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A Study on Derating of Diesel Main Engine

Go - Ryong, Park

Department of Marine System Engineering Graduate
School of Maritime Industrial Study,

Korea Maritime National University Busan, Korea

( Advisor : Prof. Kwon - Hae CHO )

Abstract

As a movement of cargo and passenger is iIncreasing in currently, the
transportation of the vessel occupies much of them. To the vessel, the
source power has been very important to propel the vessel as well as the
space of the cargo. Therefore, it was interested to owner and manufacturer
to take the cheaper and more efficient engine which is suitable for the
vessel.

Ship’s main power source is called 'Main Engine’, and that must be
selected properly because it is the one of the most important equipments.
In the matter of the designing of the ship or saving the expense, the
efficiency of the main engine is very important. So there are some
requirements should be satisfied as the main engine, which are the low
SFOC(specific fuel oil consumption), low malfunction and high reliability,
convenient maintenance and low maintaining expense, easy operating, low

efficiency reduction despite long—-term use, a few number of crew in the
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engine room, light weight and small volume, low vibration and noise, cheap
price, and so on. But there is nothing to be satisfy all these requirements.
The main engine will be developed and taken in the vessel, which has
a output from a few horsepowers to more than 130,000 BHP (MAN B&W
14K 108MC & ME ENGINE). The oil crises in 1973 and 1979 caused
considerable effort to decrease the fuel consumption. As a result, the main
engine is being changed through the shape(from loop scavenging air
system to uniflow scavenging air system), higher compression ratio, low
speed and long stroke. The operation system also being changed cam shaft
controlled engine into electronically controlled engine. The changes of this
sort contribute to not only a improvement of the SFOC as a final object,
but also a decrease of air-pollution for healthy life as a common object. If
the main engine is producted and supplied in need of various condition, it's
the best ideal. It is difficult to make a various engine satisfied with all
factors, various cargo, adaptability in various weather condition, change of
navigation condition, a various request of owner, expended cargo area
according to owner's request, change of oil price, etc. The engine
manufacturers have tried to get a solution to satisfy consumer’s request.
So they could find a way that can change the rating through large range
from the engine already manufactured. The ways changing the rating are
modifying scavenging air pressure, adjusting the compression ratio through
changing compression shim, adjusting the timing of exhaust valve and
modifying a diameter of nozzle of fuel injection valve etc. These ways are
tried through large range to change rpm to 72% and engine’s output to
48% of MCR with keeping the normal engine’s shape almost. The
important elements considered in the process of derated output of the main
engine are not only about safety and extension of machine’s length of life,

but also about how can you recover the beginning overcapitalization as
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soon as possible through low SFOC. And then these act also have to fit

the profit among owner, manufacturer, and operator.

At the study, try to compare and consider between rating and derating

through this research with several data about modifying rating which have

been done by engine manufacture so far.

So this study shows,

definition of the rating

producing basis and analysis of each of the graph which constitute
load diagram which 1s used for setting the limitation of a load for
the successive operating of the main engine

the relationship between engine output and rpm

the relationship between engine torque and mean effective pressure
engine derating that should be done and consideration of the method
a strong point and a weak point when engine derating

the interrelation in the matter of expense in long-time operation

the propeller efficiency when engine derating

the item that should be consider when engine derating

and it had been chosen the various comparative standards and make

several ships(used for derating) which had been made by differing

manufacturer an object of scientific study, and then it had been compared

and examined difference with regular engine.
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Fig. 2.1 Indicating location for various powers

2.2.1 EA]v}3 (IHP-indicated horse power)
o]

(PS) (2.1)
oA7IM zA2™Y <, p,, ¢ EABTFEGHKel/ar), [ A=2E FAH (m),

=

A A9y S (ar), n Wi B A, 0 Aol E WA wWE Al RA 2
73

W Aol Aueln AGEE Agete A AAnY L 2

b A
e oee Aol

g
%

t}



2.2.2 vlZ <& A uol=d (FHP-frictional horse power)
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THP = 4 (2.7)
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2.4 AAv}E 3} AFvE o B
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Fig. 2.2 P-V diagram and mean effective area
=3 2904 g¥ A AL s A @Ao] FreAid ok VITH,
g AA A Agse] BAANNE BAA A8 Ade PASL o)

AT Hd 9 TR A8 2EFE =4 7 o] AAAA S '
3

AW FHAA W A RAAY WE QA Bd, o] VIT.E Au
oAl FAol F7kste] A o] ®AA
o] oete] Ha(NOX)E Bol A

s
Lol &= 7. ZeA Aute] %3 HW VIT. FA=

5) V.IT.(Variable injection timing system) : &2 FA}A]7]
B&WALE Rqd =z wpds Az - 22
VIT. ZH3AHE A&st3, SULZERA = HA =
S 245t e AR AR Ao ARAAE Am BT
o 2 VIT. Zx7F 289t

_15_



o)
il

TAEHAA N2

o

A

1=

o
AR

&80

o

A~
TE

;‘g

o A5 o]

=S

[¢}

= o] ojUe mE
A

A}
=

St o]

=
=

fud

7 7}
o] ¢

1
=

3}
o o] ol At}

Holt},
= 337}

7F B9, 1A

[o}
T

°]

=
L.

7+

I
o
oo
®r
]

—_—

X

)
N

1

.

a1 T

HA

)

7] 2]

)

13

1o} [9]

I
“

5 o] of

ﬂwo

o

ERR

el

A4 el M (td 7]

o]
=

ﬂ..\,_wo

b

ste® p, .7k 4

EXS]O

0]

-

L

Zdol7h 1 71 kell A

o 2o

=
=

=

TO
oW

ol
\.mmo
)A
il
A

B/

e

</
o

o

Mo

~

ZFE Az oA

=
T

Al Ju) 3

}

2 w7 5

s

ojvf A §

o,

JLA

I

=z}
e

_16_

_"

1=
T

RIEES
A

il

bol ofe Hejel &

€]

Z=
°

o

tl 3719 o] =0
A}

2>%=7}F



.S
~

-

}

0|
84

wof A7)l wek 4

31 593 fA%59 @AW

]

4r

T

718 =271,

ol

rvze)
)

of

G

e
N
)

—
o

eyl
el
T
Ho
o

o

—_
o

Nfo
_lmo
o
ol
Tl

7

)A

e

7A

)
Ho
i
M

o

-
)

.
o

.
o

)

o)
2R

A~
T

e

Al &

LA

el

‘g Efel et

ol
e
e
N+

™
T

&
s

X
o

]

3l

X
o

ass

o]

ot
3 oF

o]

}

9
pud

=

i oF

o]

==

o)
2R

DENEEE

s

J

=

T
ol
;On_
oF

jruse]

2)

<)

Mo ® v ghol Bl

CEEERERENEEIS

of WA=

A=

o739

b, 3

Hapo] A7zlebs Fasty. 214

.

p ol #l

T
ol

ok
i

ﬂ..\,_wo

1

(3.1)

