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Use of biofuel in marine diesel engines
—Combustion experiment of palm oil FAME in marine diesel engine

and mixing stability experiment of FAME mixed oil —

by
NISHIO Sumito * and FUKUDA Tetsugo *

Abstract

In April 2018, the International Maritime Organization (IMO) began its initial strategy for reducing greenhouse gases (GHGs),
which outlined the following goals for the international shipping sector to achieve by 2050: reducing CO, emissions per
transport work by 70% and total GHG emissions by at least 50% compared with 2008. As for SOx emissions from ships, the
0.5% global cap on the sulfur content of any fuel oil on board ships took effect on 1 January 2020. Biofuels can potentially
contribute to GHG reduction as they are carbon neutral and can be used as the drop-in fuel without changing the engine system.
Moreover, they are generally compliant with the sulfur cap. For these reasons, trial uses of biofuels have been increasing in the
marine sector. In this study, we used fatty acid methyl ester (FAME) made from palm oil in a marine diesel engine to investigate
its effect on combustion and exhaust properties. We also investigated the mixing stability of the mixed oil of FAME and heavy
oil. The results showed that FAME had a higher NOx concentration and lower smoke concentration than marine diesel oil
(MDO) at all engine loads. In addition, FAME ignites more quickly than MDO. In the 100-hour endurance engine test using
B30 fuel, there were no particular problems in engine performance. In addition, we found that the mixed oil of FAME and

heavy oil was stable in this test.
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1. FANE

HERIERE xRS SOx, NOx %IRRT KR & 72> CvD. FRCHIBRIERELIZES LTI, IMO 12BN T,
2025 A% TIZ 2008 AL T CO BEHIEZ D72 < & 30%0, 2030 4FFE TIZ 40%L#, 2050 4% T2 70%k
#, GHG (R=#FEAR) HEHRREE 2050 4F F TSR 50%H I & WV 9 @O EEN BT 5 Tna v,

Zow, AR — (B, KBt K1) 2R L TRYE L7oKE, 7 =7 WO E CO;,
AL A A~ AFDRFBEFIH LIZARA X 7o EDOH—R 7 ) —REOF AR ST 5.

—Ji, NAFRENT, T—ARr=a— FIARRELE LT D 22N TE S0, CO HEEE Y r & Al
ZEMNTEDLELEBIL, BEHIMEZIZE AL E T T, SOxXPEHEBIFEA LRV LRI, =Y radEd sz
EREDEEMATED Fry 7 A URELE LT, FRC ERROA—R 7 U —BRE~OBA TN W TEER
BeEE R Ebh g 2.

A ARELOREEE L LCIX, FAME (Fatty Acid Methyl Ester) <> HVO (Hydrotreated Vegetable Oil) 73 (F 541
%. FAME |3l 72 & OMifl§ 2 = 2 7 VARG L= b DT 5. HVO [ ZHEiH 72 & Oiifig 2 KAWL C
EBND HOTH VIREHENELICH L TEEIL/R DR ED A v "B 5. Lo Lk, HVO (X FAME XV
A MRELRDEVIERH Y, AHRERTE L TOBEART ITTE SO TIERV.

AN, g a 2 ML, BANES LB X HiLH FAME # W TCEREIT- 72D T, #ihxz35.

NA FREFCTdH D FAME (IZOWTIE, /IMNET 4 —BAMBIC W EBRERITH 5. Fl 21351 ARk
T4 — B RIS T DB, KEZKL T57000FKMEOH EOT-DIZ= AT LT 2 HMN L < b
NTW5. 74 —BLMREBEIRE TH B34 45 4 —B LB (FAME) 23ED A2 5 2 5 B2\ T,
HENEAT ¢ — BBk L CORFZEREA TV D, FAME & fW=T 0 ¥ UV EROFERIZHOW T FRE
DEIRBONRH 5.

— BN K E A FTRE = R L X —F28F7 (NREL) Off# 3 1255 K 512, FAME OEHA~DIRE R AR
Fo&, NOx (FHL, PM, HC, COIIKIEIZHADT5H L FLI TS, (100%FAME O35, BIHIZHA~T NOx
1% 10%4800, CO, PM 1349 50%1K3K, HC 1% 70%155%)

B S Y3, Frih OEIICBE R A A F /LT 2T /UL LT B2 = 2 2 2 YANMAR L60A (4.05kW/3600rpm,
RTxA ha—7 : 75mmx62mm) ([CANWT U PV FEBREIT-> TND. TORER, XA F L 27 4k L=k
B AN TERRITE THELS 2D 2 &0, HEKEBITELS D T ERENRG>TND.

