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Numerical Study on the Combustion Characteristics of CNG/Diesel
RCCI Engine
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Abstract Recently, a dual fuel RCCI engine has been developed to effectively reduce the NOx and PM
while at the same time increasing the thermal efficiency of the diesel engine. In this study, the effect
of the two-stage injection timing of the diesel fuel and the CNG substitution rate on the combustion
performance and exhaust gas condition in an RCCI engine was investigated numerically. The RCCI
engine uses natural gas as the low-reactivity fuel and diesel as the high-reactivity fuel. In the case of
diesel two-stage injection, the combustion slows down, and the combustion temperature is lowered with
the advancement of the first injection timing, which further results in NOx decrease. An injection timing
of approximately -87°CA ATDC is deemed optimal considering the combustion performance and exhaust
gas condition. As the second injection timing is advanced, the NOx and soot decrease, but the HC and
CO increase. In addition, the optimal second injection timing is determined to be -38°CA ATDC. As the
CNG substitution rate increases, the peak pressure decreases, and the heat release rate is delayed. Also,
NOx is reduced due to the reduction of combustion temperature. And, the soot is also reduced because
the amount of diesel is relatively small. From the results of the study, a CNG substitution rate of less
than 86% is considered optimal and meets the requirements of thermal efficiency, fuel consumption rate,
and the EURO 6 emission gas regulation of NOx and soot. Moreover, it was confirmed that the
CNG/diesel RCCI combustion method has a higher thermal efficiency than the conventional diesel
combustion method and significantly reduces the NOx and soot.
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Table 1. Engine specifications

Caterpillar 3401E SCOTE

Displacement([L] 2.44
Bore x Stroke[mm] 137.2x165.1
Connecting Rod Length[mm] 261.6
Compression Ratio 16.1:1
Swirl Ratio 0.7
IVCldeg ATDC] -143
EVOldeg ATDC] 130

Common Rail Diesel Fuel Injector

Number of Holes 6
Hole Diameter[zm] 250
Included Spray Angleldeg] 145
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Fig. 1. The 60-degree RCCI sector-mesh used
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Table 2. Engine operating conditions

Design parameter CNG-diesel Diesel
IMEPI[bar] 9 9
RPM 1300 1300
Pressure at IVCl[bar] 2 2
Temperature at [VClbar] 279 279
Total fuel energyl]] 4359 4359
1st injection timing -97 ~ -67 145
[°CA ATDC] (2nd -38) ’
2st injection timing -48 ~ -18 B
[°CA ATDCI (Ist -87)
CNG substitution rate[%] 68% ~ 92%
EGRI%] 0
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Fig. 2. Comparison of measured and simulated cylinder

pressure for dual fuel RCCI operation
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Fig. 3. Cylinder pressure and heat release rate as a
function of 1st injection timing for two-stage
injection
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Fig. 12. Comparison of cylinder pressure and heat
release rate between CNG/diesel RCCI and
diesel combustion

Table 3. Comparison of CNG/diesel RCCI and diesel
combustion performance

Results RCCI Diesel
IMEPI[bar] 9.05 8.34
NOxIg/ikw-hr] 0.36 14.26
soot[g/ikw-hr] 1.89E-4 1.51E-2
HClg/ikw-hr] 6.05 0.35
COlg/ikw-hrl 212 6.79
PPRR[bar/deg] 3.78 4.42
CA50[°CA ATDC] 4.06 4.02
Combustion duration
10-90%[°CA ATDC] 17.00 22.98
Thermal Efficiency[%] 56 46.5
ISFClg/kw-hr] 150.76 180.39
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