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Natural gas fueled ships in service

About 50 ships in North Europe driven by medium-speed 4-stroke
lean-burn type gas engines (ferry, off-shore supply vessel, etc.).
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Natural gas fueled ships from now
including large ships driven by low-speed 2-stroke natural gas engines.
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* United European Car Carriers (UECC) jointly owned * TOTE Line has ordered 3,100TEU container ships

by NYK and Wallenius Lines has ordered KHI two PCCs propelled by MAN low-speed ME-GI gas (DF) engine.
propelled by MAN low-speed ME-GI gas (DF) engine. (Route: Florida< Puerto Rico)

(for voyage in European ECA) - KERRMTTOTER A, MANDIERE2 X Gl (DF)
* NYKEWalleniusHEHEDUECCH AL, MANDIE:R TVYYEEH UE3,100TEUD DY T ERTE
222Gl (DF) IVYVZEE UICBIEERIZE (DOUSeTI R IMBICERATE)
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*Development of LNG-fuelled tug-boat by NYK Group-+ 2013~
(ClassNK is supporting development of not only vessel itself but also medium-speed DF engine)
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Table 1 Categorization of marine gas engines

Direct coupling Electric drive
Medium-speed 4-st. | Existing Popular
Low-speed 2-st. All Nonexistent

Mono-fuel DF (Dual Fuel)
Medium-speed 4-st. | Existing Popular
Low-speed 2-st. Nonexistent All

In case of DF, fuel can be switched instantly from gas to heavy fuel in an emergency
like heavy knocking or gas-leak.

Lean-burn (pre-mixed)
(low-pressure gas supply)

Gl (Gas Injection)
(high press. gas injection)

Medium-speed 4-st. | Currently all Possible but not yet applied
Low-speed 2-st. Existing Existing
Otto-cycle type Diesel-cycle type
gas engine gas engine
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Laboratory of Engine and combustion, Kyushu Univ., Japan
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Construction and function of RCEM




RCEM (Rapid Compression and Expansion Machine)

Supercharged condition is realized by two-stage compression.
Frequent experiments in a short time are possible by single-shot function.

Pmax limit: 20 MPa, Speed: 300 rpm, Glass window: 200 mm wide or 240 mm dia.

Hydraulic actuated

intake valve | Finned heaters (inside)

Injector _ii
)

Main specifications of RCEM

Stroke 260 mm
Clearance volume 200 x 66 x 80 mm?
Compression ratio z.B. 10.0

Engine speed 300 rpm

Initial charging conditions
Press. P1 z.B. 0.9 MPa
Temp. T1 z.B. 150 deg. C

Piston

| T
Quartz window | 200 (wide) x 50 x 100 (thick) mm
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Image of optical system
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Flame propagation

How is the flame propagation
Q Homogenous and abnormal combustion in
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Abnormal combustion caused by lubricating oil
(Shadowgraph technique shows burning area black.)
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Gl (Gas Injection) type combustion * ¢ named ‘Diesel cycle gas engine’
(Diffusive combustion of high pressure gas jet ignited by pilot fuel.)

Merits ¢ * Free from knocking & abnormal combustion (Any MN is allowable.)
Lower methane slip

Gas injection Pilot Fuel

17



Combustion chamber for top view from 240 mm dia. full window

! Mirror on top of piston
| for Schlieren technique




O Crank angle deg. ATDC

Diesel Std. Gl EGR GI 17%02 Diesel Std. Gl EGR Gl 17%02

EGR 2 40

Emissions [Diesel| Std. GI | ~, Gl Rate of heat release
1.5 | (ki/deg.) — - 303
CO[ppm] [ 17 30 45 o
1 - 20@
NOx[ppm] | 499 | 300 44 —17.3% 02 2
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Visualization of fuel mass fraction in gas jet applying CFD
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Lower gas pressure case shows longer burn-up length of flame.
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Introduction of
new theme ‘Hydrogen-admixture to natural gas
for gas engines’ sponsored by ClassNK
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Direct

200 mm wide window

No.052 80% CH,-20% H, (F2)
Inj. Hole Dia. 1.2 [mm]
Inj. Press. 26.4[MPa]

No.043 70% CH, - 30% H, (F2)
Inj. Hole Dia. 1.2 [mm]
Inj. Press. 27.6 [MPa]

No.021 50% CH, - 50% H, (F2)
Inj. Hole Dia. 1.2 [mm]
Inj. Press. 30.7[MPa]

10.0[deg. ATDC]

% =vol. %

Improvement of diffusive combustion by adding hydrogen to methane (Pc: 8 MPa)
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:,:, Number 469 39 26
o
= 70%CH;4- | 50%CH;4-
o Fuel e 30%H, | 50%H,
©
o
Diameter [mm] ®1.0 P1.2 01.2
CO2 [%] 0.967 0.838 0.740
02 [%] 19.23 19.39 19.52
0.5 CO [ppm] 7 7 8
Crank angle [deg. ATDC] HC [ppm] e =5 £
NOx [ppm] 160 178 240
No.469 CH, No.050 80% CH, - 20% H, No.039 70% CH, - 30% H, No.026 50% CH, - 50% H,
Inj. Hole Dia. 1.0 [mm] Inj. Hole Dia. 1.2 [mm)] Inj. Hole Dia. 1.2 [mm)] Inj. Hole Dia. 1.2 [mm]
Inj. Press.  30.1 [MPa] Inj. Press. 26.5 [MPa] Inj. Press. 28 [MPa] Inj. Press. 31.2 [MPa]

Further research theme ‘Hydrogen-admixture to natural gas for gas engines’ 24
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1. Real conditions of natural gas engines in marine use

2. Large sized RCEM: Rapid Compression and Expansion Machine
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have been introduced as

Visual combustion studies for Dual Fuel and Gas Engines
by Kyushu Univ. Japan

Thank you for your kind attention
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