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Rl@na Background

 Nowadays, regulation of exhaust emission from engines is
becoming more strict year by year in the marine field, and it is
difficult to fulfill the regulation by diesel engine itself.

» Gas fuelled engines emit low NOXx, therefore it is possible to
satisfy the regulation by the engine itself. (One of solution)
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Wl@ATA New Marine Gas Engine

Gas-fueled engines for marine application
Related to IMO NOx emission standards

Niigata new gas engine is “dual-fuel engine”.

The engine can operate as an ordinary diesel engine and also as a gas engine.

Even if one of the gas supply components malfunctions while operating in the
gas mode, the ship can continue running by switching the engine to the diesel
mode.

The dual-fuel engine provides
redundancy for the ship’s
propulsion system, which is one
of the most important features
for safety operation.
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WG New Marine Gas Engine

Target of ships
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Quick load increase is demanded at tugboat operation.
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Transient performance
RYJGATA  (Excess air ratio during acceleration)

High

Lack of air can
occur from the
delay of T/C
respondent or delay
of excess air ratio

Mean effective pressure(Output)

adjustment.
i Steady
Accelerating operation D
Operational zone R
: : | Lack of air causes
Air-fuel ratio Knocking.

Gas rich <_—— > Gas lean
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Wl@ATA New Marine Gas Engine

Gas mode

v" IMO NOXx Tier lll compliant

v' Same load transition characteristics as current diesel
engine

v' Same output and flexible mode change between

diesel and gas at any load

Quick mode change to diesel mode in case emergency

Knocking free operation

v
v

Diesel mode
v' IMO NOXx Tier Il compliant
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wileqniz Specification of Marine gas engine

ltems Specification
Developed 6L28AHX-DF
engine Dual fuel engine

. Direct injection
lgnition method J

(gas mode) Micro pilot ignition
BV 2 0 MPa
Fuel gas LNG, NG (gas phase)
MN=65
Fuel oil MDO
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wlepzn Key concept of ignition method

Utilization of simulation for certain combustion

The micro pilot combustion by direct injection was achieved with
the utilization of simulation, designing appropriate injector
specification and combustion chamber.

Gas Operation

Pilot oil Fuel gas
IR rL\

\ Gas
| admission
valve
-
s
/
Direct ﬁ
injection 0 Air
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wleazzs Quick load change operation
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Wl@aiza Air-fuel control
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Transient performan
RYIGATA  (Excess air ratio during acc

ce
eleration)

Suppression of
knocking

Improvement of
air flow

High

Knocking MiSfire

Lack of air can
occur from the
delay of T/C
respondent or delay
of excess air ratio
adjustment.

Steady
operation

Accelerating

Operational zone

Mean effective pressure(Output)

Air-fuel ratio

Gas rich <_—— > Gas lean

s

Lack of air causes
Knocking.

To improve transient performance , secure of sufficient
air flow and suppression of knocking is necessary
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WG Operation

Operation concept

Gas mode Normal Operation

Change ﬁ Rapid Change ﬂ ﬁReturn ﬂ Change

Diesel Mode Start Emergency | = Stop
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mleqazn Switching of engine operation mode

Normal gas mode change Emergency diesel mode change

Diesel mode Gas mode Gas mode Diesel mode

Pl
~ 7
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— Engine speed —

e T

Gas governor signal

Diesel governor signal

Measurement data

Realized mode change at 100% load
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mleazn NOX emission characteristics

IMO NOx emission standards

New engine satisfied NOx emission for IMO Tier |l|
with gas mode and Tier |l with diesel mode.
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mfleazzn Ship handling demonstration (tug boat)
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WG Conclusion

In gas mode, finally NOx emission of IMO Tier |ll was
succeeded.

 Transient performance comparable to diesel engine
was achieved in gas mode

*Niigata will deliver newly developed dual fuel engine to
Japan’s first LNG fuelled ship.

This is the world’s first built pure mechanical driven FPP
LNG fuelled ship.
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Wl@aiza

Thank you for your attention.
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