- 17 -

T, = Cp,



ol7lA Ce= mld Asrola, vAaride Aleed Pe 3d"3 3d59

P, = Cp,n (3.2)
Faragdoel dA0 Ake] AR TAFol LAt Alevtg e =
7= 71ee) el nldstA Jv
, = Cn' (p, = constant) (3.3)

Aure) 23 Baae hAAF RE A% WAL A& 0o AF
H] & g
R, = Cv? (3.4)

o714 Ce HlddT2A AAe a7], B, ZH, @4 ol we 244
O aA YA FX77F FA7R A5 ddE Adete] A4 A2 F317]9
3 nol HlEsteEz FAAZS F317] 9 +
71l A Ao o Fx71e) sl el mEdy. weps F317] 8o
FR710 ddefol & 3 T A7= 3o Alwel W&

i)
H

Hupo] AGe oM of® &=z Ay 98 Bad FY P

Al Aol vl gk

P, = T2mn (3.8)

= Cn? (3.9)
oF o]l FAFY A Aol nvlHEA "ok S, FX71Y FAE HsA A

_18_



Ao Al AlFel wlE g o]

YA g g A 32 Y A" Aol ofyw A
Aol Ax A A% ofyrh. u&de F =
S0 Astel A 302 FHaW dA=

o] 7|4 upEA gy £L£Heol AAZ Froude Aol s AHels] wAlll
o2 A (R, frictional resistance)< WA ¥ (skin resistance)o] 2tk &
3 AA mHge wpEe] 9% Aol o] AFHLS AAY =3 Hok=
Ao vlgeta AdAel Rl wel 2 gho] Sebv. W =
U e EAE wat AAT o]zt drk w3 HHo] mepd 2oufel] gk
b AR Hlgo] GEpth A S Afolle vhEA ] HA A 60~
80%°l gol=d S&Hote] aHom HH A Fol A Ao hFrES A
AetA Hol mRAFE 30~-40% A =2 Ak, adE v RAY RE o
&9 Froude® A3 el &ato] Aks + Stk

= A6{1+0.0043(15-t)} An '3 (kgf) (3.10)
= 0.2973A\5(1+0.0043(15-t)}Av . ** (kgf) (3.11)
o] 7] A,

§ 1 =9 vF (&= 1.025)

A PRE A S (=0.1392 + 0.258/(2.68 + L), (L @ #je]Z o] m)
t: B 2%(T)

A FHFAAAAZE Zol Aok 29 A) ()

=(m/s), vy @ el &= (kt)

S
jus)

= g
(o3

b

6) WFdd oz A o wf 2He =& W

qru
r_

- wake)gt sto] wjs} FA Fom

_19_



5}

A~
T

°,
F A

[¢]

ol A A

]

=

pzS

H

e
o A A

7]

1?3 =]

17]

A
L

=
T

o] 7
o Frol Al aglr® F

Ao}z v},

5}

ko)

—_
o

el

s

Ag A5 el

2 ol M

27171

=
T

A}, 0 A

% g o]

A
)

~X

o

-
|

el
%R
!
o

==
=

A=

Sk dle] 221t}

)

7

=

=

Al

F A %

k9
“

¢

o)

JH
B

—_—
o

o)

oy
il
=

]
(-

s

X

o
=8

j—

|

ol
Ulo

(logarithm)ir 502 Hojglom uwkzli

A A 25
o AnelA 5

(3.12)

7]

1

2427}

Iz

_20_

o gl W= dEyw

o] 2 3

7 X logn + logC

log(C % n?)

23, w7k g v Fue Zt7ke =2 vl olge AxsA Eh

Aol e Ao
W=l H e,
A A

[¢]

log P




b

JH

Ao hed AFgEE )

1

o 71&7] @ = 1%

)

o AEEAL FHA5ol o

Aoz Yo 7)g

]_

P
T

7

ES
o

ol

oo

e_a
2]

J;q.

7ol

B

T
MNE+=

d

3

=]
T

P

al

o] ¢ o]o}%E (layout)

wr ol e

A Fozm AA%A

)

2

] o
=

0

+
ol

</

x
o

o

7}

ks

B

o#a
Hlo

—~
o

110%

100%

90%

0%

POWER P(BHP)

S0

30%

106%

100%

90%

SPEED n(RPM)

Fig. 3.1 Load diagram of MAN B&W MC type engine

- 21 -



Fig. 3.1> MAN B&W MC <zl Retdeax AELEEdS A =05 A
Alstal 9lom, zF M3t Ralele] #AE v&3 2

1) LINE @ : 7]#%3}2] normal power line® 24 MCR(1002
100% £%=)A™ T CH(110% =953 103.3% F%)= #E3)

of AZdE HozEA o My HYPs HMEL Fo]z FHAYH

M e
oft 1M
i

ABEAM o]d o] fFolA &Eofof Frt
2) LINE @ : o] A3 B3 A= A FE4HMEP)s FEA = Aol
_]

g0l A B3 Helguw Bk o]de AR sy

3) LINE @ : 7|89 % 45 AT &= FdAVe=A dFs

103.3% e°] t}.
H)LINE @ : 2% E2 el HoenE shat, H7fagd A @49o] g3
% 9o

o
do
e
o
£l
Ho

ff
2
)
o
o2
et
rx
N
f
H
AL
posh

5 LINE ® : 7]#e] A%EA

6) LINE ® : UA4¢ Zzay An(zaas 9d5 vde 443 An)
%

7) LINE @ @ 106% £x=d o= Al A<

E_:]l o T v
o] t}.
7 AT AR AT FAE st AA o) 2" A +A SEUAE AAD
al
&) AWA AW FA} LEHA AL Aol Fue @7 WAS ;elstel LA W9



3.4.1 71&A

4r

A

o

] o= 9 (100%

o

)

ﬂ.ﬂ
A4

o
=

—_—

o
X
o
=
el
B
Ny

ﬂ.ﬂ
i

0

3179 103.3%°]

Hel el 7]

714

2

ey =

Zal

I~ =
qAT=

314

% 3

!