BIES 9 0%, BERIM FAME % EMEXT ¢ —E /LR YANMAR L70A (4.4kW/3600rpm, R7 XA hma—7 :
75mmx62mm) ([ZHNWTT U DU EREITH TS, FORE, BMICH~T FAME E87HIE, PM X
NEETHY, NOx IIF%ETH 7.

B 5 01X, BERIH FAME % 20 EAEl R E RCEM (rapid compression and expansion machine, 78 7 x A k 12
7 2 100mmx450mm) % AW CTHEFHREEER 217> T\ 5. £ 2T, 100%BERIH FAME [ J8 I e~ CHE R
DT D2 ENThoTWD. FRIEFZEA ORI NEE TH 5.

SR D X, FERIN FAME % 20 EEl9E%E & RCEM (rapid compression and expansion machine, 7R 7" x A | &2
7 : 100mmx450mm) % AV CHEZFERBEER 21T > T\ D, £ 2 C, MBS L OKRN T3 A it O fF
MR 21T > TV 5. BIICHEST, 100%BERH FAME O9 36T, R oRGE & & 6 ICEE )
Rz L TN,

WEIRF 5 9 1%, /=LA TV ATV (PME), 727-RHA T /LT AT/ (RME) L OMRIM A HAE, K,
RERIEER 4 S 7 VT ¢ —B VR (11.77kW/2200rpm, A7 x Ak @—2 : 110mmx106mm) (W T
VEBRAIT o TS, FOREE, N— A A F LT 2T OUITEGIC AR TEGDERILE UaE T B L, NOx &HE
SUEREENRIRHEIL L, HC BT 5 2 L2 ER 0o T 5.

BHY XYY ha 7 7 0 bIELILZ FAME (JME) &8l & 2406 OIEA T 140 (IME : #if1=40 : 60) % 4 A
f—2 5 ¢ —P R (4 %05, 103kW/4000rpm, A7 xA b —2 1 85.0mmx97.1mm) (VT o058
EIToTC0D. ZTORREOXEZ RS L, 140 1FEGHIZ AT NOX [ X9, Soot X KEIZHEA L, THC, CO
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LA L, £, BREOED RO, A a oy MEHOE SR EGR 6 L7258 6, 140 DIE 5 23
BRI LA~ TRBEDMEE X4, Soot 2MEI L TV 5

EARD 19 F, M, KEh, S—2AHMEFEEE L2 FAME % 4 A he—27 ¢ —EUR (LA,
5.1kW/2400rpm) ([ZHWTCZ Y VU FEBREIT>TD. TOFERIE, WI7L0D FAME & 8812 b~ B AL )3
FIIR T L, NOx IEEE I LT-. F-RBIFREMETH -T2,

Seppo Niemi & 'V |%, HVO (hydrotreated vegetable oil), FISH (biodiesel from fish wastes), AFME (animal fat based
methyl ester) 3 OVDFO (low-sulfur diesel fuel oil) % 4 A br—2 7 ¢ —E /A% (4 %fE, 98kW/2200rpm, 7~
TxA ha—27 :108mmx120mm) (ZHWT= VU FERET> TS, ZOFERE, WINo ) =a—7 7 /VRE
#, DFO [T~ TR ROBRIBERFME I X FIFREE TH ~ 72, CO, HC, NOx, Smoke MHEHEIL DFO & Hilz L Tk
K RIRRE 3B OFER TH -7 (HVO (X2 2HmbH D).

FAME % T2 ¥ AT T DM ONWTIEEADL P ICE< L0 HN TS, ZDOF T, Murayama & 19,
Yamane © 9 |%, FAME [ZABIZARMED RN 20, RARHEES T PM 28I 2 Z L3 MEE LTnD

PLED &9 NT ¢ — BB FAME & W2 EZRAERITH 223, M7 o+ — B BB o 2R IR
IRFE AR, T TR—LAMNBAEG L FAME AT + —B/UEBIC T, eSS L OMERAFEEIC 5
R LB OTHRET S, £, FAMERGHORGZEMEICOWTHRRTZOTHET 5.

