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Effects of Compression Ratio on the Performance and
Combustion Characteristics of Diesel-CNG Dual Fuel
System in a Diesel Engine
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Abstract: This paper describes the effects of compression ratio on the performance and emission
characteristics of diesel-CNG dual fuel combustion system in a single cylinder direct injection diesel
engine. Engine tests were performed with the compression ratios (CR) of 15 and 18 at an engine speed
of 1,500 rpm and various engine loads. This study showed that the peaks of cylinder pressure and heat
release rate of the dual-fuel combustion decreased as the CR decreased. The ignition delay period of
pilot fuel at the CR 15 was increased more than that at the CR 18. The pilot injection timing of CR
15 for the maximum power was advanced compared to the CR 18. The engine operation was stable
with COVimep of 3% at the CR 15. Smoke with dual fuel combustion was decreased compared to
those with single fuel conventional diesel combustion, and it was also decreased as the CR decreased.
Compared to the CR 18, NOx emissions with the CR 15 were increased at middle-load conditions and

CO and THC were more exhausted under low-load conditions.
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Table 1 Specifications of test engine
Description Specification | Unit
Engine model ND 130DI -
Number of cylinder 1 -
Combustion chamber DI -
Bore x stroke 95 x 95 mm
Displacement volume 673 cc
Compression ratio 18 -
Fuel injection system Bosch . -
common-rail
Injector type Solenoid type -
Number of injector hole 7 -
Coolant temperature 70+2 C
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Fig. 1 Schematic diagram of experimental apparatus
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Table 2 Properties of diesel fuel

Table 4 Test conditions

Item Diesel fuel Unit Test method
. o KSM2010:
Flash point 42 PM, C 2004
Kinematic q , | KSM2014:
viscosity 2.52 40 C, mm/s 2004
KSM 2027 :
Sulfur 8 mg/kg 2005
. KSM 2610:
Cetane index 54 - 2005
. . .| KSM 2002 :
Density 826 15C, kg/m 2006
Lower heating| 43 116 | Mykg | ASTM D240
value
Table 3 Properties of CNG
Item CNG Unit
Net heating value 43.58 MJ/Nm®
Specific gravity 0.55 compare to Air
Burning range 5~15 %
Ignition temperature 537 T
Methane 85.12 Vol. %
Ethane 9.32 Vol. %
Propane 4.58 Vol. %
Component
i-butane 0.56 Vol. %
n-butane 0.42 Vol. %
Nitrogen 0.01 Vol. %

mean effective pressure)
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Item Test
conditions
Engine speed (rpm) 1,500
Compression ratio 15,18
Engine load (BMEP, MPa) 0’0(.)4.118?’0(.)612’
Pilot fuel Diesel fuel
I;jj:lt Injection pressure (MPa) 120
Injection timing (BTDC, CA) 10,23
Injection pressure (MPa) 0.6
BTDC 356
CNG |Injection timing (‘CA) ex;;(:l?ion
stroke
Amount of injection (‘T A) Variable
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Table 5 Accuracy and uncertainty of measured parameters

Instrument Measured parameters Range Accuracy Uncertainty (%)
Load indicator Engine torque 0-343 Nm +0.69 Nm 0.2
Speed sensor Engine speed 0-10,000 rpm + 10 rpm 0.1
Burette Diesel fuel flow rate 1-30 cc +0.2cc 0.67
Mass flow meter CNG flow rate 0-24 m3/h +1% 2.04
Laminar flow meter Inlet air flow rate 0-203.4 kg/h +0.72% 0.72
Exhaust gas analyzer NOx emission 0-6,000 ppm + 10 ppm 0.17
CO; emission 0-30 % +0.5% 1.7
CO emission 0-10,000 ppm +40 ppm 0.4
O, emission 0-21 % 0.01 % 0.05
HC emission 0-5,000 ppm +30 ppm 0.6
Smoke meter Smoke 0-100% +0.1% 0.103
Pressure transducer Cylinder pressure 0-250bar +0.1 bar 0.04
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Fig. 2 In-cylinder pressure according to the

compression ratio during motoring test
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. 3 In-cylinder pressure with different

compression ratio in conventional diesel

combustion at BMEP 4.8 MPa
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