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A Study on Performance Evaluation of
Marine Diesel Engine with an Ambient Environment

Jin, Eun Su

Department of Marine System Engineering
Graduate School of Korea Maritime University

(Supervisor : Prof. Kwon-Hae Cho)

Abstract

Recently, due to the global warming phenomena, the ambient
temperature of summer season and winter season is becoming to intense
weather condition. In such a extreme environment, the ambient conditions
changes cause a difference in the SFOC(Specific Fuel Oil Consumption),
exhaust gas temperature, scavenge pressure of diesel engine.

From the point of view of shipyard, in case of construction for series
vessels, the performance distinction for a engine is figured out in such a
climatic change. During ship construction, for that reason of disagreement
with ship owner, extra sea trial might be required.

In this study, performance evaluation on such like Pmax, Texh., Pscav.
throughout a shop trial and a sea trial, which are parameters for engine
performance to be described and reviewed with the new 8(eight) engines
in series vessels. But lubricant oil viscosity and machinery fouling and

other external causes were not considered on this study.
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SFOC(Specific Fuel Oil Consumption) is measured on shop test and sea
trial. The measured value of SFOC should be corrected with ISO
standard condition and compared with recommendation of engine builder.

KEY WORDS: Performance, Ambient temperature, Series vessels,
Shop trial, Sea Trial, SFOC
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2.1 A &ZA(Test and trial)

Al &A-& gF2l(rules), T4 (regulations) % A ZAFS] @+ AF&Hrequirement)ol]
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Fig. 2.1 Schedule of shop test[1]
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Table 2.1 Load test of main engine at shop test

1) Load test
NO. Kind of test | Duration(h) Other tests
2) Governor test
3) Over speed test
4) Minimum revolution test
1 25% Load 0.5 5). Emergency stop
2 | 50% Load 0.5 6) Safety device test
3 70% Load 0.5 a. High temp. of thrust pad
4 90% Load 0.5 b. Low pressure of main lub. oil
5 100% IL.oad 1.0 c. Low pressure of camshaft lub. oil
6 | 110% Load 0.5 7) Starting and reversing test
8) Turning gear interlock test
9) Astern running test at no load
10) Overhaul inspection

N4 2o 247] HaES AN B 37
s71e A&AYs A5 115%E 298 FES 2 Holof shr] 2
% 7 g £RHOR 2wUkA BEE 2]
Aol Bel od BEMAUE Tl HAFT P
1371 *10178?8%01 dojpeA B HAsT Fr1we 37

= =g
oo gt o] Slolx 7k B3 NOXAZ, WEAZS Se AAAZo] Ytk
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Table 2.2 Official sea trial items [2]

Trial Engine load

Remarks

50 % of MCR

) ) 75 % of MCR
Progressive speed trial

Each speed to be the mean
of two successive runs

measurement

NCR . . . .
alternating in direction
MCR
MCR 6 hours
Endurance test NCR 6 hours
Fuel consumption )
NCR During endurance test

From NCR ahead

Crash stop astern trial
to full astern

Until

Zero

ahead speed becomes

One right and one left for

operation test

Turning trial NCR rudder hardover and during
endurance test
) i Engine to be run as slowly as
Slow running trial i
possible
Steering gear test To class requirement
Anchoring test At sea depth of about 65 m
Unmanned(E/R) NCR During endurance trial

(6 hrs)

. . . 2 rpm intervals in
Hull girder vibration
a range of 75-100

measurement
% of NCR
Local vibration ) )
NCR During endurance trial
measurement
Noise level . .
NCR During endurance trial
measurement
. . . During Hull girder vibration
Torsional vibration
measurement to class
measurement )
requirement
5
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Table 2.3 Schedule of official sea trial

. SHIFTING TO SEA
. START BALLASTING FOR SEA TRIAL CONDITION
. MAGNETIC COMPASS ADJUSTMENT
. ECHO SOUNDER CONFIRMATION
. ANCHORING TEST
. FIRE FIGHTING DEMONSTRATION
. STRENGTH TEST OF NO. 3 HOLD
. DRAFT READING
. BUILDER'S SYSTEM CHECK & ADJUSTMENT
® M/E BUNKER CHANGE (TO H. F. O)
® M/E INDICATOR CAM ADJUSTMENT
© M/E VIT ADJUSTMENT
@ BRIDGE CONTROL SYSTEM ADJUSTMENT
10. STEERING GEAR TEST
® MAIN STEERING GEAR TEST
® EM'CY STEERING GEAR TEST
11. BLACK OUT TEST
12. ENDURANCE TEST
(8HRS, INCLUDING SPEED TRIAL)
*INCORPORATED WITH SPEED TEST & EO/UMA TEST
® M/E FUEL OIL CONSUMPTION CHECK
® COMPOSITE BOILER SOOT BLOWER TEST
© F.W GENERATOR RUNNING TEST (J.W./STEAM)
@ FIRE & GENERAL ALARM AUDIBILITY TEST
13. SPEED TRIAL AT NCR (85% LOAD)
® M/E FUEL OIL CONSUMPTION CHECK
® AUTO PILOT CHECK
© RADAR CHECK
14. EO/UMA TEST (4HRS)
*INCORPORATED WITH ENDURANCE TEST
15. BRIDGE CONTROL TEST
@ MANEUVERING TEST
® AUTO SLOW DOWN TEST
© LOAD UP & DOWN PROGRAM FUNCTION CHECK
@ M/E NUMBER OF STARTING TEST
16. START BALLASTING
17. M/E BUNKER CHANGE
18. RETURN TO YARD

© 00 N O U W N
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22 EFU7] A= =4

gAddel #F7] AA2E 212 SO F97]&=x2(ambient reference
conditions)?!  15S03046-1:2002(E)¢t  1S015550:2002(E)=  A+&-3t™, Table 2.4+
ol % ofelsl o] QokF Aot