2. MAT 1« —EILEEIZE T B/ \— Ll FAME O #REEEER

2.1 EREERUERAE

2.1.1 RERAT « — /L1

TR U7, £ IR LA YPE 4 2 ho—2 5 0 —B U8 G &fE, Bk &, KRt
257.4kW,/420rpm, A7 xA hm—7 :230mmx380mm, JEAEEE 13, IS TATR) TH 5.

&1 MA4RO—Y T —EILEBEDET

sEE WS T AT

iop) MU323DGSC

BX FEAR FO— T4 —ELTODY
BIAH. ZRAMERTE

PP E - 3

SYUEE 230mm

AbkA—=% 380mm

EEERS 751mm

EfemAH B 257. 4kW (350. OPS)

B3¢ 420rpm

ERFEEHEN 1. 77MPa (18. 10kgf/cm2)

[EfEL 13

RS FE B BTDC66° .~ABDC35°

B FE B BBDC80° ~ATDC35°

Eat s X)L ®0.32mmx 7

R AZh
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2.1.2 fERAH

22 &

FEBRIAE A L72RENT, # 2 12289 MDO(Marine Diesel Oil, A i) &/ 3—AnbIELIT- FAME, IBlcE

NWENDRELDOIRE
R By

WMThs. BE

x2 ERABHOMEIK

FAME

MDO (B100)
Density (15°C) kg/m3 0.8703 0.8753
Kinematic viscosity (50°C) mm2/s 2.694 3.808
Flash point °C 89 157
Sulphur % 0.18 0
High calorific value kd/kg 45050 39900
C wt% 87.5 76.8
H wt% 12.4 12.2
N wt% 0.02 0.0004
0 wt% <01 10.5

2.1.3 /\—Lh FAME 0 =
73— I FAME (356 15°CLA R CREIR & 72 DRtk d 5 DT,
G (BREE) DEEE SIS 2 DB OV CERRIC L D T

>>.,C
— —

M (MDO) T :tfoc< B A . (22 Tl B25 X FAME:GO=25 : 75 Z#7~9.)
20
S 15
< 10
£ 5
[e]
a 0
2 -5
N
g -10
w -15
-20
0 25 50 75 100
FAME/(GO+FAME) (%)
1 /Q_-L\;~$ FAME &ﬁiﬁd)lkbnlmo)lﬁﬁl ™
B 11%, 73—2JH FAME & BSHOTRATH OERE S 2 TR~ 72 i R 279, $ElE AL FAME OJR

%aﬂ Zm< b,

X 2 1 H) 20°C DR DO EFERELOIRRETH D . £)0>D GO (),

=50 : 50), B75 (FAME : & =75 : 25),
Palm Oil, ¥ /3X—2A3H) & CPO & FAME DOEA

VLEEE ALK 40°CTH D, # 20°COAREE
B Uz

TIEEETH 7.

B25 (FAME :
FAME Th 5. Ehb¥B)—RiEIKkTh-o7e.
T 5 CPOSOFAMES0 (CPO : FAME=
CPO50FAMES0 D344

HEH =25 : 75),

i1lX FAME & MDO % &REEE ClHRA LC, FAME OIRSEIS
B30 (£ FAME:MDO=30 : 70 T& Y, B50 X FAME:MDO=50 : 50 T 5.

H A

HE

XD ERET

73— AL FAME &8l (GO: Gas Oil) DIRAE!
, BEE L7 RS TWVWE oI A E

DA D &

B50 (FAME :

%312 CPO (Crude
50 : 50) H9. CPO
, F120°C T A RNRD
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WIZ, ZOIRRED BIRE % FIF T o 7= B FEIRELOIRRE 27”3773, FAME & 88HIZ—8RIZIR SV, CPO & FAME
DIRED X5 72t 3E Upnn o 7z, X 3 13459 SPCCORF DA FRIRELDIREE CTH 5 . B75, FAME, CPOS0FAMES0
I XEROIRRETH 5.

GO, B25, B50, B75 FAME, CP050, CPO GO, B25, B50, B75, FAME, CPO50
FAMES50 FAMES50
X2 20°COEEDEIEMREDIREE X3 5°COEDEIEMRBDINAE

GO, B25, B50, B75 FAME GO, B25, B50, B75 FAME
M4 0COHORDEERIDINE 5 -10°CORFDFIEARMDINE

41359 0°CCOBF DB FERIREIDINEE TH 5. B50 1ZEAIRIETH H. GO, B25 IZIFIADIREETH 5.
5 13H9-10°CORFOBFEBRELOIRBETH 5. B25 1ZEROIREETH D, GO IEIHKEDRRETH 5.