JJo
—_

e

X
o

Aqr

o]

185 =

5

]

5.9 10%v]9k9] 3}

(]

i

]

H A

il ]

o}
Ry

—_—

|

ol

J
T

} 110%9F W

]

(o)
=

]

La

Foll 71252 F 2

)

)=
L

gl =

N

=]
T

o]

H Wl A =

)
o

oy

®

)

AF oz o7 A

-
R

do

3

o

Fol wlojdol F25 Fo X

o5

=
=

—_
o

oy
%/

X
o

o 3%0]% 6%7]

™
oo

o

100%

Al el =

[
=

2o AR AR

=9

A
p s

141}

kel
T

Ao o] WA

T
o
s

"
N

o

Jlo
_

N

X
o}

4r

O

_23_



o] 7] A

HEb o sl

[e]

H
H9 1
00%
sol 4 103% Al
= Oﬂ/\i

1
00% MCR

oF ©
z 4
W % i X N %
= B &3 & B o i }
R = 3 w Ar
S _AL N —_— O#E ,EE ,WO ~ ﬂVI JH\_
S o B _M aﬁﬂ.mﬂ ﬁ%ﬂ o B
T T of o T O~ o0 _ _ ooof o) = b &
X B o° N ) ™ T °© —_ E LC 3
¢ T ®om g aa@niu}ﬂaz@
T = ~ o B X ) o N 5o B B W
o — Gy ;oo g s ny IR T X T A =y
[ n %o e T = P R N v A o
7 of Fo T o = w W i M x T o
b o P o o2 4 T T % T
=~ of M o B o G B omﬂ = ok 170 T o O
J) = ) (Y 62 %3 o E'e _ = NS ‘% 5 o o T fuy dl ﬁMl
z ® w B %jaoo 8 zbfﬁowg%1
T i Mﬂ &o \UI ) e o M_H = — s £y o ,ml <V <
SCINC X B ° W & oo = N
C‘* 7 lo ol 31 . T J ‘Ul T — =
ﬁﬂ%ﬂﬂr ﬂmﬁ@&ﬂq%%Az%loﬁﬂuﬁ&&
ol e T s = o 3 8 @ ° Jod T o R _ B g o T
a%Lﬂﬂ @L%iwlﬂovmmﬂ@tﬂwwuo
i s X —~ ol N il - iy
$ N o B aﬁ%)w 4mﬂ&4wwmﬂ% T
—_— . U.._ \mwﬁ - \mwﬁ ~ :1_ ‘H ﬂnmo T o JE' ﬂA.I ‘O| E s
> T Mrw ~g ! eyl oy oF < T N T oo o ™ iy g On poys
i%éﬂ_g _Ewgﬁﬂ}%ﬁﬂ%ﬁé H%L%
o oo . ns of O—H N of 0 TrON 1 \_| ol el M_M b Mo o £
) "I mJ ME _._.lL ~s =] o Be e~ o o v 2 o Mo Mo | i
R o = B3 5 : A4 P = = Ak
T o xE B - ) < o iy Wow <R B! = = o < A
I CEDN N F T oo % T w © _ > = < h ol
Wn_%ﬂ%@ a_.mmﬁmﬂaﬂl @ﬂqﬂﬂ 5 W
T ET ,_.Aﬂ% 57ﬁ$&%léﬂ¢1ﬂ
iy o 1- = W X le ol o o Jl — Al N =oon »OR ‘m_AVl
— ﬂ.ﬂ 1‘._A| ‘@l _AL ,UTW o ﬂm_l ,U..Uﬂ aﬁ JW X ,wArO ZT TOﬂ ;Qh# NE ,.:WF Of
ol = 2 ~ WM GOSN woX i o =
< EIE B Lfavouﬁn}%}o:;{
N < mf W X hoj TR b E < B IH 5 M ~
T Y X N o oF ov o W m o o H
”n — o e el ol = (8
o) ,mﬂ . OL ‘._._:___w‘_ e ™ ‘mo :.ﬁ ,ﬂLIl ‘Iﬂ 1__/| & JH
i (i awnMW@ o M#ﬁ%ﬂ.
_ffrma,_f:frwnﬂ%
e E ,Ul i =~ o 3
B m. = =
10 o#e

- 24 -



71 Ao

pint
el
;00

Ju
7o

o)

~
o

—

=

we e et #3

o}
H

@7F "ot

-

71 7}

[e)

5] 2
=

1

S

9]
o] Al &= of A

oA 7]

A

—L
L

F o]

kL
96.7%
ol fr7F =t

(lubricator)ll

z5)o] 2holu s

o] &

P
T

)
T

0SS

)

i
o

)

]

)

—
o

ol

o
X
)

H

F ) A

0|
p ol

3.46 %3 4

o|J
R

I
i
~
4
)

P PARRERTEIAS: T BN

)B]—

3l

o)
IR

uj) =

fois
=

g8l A

fois
=

3l oF

A

ol
~

T
A

o)

e

X
o}

i

il

H ol 110%7} 3}

|

A

A%

b ol A

s

SR

2
BTt oF 10% ¢ At

)
s

T
_ZE.E

v

X
o

3

o~

o
-

o
o

—_—

Nr

~

3

X
o}

.
o

-
ﬂl

w

A Abolel

o

[e]
e

& 27 1A

17kl =}

LA

Z] 124

[e]

pLe

et
)
o
i
R4
=
T
o
o
Z I

3.4.7

=3 oA o

1

s
f4

=EE o

ol =7l

ol

ﬁ
)
)

3

o
o
byl

]
oF
n
nl
of

<A
)

J

9) FAA :

_25_



<]
=y

gy
G
<

B

o
e
o
oy
qr

"

=
=

Z

| Al

Z_}

A =7k 4ol

ada A9y

=

o

il

i
M

vzel

o

-
o

or
)

)A

—

<R

7

il
Nk

£

)A

7
I

X
el

TH

i}

<

,_umo
o
=

%

)A
pE

A

ol

|

NS ol AE7F Ale s

4

8

A
=

al
A2 AFE Fed s

=
=

1

.

A2 e A g E oA

Z}
2}

Al

2

ﬁO
T
o)

o

o~

ol
G

ol

o

i

5141 4%

B B2} A

34,

I

)

ﬂnﬂo

TR
o
o
o
i~

o

=3

1 v

Foh(E 3%l ).

A7k o A s

Atk ¥

°]

TR
s

ol
<
Mo

N

)A
T

(3.15)

SIS ES

1

0|
pa

o 7 A[12]

Wxc

sho] 1412 AL GO BA

)

7

BHP

A=

!

)A
)

Foll A o] ¢4 % 2 v] F(kgf/BHPh)

)

|7 A9 90% (= 85%) 7

A AE dme] =4 A9

)A

)mo
T

H

F(kcal/kgf) - HlT H +%

n} o
=2 =2

]

C

4)

3.0% =

Al

o
Pyl
el

—

T
bl

B/

o

10) ISO condition °]# international organization for standardization(=f A
- 26 -

(IS0 conditiono. = ®AE 79 10,200 kcal/kgf)




351 3 g Hx dA

1A 92 ZzEAdE A gAdde s XY FH(PS)S W= (E
= AAAG) ] dAT uf -5 35 H &g,

PS = K,N* (3.16)

o] 714 PS=100 %, N=100%°] w32 7[Hor 3 35 4% Z=de
WA Aol g

L8 T FH 29 AY AAHe 2Eo] FTUEtE MA Aol =

Ho S AE(ME)7E Asteeh g ) dss 245
g z

Torque = K,PS/N (3.17)

5 Fig. 3.20014 ®= whep o] AAA el 7t oml dxl =art T2t

=
A S FRE o] BsE Aok grRolth oY A FAH] =
B

- 27 -



1z

A
ha

)B]—

5

b AFHER

5

3

ofe) 7}

1

.

ol A

A
o

E3 XA

oo} ol

oW ) R
LW . ®oF RERRW
T o u v iuﬂ%ﬂf
R 5 = w ~ :i nl 4o

- " 1 I O e B N T k)
Hoxo AR i g %
o T = 5 & mr o T T
RS SHEL T8 w ol T
T oo | _AE| A3 g I
;e B | 2 Rd eigl