Table 2.4 ISO ambient reference conditions

ISO Tropical Specified
Parameter . . . Remark
condition condition condition
B tri
arometric 1,000 mbar | 1,000 mbar | 1,000 mbar
Pressure
Ambient air
25C 45C 10C
Temperature
Scavenge air 95°C 32C 10C
Temperature
Relati
clative 30% 60% 60%
humidity

F713& SO 71247187 25T, W44 &= 25C) 2 Ao 337
T= 71874 45C ¢ sl 32C[4 7|87 7] (scavenge air cooler) ¥+ =
Wt s 36C1e gtz o= ujd(matching) 2 AAHAGY. I8l 5%
oz wiAH Az HA §§ )AL -10Ce|th ol& A &=}
o] () 7137 -10°C~45C 2} SMCRe] 30%°]7d2] AR H3E}), Axe] SFOCE &=
ol7] fAsiA Hu7] AT F WrIEAEH 2T E Thsd @A FAMk g

o 27|98 T3 B 2590 AP E /‘}%5“’ A FolE Aotk 1
HuZ, 24 Fole

27198 e Fol] FAME R trBRAA s
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air intake temperature
B5 )
B0

55

s0
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EGR
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ag -
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20
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o

o4

el
10 4
A5 T
Sy
B5
e
a5 |
40 T e
A5 E Up io 1009 SMCR running is not aliowed

p o - SMCH running ony allowsd whan low
= exhaist gas bypaas (C1+5)

Fig. 2.3 Principles for standard and special high(or low) ambient air
temperature matched engines [4]

222 QA M9 RE R3kpart load €A
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2
2]
Maximum Continuous Rating)o]il, A&
S Aotk a¥EBE=E 42°C A=Y I+ U
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247 HA et F2 ATREY SFAYGAA, dHoRE AV|EVF &
g AAXN7A £dalx] e B BE Ral(part load)ol A Ao 7}Eith
Pz

w0
BRoF, dgo] WARTW AZRIHE Folof ek

Standard 150 temperature Spacial high temparature
matched engine matched engine
Tamperature "C Standard air cooler design Special air cooler design
56
Standard 55 °C—
54 4
52 4
504
Standard 48 G —48 1
46 -
444
421
40
a4
I Upto 100% SMCR running i
Standsd 35 °C — 36 1 not allowed (scavenge air
= B Upto 100% SMCR running is
Stendsr 32 °C —32 1 o k 08 )
30 4 B Upto tD0% SMCR running is
allowed {scavange air coclant/centra
8 4 cooling watar)
Sheri 26 7 0 Upto 100% SMCR running is
bess 25T | allowed {saawater)
22 -

Fig. 2.4 Principles for layout of scavenge air cooler for standard and special high
scavenge air coolant temperature (illustrated for a central cooling water system)
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Exhaust gas  Air intake
system casing

Air intake ¥

Exhaust gas preheater

receiver

Gas turbine

| | Turbocharger
V\/\N -
l —~
Scavenge Air
air cooler compressor

Scavenge

air receiver
A: Control valve

For preheating the intake air in order to
keep the air temperature above —10°C

Diesel engine

Fig. 2.5 Air intake pre-heater systeml5]
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v
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Gas turbine
I

I
\ | /
lurbocharger

A |

: 2 receiver
air receiver

Scavenge Air
air cooler compressor
A
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bypass/blow-off
Dicscl engince
B Blow-off valve
C1 Control device
Ensures Lthal the scavenge air pressure does notl
exceed the MCR/ISO value
D1 Electric measuring device
Scavenge air pressure
Fig. 2.6 Scavenge air by-pass/blow-off system
E gE Ul #5719 gl 3= e w77l dEE Holu s AZe
O =]
27) F& zHIE

EX 77 4FF9 oUAE FAAEAA Azl FFEHE
o

AlZz=glo|t}, o] Alx®le “Cl+2” 2EARE AREste] A Fsto] mE 47]
FES 1S0¢Hd ZHEE FAANII= A=FoRE So] dF3 WHERT
© F H B2 784S /KA. o A= Figo 27949 o] =dAA

“Cl+2” & A3t A9 ti7ldeodAd(arIgde]l £ o) Ao HA
s WM 9(Z part Load)ell thste] Abgo] 7hestrt. &7t o] ¥ d 1S07]
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BE zdste dxlo] #A{st7 @AY SR 0“:% g =R It EE
dHAHoR wA FAANHLEHA Ao S FEA Bded F¢ F

Air intake casing

Exhaust gas system
Scavenge Exhaust gas bypass e g ol

air receiver ! =
Exhaust gas
A receiver Gas turbine
1 r—

—
" 1 y
- \ 1 / A

a Turbocharger

< | | [
[
T _-/—l—\
" - - 1 ]
r Scavcngce Air
- air cooler compressor
L

B Exhaust gas bypass valve

Controlled by the scavenge air pressure
Control device
: . (S} Standard control
Diesel engine Ensures that the scavenge air pressure does not
exceed the MCR/ISO value
C1+2 Advanced conuol
Ensures that the load dependent scavenge air pressure
does nol exceed Lhe corresponding ISO based pressure
D Required electric measuring devices
M1 Scavenge air pressure (for 1 and ¢1+2)
D2 Engine speecl and engine torque (for C1+2)

Fig. 2.7 Exhaust gas by-pass system

o] Systeme] FA& | F=o =Ho] JHed WMEETho] F(butterfly type)
Hiolgj 2~ Wl B, PLCE FAste] A71Aos AsHe 7] e F44 439
o|F &} FUFH o R AZE EFAYG AXIHFrpmE S8 A 5 vwiE
SR, A7) 48 A ZAA], Ad5AFE217](Fuel index transmitter)7} &7
—T“é?ll:‘r. MANAF MEE <] -9 ECS(Engine Control System)ol] qlzle] H
st, A8 A (fuel index), &71b8 AS 7} ojm] F7F Hol Q7] wjio] #HHd