2.1.4 sHAEE

AT 4 —EAAEBIIZ S— Al FAME & W 2BRBESEBRICIW T, HET AGHINCIZEEDT AEEEE  (MEXA-
1600DEGR, HHGRUEFTRY) %, AE—27REOFHANIIZT 4 VX AFT—7 A—% (4155, AVL 18 Z6H L
7=,

2.1.5 EEAHZE

IS FIREEOIREENE DIPENT ARFHEOMBIRFEIZ 5 2 DB AR5 T2 0I2, SFREH 2R L TR ED
25%, 50%, 75%35 LN 100% ARFHRICHRE L CEREITo7-.

FERICER L, FEBRAT ¢ — BB 2 RIS CRRER, 30 /Ll s L, BEBIDIRREDS#RE L7212, AN
JER X ORENER T — 2 % 7 Z v 7 A 0.5 FERRCINET 5 & & bICHEN AGHIAZ e L=, fANET —#
I, 50 OV E Lo T, RBERIT 21T 7.

F72, B30 2L T= o P U AmH 75% T 100 K] (8.5h/dayx12days) Of/AMERERZ I L, =2 Mk
REDZALZBIEE L, RN U R 0B L TN LT OIRB A MEE L2, 7ods, 2 COERILF
—REZAT S T 510 A).

(48)



i LR R ITRE 22k W15 (BR4AEE) REeWmE 49

2.2 ERHERRUER
2.2.1 NAABBOREENIEN AR B S UHEHMHEICEZ 558

B 6 MO IZHEBE N THE =D AR (HRHED 25%, 50%, 75%, 100%A%) TIHERL7-HE
BETRT.

6 [ZAREED NOX HEHER (KW -h)IZ 52 5508 % 773", FAME @ NOx #EH#IX MDO LV mWMETH 5.
B30 F X B50 Offilx, MDO & FAME ORIDfE T, FAME OEANEWIEE NOx #EHH=RITE < 72 5. FAME
D6, MDO XV @ WEH L FAME 23 FAEHICEER (K 10%) 23 A TWD T ORBEMESIE Liclod & &
ZH5.

7 I\Z MDO ~® FAME {B&EIG & NOx 221k & ORtRZ "7, NOx Z kX FRto () TRENH X HIT,
NOxo (2T BZEEDEIE (%) & L TRLTWA. 7238, NOx 1 ZZhEND= PV AfER T MDO T NOx
HEHROETH 5.

(NOx — NOx,) 1

00 -1
NOx, M

Y (%) =
Mo X i TR0 Q)T END, FAME & MDO OJEATHT O FAME OIREEIE (BHbt) TH 5.

x100  --+(2)

A
X(%):A+B

Z 2T, ARG MFD FAME O%FE, BIXEAMF O MDO OFFETH L.
MDO |Z FAME ZiE& LT &, NOx JEHRITIETOT P AR TS A H 5. (RAfER
(25%, 50%) ToO NOx HEHHEROEM=EL, mAMHEE (75%, 100%) OHMEIZHEATEW. 100%>=
AR TIE, FAME @ NOx #EHZ1E MDO @ NOx HEHFRITHATHRI 8% 2723, 25% = ¥ U AmfER T,
FAME @ NOx #EHZRIT MDO ¢ NOx HEHRIZEE N THI 18%E M L 7=,

30

& 30
25 BN 25 Engine load

N —e— 25%

20 A —= = 50%
e —o—75% /

__

15

15 [ --2--- 100% / -
/, =

10

NOx (g/kW=h)

10 —&—MDO ]
—= =B30 (FAME:MDOI& &%t T30:70)

——B50 (FAME:MDOI3 & #& L T50:50) | |

(NOx—NOx,) /NOx, (%)

5 -
---A--- B100 (FAME)
0 0o 25 50 75 100
0 25 50 75 100
Mixing ratio of FAME (%)
Engine load (%)
6 PREIDFEFEHANOX PEHRIZEZ HEE 7 MDO ~® FAME ;EEEI& & NOx 1t & DRk
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8 IZ&ILEL)Y Smoke JREIZH- 2 D BE T, 2 TOTU YU ARE T, FAME @ Smoke J2%1X MDO @
Smoke J2E XKV METHS. B30 BLO B50 Dfiix, MDO & FAME ORDOfET, FAME OGN EME
& Smoke K< 72 5. FAME @ Smoke #£FEAY MDO & W K7/ - 72BEE, FAME IX&BRZEREICTH Y, M
BEGICBWTEREN R+ 372 L ZANDIR lpol=Z L L, FAME OFKMENREN-7T=22 8 (X 12 LK 13 DR

BEREAT ORERD & ZAHTHHT D) BEZDLILDS.