= 2 GTR
Moo w = o TRE X
K — — — - w8 o Lﬂoﬂ
s N 58 ¥ s 2T
o s 3]

5 2 N = W BEwm
oo A\ ¢ g & T gEed
R il ° o _ T ﬂa7%4
AT V e o =) S mmE GG R
w X o T = ® Gl Gl
w S 2 [l || g N T
s o i = T (FTeT e
= oo M ollelfz 5 o P FRLEw
N o= el e = X M FkiEw
LGN <l |EE: g g o oo o
W~ li=E S G+ T ™ M AT
= w

lnu ,UI (I ) B —_— uy T ™
o ‘_l/ Ot ,m.ﬂ [« JIL E_- bx_ ‘WL :inm il <
S 78 NN TR | neZy
A~1 = & _A:uﬂ g o o o o ME Ar Ma )

oF . 1 .
™ g5 = Mv T n T ﬂmui%wﬂ
T - ~o T
~ J [— X Il
AR mow |BEaTE
ot _ ZT ) °© Ir H
@) ™~ =] =) =) =) =} :.L -— i_v .mﬂadﬂz
z = Mo % g - ” ® " ® Al W S ol

<A o 2 r 3] Jl—
1w o W a W m% of T &
ol IE Tol! =
< of T o K

_28_

b

hal

GAA AYF

L

g

A 7]

T

2]

A

al



T sy S AAs A% xAs7E A AW 2 SAdG T
el

AER oled 5A4E A8yl Hel o GAe] AV ABFEH. o] T
%

A4z5% 9o ZzAeel Az 540 Az o]F W wolel o] A
g FolE BEHES @ Bast ol

NzAol Fgatel AG Adol AW, Fost gl 249 v 98 @
datolx Azde] o] oA gon E Zeade HA5E A4n @
oAtk T ol fri FAehe] AAF Y xzdele] mwol AWolAN HAA

Table 3.1 Engine RPM/power curve according to propeller margin ratio

RPM / POWER CURVE

S8 N(%
SN g0 182 | 84 | 86| 88 | 90| 92 | 94 | 96 | 98 | 100

bi| Ty A

PROPELLER LAW 51.2 | 551 | 59.3 | 63.6 | 68.1 | 729 | 779 | 83.1 | 835 | 94.1 |100.0

3% PROP. MARGIN 4571493 | 53.1 | 57.2 | 61.4 | 6569 | 70.5 | 75.4 | 80.4 | 85.7 | 91.3

-3% PROP. MARGIN | 57.2 | 614|659 | 705 | 754|804 | 8.7 | 91.3 | 97.0 |103.0]109.3

93.22% TORQUE 746 | 76.4 | 783 | 80.2 | 82.0 | 839 | 85.8 | 87.6 | 895 | 91.4 | 93.2

90.00% TORQUE 72.0 | 73.8 | 756 | 774|792 | 81.0 | 828 | 846 | 86.4 | 88.2 | 90.0
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A& ¢ Crude oil crrrier
Azxd 19989 9¢ 44
DWT : 301,000 MT
Dimension(LBP13)X<B14x<D15xd16)) : 314.0mX<58m><31m><20.9 m
Main engine type : HYUNDAI B&W 7S80MC
MCR : 34650(BHP)<79.0(RPM)
NCR : 31185(BHP)X<76.3(RPM)
Propeller type . FIXED
BLADES : 4 EA
DIA : 9500 mm
PITCH(MEAN) : 6752.7 mm

13) LBP:=A A4 (E# MK, length between perpendicular. X+ Lpp) Av 42 EFE 40
A, e FAL TAZFAY G FA FHMAOR Yy deolH, T -’F*d Feolel A
=

14) B A& (fitI, breadth) Aol Zo] Huojel 3teof FtwoelA o el PYHowFE WH
7hA e FEAYE ¥ F(molded breadth)ola}ﬂ"’ 1:&4 579 28 E Y AFE =
o Zol gt gt

15) D :Zo|(depth) §x4¥e FHMOZRE HAF oo WSAY a3 stAde] wi

A FAAD.
16) d 5 Al E 54 Gl KAR, draft) 714 0 20 E B E5A7hA ] Ae).
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Table 6. Relation of between RPM and load according to

propeller's law

a5 23} EEE . ) A% Fot g% Fo}
<A <A <A &2

(RPM) (BHP) (RPM) (BHP) (RPM) (BHP) (RPM) (BHP)

MCR L9 34650 59 14434 39 4169 19 482
78 33351 58 13712 38 3856 18 410

77 32084 57 13015 37 3560 17 345

76.3| 31217 56 12342 36 3279 16 288

NCR | 75 29649 55 11692 35 3013 15 237
74 28479 54 11066 34 2762 14 193

73 27340 53 10463 33 2526 13 154

7 26231 52 9882 32 2303 | 12 121

71 25153| HALF | 51 9323 31 209 | 11 94

70 24106 50.2 8891 30 1898 . 10 70

[e>

69 23087 49 8268 29 1714 ° 9 51

63 22098 48 7772 28 1543 | & 3 36

67 21137 47 7297 27 1383 7 24

66 | 20205 16 o R 1235 6 15

65 19300 45 6404 |SLOW [ 259 1221 5 3.3

64 18423 44 5987 \ 24 972 4 45

63 17573 43 5588 = 23 855 3 19

62 16749] o [42 5207 A 22 748 2 0.6
FULL | 61 15952 41 4844 21 651 1 0.07

60.2| 15332 40.3 4600 20 562 0 0

B=hieg)

1o == -
a0 p
=0

,l
70 -
(8] =~
50 —T
A0 —
r
30 —
0 —=T
10 ]
8] i 20 S0 A0 50 &0 T = S0 100845
=H A AE T @0

Fig. 3.6 RPM and load relation line according to propeller’s law
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Fig. 4.2 Engine layout of SULZER engine
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Fig. 4.4 Examples of decreased SFOC for different MEP
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4.3 DeratingS A 8§39 Auro Ay
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A A deratingste] AE T A AAS BHlu HE vt A HgEs
A 13, dad 174, B34 133, ZH oy 243 (s34 1502 &
Z 24%), AAF A 208 02 FAE

AFAE A g P HAZE Bi g e 703 s 2AREE A3 Az
deratingdt 4+ 438 o7 HAA o 60%YS &
e A1 Ae9 zols Yoy B2 Mutso] o

o} 53] HeEelysdrc Haxe] 4§ deratings HAIE vl &o] =kl
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Table 4.1 Inspection of derated engine for operating vessels