} Aol AA= EZ8 strh
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A HREE o9 AR ¥ Fole WHE 1EE F oY, o] A%
e AL t7] &% oA HEgo| FFo] glojof ot o] ouj= =
AL 7] % oA AR 7hed Az 9o WUt dHETE uE
A o] RIS aYsly] felAe SAL Aol ARt & Al ARG e
YRS Ao stEE Abdo] H™d HETE o] Fo Aok 3t} Fig. 2.8
& g3t 10C oM AR A5S 93 FrhEANFE tehla gl

Scavenge air pressure psc Turbocharger
air intake <t
bar temperature bypass
—40 °C SRan
Psc. MCR/ISQ —20 °C
3.5 T a°c
25 °C 1ISC
45 °C
3
(@]
bypass
closed
2.5 T
2.0 Control device C:
= P =< Psc. MCR/ASO
b?:;;gs el pii < pPsc. IS0
e closed
Engine shaft power
ks = T T T T T 1
50 60 7O 80 90 100% Specified MCR

Fig. 2.8 Additional measures

for operating the engine in extreme low

temperature air temperatures below -10C
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ZF-&-7)(ubricaton)E Y3+ A7)

- A9y
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T
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B
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}
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] El(space heater)Ad %]
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2.3 AT dFe HA= AT UAAHE]

2.3.1 HFA AL (PD

AXgE e FHEFOoE ol AHEe] HIE Ao A F JEA AEE
Zxolty. 7 ddre] Pie BE AU HdgelA 0.5 bareld BojuA
A== sjof 3, 53] ZF w7 WUE Fo| AT E J|FOE 3ol o] R}
WEe 2dsd < "ok Byt n2A BuiEA Fod AWYe o] B
bgsl A+ Aok

23.2 T E WL (Pra)
747k9] Puyrh WEEETH 3 bareld elz7k U@ 7 9 Fohlo] Wiz
AFolhok 31H, ¢85 Pumy- Prad® 35 barZ FAR AgES 2usA @

=% 8o} @,

2.3.3 9489z Q4 2(Index)

ARFL Qlu o vhEsh FYBHE FHe BRFYYL A5 ARPE
AY2E F/AAL T AEHE dEAE ARG PEHETL R
2Hze| Fao] Pold § BE A¥x Ba)d Anfel wdW v o
FHZA, P 5ol ANE e womz Fojso A AnPx A
I~ S A

7F °F 10% S7FetAl HH S

A& Agsedd 2

l"lﬂ fijo

il
Mo
=
off
o
)
r&

A7} wAF

2.3.4 w7172 25 (Texn)

3715 BA R T ATk A 2"/l o) o] TAystd w7l =rt &kt
AL 7]FHstet Yy AR E S A7) 9kl Add
HHAWA ERste] S71E sl &stes dAldH
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t
2

24 L= A% BAIT]

o
off

241 5T A

ZAE A5 HFEPna, Pom, P, Ten) S A E3A H7lstE ™ SO 71&x24

o2 HAs ot 3. eSS et 2o

Zb7] Wz = = 25C(&7]87] &% = 390)
2 ar(1,000 mbar) = 750 mmHg
AEF ALIEEsF - 10.200 kcal/kgf (42,700 kJ/kgf)

>
1
Re)
X
=
AN
L
)
1
=
o

Pmax, Pcomp, Pscav, TexhpA E_Xé]

*?4 ]ﬂ‘/“r“%(Pmax, Pcomp, Pscav, Texh)oﬂ EH3H 7]%2&@01 ‘:-l‘ %7]?:}‘?'9’]‘ Tcoolin-gl
Aolg AN WPoRe muo o7 T Iudd FAE Agse

Axkell o] gt Wo] QT
Acor = (Tmeas = Tret) X F X (K + Ameas)
o 7] A,

Acorr = Eﬂ—’—‘ﬁoﬂ Z %—% E@ 7]', ‘5_?‘ Pmax, Pcomp, Pscav, Texn

Tmeas = %755]% Tin I’JE_‘L\__“ Tcoolin

d

K = &<, Table 2.5 #=

Ameas = EXE,]?:_} %‘XE,] 171)]\', ‘—;TT‘ Pmax, Pcomp, Pscav, Texn
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Table 2.5 Correction of performance parameters pressure

F2 : Scav. air
Factor F1 : Inlet temp. K
coolant temperature
Texn - 2.466 x 10 -0.59 x 107 273
Pharo 1 bar or
Pscay +2.856 x 107 -2.220 x 107 baro
750 mmHg
Pharo 1 bar or
Peomp +2.954 x 10°° -1.530 x 107 baro
750 mmHg
Pharo 1 bar or
Prmax +2.198 x 107 -0.810 x 107 baro
750 mmHg

24.2 97172 &%

AL g Yzl ez
AFES B dzle] A¥s

B3

g AFH G

lo] S7HTen 2l S7DE & &3t== AA= AT
Sl M= S SHA7]7] fgtelt) Tt

2RPEA BRY 5 9

th. Table 26> ®Wi7|7}2~ &5 S71e] <13 388 #S Jehinh
Table 2.6 Cause of exhaust gas temperature increase and permissible deviation[8]
SiAll SISe H| a1
S7HC)

-a71e eE(FAT 2H E23H)F wir1vk +30 Hg7] 9

2A5E0 LA FVIFY w7k =) Hj 7] 7k 2 b

371847 .& +10 SRR R

-71AA 1 AHFA) +10 100-300 mmWC

A% 24 5 Hder

-TE =2 +15 MCRe A 350 mmWC
%) 110

1SO3046-1:2002(E) 7 1SO15550:2002(E) o] <]¢] 799 18]ar SMCRollA i gt

(back-pressure) 300 mmWC ©]]2] ¢ FHHS7} Table 2.7914 ZTFZH o =2

et ok 2elar v 7|7k HolE oA gk AT A ]l Wt A oA

sy %

AT

Collection @ kmou
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Table 2.7 Correction of exhaust gas data for ambient condition

and back pressure[9]