9 12 MDO ~? FAME JE& |4 & Smoke 21k & DRIfRE R, Smoke ZMUIZZNZNDT L ¥ AR T
® FAME % & £720y MDO TOfER: (Smokey) (2% B2ZALDEIE (%) & LTORLTWS (R(HBH).

MDO |2 FAME Z{EA L TW< &, Smoke I ETHT L VAR TR T DMEAICH D, mAmEER

(75%, 100%) T Smoke JEDIERIE, KAMTEE (25%, 50%) OERJERICHTEV. mAMHEIR T
I%, FAME @ Smoke #2/%1% MDO ¢ Smoke & (ZH~_THI 60% AR5, 50% = Y ARERTIX, FAME
@ Smoke #EEEIE MDO @ Smoke #EFEIZLE~THI 30% DI CTH - 7=.

0.6
e A—)
0.5
04 — —t] = =]
5 7 =
0
F 03 s
X . .
& 02 Bymoeemee “
=== MDO
—= =B30
0.1 ——B50
---A--- B100 (FAME)
0 L L L L
0 25 50 75 100
Engine load (%)
8 REDIELE Smoke BEIZE 2 HEE
500
== MDO
400 | —= =B30 N
——B50 7 —%
e —£-B100 (FAME) | /," .- A
& 300 e
(@]
(@)
200
100
0 L L L L
0 25 50 75 100

Engine load (%)

10 BRHOFEEN 0 BREICER H5E

(50)

(Smoke—Smoke,)/Smoke, (%)

J Engine load | \

40
—e— 25%
-50 || == =50%
—_— )
o | 75%
---£5-- 100%
-70 ‘ ‘
0 25 50 75 100

Mixing ratio of FAME (%)

9 MDO ~ FAME ;R&EI& & Smoke Z 1k & DA%

(CO-C0,)/CO, (%)

40
20 |_[ Engine load ]
—e—25Y%
20 — —= =50% /
10 - —=—75% V4
—-- 100% ——— 7"
0 BRg— Fa—. =
S /
PN AT
-20 \ / \
-30
-40 ‘ ‘ ‘

0 25 50 75
Mixing ratio of FAME (%)

100

11 MDO ~> FAME SRS &G & C0 &£k & DBk
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CO EEIZOWTORERZK 10 (87, EAMMEL (75%, 100%) TO CO EEITEVMETH 508, (KEATE
iz (25%, 50%) TO CO EEIRVMETH 5.

1112 MDO ~® FAME i &5 & COZ b & DEfRE 7. CO B biFZNZEh D= ¥ L AffEE TD FAME
ZEERVMDO TORER (COp) 1ZxIT2E(DEE (%) L L TRLTHD ().

R ARHERR Tl MDO |2 FAME Z{EA LT < &, CO BT T 2B h D, =0 2 VAR 75% Tl
FAME @ CO JE1Z MDO @ CO JREEIZEA~THR 30%(E5H L7z, L2 L, {KAMH#HES Tl FAME OIRAEIA D &
WIGA, CO JRIEN MDO @ CO JBIEL VW mL RbEANRHoT-. LnL, RAMEE T, ThEhokEio
CO MEEEIERVMETH Y (9 100ppm~200ppm), FAME DA T4 KIREIZ CO MEEMNZL < 72> TUVRL.

