KA RESTHK2AMA—7 -
TaT7INTa—TILI O DERF

Xt T—EILAFATYR






IHI Grour

SEA JAPAN2016 Realize your dreams

finfEFE R EI - —

Ship and Marine Technology Seminar

BEARAEHK2X 00—
FAT7INITa—TII TP UE IO R

Development of Low-Pressure Gas Injection
2-stroke Dual-Fuel Engine Technology /

kXt T—EILIFA(TYUR
DIESEL UNITED, LTD.

Copyright © 2013 DIESEL UNITED, LTD. All Rights Reserved.

IHI1 Grour

E ;k Realize your dreams

Contents

1. EEHRLUEBN

Background and target

BEEHRESHKX2 X A—~DFHEES

Concept of low pressure gas injection 2 stroke dual fuel engine

FARRE

History

. TAMERS WeXT2DF =

Test engine W6X72DF

5. DFT DU HE T DEF

Development of dual fuel engine technology

6. F&EDH

Conclusion

> o0 N

Copyright © 2013 DIESEL UNITED, LTD. All Rights Reserved. 2 DIESEL UNITED,LTD.




1. EEHFLUEB

Background and target

IHI Grour

Realize your dreams

Copyright © 2013 DIESEL UNITED, LTD. All Rights Reserved. 3 DIESEL UNITED,LTD.
CEN=h IHI Group
= =1 Realize your dreams
om of =
1. IRIEFRG RFER .
Emission regulations Fuel conversion ~ MRRERROMEERR
e . Price trend for marine fuel oil
*NO, K& (IMO NOx 3X&FR ) 1o TR )
NOXx reduction (IMO NOx Tier IlI) e ..
- SO (YR DS 7 K H) A T | P
SOx reduction (Sulfur in Fuel) = % 1.0
8 g A B 3 =g | o8 T NGB
" GHG (IE].E)JJ %jj Z) 1&1@2 \ 8 0.6 5 2.1LNG price igowéffgn
GHG reduction ¥ o —aay crude oil
i gl os . e [
pizkes L= & : —_—0.28 — o]
:j g o 0.2 & 27 |
E=RP oAl 3| oo ) -
i ﬂsownﬁu;ﬁ § 8 8 £ 8 g8
S 4 SRR B (BB ATALE —E AT
2 Reference: The Institute of Energy
= 4?9 Economics, Japan
38w —ECAR - . —s . SOy [—
“a HATVOUFERBETF—ELIVSVICH,
g 1% —\ &?éq‘%(:s CTLBU):—X’\ﬁFISEIﬁE
* o Gas engine can easily achieve low emission and fuel
. conversion in contrast with diesel engine
6 -10% [
° -20% [ PO - > _
57 | DF#EE (H RER, To—HEIILEEDYE
S-
-35%

NNNNNNNNNNNNNNNN

fn AR IR 9 A IMOR I B M

Copyright © 2013 DIESEL UNITED, LTD. All Rights Reserved

AR EETGHARE) DRAFRN DL E
Development of DF engine (both operation of gas
and diesel) is required
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BEEAREHR220O0—5- BRIV OO DREM Roalis oo Avonms
Expectation for-low pressure gas injection 2 stroke-gas-engine 7
HRIT 2> DB
Curr;gt ﬁsﬁa}‘z{% of gas ISngine 5
" 7] ‘4Z a— e SEo
A stroke gas engine is major\> > KN, SRLEHLEE
High power and high efficiency are difficult
2ZAA—YTIFILEA B A AT TICEAE
2 stroke gas engine with diffusion combustion was already realized
> BEAREE > K2 LEOBER
\ High pressure gas supply = Safety concerns
> BiRILEENDE

Re-liquefying unit is required

RIS oADEFR > IOV BIKTNOXIIIR G 7 TEAL
Requirements to %a s engine cannorcomply Wltr\]/vlimg)u{\lg)fi(eg—lt(?{agtlment system
2ZARO—7 (S8, KEAODEAHID)

2 stroke (reliability and high power)

EES RE S (BEGRMHSIGEE)