Change of Change of
Parameter Change exhaust gas exhaust gas
temperature amount
gﬁn‘%eegalt?}reet +10C + 16.0°C + 4.1%
Blower inlet pressure + 10 mbar - 01C + 0.3%
(barometric pressure) : 07
Charge air coolant
temperature + 10C + 1.0C + 1.9%
(seawater temperature)
Exhaust gas back - 1.1%
pressure at the specific | + 100 mmWC +5.0C 0
MCR point
olels} o] 1SORAZHS ol4d ANIHAL T ol & T3 1S0RAH L etk

71z

g7l+% : 20C
271974 &% 0 18T
71942 : 1,013 mbar

vf) 71 7F 2w +(at SMCR) : 300mm WC

Derated engine specification

NMCR : 14,280 kW x 105 rpm

SMCR : 12,138 kW x 94.5 rpm (90% of NMCR)
NCR : 9,710 kW x 87.7 rpm (80% of SMCR)
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71z w 7] 7k 2mqtel tk w717k =g 4

-0.41x(T5=25) + 0.03x(Pyer=1000) + 0.19x(Ty25) - 0.011x(Py-300) %

Mamp% =

TampC = 1.6X(T4:-25) - 0.01x(Ppa—1000) + 0.1x(Ty=25) + 0.05x(P,~300) C
Mamp% = 1SO ZZd oA w717t 22 HsFeH%)

TupC = ISOZZAANA M| 7|7}~ 52 WE&%(T)

1) SMCR¥ wjg % O¢] Meol thgt 478
Pye, = (12,138/14,280) x 100 = 85%

Nwe = (94.5/105) x 100 = 90%

Specified MCR power, % of L,

I _Pumx
L 5 110%
0% 4 100%
1% 1% E
L 7 LYY 3 90%
, Sl L AT e T
| -3% 1 o
4 80
L2 E|
Am E
T 3 70%
L, ! E
! E
i 1 60%
1111 1111 i I L1l L1111 I:

80% 85% 0% 95% 100% 105% 110% npjoq
Specified MCR engine speed, % of L,

Fig. 2.9 Change of specific
exhaust gas amount, Amyy, in %
of Ly

’}7] Fig. 2.9¢} Fig. 2.10¢] £&

NMCR#] HHﬂﬂi%toﬂ ek sl

L1gkell M o} w717}

Collection @ kmou

Specified MCR power, % of L,

VT3
é 110%
s -100%
3 0%
M P El
_L3 Cr— =2 — g_c_"“'é'
i 40 T B0%
| % °C b=
AT\ g% 1k E
=q0°C & 0%
=P El .
L, 1 E
| i
+ =+ 80%
I 111 | |f| | | L1111 \|||:

80% 85% 80% 5% 100% 1058% 110% npgop
Specified MCR engine speed, % of L,

Fig. 2.10 Change of exhaust gas

temperature, ATy in point M, in

Cafter turbocharger relative to
L, value

o|-gsle] ofefet e Wir|7F=wEI HiY)

Zhz2Ed td HItgE de o Atk

My = +0.25%
Ty =-172C



obe) A& o3t AT, g & Utk
AT, = -0.3 x (100 - P,%)
= -0.3 x (100 - 100) = 0C

2) W71Z=A3% W7)7ksgrel Ug 4
7123 w7kl g w717k AN A S o) §dte] ofelsl 2

< 2d3s de F U

AMamp = -0.41x(20-25) + 0.03x(1013-1000) +0.19x(18-25) -0.011x(300-300)
AMamp = +1.11%

A Tamy = 1.6x(20-25) -0.01x(1013-1000) + 0.1x(18-25) + 0.05x(300-300)
ATamp = -8.8C

A Aty

o E s

_14 / 10

L /

12 . 5

:m M .’/

L ]

] s

., 5

L 4 -10

[z 15

M 0 o
~Lo =T @

7.4 :-25

50 80 70 20 20 100 110 Py 50 60 70 80 20 100 110 Pggq
Engine load, % specified MCR power Engine load, % specified MCR power
Fig. 2.11 Change of exhaust gas Fig. 2.12 Change of exhaust gas
amount, Ams in C at part load temperature, ATs in °C at part
load

4+7) Fig. 2119} Fig. 2.129] &5 o] -§3te) NCR(80% of SMCR)e| thgt 7t-< o}

ot 2ol & F A
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Ams% = + 7.1%
ATs = -18.8TC

B
ofN
o
rx
rlo

(03
)
Au)
o
r o)
o
1>
o
o
oo

exh

P, 100

Texh = TLl X ATM + ATO + ATS , C (-/+15C)

Other values

Py, A A‘/lfam %
M,,, =M, % ‘”><{1+m}><{1+b/

o] Table 2.8 4 Myt Tu#s &

100 100’

Table 2.8 List of capacities for 6S60ME-C8 at NMCR

As}

A 0y P
}X{1+ m“}x % kalh(+/-5%)

Seawater cooling

Central cooling

Conventional . Conventional .
o High eff. TC High eff. TC
Classification TC TC
1x 1x 1x 1x 1x 1x
- - - | TCA77 | A180 | MEI71 | - - - | TCA77 | Al180 | MET71
21 135 MA -21 135 MA
Fuel oil heater
W NA| NA | NA | 150 150 150 | NA| NA | NA| 150 150 150
Exh. gas temp.
© NA | NA| NA| 245 245 245 | NA| NA | NA| 245 245 245
Exh. gas amount
NA | NA | NA | 128,400 | 128,400 | 128,400 | NA | NA | NA | 128,400 | 128,400 | 128,400
kg/h
Air comsumption
ke/h NA| NA| NA| 35 35 35 | NA| NA| NA| 35 35 35