Nominal Derated
X% /DWT (ton) d A type 100% MCR 100% MCR
(BHP x rpm) (BHP x rpm)
126,000 | B&W 6S60MC 16,680 x 105 15,300 x 102
163,256 | B&W 5LI0MCE 24,760 x 93 14,445 x 76.7
186,330 | B&W 6S80MCE 29,714 x 93 15,445 x 69.4
200,269 | B&W 6S80MCE 29,714 x 93 16,345 x 715
Bulk 200,100 | B&W 6S80MCE 29,714 x 93 20,280 x 88
Carrier 149,310 | B&W 5S70MC 19,116 x 91 14,000 x 82
34412 | B&W 6S50MC 11,640 x 127 10,680 x 123
48858 | B&W 6LE0OMC 15,600 x 123 14,600 x 116
127853 | B&W 6L58/64 11,347 x 428 8,400 x 428/54.4
43162 | B&W 6S50MC 11,640 x 127 10,580 x 121.9
269,101 | B&W 7S80MC 34,650 x 79 28,000 x 68
266,072 | B&W 7S80MC 34,650 x 79 28720 x 69.2
Tanker
299,997 | B&W 7S80MC 34,650 x 79 32,000 x 74
248965 | B&W 7S80MC 34,650 x 79 28720 x 77
Full 60,000 | B&W 12K9OMC-C | 74,612 x 104 67,080 x 104
Container | 68100 | B&W 10K98MC-C | 77,600 x 104 74,520 x 104
9664 | B&W 6L60MC 15,600 x 123 12,060 x 110.2
Car 12761 | B&W SL60MCE | 20,800 x 123 14,400 x 111
Carrier
13,241 | B&W 6L60MC 15,600 x 123 14,100 x 116
A5A 3460 | B&W 6L35MC 4560 x 200 4,000 x 200

_43_




A A3} derating VXA E

Gl

AA el 22 A

oW

Ho

< derating ¥

] gk
=1

al

)

o

-
o)
o

—_—

N
Nfo
,_umo

o

Mo
o)

ol

£

~

o

o

=K

A
=

A% : Crude oil carrier

: 314 mXx58 mX31 mx209 m

Auk A A (LBPXBXDXd)

1321,201 MT)

: HYUNDAI B&W 7S80MC(34,650 BHPX79 RPM)

: 301,000 MT (Displacement

Dead weight

Table 4.20] A

(%)

}_—T-]_
Foll A = a1

]

]

(e}

toE
T 80%

3

e
A

gl

derating

AN S EERTINE

s

o] =]
AAE F

171 9]

pll

5

ay

A

o] A]

\=]
-

Ao 80%
°} 44 g/BHPhZ AF40&
P2 Qlate]l ZaAelo] 27 o] AWA

UAl AAE AT Fig. 4.30A4% A5

o

No

Lon_

-—

5l

H]

gz AA7t F7hE o

w2

10

6,0004]

KN
R

Fig. 4.6% Fig. 4.79 A+

71ell F7ks = W

o )
g 5 F U %

23

o
1)

o

0

4o

o

P
™
=n
N
vl

o
w

B

)

—_

ol

- 44 -



] 741 9] - ~
S P: A9 Az Ad Derating <l % A4}
| 2l o
| 21 ol HYUNDAI B&W 7S80MC(34,650 BHPX<79 RPM)
A A%

MCR : 34,650 BHPX79 RPM

MCR : 32,000 BHPX74 RPM

AL NCR : 31,185 BHPX76.3 RPM | NCR : 28,800 BHPX71.4 RPM
Derating BHP 924 %
A2 A
i RPM 93.7 %
TYPE : FIXED TYPE : FIXED
=y BLADE : 4 EA BLADE : 4 EA
AbSF W] AL DIA : 9,500 mm DIA : 9,700 mm
PITCH(MEAN) : 6,752.7 mm | PITCH(MEAN) : 7,016.4 mm
ni Ew SFOC S SFOC
(%) (rpm)  (g/BHPh) (%) (rpm)  (g/BHPh)
45 61.6 129.8 45 56.7 1245
50 63.3 129.1 50 58.7 123.7
e 55 65.1 198.4 55 60.6 123.1
SAE=e | 60 66.8 1276 60 62.4 122.6
AsAEF | 65 68.6 126.9 65 64.1 122.2
M va | 70 70.4 126.4 70 65.7 121.9
75 72.1 126.1 75 67.2 121.7
80 739 126 80 68.7 121.6
85 75.6 126.2 85 70.1 121.8
(Service speed | %0 774 126.4 90 71.4 122.1
at 90% load) ( 155 knots) ( 15.0 knots)
9% 79.2 126.8 95 72.7 122.8
100 809 1275 100 74 123.6
105 827 105 752
110 844 110 764
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Fig. 4.5 Comparison of between RPM and SFOC according to load change
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Fig. 4.7 Relation between speed and load during sea trial with derating
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Ak 2o 2o g duf B AYr oY a8 FEY dY AnE
Table 4.3°14 Hlat)4ho] H <Azl )2
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_48_



Table 4.3 Comparison of auxiliary machines capacity of derated three engines

) 543

(LBAXBXD) & DWT

DWT 186,330 MT

DWT 200,269 MT

o el A A B A 4 C A
Auk A 280.7m><48m><24.5m 298.3m><50mX<24m 298.4m><50m>><24m

DWT 200,100 MT

F A A A (Nominal MCR)

HD B&W 6L80OMCE 29,714 BHP <93 RPM

A

RRLANG Bt

2

47

MCR 15,445 BHPX69.4 RPM
NCR 13,897 BHPX67.0 RPM

MCR 16,345 BHPX71.5 RPM
NCR 14,170 BHP<69.0 RPM

MCR 20,280 BHPX88.0 RPM
NCR 18,350 BHP<85.0 RPM

Derating H ¢

15,445 BHP*69.4 RPM
(48} 52% X 3] d 4= 75%)

16,345 BHPxX71.5 RPM
(3-8} 55% <3 4= 77%)

20,280 BHPX88.0 RPM
(-3} 68% < 3] A 95%)

W

Ly
a

14.0 kns(Ballast A])

13.4 kns(Ballast A])

14.9 kns(Ballast A])

zzAy Y

Type : fixed Blade No. : 4
Dia : 8,810mm

Pitch : 7,790mm

Type : fixed Blade No. : 4
Dia : §8,680mm

Pitch @ 7,381mm

Type : fixed Blade No. : 4
Dia @ 8,200mm

Pitch @ 5,733.4mm

AR T/C A IHI VTR 564 x 2 sets IHI VTR 564X2 sets IHI VTR 564X2 sets
Az W4 A (LX) 104m' /hr < 2th 104m' /hr < 2th 104m’/hrx 2t}
Az f38H FEZ(LEFXHF) 395m’/hrx 2 395m’/hrx 2 415m'/hrx 2
3.4m'/hrx2dt (supply pump) 3.4m'/hrx2d (supply pump) 3.6m'/hrx2d (supply pump)
A A=mF FE(EFXAF)
6.8m'/hrx 2t (booster pump) 6.8m'/hrx2d (booster pump) 7.1m' /hrx2d (booster pump)
A5 41 S (g/BHPh) 123 (g/BHPh) 124 (g/BHPh) 1245 (g/BJPh)
Ady oY 949 AnT
) 334 Liter/day 340 Liter/day 440 Liter/day
(Liter/day)
a8 F 449 AR Hkg/6yl.24h) |48 kg/6eyl.24h 48 kg/6cyl.24h 48 kg/6¢cyl.24h
Azl 74 vlal ($) 4,457,100,000 $ 4,457,100,000 $ 4,457,100,000 $
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Fig. 4.11 Comparison of trend for capacity of cooling pump, L.O.
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Table 5.1 Type and calculation levels of main programs