Low pressure gas injection (Simple gas supply system)

-FEEMRBEARX (NOIXRIEHIVIT)

Pre-mixed combustion type (Comply with IMO NOXx Tier IlI)

EEHRBSIZLEFERERFEAR 2ROV -HRAT DY

Premixed combustion 2 stroke gas engine with low pressure gas injection
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Target of Dévelopment Y
TENLROOLNLBEEHREFICKEHFRERRAX 2R O—
JDFT DU RB D 1= D H B

Development of the premixed combustion 2 stroke dual fuel engine technology
E #F with low pressure gas injection requested by a market

Requirement

D : TV BEATIMODNOXI KIREI4) 7

Comply with IMO NOXx Tier Il without after treatment system

@ HH RSB DRAA RIEE (THC) KR
Reduction of unburned gas emission (THC)
ARMA—Y-ARIVOVERIFEUT
Even or below the level of 4 stroke gas engine
== beE b =
@ RERBEEER
Stable combustion
BERFK, JvFTREL
No pre-ignition, No knocking
SAZRNO—D - HRAIVOVERIFLUTOY A IILEE)
= IMEP®COV < 5%
Even or better cycle fluctuation of 4 stroke gas engine
= COV of IMEP < 5% -
COov= |A_ve|
o : IMEPDZ#E{RZ (Standard deviation of IMEP)

Ave: IMEP®DEH{E (Average value of IMEP)
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Concept of low pressure gas injection 2 stroke dual fuel engine
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Premixed combustion 2 stroke gas engine with low pressure gas-injection Bealize your dreams

DU/HIARX D FEARHAXDFIVO U BB

DU/IHI method of premixed combustion dual fuel engine

PRFL T R IE 5

Fuel gas injection Ny NHESHIKEE X
ZRE(\YI7E) Ignition by pilot fuel injection
Air layer (Buffer layer)

-
RRZER
— Scavenging air
U o000
—
PR
e — r.d AN
/IV V.\ I U '_
' | | 1 I || | | |
P
T . U
wmR BEARES [EiE AR f& ok wR
Scavenging  Fuel gas injection Compression Combustion Expansion Scavenging
FREME & Avb—YAU)L
Premixed combustion & Ott cycle
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Exhaust gas emission of premixed-combustion

AR )y TEEEBLIBESR A REEHE

Contribution to CO2 reduction including the methane slip
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70 - & SO, |e\fel n

£ e ECA (2015) are

} « fully met !

.g 40

5

a5
equivalent &
NOx

' Diesel / HFO

LPDF /Gas
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» A% 1) [ THC emissions (Total

unburned Hydrocarbons) 1M\ TE1E
Possibility of Methane slip [ THC (Total unburned
hydrocarbons) ]

» AR (FCOLTLERIREZN R 20~ 25(F
The greenhouse effect of Methane is 20-25 times
bigger than CO2

PLINLARD Ry TEEELTE, 2A80—
JIEEDFTIZHI15% DR ESR A RHI
ShEHY _ _
Premixed combustion 2 stroke dual fuel engine can

achieve 15 % reduction of the greenhouse gas
including the methane slip

> ARy TEBOHEREEDH TS
We are continuing the research work for Methane slip
reduction
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FREMRFEARARIVUHMNENOXLER

Reason why premixed combustion gas engine can reduce-NOx

Fa—E I
Diesel engine

= £ CHE ST
Injected liquid fuel
with high pressure

PRBE AL D
WA IR

Range of

NOXx
NOx£E R E

BIAREH (EmF) %

combustion zone

IHI1 Grour

Realize your dreams

HATE T

Gas engine

FRAK

Premixed gas

WABE R D

AIYAIR SR
(FHERF)

Lean limit

Bk

Ren 2o BB (RELRE)

b ]

Lean

Excess air ratio (Fuel concentration )

FPEERBEAXTRAIVOV EHEEIKETRGERIREE — {ENOXIEAYATREE

Premixed combustion gas engine can burn the lean pre-mixture - Low NOx

Copyright © 2013 DIESEL UNITED, LTD. All Rights Reserved
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History
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PR