9 ‘ 150

8 [— MDO /@% 140

> 11— B30 | 130
< 3 6 I B50 / . x 120 =
ey / Cylinder pressure &
=% 5| | ===-B100 > 110 =
03 4 > 00
2 8 2
0o O 3 Rate of heat release 90 o
Q 4 o
A 80 c
£ % \ e 9
3g 0 P =S 60 =
. e

-1 50

\
-2 " Fuel injection 40
: J \ o
4 | AV V2V I

-20 -10 0 10 20 30

Crank angle (deg)

12 BREGHETOFER (15%& %)

| 150
— MDO Cylinder pressure 140
130
------- B30 e
120
= B50 /

-==-B100 110
7/ 100
Rate of heat release

A 80
W 70
S 60

50
2 /“ﬁv Fuel injec‘tion pressure | 40
- N 30

\ ‘?LW
-4 \\I\‘A 20
10 20

-20 -10 0

90

O = N W Hh O O 4 00 ©

Cylinder pressure (MPa)
Rate of heat release (kJ/deg)

|
—_

Fuel injection pressure (MPa)

Crank angle (deg)

13 MRBHEITORER (25%& %)
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B4 12, X 13 (ZKBRBIOBRBERT DFE R (75%, 25% 8N Zad. MPIZIEFENE, BREERTE, B4R
ERLTHD. BIERONE ERNY ONEEZ R THn5D & 912, FAME O35 KEEIT MDO O 75 kK X v &
V. B30 B3LOVB50 (X MDO & FAME O] G, FAME OIESEIG I EVNE EH KT R L 72 2235 5.
Fiz, KAMEE 25%FHAM) T, SAMMELE (75%A60) IZH_TY T2 7 AETOEKFHOERKZ .

5% A TOFRELOBRNERTEZ R CAh5 & IRIEFR CHEETH Y, SREIOREFRNELIZIZER T TH 5.
25% it CORRELO RN 2 71 Ch D5 &, EERED MDO OfFINHEZIEL FAME OfFNER I T T
< 72> THY, MDO OfEfEiNE S FAME O f@iNEIC R TEFRVME L 7o > TV D, FADBENRTZZ
EMEELTWAHEEZ NS, D, [EARKD FAME 0 NOx JEE & MDO 0 NOX JEE DFENN E A
DEEDZETHARTREL o b DEBZHND.

X 14 (2B BRBLORENEE =R %, X 15 IZKREIOBGH=R A2 7R7 3. RENHE#E ClE, FAME |X MDO L Y RO
HAE Y720 OREEDK 10%/h SN e, BRERHERITHN 10%%< koTno. DF VR UHEFELT L5
4, FAME [ZMDO XV 10%%< MEE L 72 %,

L, KIS IORTEGIRTIE, ZNTNOBREIOBGhRIT & A EZERRN

350 50
< 300 —~
§ S
b0 250 >
5 ;
S 200 3 30
E 5
2 150 MDO S 20 —&—MDO
8 —= -B30 % —= -B30
g 100 ——B50 < —+—B50
L 50 ---A---B100 (FAME) 10 ---A---B100 (FAME)

0 Il Il Il Il 0
0 25 50 75 100 0 25 50 75 100
Engine load (%) Engine load (%)
14 BEOBENREICEZ 5L 15 BREOBEINBMEIZEZ H5E

2.2.2 FAVE & AEHDES®M (B30) ZRAWIVOUMATRAE (15% T &%, 100 B5fE) DOFER

B30 DRERE VT 75% > 2 ¥ ARSI T 100 R OMAGIERZ1T 572, B30 Z W oifAGRERIZ 1T 5
Smoke £ (FSN) DZ{bZ X 16 12777, Smoke AT 100 FFEIIZIE—E TH Y, ZOMOBBEILRIF Ch 72
LEZOLND.

F72, 100 FEHIAGEROZIZA— =R — /L& T L2, BHE O — —F— L OREEED LT, T
ML o T2 T Iy PV FEBRO T A DA Y 2 — NV nd . RIEBREAT ) A= > ¥ i (Engine
maintenance) Z1T\Y, TP U & ZVWRRIEIC U CHEBRZITo 7o, =2 ¥ U s itk (X1 17 H o OBefore
maintenance & @A fter maintenance) (Z& B DEE 2 g~ 7-. D%, Bk 2 U PREERER (MDO,B30, B50,
B100) ZAT\>, iV T B30 & MV 72 100 REHIAGRER 21T > 72, £ D%, A —"—F—L 217\, D ETHE
ZHr-o72 (X117 D@ After 100 hours engine test) .

