port side
Fig. 5.14 Sensitivities on the surface of rudder bulb

[25]

Bl Advtat B2 Advte] AsAme ASg<S Table 5.149F Table 5152 YEY
At} Table 5.14+= Bl Aute] d842# AlSZola Table 5.15= B2 Alute]
AEEEHF ASHoInt.

_75_



Table 5.14 F.O. consumption for Bl ship

Main engine load | 90% load
Flowmeter inlet

Start 49480
Stop 50350
Flow M/E in [L] 870
Measuring Time [Second] 1741
Flow M/E in, A [L/h] 1799.0
Flowmeter outlet

Start 29900
Stop 30270
Flow M/E out [L] 370
Measuring Time [Second] 1733
Flow M/E out, B [L/h] 768.6
Flow M/E in - out, AL [L/h] = (A-B)*C*D 941.5
F.O. temp. 134
Gravity, C 0.9855
Volume at indicated temp., D 0.9272
Engine Output (kW) 5215
g/kW - hr, B3=AL*1000/kW 180.5
Ambient temp.(TD | 37
Conversion factor by ambient temperature TIF=0.002X(25-T1)/10

TIF= -0.0024
Charge air coolent temp(T2) 32
Conversion factor by air coolant temperature T2F=0.006X(25-T2)/10

T2F= -0.0042
Ambient pressure(P) 1025
Conversion factor by ambient pressure PF=0.0002X(P-1000)/10

PF= 0.0005
Fuel oil lower calorific value(HF) 9600.0
Conversion factor by lower calorific value HF=(H-10200)/10200

HF= | -0.05882
Total conversion factor, TCF=TIF+T2F+PF+HF

TCF= | -0.065

Converted of fuel of F.O. consumption based on ISO(g/kW - hr), B1=B3+(B3*TCF)

Fuel Qil Consumption (ISO)

g/kW - hr | 168.8
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Table 5.15 F.O. consumption for B2 ship

Main engine load | 90% load
Flowmeter inlet

Start 121344
Stop 125086
Flow M/E in [L] 3742
Measuring Time [Second] 7211
Flow M/E in, A [L/h] 1868.1
Flowmeter outlet

Start 89679
Stop 91449
Flow M/E out [L] 1770
Measuring Time [Second] 7200
Flow M/E out, B [L/h] 885.0
Flow M/E in - out, AL [L/h] = (A-B)*C*D 892.0
F.O. temp. 130
Gravity, C 0.9760
Volume at indicated temp., D 0.9296
Engine Output (kW) 4999
g/kW - hr, B3=AL*1000/kW 178.4
Ambient temp.(TD | 26
Conversion factor by ambient temperature TIF=0.002X(25-T1)/10

TIF= -0.0002
Charge air coolent temp(T2) 32
Conversion factor by air coolant temperature T2F=0.006X(25-T2)/10

T2F= -0.0042
Ambient pressure(P) 1025
Conversion factor by ambient pressure PF=0.0002X(P-1000)/10

PF= 0.0005
Fuel oil lower calorific value(HF) 9630.0
Conversion factor by lower calorific value HF=(H-10200)/10200

HF= | -0.05588
Total conversion factor, TCF=TIF+T2F+PF+HF

TCF= -0.060

Converted of fuel of F.O. consumption based on ISO(g/kW - hr), B1=B3+(B3*TCF)

Fuel Qil Consumption (ISO)

g/kW - hr | 167.8
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Table 5.16 Comparison with 6542MC7 and 5S50ME-B9.2

Main Engine Model

6542MC7

9S50ME-B9.2

A

B (de-rating)

Cylinder Bore X
Stroke

420mm x 1,764mm

500mm x 2,214mm

500mm x 2,214mm

NMCR

6,480kW at 136rpm

8,900kW at 117rpm

8,900kW at 117rpm

SMCR

6,480kW at 136rpm

8,900kW at 117rpm

6,050kW at 99rpm

NCR

5,832kW at 131rpm

8,010kW at 113rpm

5,445kW at 95.6rpm

SFOC at SMCR

179 g/kW - hr

168 g/kW - hr

162.1 g/kW - hr
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7] WEES TFst #43g str] Table 5172 6542MC73 5S50ME-B9.2

27] SANE L EL MG Aol

Table 5.17 Comparison of cost

Items 6542MC7 5S50ME-B9.2 Remark
NMCR 6,480kW at 136rpm | 8,900kW at 117rpm
SMCR 6,480kW at 136rpm | 6,050kW at 99rpm
NCR 5,832kW at 131rpm | 5,445kW at 95.6rpm
SFOC at NCR 177.4 g/kW - hr + 5% | 160 g/kW - hr + 5%
FOC per day 26.1 tons/day 22 tons/day -4.1 tons/day
Fuel cost

4,384,800 3,696,000 -688,800

(USD/year)
Investment (USD) - +400,000 +400,000
1do] 280¥ S &%3ta, SHHFO) 71482 & AlAlel wal 600 USD/tono] et
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