History of development

Items Remarks

FSEE

F5E

Year

2010 Feasibility study

DF R TG FESER(G0cm R T, 1cylDHA)  ERHEEEL D22 —)H#E F IR & #AGE
2011 DF technological development test (50 cm bore, The first successful running of premixed

only 1 cylinder) combustion 2 stroke engine 1

DF 1T B F EBR(50cm7R 7, 1cylD#)
2012 DF technological development test (50 cm bore, *1

only 1 cylinder)

cEal— 2= . ERE~DRRRE

EHRARICLOEERER - -
2013 ResoR/ing b Subjec by fundlamental test S;:azrt of development for practical application
2014 ERHRICKLFERER

Resolving of subject by fundamental test Y2

HHABERT12cmD I ILRT—ILTY
2015 DUU)ITKBHEIARR

Verification test by test engine (72 cm bore real 2

scale size engine)

K1 EEMMERGTRARFERENE
“Support for Technology Development from Marine Vessels for Curtailing CO2” by MLIT
K2 MMM SHEH SN D ZEE R (CO2) HIBD - DIMBAR X IZEE %
“Support for technology development from marine vessels for curtailing CO2” by MLIT
Copyright © 2013 DIESEL UNITED, LTD. All Rights Reserved. 12 DIESEL UNITED,LTD.
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Test engine W6X72DF

Copyright © 2013 DIESEL UNITED, LTD. All Rights Reserved. 13 DIESEL UNITED,LTD.

ﬁt%ﬁ%ﬁ@m% IHI Group

Realize your dreams
Configuration of test'engine

ERIIAT— LB EFERALINETORRERMEELL

Verification test of developed technology was done by real scale size test engine

Base Engine W6X72DF
Number of Cylinder 6

Bore x Stroke $720 x 3086 mm

Rated Power 19,350 kW (R1)

Rated Speed 89 rpm (R1)

BMEP 1.73 MPa
Gas Inj. Method Liner Inj. / Scv. Inj.
< 1.0 MPa

(€5 s (st (LNG supply press. <1.6MPa

Ignition Method Pilot Inj. + PCC

PCC: Pre-combustion Chamber

BRI SR (W72DF)

Overview of test engine

Copyright © 2013 DIESEL UNITED, LTD. All Rights Reserved 14 DIESEL UNITED,LTD.
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FRBEES R
NAOykrEST AR Pre-combustion chamber method

A Oy HESF

Pilot fuel injector

Pilot injection method

NAOYMMEFE
Pilot spray

o boke =i
FIABEE
Pre-
Combustion
Chamber

nNAayrooyk
Pilot jet into main
combustion chamber

NAOYMES+FRBEEAR DAYk
Advantages of pilot injection + pre-combustion chamber
MOy MESEERE — {ENOx

Reduction of pilot fuel consumption - NOXx reduction

DEEFTLRNEERNEHTF > KEBKX

Strong ignition energy can be achieved under the small quantity of the pilot injection
Copyright © 2013 DIESEL UNITED, LTD. All Rights Reserve _. 9 Stable Combusqgn
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Gas injection method

HARBRICIE. EQS P REERMABREEBRARCZBEOENEETER

2 kinds of injection devices are equipped on test engine for different pre-mixture formation process
SULESAF “)2ISAF

Cylinder liner
Jé‘a

HRIE5F 5+ (GAV)
4[$/Cyl ]

. HRIES /X)L
30[#/Cyl.]