M., = 128,400 kg/h

Mexn = 128400 x (12138/14280)x (1+0.25/100) x (1+1.11/100) + (1+7.1/100)x80/100

Mexn = 94800kg/h +/-5%
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TLl = 2450(:
Texn = 245-7.2-0.0-8.8-18.8
Texn = 210.2C -/+15C

243 948408 1A

SFOC(g/kW - h)&= 1SO 3046-1:2002(E)2} 1SO 15550:2002(E)ell whe} o 7] 87
ze olee} 2k,

t71+= ;1,000 mbar
7187 25T

ASF a0 42,700 kJ/kg(~10,200 kcal/kg)

SFOCe obe) Table 299141} 2ol Aguederst 7|27 e 15O =A% o
£ #e A ARE T3 2ol ok @k

Table 2.9 SFOC reference conditions and guarantee

With Pmax Without Pmax
Parameter Cé)ﬁfégé“ adjusted adjusted
SFOC change SFOC change
Sc?énggra%%??m per 10° C rise + 0.60% + 0.41%
tBé?n\%gaigfet per 10° C rise + 0.20% + 0.71%
Blg}giguipelet per }?s embar - 002% — 0.05%
EArifie ol (42,?050e ﬁ%kgf) - 1.00% - 1.00%

olgf o} & FOCko+2l& & BAZH(Total Conversion Factor)& o] &3t 3+
dE F3) SO o2 vepdtt [10]
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FOCiso = FOC [/ (1 - TCF)
= 135.7 / (1 + 0.0404)
= 130.4 g/kW +h

TCF = T1F + T2F + PF + HF
TCF = 0.002 - 0.0114 - 0.0004 + 0.052
= - 0.0404

[SOx4d W& dsi
HEZES ot e} 22 2ol 93|
1. g7l
TIF = 0.002 x (T1 - 27) / 10
= 0.002 x (28 - 27) /.10

= 0.002

l-n
2
lo
e
=
riot
r o
B
3
—
T
3
n
N}
o
s
r o
ol
o

2. 371874 d7==0l 2 AgdAk (T2F), (T2=20C < 4-)
T2F = 0.006 x (T2 - 39) / 10
= 0.006 x (20 - 39) / 10
= -0.0114

3. ti7istg ol 9%k dgAA (PF), (P=1,020 mmbar<l 7-9-)
PF = 0.0002 x (P - 1000) / 10
= 0.0002 x (1020 - 1000) / 10
= 0.0004

4. ALpd ol o3k A&1A (HF), (H=9,670 kcal/h)
HF = (H - 10200) / 10200
(9670 - 10200) / 10200

-0.052
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A3 o

Mupe] Al

Z

EUga] n}E 71—71—_/] A—]H]—oﬂ %XH%

fud

A AIFEE "ol R AR

O A& AAAHTable 3.1). &3ul=A o w2t ABCEoZ A& FEL)
o2 Mestegon, Table 3.13% #o| slld Al+dLAde 77 @ vehya
1t
Table 3.1 Specification of model engine [11]
Engine A B C D E F G H
Date 7/28 | 9/23 | 12/23 1 11/29 | 1/23 | 1/29 | 3/30 | 5/20
(Based on shop test)
Date
. 1/14 2/2 37 | 4/12 | 5/17 | 6/30 | 9/21 | 10/18
(Based on sea trial
Vessel type 1,800 TEU container
Main engine type 6S60ME-C8.5 6S60ME-C8.2
MCR
SMC 13,400 x 104 10,500 x 96
&W x rpm)
NCR
kW x rpm) 12,060 x 100.4 9,450 x 92.7
(90% MCR)
SFOC at NCR
165. 161
(g/kW « h) 65.3 6
27
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Table 3.1914 F7]13# 22 6S60ME-C8.22} 6S60ME-C8.52 Utz & =&
sHAl =w Fig. 3.1¢14 Fig. 3.37HA= iz #7218 49 /Ao
g T AR Fa AolHe YERIL AT C8.29] HIs) C8.5+ X7t 5%
(HAZ A7 89 rpmellAl 84 rpme2 ), HFaEYEC] 5% UL, A
2295 wo]Ege Zo] 530 mmollA] 542 mm, HHE wojHe] Z& 216 mmol A
222 mZ AFRFES RAF Jo} SFOC= A4 A8 C829 749 161 g/kW - h,
C859] % 165.3 g/lkW * h& B33 gt} [12]

Layout diagram extension L,

N
oh \ \
NS

KRR \ ¥
'?3:3’3’1\ o

IO
&0:0“\ ~— Today’s layout diagram
"00 \\ ——  RPM extension
' &&Zﬁ -~~~ MEP extension
L,
S60ME-C8.5 89->84

Fig. 3.1 Difference of MAN 6S60ME-C8.2 and C8.5
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Crosshead bearing, MAN

S60/65/70ME-C8.2/C8.5

S60ME-C8.2 S65ME-C8.2 S70ME-C8.2
530 mm 570 mm 618 mm

* Cylinder distange; same for 8.2 and 8.5

S60ME-C8.5 S65ME-C8.5 S70ME-C8.5
542 mm 580 mm

= Crosshead, bearing cap and
connecting rod is adapted to the new
bearing shell

» No material change.

Fig. 3.2 Difference of 6S60ME-C8.2 and C8.5 -2

Connecting rod bearing, MAN S60/65/70ME-C8.2/C8.5

S60ME-C8.2 S65ME-C8.2 ST70ME-C8.2
W,y 216 mm 228 mm 252 mm
W, 180 mm 198 mm 221 mm

* Bearing cap and ¢onnecting rod is
adapted to the nejv bearing shell.