1812V &~y RORMLZ, 19 ([ZRBHES ) AV ORI A RS, THAGRERZE D U v F o~y RIZHEE
EFTII > SWIE)S o 7= THAGRERTE ORRENESS ) AN ~DOEYIHER I N0, W@ OMEBENOETH Y,
KRR e o 72,
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10
0z —8-Croke —
Z 0k
L]
L
2
[=)
E 04 L ...‘:.:.-...q.‘
o
02
on

u} 20 40 7] a0 100

Time (hour)

16 RE—VRENZEIL (B30 ZAL =it AMEHHER)

i (1 : Before maintenance

Combustion test | (2: After maintenance ,

October 5~8 1 :After 100 hours engine test |
\ /—)% \

100 hours engine test
® @ ©),
October 13~ November 5
r Q ] ./ \
Engine maintenance Engine overhaul and inspection
Sep. 30~O0ct. 4 November 9~13

17 EEBROBALRTDa1—)L

@After 100 hours engine test

(Before maintenance

@ After maintenance

18 2 )o5~y FOIKR (B30 &ALVt AEEER)
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@After maintenance

{DBefore maintenance

&
e

19 PREIEST/ Z)LDIKR (B30 Z ALV =it AtEEER)

3. FAME BEMDESREMREER

3.1 EREEBERUERAE
3.1.1 EEREE

A AREE RO A I & OIRAZETENEE T ORI TRETT 5728, H17212X 20 123 iR E 4B
LT,

7 4 VA MRS E ISR E L2 T A V2180 Ay va (18537 1my) 200 A vy (7537 vy) D
2 FEMEAEAH LT,

Pressure gauge

Fuel filter Fuel filter

“‘e/o-3-

Fuel supply pump 80 mesh 200 mesh

20 Jq LA EHEREBREE
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3.1.2 ERAMH

T2k FBlEy (BMAEE) BREWRE

55

FEERIZAE ] L7208HE, MDO(Marine Diesel Oil, A Hji) &/ 3—L22bESIL7Z FAME & GO (GasOil, #53H)
L EBIZENFNOBRBIORSTTH 5. MDO & FAME OREHARIZZE 2 25T X,
JRETHIX FAME & MDO % [F UAREEIA TIRE LC, FAME+MDO EKitd 52 & & L7

3.1.3 EBRAE

FEBRIEE (SR SRR E A UV, = A S E S 72 FAME & MDO & OiREH (10 U » R
FAME 5V » bJL+MDO 5 U v b)) R EZTAWT, 7 4 VX @HERBRZITV, IBELEMZ M-, T
X, GEIRENKI 10 U v hbh, EIEER 0.1MPa (]9 1 &), sRBREERTIE 40 BEE (8 BEfEIxs H) & L7=.

3.2 EBHERRUEE

FAME & MDO (A #Eif) OiE&H (FAME:MDO=1 : 1), MDO & GO ®OiEA (MDO : GO=1: 1), MDO
BAOBREL (Hefzd7=), FAME % H\WTC, 7 4 VA @i a17- 7=
FERITETOFERIZEBW TRERESME DB LRl EO 2 b7 < BIEIX R0 o 72, 7 4 VX BB D%,
TANZERON LTI LR, MELEAT v Ub72L, FRCHBEIT o7, FRREIOERZ D 7 v

2 DOEEZK 21 7HIX 25 1RT.

MDO

-

MDO+GO

7

et

.

8042 2004y 1
X 21 SRER%ZD T 1 ILZ2DER (MDO)

2004y a

~

X 22 EERED T 1 ILZDEE (MDO+G0)

FAME+MDO

2004y 2 /

23 EERFED I 4 IILZDEZ (FAME)

804y o 2004y a

N

/

24 EEREBED T 4 ILZDEZ (FAME+MDO)
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FAME & MDO D& (FAMES U > FL+MDO 5 U w RL) 12, & 5HIZHFO (Heavy Fuel Oil, C Eill) % 1
U MVIRRTRENE FIVC 40 Rl 7 ¢ L 2 8IlERER 21T o 72 UL, 74 VXN EMEZHRTH 2 LT
otz FERED T 4 VH DEEZRK 25 1R

/ FAME (5L)+MDO (5L) +HFO (1L) \

k 80AvI a 2004y 2 /

25 EERERD T 4 )L3 DERE (FAME+MDO+HFO)

AR U7z 7 ¢ U A2l B L, FERIC e DU ERCEH L QO SRS A doE L CRYE L7, 71
JL A EIIMERRBR D RGN S 72 o TUE, REHIE NI 2+ S, JRBHLE & 0 S LDl L7121
1To7z. Lo L, &1 FAME+MDO <° FAME+GO (#:iH) OB 200 A v 2 2D 7 4 W Z | IEAT v D
FAEDHER S, EROBFBIME AR T 272 DIZR UEBRAZ SR 272> T D0, EOBROFERIZEBNT
WIANCEER L2 &880, 74 VXA EDIIMER TE o Tz,