Application Technology

Project support

e Estimation of ship dimensions based on dwt, displacement, etc.
e Propeller calculation and power prediction

e Selection of main engine

e Layout/load diagrams of engine

e Load diagram of engine

e Maintenance and spare parts cost of engines

e Total economy-comparison of engine rooms

e Steam and electrical power consumption of ship

e Auxiliary machinery capacities - derated engines

e Fuel and lubricating oil consumption/ exhaust gas data/ TCS power
e Heat balance of engine/performance data

e Utilization of exhaust gas heat - steam and electricity

e Water condensation/separation in air coolers

e Noise-engine room/exhaust/structure-borne

o Preheating of cold diesel engine

e Utilization of jacket cooling water

e Heat for fresh water generator
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Engine Selection Process

Basic ship data

Ship type
Deadweight

Speed

Main particulars

Ship

Propeller

Length
Breadth
Draught

Diameter
No. of blades

Disc area ratio

Propulsion
optimization

Power prediction

|

Propulsion figures

Sea margin

Engine margin

Light running

|

Engine selection

Engine room

optimization

Shaft generator

Diesel generator

Turbo compound
system

Steam turbine

Fig. 5.1 Engine selection process
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Savings the n’th year after investment

Co
n

i

r

d=r

e
C./(1+dp

Extra investment at project start
Number of years after investment
Rate of inflation

rate of interest for financing

Discount rate

!

C,y = Co X (1410
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Fig. 5.2 Definition of net present value




Table 5.2 Estimating of ship particulars

Estimating of ship particulars

Input data
Type of ship Bulker
Design ship speed 14.0 knots
Dead weight at design draught 42,000 t
Length between perpendiculars 194.00 m
Breadth on water line 30.00 m

Estimated ship particulars

Length on water line 19894 m
Design draught 10.57 m
Displacement(volume) 48174 m’
Block coefficient(based on Lpp) 0.783
Midship section coefficient 0.988
Longitudinal prismatic coefficient 0.773
Fineness(length displacement) ratio 5.468
Breadth-draught ratio 2.838
Breadth-length ratio 0.151

LCB, longitudinal center of buoyance (+forward Lpp/2) 2.08 %

Immersed midship section area 313.29 m’
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Main Engine Selection

Engine and Economy data

Required limitation of engine/propeller speed
Required limitation of cylinder numbers
Reference spec. eng. MCR power (M)
Optimizing point(O)(engine matching point)
Average engine power in service

Normal sea service a year

Lower calorific value of fuel

Price of fuel oil

Price of cylinder oil

Price of system oil

Hourly wages for overhaul

Rate of interest

Rate of inflation

Rate of exchange

Required cost calculation period

Selected engines

: 105-140 rpm
D 4-7
09,947 BHP and 107.6 rpm
1 93.5% of specified MCR
1 80% of specified MCR
: 250 days/year
: 40,200 k]J/kg
:100 USD/t
1 1300 USD/t
:1000 USD/t
: 30 USD/hour
. 8% p.a.
: 4% p.a.
: 7.0 DKK/USD
: 12 years
: 4560MC and 6S50MC

Fig. 5.3 Main engine selection
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Shaft power BHP Trial condition,
P 8500 - loaded ship

8000

7500

7000 A

5500 1 T T T T T T T Ship speed
12.8 13.2 136 14.0 14.4 knots

Propeller speed

r/min
Trial condition,
L ] loaded ship
104
]
100 4
g6 -
a2 : T T T T T T T Sh'p Spﬂed
12.8 13.2 13.6 14.0 14.4 knots

Fig. 5.4 Prediction of the power and speed requirement for the
propeller design point of a single screw bulk carrier, having a 6

meter propeller diameter and sailing 14 knots.
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Ship propulsion running points and
engine layout

@

®

MP:

PD:

NB: Logarithmic speed and power scales

Heavy propeller curve —

fouled hull and heavy weather

Light propeller curve —

clean hull and calm weather

Specified propulsion MCR point

Service propulsion point
Propeller design point
Light running factor

107.6 r/min
103.9 r/min

108.1 r/min

Ls

9,947 BHP

Engine margin|
(10% of MP)

Sea margin
(15% of PD)

L.

8,952 BHP

7,784 BHP

Engine speed

Fig. 5.5 Sea and engine margins together with light running factor

used for layout of main engine

48S60MC Conventional
{(Nominal engina MCR
Specified engina MCR
Optimising point

Engine servica point

(1)
(M)
(O):

(S):

11,120 BHP and 105.0 r/mir)
0,886 BHP and 105.0 r/min
9,284 BHP and 102.7 r/min
7.9080 BHP and 97.5 r/min

Engine shaft power, 26 of nominal MCR power

110
L4
100 T
7
-
90 5 <
80 ,J <4 ol Bl i
La S < 1 - 3
70 L~ P 3
I’f P
- ”
60 ,/Af A2 L—-
=
A 2
~ rs
50 & 44 =
i A / q §
45 8 : s
A 1 ” 3
40 F ok 4
’;6;&# 2/ ,1 =
35 I 3
61 TO 80 S0 100

110

Engine speed, 9% of nominal MCR spesd

Fig. 5.6 Combined layout and load diagram of the selected 4S60MC
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engine

Power
BHP1 ’ c;gv Specified engine MCR (M)
mo" e - Ref. MCR power: 9947 BHP
o :r: 2 Ref. MCR speed; 107.6 r/min
S o Minimum speed: 105.0 r/min
_ s IO Maximum speed: 140.0 r/min
. Constant ship
40 - 30 speed factor a: 0.25
30
= 20
20 —— 15 L69
% 1 10 E - 150 Constant ship
E e | =T QTS s 1 el
10 T 2 W L.‘d2 |._35
B~ 8 |
5 4 /
535
e b
. =2
5'0 GID ?'O ato I 1 (50 1 éo 1 ‘:IIG 1 €I|0 260 EjEO
Speed
r/min

Fig. 5.7 Selection of main engine
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Net present value Running point in service:

1,000 USD 80% Ref. MCR prop. power

400 | 7,958 BHP at 99.9 r/min
Option 1:  4S60MC

300 | Option 2: 6S50MC
Option 3:  7S50MC
Option 4:  4L60MC

200 1 Option 5:  5S60MC

100

Option 1
16 18 20 22
Years after

-100 1 investment
_200 g

Option 2
-300 4

Opiti
-400 4 - \ P

\ Option 3

-500 A :