S60ME-C8.5 S65ME-C85 STOME-C8.5

W, 222 mm 236 mm 256 mm
W, Pending Pending Pending

Fig. 3.3 Difference of 6S60ME-C8.2 and C8.5 -3

Collection @ kmou
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3.11 3ZALH 23te) ds B/A

A AHgE B div] SHFE ] fste] Z=d gy
(propeller’s law)oll we}t 3|-d4E Al4bs] i A= dHolHE Slstit. 3%
A A= Al4tel wel, 100% &8 <0 SMCRE 7|Eo 2 dgiste] st
S AgolA FEAE FAsAHoY, AL FAAEAANA TR 3 A
TE 7IELE dIFEI AEHES HAAStL o], Alrkzl(sea margin)¥HE
(15%~25%) HF& =8-S BT vy v A &ddA e JFat AHol=
Foud A= A0 YoJE R} S HdFE AHosta A& B F
AL} ol AL Ho] AN H ] FHE FA &, Aube] xFA 2
TS Hristed o], FAAHAATH FHAR A FIxAHE B

Table 3.2 Correlation of load and revolution

6S60ME-C8.5 6S60ME-C8.2
M/E sea trial sea trial
shop test shop test
15% sea 15% sea
measured margin measured margin
rpm 65.5 X 60.5 X
25%
kW 3,350 X 2,625 X
rpm 82.5 X 76.2 X
50%
kW 6,700 X 5,250 X
rpm 94.5 97.3 87.2 89.3
5%
kW 10,050 8,532 7,875 7,202
90% rpm 100.4 103.4 95.8 92.7 95.06 88.5
NCR yw | 12060 | 10475 | 10487 | 9450 | 8.602 8.217
rpm 104 107.1 96 98.34
100%
KW 13,400 11,652 10,500 9,582
1 90%, 13,400 : 104° = 12,060 : 100.4° | 1) 90%, 10,500 : 96° = 9,450 : 92.7°
2) 75%, 13,400 : 104° = 10,050 : 94.5° 2) 75%, 10,500 : 96° = 7,875 : 87.2}
3) 50%, 13,400 : 104° = 6,700 : 82.5° 3) 50%, 10,500 : 96° = 5,250 : 76.23
4) 25%, 13,400 : 104° = 3,350 : 65.5° 4) 25%, 10,500 : 96° = 2,625 : 60.5°
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312 FRANH ARA

Aol A e AAl S48 SN AIAZAI B

=]
2
B Rl BASE A olgelE Be HoHES 5

Table 3.3 Result of NCR performance at shop test

* Foom Temperature - 6.9 T * Atmospheric Pressure 1016 mbar *Humidity: 651 %
Engine Speed Water Brake Brake Power |Fuel Index ECU| Swash Plate Pos.(%0) (No.1.2.3} | NOTCH
1004 rpm 163.3  tomf-m| 12060 kW 24 op 50 54 ‘ 54 8.5

Swstem Main1..O BCO Fuel il Cooling F.W | Hydraulic Main
In 23 8.3 4.3 277 bar
43 47 T2 .
Avg | 1 2 3 4 3 6 7 2 a 10 |11 [ 12| 13 [ 14

Pmax bar |(170.1| 171 170 [ 171 | 169 | 170 | 170

Promp bat 1443 | 144 | 144 [ 145 [ 144 | 144 | 145

Exh Gas Out C 367.2 | 382 [ 353 (365 | 370 [ 365 | 368

Cever CE.W Cut c 827 [ 83 | 82 | 83 |81 | B4 | 82
P.C.OOmt T 59.3-(-60-| 60 | SO (/S0 | 'S0 | SO
Air Cooler Scavenguig Air
NO. 1 2 3 4 Avg Pressure Temperanre

Bef. Cooler Press mmHg (| 1970 1970 264 kgom 36 G

Press. Drop mmAg || 155 155 Adr receiver pressure 1940 punHg

AirIn T 152 152 Exhanst Manifold Pressure 149 kgicm’

Air Our. T 4 H Specific Fuel Oil Consumption

Fresh Water In. fa a7 27 Meas (kg'h) | Meas.(gkWh) | Correct(zkWi)

Fresh Water Out: 3 67 67 212580 176.45 172.62

TurboCharger
Speed EBlower Inlet Before Turbine | After Turbine L. Cinlet Lo
Turbe Charger
rpm T mmdg| T mmHg mmAg Press(kgiem' ) | In | Out
28 27
NO.1 12748 & e 88 | 415 1850 242 250 L70 H“ |77
NO.2
NO. 3
NO. 4
Avg 12748 285 38 | 415 1850 242 250 L70 H“ |77
FAVM : 1.0 mm = Thrust Pad - 47 T

Note : 1) The Fuel Oil Consuzmption is conrected to Lower Calos Value 10200 kcal / kg & LS.0O condition
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3.2 FAANZAA AR AR 4
Table 3.4= TAAIEA dAo wel AN S FE&=HoE Hsta §
53 AT JAAES A3 SOz HES 4 UEeha o
2 AN tr)ese hE ddAs Ax W = av9hd, Huzy
e, dEdE, wrrtaexY WHIE a#ESAT. A54AHE2 NCRoA
C8.5, (€829 FAHAHER 1653, 161o HF AHZSqA= 168.1~172.6,
164.6~167= =A YEhYa Sl
Table 3.4 Comparison table of model engines for shop test(at NCR)
Engine A B C D E F G H
Shop test
(Based on shop tesp | 07/28 | 09/23 | 12/23 | 11/29 | 01/23 | 01/29 | 03/30 | 05/20
Main engine type 6S60ME-C8.5 6S60ME-C8.2
Revolution | rpm 100.4 92.7
Output kW 12,060 9,450
Nomi 165.3 at NCR 161 at NCR
SFOC
(kW 1) Mea | 171.9 176.5 | 172.2 | 176.1 | 174.1 167.2 167.6 169.8
[SO | 168.1 | 172.6 | 1684 | 172.6 | 170.8 | 164.9 | 164.6 167
Daily fuel | Ton/
consumption | day 49.75 | 51.09 | 49.84 | 50.97 | 50.39 | 37.92 | 38.01 | 38.51
Ambient temp.| C 32 27 13.5 14.8 4.1 12.5 18.1 23
Scav. air  |Actual] 2.46 2.49 2.63 2.61 2.73 2.7 2.58 2.51
pressure
(bar) ISO 251 2.65 2.54 2.57 2.51 2.56 2.46 2.54
Max.
combustion Actual] 169.6 170.1 | 170.2 169.9 | 169.9 170.1 171.5 169.9
Ve | SO | 1725 | 1708 | 1669 | 1686 | 162.3 | 1654 | 168 | 1711
Compression |Actual] 139.5 144.3 | 1445 | 1425 | 150.8 142.3 137.9 136.1
pressure
(bar) ISO | 1424 144.9 140.8 140.7 141.7 137 133.8 1374
Exhaust |Actual| 400 415 360 373 350 360 370 370
gas temp.
ISO | 3815 | 4101 | 374.1 | 3726 | 380.4 | 3775 | 379.2 | 365.3
HIT cyl. cover
outlet temp. | C | 883 | 827 | 808 | 825 | 80 | 887 | 887 | 878
P.C.O outlet o
temp. C 53.2 59.3 52 60.7 51 51.8 52.3 52
32
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Ambient temperature