BAIDEBRT200 A v 2D 4 )VHIfIE LIDRO G E A X 26 (2773, EERIZOFAME+MDO, @MDO,
(GMDO+GO, @WFAME+GO DIEFIZIT 72, 7 4 V2R O%, 74 VX ZW0 4 LTI LR, O
FAME+MDO DOIESTHTIE, 200 A>3 adD7 4 VZITENZT v URfFE LTV, F7-, @BDF+GO DiES
MTH200 Ay a7 4 NEITOTHRAT v POMENBESNZ. L, Z6DFEROMIAT-72O
MDO RL@MDO+GO DEBRDIZEIT 200 A v 2D T 4 AL ZIZHMGAE L TR o1, 708, 2 TOFERT
80 A a7 4 VAT HAIE L T\ iehoTe.

1DFAME+MDO
N

A

~ - "‘-{ \\‘
@MDO+GO @FAME+GO
K26 mHDT 1)L EBMEARERDIER (200 A2 T4ILA)
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Z ol & LT, FAME [JRBREE > TR Y, REHZ Bl b FAME (ZY) 0 B2 72356, IREHLE A (O
EHSEN) OHERD VRN S, 200 A v 2207 4 L ZITMAE LT Relinid 5.

FAME % ZEEICE R L TO <GS, RORITEET 2LERH D EEZ 5. TRETEBEZM > TWeT 4 —
PAREBIICKR LT, REHE FAME ([ZEID 2 TS 9 & T 258, IRHID D BIZT 4 VFICAT v PR ENROF
SIRWINTF =y 7T HMERDS.

SEIDFBRTIIEA LT27 4 L 21E, 80 Avia (185 371) L2002 ya (15371m) 80 Ay ia
DT 4 NE Tl BRI, WE7 4% (10 2700 DObOEMHETE 5) ISHIST /M A Y 207 4
WZ e ANTZT 4 )V Z @R ZATOHER T D BB H 5.

4. FEO

WEF T ¢ — B A%BAIZBI1T 5 73— Al FAME OBRBEFESR
FAME, MDO, ¥ JXU'FAME & MDO OIREREN: AW CHEA R 4 2 hu—27 7 ¢ —B /R CHERURME &
PRBEREZ AT, FERIIRO EBY TH D.

1) FAME (3£ Chx ¥ Al CMDO (2T, NOx [ZEVMETH-7=. FAME @ NOx 3 MDO @ NOx |Z
T 8% ~18%EIN L 7~.

2) FAME (32 TCHOT 2 VAT MDO (2T, Smoke EII(KV METH>7=. FAME ® Smoke J2/%1%
MDO @ Smoke J % (2 Eb~T 30%~60% 1K L 7=.

3) FAME O#5 kX MDO XY Bino7-.

4) B30 OEREEH L7 100 BEEIA T > 2 L 3 BR T Smoke FEEITHN L7220 o 72, MARBREGE D= V%)
fifg « SHRTTHE, FRICRTEIZ 2o T

[EAME VA M OIRA 22 E IR
FAME & MDO DIRBLENEZTRDT-01Z, 80 A v = (1853 71y) L 200 A= (753 71y) DT 4
N ANTEYWE L T2 7 o v 2@ EABREE E TR AT o 7. #RIT TROMmY) Th 5.

5) FAME & MDO DiRATHZ W=7 ¢ L &2 liHEERIZ IV T, BREREE D L-Cimim B O 2 ki s < B
BEIXR o T, 7 4 VHERIERBRO%, T4 NFERON LTI LR, (MELEAT v UbH72<, K
RIEIX 2R~ 7.

6)7 « VAR OFIIC, FAME & MDO OiRG A HWESE, 200 A > > 2D 7 4 )V H I EY % s
L7278, FAME [ 3R EE © > TR Y, BB B2 D FAME ([ZU) 0 B2 72356, REHICE N (REREE
) OHEREMINTEOIE S, 200 A v =D 7 4 )V FITA7E LT alRettn 5. FAME (2B Y0 2 5
e, D BILT7 ANV EDROELROINT = 7 THNIENDD.
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