Option 4
_600 N

Fig. 5.8 Selected main engines ordered in net present value priority

after 12 years in operation

_64_



Specific annual 4560MC
maintenance Specified MCR power: 9,886 BHP
costs
USD/BHP/year Tame J;m;aon
E
5.0
4.0 -
3.0 3
]
2.0 =
1.0 =
— Time in
service
0.0 R TR ki S 0 (R
0 5 10 15 20 25 Years
(@] 30,000 60,000, 90,000120,000 150,000 Hours

Fig. 5.9 The expected maintenance costs per year the 4S60MC engine

has been in service
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4S60MC Conventional

(Nominal engine MCR: 11,120 BHP and 105.0 r/min)
Specified engine MCR: 9,886 BHP and 105.0 r/min
Optimising engine paoint: Basis) 100.0% specified MCR
Alt. 1) 93.5% specified MCR
SFOC Alt. 2) 90.0% specified MCR
g/BHPh
128 : : .
Running with fixed pitch propeller
\\ (propeller curve through specified _|
5 \ MCR point)
126 AN
NAN At 2
\ . 1 Al 1
124 \\\ \ ! | Basis
\\. \ //
.\\ \\ /
o Y
N
S :
122 \N\ - \'/
ey
oM >
120 : =
30 50 {0] 30 110

/
Engine shaft power, % specified MCR

Fig. 5.10 Expected SFOC at part load running at ISO ambient

condition valid for three different optimizing points
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power(bhp, kW)

speed(rpm)

Fig. 5.11 Engine layout of MAN B&W

power(bhp, kW)
kW)
Ry
Rj
R, R,
speed(rpm)

Fig. 5.12 Engine layout of SULZER

_68_




Table 5.3 Derated range of MAN B&W engine types

Layout point

L,/L,
A7 type H] 1l o} 7

L L, L L, (%)
speed  (r/min) 94 94 84 84 89.4
14K98MC & ME load (kW) | 80,080 | 64,260 | 71,540 | 57,400 71.7
(Cyl. No. 6~14) mep (bar) 18.2 14.6 18.2 14.6 80.2
SFOC (g/kWh) 171 162 171 162 94.7
speed  (r/min) 104 104 94 94 90.4
14K98MC-C& ME-C| |pad (KW) | 79,940 | 64,120 | 72,240 | 57,960 725
(Cyl. No. 6~14) mep (bar) 18.2 14.6 18.2 14.6 80.2
SFOC (g/kWh) 171 162 171 162 94.7
speed  (1r/min) 83 83 62 62 74.7
12L9OMC-C& ME-C| |pad (kW) | 58560 | 37,560 | 43,680 | 28,080 48.0
(Cyl. No. 6~12) mep (bar) 19 12.2 19 12.2 64.2
SFOC (g/kWh) 167 155 167 155 92.8
speed  (r/min) 94 94 71 71 755
12K90MC & ME load (kW) | 54,840 | 35,040 | 41520 | 26,520 48.4
(Cyl. No. 6~12) mep (bar) 18 11.5 18 115 63.9
SFOC (g/kWh) 171 159 171 159 93.0
speed  (r/min) 104 104 89 89 85.6
12K90MC-C& ME-C| |pad (kW) | 54,840 | 43,800 | 46,920 | 37,560 68.5
(Cyl. No. 6~12) mep (bar) 18 144 18 14.4 80.0
SFOC (g/kWh) 171 164 171 164 95.9
speed  (r/min) 76 76 61 61 80.3
9590MC-C& ME-C | |pad (kW) | 44,010 | 35280 | 35,370 | 28260 64.2
(Cyl. No. 6~9) mep (bar) 19 15.2 19 15.2 80.0
SFOC (g/kWh) 167 160 167 160 95.8
speed  (r/min) 104 104 89 89 85.6
12K80MC-C& ME-C| |pad (kW) | 43,320 | 34,680 | 37,080 | 29,640 68.4
(Cyl. No. 6~12) mep (bar) 18 144 18 14.4 80.0
SFOC (g/kWh) 171 164 171 164 95.9
speed  (r/min) 79 79 59 59 74.7
12580MC load (kW) | 43,680 | 27,960 | 32,640 | 20,880 478
(Cyl. No. 6~12) mep (bar) 18 11.5 18 115 63.9
SFOC (g/kWh) 167 155 167 155 92.8
speed  (r/min) 76 76 57 57 75.0
8580MC-C & ME-C| 1pad (kW) | 31,040 | 19,840 | 23,280 | 14,880 479
(Cyl. No. 6~8) mep (bar) 19 12.2 19 12.2 64.2
SFOC (g/kWh) 167 155 167 155 92.8

To be continued
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Layout point
A7 type H] 1l o} 7 L4/L1
ILy ILg, ILg, 1L, (%)
speed  (r/min) 93 93 70 70 75.3
12L30MC load (kW) | 43,680 | 27,840 | 32,880 | 21,000 48.1
(Cyl. No. 4~12) mep (bar) 18 115 18 11.5 63.9
SFOC (g/kWh) 174 162 174 162 93.1
speed  (r/min) 108 108 81 81 75.0
8L70MC load (kW) | 22,640 | 14,480 | 16,960 | 10,880 48.1
(Cyl. No. 4~8) mep (bar) 18 115 18 11.5 63.9
SFOC (g/kWh) 174 162 174 162 93.1
speed  (r/min) 91 91 68 68 74.7
8570MC-C& ME-C | |pad (kW) | 24,880 | 15920 | 18560 | 11,920 479
(Cyl. No. 4~8) mep (bar) 19 12.2 19 12.2 64.2
SFOC (g/kWh) 169 157 169 157 92.9
speed  (r/min) 108 108 91 91 84.3
8L7OMC-C& ME-C | |pad (kW) | 24,880 | 19,840 | 20,960 | 16,720 67.2
(Cyl. No. 4~8) mep (bar) 19 15.2 19 15.2 80.0
SFOC (g/kWh) 170 163 170 163 95.9
speed  (r/min) 105 105 79 79 75.2
38560MC & ME load (kW) | 16,320 | 10,400 | 12320 | 7,840 48.0
(Cyl. No. 4~8) mep (bar) 18 11.5 18 11.5 63.9
SFOC (g/kWh) 170 158 170 158 92.9
speed  (r/min) 105 105 79 79 75.2
8560MC-C& ME-C | |pad (kW) | 18,080 | 11,600 | 13,600 | 8,720 48.2
(Cyl. No. 4~8) mep (bar) 1) 12.2 19 122 64.2
SFOC (g/kWh) 170 158 170 158 92.9
speed  (r/min) 123 123 92 92 74.8
8L60MC load (kW) | 15360 | 9,840 11,440 | 7,360 479
(Cyl. No. 4~8) mep (bar) 17 10.9 17 10.9 64.1
SFOC (g/kWh) 171 159 171 159 93.0
speed  (r/min) 123 123 105 105 85.4
8L60MC-C& ME-C | |pad (kW) | 17,840 | 14,240 | 15200 | 12,160 68.2
(Cyl. No. 4~8) mep (bar) 19 15.2 19 152 80.0
SFOC (g/kWh) 171 164 171 164 95.9
speed  (r/min) 127 127 95 95 74.8
8550MC load (kW) | 11,440 | 7,280 8,560 5,440 476
(Cyl. No. 4~8) mep (bar) 18 115 18 11.5 63.9
SFOC (g/kWh) 171 159 171 159 93.0
speed  (r/min) 127 127 95 95 74.8
8550MC-C& ME-C | |pad (kW) | 12,640 | 8,080 9,440 6,080 48.1
(Cyl. No. 4~8) mep (bar) 19 12.2 19 12.2 64.2
SFOC (g/kWh) 171 159 171 159 93.0
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To be continued

