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ABSTRACT

An experimental study was performed to provide the effect of PM reduction and the
improvement of diesel alternative ratio utilizing diesel-natural gas dual-fuel combustion
mode in a retrofit 3.4-liter diesel engine. In order to achieve the same power as the
original diesel engine, engine control unit (ECU) of the dual-fuel engine was calibrated.
As a result, diesel alternative ratio was found that the maximum value of diesel
alternative ratio was about 96%. Finally PM emission experiment was performed in
C1-8 mode cycle and it was shown PM emission was extremely reduced down to
7.42%107" g/kWh comparing with mechanical diesel engine.
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Table 1 Specification of Target Engine

Bore x Stroke (mm) 98 x 113
Total displacement (cc) 3,409
Intake Air Charging Turbo Charger

Compress Ratio 185

Rated Power (ps/rpm) 85/2,600
Max Torque (kgf - m/rpm) 28/2,000
Idle (Max, rpm) 2,330
Idle (min, rpm) 1,300

Weight (kg) 245
Injection Angle BTDC 14+0.5°
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Fig. 1 Diagram for System of Diesel-LNG Dual
Fuel Combustion Engine

Table 2 Parts List for Diesel-LNG Dual Fuel
Combustion Engine System

Item
CAS(Crank Angle Sensor)
CPS(Cam Position Sensor)
Diesel Common Rail
Diesel Injector
High Pressure Pump for Diesel Fuel
LNG Injector
LNG Gas Regulator
LNG Vaporizer
UEGO Sensor
AFS(Air Flow Sensor)
Inter—cooler
ETC(Electric Throttle Controller)
TMAP (Temperature Manifold
Air Pressure)
ECU(Engine Control Unit)
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Fig. 2 Diagram for Engine Test
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Table 3 test cycle of C1-8 mode in ISO-8178
Reg.

mode # 1 2 3 4 5 6 7 8

Speed Rated Immediate Idle

Torque(%o) | 100 | 75 | 50 | 10 | 100 | 75 | 50 | O

Factor |0.15]0.15|0.15| 0.1 | 0.1 | 0.1 | 0.1 | 0.15
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Fig. 3 Comparison Power between Base
Diesel Engine and Diesel-NG Engine
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Table 4 Result of Test for Exhaust Gas
according to C1-8 mode in ISO-8178

THC CH4 NMHC CO NOx PM
g/kWh ¢/kWh g/kWh g/kWh ¢/kWh g/kWh
7.42 X

1.89266 | 1.55261 | 0.45498 | 0.27392 | 3.12278 107
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Table 5 Tier-3 Regulation of EPA, USA

Tier-4 NMHC | NOx CO PM

Unit ¢/kWh ¢/kWh g/kWh ¢/kWh

37<kW=75 4.7 50 0.4
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