Fig. 3.4 Scavenge pressure on the ambient temperature
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2 168.0 ‘ ®  Max. combustion press.
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é () Max. combustion press. bar
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% g\ Y™ . e SO A% (Max. combustion press.
= (150) bar)
& (Max. combustion press. bar)
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Fig. 3.5 Maximum combustion pressure at NCR on the ambient temperature

Fig 3.6 Ppy limited 7]5°] 75%° 2F&ste] 85%~100% 7FA YA Prus
FANAFE= AL HoZET MDT-MCH dzloAE= ASEAAY] A2 AX
Q1 VIT(Variable Injection Timing, Fig 3.7& &3l, d54H&S 1 gps-h F
= AR 4 A
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Cylinder pressures
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—+#— Pmax Mo Limit

180

160

140

120

100

Pressure [bar]

Prmasx design limit

401 & & ¢ —0 .
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1 1 l
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Engine Load [%]

Fig. 3.6 Example of Pny design limiter functionality. Dotted line: Pray design limit
example. Red line: Target performance based on optimal SFOC in site ambient
condition. Black line: Actual performance limited by Pra design limiter{ 13]

P-max INDEX or
VIT CONTROL ¢+¥

TN 2=t 20 ) 2= —

* FUEL RACK or
' GOV. INDEX

APPR. 70% APPR. 85% 100%
LOAD

Fig. 3.7 Operation of VIT [14]
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Fig. 3.8 Maximum combustion pressure at 75% SMCR on the ambient
temperature
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Fig. 3.9 Compression pressure on the ambient temperature
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Fig. 3.10 Exhaust gas temperature on the ambient temperature

38

Collection @ kmou



33 B3N A 4N eHe tadA Holy Ha

Table 3.5 FHA

o
o2 Aty g5

Mo
=
A=)
2
.
>
Mo
E

NH YAl met oA E
A% QRS UEhlT Tk 839 Algz Hure)
AFA = AL s E 8C~23C, ¥4 2~8 m/s, 2~4 BEAUFORT

18

CR
.]

ok
2
N,

Table 3.5 Comparison table of model engine for sea trial test [15]

Engine A B C D E F G H
2 Shop test 07/28 | 09/23 | 12/23 | 11/29 | 01/23 | 01/29 | 03/30 | 05/20
é Sea trial 01/14 | 02/02 | 04/12 | 03/07 | 05/17 | 06/30 | 09/21 | 10/18
M/E type 6S60ME-C8.5 6S60ME-C8.2
Revolution pm 100.4 | -100.4 | 100.5 99.5 100.5 92.5 92.5 92.7
Output kW 9,300 | 10,200 | 10,700 | 9,569 | 9,400 | 8,400 | 8,200 | 9,100
SFOC Mea 183.7 | 190.3 | 186.4 | 183.8 | 189.5 | 182.0 | 186.1 | 1855
gkW -h ISO 171.9 | 1785 | 1744 | 171.1 | 176.7 | 171.1 | 174.2 | 174.8
S.W.Temp T 16 14 8 16 18 22 22 23
Ambient shop 32 27 13.5 14.8 4.1 12.5 18.1 23
temp. C sea 19 28 22 29 34 31 31 30

Scav. air shop 2.46 2.49 2.63 2.61 2.73 2.7 2.58 2.51

pressure

bar sea 1.9 2.15 1.8 2.2 2 2.1 2.2 2.6
Max. shop 169.6 170.1 170.2 169.9 169.9 170.1 171.5 | 169.9
combustion
pres;llrlre sea 143.3 157.8 166.3 151.0 154.6 164.0 162.6 | 171.5

Compression | shop | 139.5 | 144.3 | 1445 | 1425 | 150.8 | 142.3 | 1379 | 136.1

pressure
bar sea 111.0 | 120.0 | 1242 | 1109 | 116.5 | 120.3 | 122.3 | 136.3

Exhaust gas | SNop 400 415 360 373 350 360 370 370

temp. T | seq | 360 | 420 | 360 | 385 | 360 | 380 | 370 | 400

HIT cyl. shop 88.3 82.7 80.8 82.5 80 88.7 88.7 87.8
cover outlet

temp. C sea 81.8 82.0 74.0 78.0 79.0 89.7 83.5 87.2

P.C.O outlet shop 53.2 59.3 52 60.7 51 51.8 52.3 52

temp C sea 55.3 59.3 57.5 57.5 57.4 55.0 | 52.8 | 54.2
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Fig. 3.11 Exhaust gas temperature comparison of shop test and sea trial test
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Table 3.6 Auto] k& A slFFel= st ApolA Fsfir] TA
A