Layout point L4/L1

A7 type H] 1l o} 7
Ly Ly Ly Ly (%)
speed  (r/min) 148 148 111 111 75.0
8L50MC load (kW) | 10,640 | 6,880 8,000 5,120 48.1
(Cyl. No. 4~8) mep (bar) 17 10.9 17.0 10.9 64.1
SFOC (g/kWh) 173 161 173 161 93.1
speed  (r/min) 129 129 108 108 83.7
8546MC-C load (kW) | 10,480 | 8400 8,800 7,040 67.2
(Cyl. No. 4~8) mep (bar) 19 15.2 19 152 80.0
SFOC (g/kWh) 174 169 174 169 97.1
speed  (r/min) 136 136 115 115 84.6
12542MC load (kW) | 12960 | 10,380 | 10,980 | 8,760 67.6
(Cyl. No. 4~12) mep (bar) 19.5 15.6 19.5 15.6 80.0
SFOC (g/kWh) 177 172 177 172 97.2
speed  (r/min) 176 176 141 141 80.1
12L42MC load (kW) | 11,940 | 9,540 9,540 7,680 64.3
(Cyl. No. 4~8) mep (bar) 18 14.4 18 14.4 80.0
SFOC (g/kWh) 177 172 177 172 97.2
speed  (r/min) 210 210 178 178 84.8
12L35MC load (kW) 7,800 6,240 6,600 5,280 67.7
(Cyl. No. 4~12) mep (bar) 18.4 14.7 18.4 14.7 80.0
SFOC (g/kWh) 177 172 177 172 97.2
speed  (r/min) 173 173 147 147 85.0
12535MC load (kW) 8,880 7,140 7,560 6,060 68.2
(Cyl. No. 4~12) mep (bar) 19.1 153 19.1 153 80.1
SFOC (g/kWh) 178 173 178 173 97.2
speed  (r/min) 250 250 212 212 84.8
12526MC load (kW) 4,800 3,840 4,080 3,240 67.5
(Cyl. No. 4~12) mep (bar) 185 14.8 185 14.8 80.0
SFOC (g/kWh) 179 174 179 174 97.2
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Table 5.4 Derated range of SULZER engine types

Layout point R4/R1

Azl type H] 1l o A
e R, R, R, R, ©0)
speed  (r/min) 102 102 32 32 80.4
12RTAB4C load (kW) | 48600 | 34,080 | 39,000 | 34,080 70.1
(Cyl. No. 6~12) mep (bar) 17.9 12.6 17.9 15.6 70.4
SFOC (g/kWh) 171 163 172 167 95.3
speed  (r/min) 99 99 79 79 79.8
8RTAT2U load (kW) | 24,640 | 17,240 | 19,680 | 17,240 70.0
(Cyl. No. 5~8) mep (bar) 18.3 12.8 18.4 16.1 69.9
SFOC (g/kWh) 171 165 171 167 96.5
speed  (r/min) 94 94 75 75 79.8
B8RTAE8T load kW) | 23520 | 16,480 | 18800 | 16,480 70.1
(Cyl. No. 5~8) mep (bar) 19 13.3 19 16.7 70.0
SFOC (g/kWh) 169 161 169 165 95.3
speed  (r/min) 115 115 92 92 80.0
B8RTA63U load kW) | 18,280 | 12,800 | 14,640 | 12,800 70.0
(Cyl. No. 5~8) mep (bar) 184 12 18.4 16.1 70.0
SFOC (g/kWh) 173 167 173 169 96.5
speed  (r/min) 137 137 110 110 80.3
8RTAS2U load (kW) | 12,800 | 8,960 10,280 | 8,960 70.0
(Cyl. No. 5~8) mep (bar) 18.3 12.8 18.3 16.0 69.9
SFOC (g/kWh) 174 168 174 170 96.6
speed  (r/min) 127 127 102 102 80.3
8RTA48T load kW) | 11,640 | 8,160 9,320 8,160 70.1
(Cyl. No. 5~8) mep (bar) 19 13.3 18.9 16.6 70.0
SFOC (g/kWh) 171 163 171 167 95.3
speed  (r/min) 102 102 92 92 90.2
14RT-1lex96C load kW) | 80,080 | 56,000 | 72,240 | 56,000 69.9
(Cyl. No. 6~14) mep (bar) 18.6 13.0 18.6 14.4 70.0
SFOC (g/kWh) 171 163 171 164 95.3
speed  (r/min) 76 76 61 61 80.3
9RT-{lex84T load kW) | 36900 | 25830 | 29610 | 25830 70.0
(Cyl. No. 5~9) mep (bar) 18.5 13.0 18.5 16.2 70.3
SFOC (g/kWh) 168 160 168 164 95.2
speed  (r/min) 114 114 91 91 79.8
9RT-1flex60C load kW) | 21,240 | 14,850 | 16,920 | 14,850 69.9
(Cyl. No. 5~9) mep (bar) 19.5 13.7 19.5 17.0 70.3
SFOC (g/kWh) 170 164 170 166 96.5

To be continued
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: . Layout point R4/R1

3 H| 1l A,

O\ﬂ ol type ]J-‘—T’H fo} R1 R2 R3 R4 (%)
speed  (r/min) 105 105 84 84 80.0

8RT-flex53T load kW) | 17,000 | 11,920 | 13,600 | 11,920 70.1

(Cyl. No. 5~8) mep (bar) 19 13.3 19 16.7 70.0
SFOC (g/kWh) 170 162 170 166 95.3
speed  (r/min) 124 124 99 99 79.8

8RT-flex50 load kW) | 12,960 | 9,040 | 10,400 | 9,040 69.8

(Cyl. No. 5~8) mep (bar) 18.3 12.8 184 16.1 69.9

SFOC (g/kWh) 171 165 171 167 96.5
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Fig. 5.13 Derated range of MAN B&W engine
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Fig. 5.14 Comparison of speed for MAN B&W engine
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Fig 5.15 Comparison of SFOC for MAN B&W engine
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Fig. 5.16 Comparison of load for MAN B&W engine
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Fig. 5.17 Comparison of MEP for MAN B&W engine
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Fig. 5.18 Derated range of SULZER engine
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Fig. 5.19 Comparison of speed for SULZER engine
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Fig. 5.20 Comparison of load for SULZER engine
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Fig. 5.21 Comparison of MEP for SULZER engine
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