SAFTHAES A

BRA— T RESH AKX
Liner gas injection

Scavenging port gas injection

Copyright © 2013 DIESEL UNITED, LTD. All Rights Reserved. 16 DIESEL UNITED,LTD.
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Development of dual fuel engine technology
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Development target and achievement
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R
B EiE Achievement
Target of B1RfE HRXARESIZED  ABAREMRA R
Development ELiTLITE BEKRAEL EHICKDHEBERERK
Gas mixing by Gas mixing by this
conventional gas injection technology development
IO VERTIMO
HRBEE | NOx 3RIHRHI VU7 o) @)
ﬁ&ﬁiﬁ Comply with IMO NOx Tier IlI
£ without after treatment system
AMESRIE
Improvement of | SBEZF N AL A /o)
gas mixing and No Pre-ignition
stable gas
injection Jwxs: L
No Knocking o O
THC
R 4st-GEFH 2
o)ﬁiﬂﬁ Comparable to 4st-GE o o
THC reduction
4st-GEAR Y
RIEPRBE (IMEPDCOV < 5%) O O
Stable Comparable to 4st-GE (2%LLTF) (2%LLTF)
combustion (IMEP COV <0.5%) (less than 2 %) (less than 2 %)

Copyright © 2013 DIESEL UNITED, LTD. All Rights Reserved.
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Effect of gas mixing performance to the combustion behavior

1725 ~ .
at 75[%'. of MCR] ! — Case 1
— L G R i e R R — Case 2
E B L e e — Case 3
B W
U o HARSERELAHILT B
= gl N N PREEAEL D
o Improvement of gas mixing causes the
25 — Tormslo Ty e retarding the ignition
0 i ‘ J‘\ | | | 300C);c. Ave.I @
-30 20 -10 0 10 20 30

Crank Angle [deg]

-RERBEGREELN /¥y
%) #nil

Abnormal combustion (pre-ignition,
knocking) can be reduced
N=PAN

FECFPREREENRERFEADF—THY . HRESIE, E
SAM, BHRED BHRIIVIFENEE

Lean pre-mixture is a key point for stable combustion and gas injection valve
position, injection direction, injection pressure, injection timing etc. are important
parameter to make the lean pre-mixture.
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Methane slip reduction

V, il —
\'4 gistribution ?‘\\
BEEETOVAEL - T |
kT RE
Fuel gas slip

i

z
V. RO LHZE Y
il

AR ANy THREIN=Z L
Mechanism of the Methane slip
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N agoy—i

Fa—FR—
Skewed port case
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o
onventional port case

RAFa—FiR—k 3DET I
Skewed port geometry (3D model)

u S RIR TR A — b5 TR
o R A% a-F R—H5 T FElE

25%L
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RF¥1—FR—IFF1FEHRE
FEHFRELICKY., A2 R
)y FERAS AT EE

Methane slip reduction is available
by optimization of skewed port liner
and gas injection condition

T5%L
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Response under wave load condition Realize your dreams
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For marine applications, engine must be able to operate in rough sea condition where air/fuel ratio is fluctuated.

90 = ;f 100
s | —Engine Load —Engine Speed |
_ S E
e
(W] - N p—
= g
5 80 = 60 =
= 5 3
3 g4 &
: 75 < £ 40 g
:‘:: 1 w
70 20
Period:20sec Gas Mode75%L
65 0
0 50 100 150 200 250
Time [s]
KK, JXRTDFEELGL
NO misfiring, No knocking
DI N | B —2 > A - W 4= N
BEEINFEIT HRETENREGTHIEATEE
Engine can operate in gas mode continuously under load fluctuation condition
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Conclusion
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conclusion
1. 2RAFA—JFREMBEAXDFIUOOUH, SEIBAFKSN-HIfIZ&
U+ A RBTEH LT EBUEA T OV RBRIC K-> THEERLS:
It is confirmed that 2 stroke dual fuel engine with pre-mixed combustion can be
realized by verification test on real scale engine test.

2. TV UV EKTIMO NOX 3XUREIZ+29UVT7 T3
This DF engine can meet with IMO NOXx Tier Il regulation without after treatment,
3. TR HFBLFRE[EHATNE, FTESRGEHETRESIN
HERRGEZE M L REREO UGB ZHN | =] 58
Lean pre-mixture can reduce the abnormal combustion of pre-mixed combustion
DF engine with enough capability of engine control under practical using.

4. PEERBEICBEWT. BIFEOFEFRI OV MAH DY AIILEE)
(REMBE) ZEHL-

Premixed combustion 2 stroke DF engine achieved low cycle fluctuation which is
comparable to 4 stroke DF engine with pre-mixed combustion.
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