S AgRn B2lEE AZEe BT

Table 3.6 Estimate of average increase in resistance for ships navigating the main
routes[16]

Main routes of ships

summer~winter %

North Atlantic route, 9535 However, analysis of trading
navigation westward conditions for a typical 140,000
North Atlantic route, 2025 dwt bulk carrier shows that on
navigation eastward some . routes, especially Japan-
, Canada when loaded, the increased

Europe-Australia 20~25 . .

resistance (sea margin) can reach

extreme values up to 220%, with
Europe-East Asia 20~25 P

an average of about 100%.
The Pacific routes 20~30

e For large high-speed ships like container vessels: P = ¢ x V 47

e For medium-sized, medium-speed ships like feeder container ships,
reefers, RoRo ships, etc: P =c¢c x V¥

e For low-speed ships like tankers and bulk carriers : P = ¢ x V%
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Table 3.7 Al&x Ao wE zt tiiddzle] SFOCEA g3 SFOCUISO) X
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D A3 s)dA+ SFOC 2 A
2) FFAZHAA hdAZIE SFOC Wl
3) s FAI=HA I SFOC Wl

Table 3.7 Comparison table of model engine for shop test and sea trial test

Model A B C D E F G | H
Engine type 6S60ME-C8.5 6S60ME-C8.2
s Date Mggtyh/ 7028 | 9/23 | 11/29 | 1223 | 1/23 | 1/29 | 3/30 | 5/20
h .
0 telﬁgggﬁre © | 32 | 27 | 135 | 148 | 41 | 125 | 181 | 23
p
o | Chsimpton | €W +h| 1719 [ 1765 | 172.2 | 1761 | 174.1 | 167.2 | 167.6 | 169.8
e -
S Conversion
t | e ooton |@kW h| 168.1 | 1726 | 168.4 | 172.6 | 1708 | 1649 | 1646 | 167
based on ISO
S Date Mgggh/ 01/14 | 02/02 | 03/07 | 04/12 | 05/17 | 06/30 | 09/21 | 10/18
e ]
Ambient
a | temperature | ©C 16 | 28 | 22 | 29 | 34 | 31 | 31 | 30
t Specific Fuel Oil
ro | P et ghw +n| 183.7 | 190.3 | 186.4 | 183.8 | 189.5 | 182.0 | 186.1 | 1855
i
a Conversion
Lo ton, [gKW <h| 1719 | 1785 | 1744 | 1711 | 176.7 | 1711 | 1742 | 17438
based on ISO
Deviation of Shop test | o, | + 6.9 |+ 7.8 |+ 82|+ 44|+ 89| +88| +11 | +93
Deviation of shop test
& sea trial test result % +23|+34|+36|-09|+35|+37|+59]|+47
on the ISO conversion
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Table 3.82 s e olA o] J&EHA Al 545 SFOCAAA () FAZ

B)o] A& yeERf 9

Table 3.8 Result of SFOC(NCR) at sea trial test

LOAD | DURING ENDURANCE TEST NCR
ASSUMPTION RPM 100.36
START 136,840
STOP 141,800
L(ENG.OUT) FLOWMETER OUTLET 4,960
MEASURING TIME (S) 3,603
L/H(ENG.OUT) A (FILL) |4,955.9
START 106,040
STOP 108,990
L(ENG.OUT) FLOWMETER INLET 2,950
MEASURING TIME (S) 3,609
L/HENG.IN) B (RTN)|2,942.6
L/H(ENG.IN-OUT) (A-B) 2,013.2
M3/DAY (A-B)/1000 - 24 48.3
KG/HENG.IN-OUT) (AL) (A-B)-C-D 1,854.4
F.O. TEMP 128
H.F.O. SPECIFIC DENSITY C 0.9896
H.F.O. SPECIFIC VOLUME AT INDICATED TEMP. D 0.9308
ENGINE OUTPUT(KW) 9,747.09
g/kW -h, B3=AL - 1000/kW 190.3
Ambient temp.(TD T/C inlet air temp. 28
Conversion factor by ambient temperature, TIF=0.002x(25-T1)/10

TIF= -0.0006
Charge air coolent temp(T2) LT inlet water temp. 34
Conversion factor by air coolant temperature, T2F=0.006x(25-T2)/10

T2F= -0.0054
Ambient pressure(P) 1025
Conversion factor by ambient pressure, PF=0.0002x(P-1000)/10

PF= 0.0005
Fuel oil lower calorific value(H) 9,624.0
Conversion factor by lower calorific value, HF=(H-10200)/10200

HF= -0.05647
Total conversion factor, TCF=TIF+T2F+PF+HF

TCF= -0.062
Converted of fuel of F.O. consumption based on ISO(g/kW - h), B1=B3+B3 - TCF)
FUEL OIL CONSUMPTION (ISO) g/kW -h |178.5
Ton/Day when using M.D.0(42,700 kJ/kg) : Ton/Day | 42.0

_ollection @ kmo
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Fig. 3.12(a) 6S60ME-C8.5 SFOC on the Fig. 3.12(b) 6S60ME-C8.2 SFOC on the
ambient temperature at shop test ambient temperature at shop test
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Fig. 3.13(a) 6S60ME-C8.5 SFOCUSO) on  Fg 313(b) 6S60ME-C8.2 SFOCASO) on the
the ambient temperature at shop test ambient temperature at shop test
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Fig. 3.14(a) 6S60ME-C8.5 SFOC on the Fig. 3.14(b) 6S60ME-C8.2 SFOC on the
ambient temperature at sea trial test ambient temperature at sea trial test
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ambient temperature at sea trial test ambient temperature at sea trial test
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Fig. 3.16(a) SFOC comparison of shop test and sea trial test
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(2) ISO H¥x 1%
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Fig. 3.16(b) SFOC(USO) comparison of shop test and sea trial test
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