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Numerical Study on the Effect of Diesel Injection Parameters on
Combustion and Emission Characteristics in RCCI Engine
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Abstract Low-temperature combustion (LTC) strategies, such as HCCI (Homogeneous Charge
Compression Ignition), PCCI (Premixed Charge Compression Ignition), and RCCI (Reactivity Controlled
Compression Ignition), have been developed to effectively reduce NOx and PM while increasing the
thermal efficiency of diesel engines. Through numerical analysis, this study examined the effects of the
injection timing and two-stage injection ratio of diesel fuel, a highly reactive fuel, on the performance
and exhaust gas of RCCI engines using gasoline as the low reactive fuel and diesel as the highly reactive
fuel. In the case of two-stage injection, combustion slows down if the first injection timing is too
advanced. The combustion temperature decreases, resulting in lower combustion performance and an
increase in HC and CO. The injection timing of approximately -60°ATDC is considered the optimal
injection timing considering the combustion performance, exhaust gas, and maximum pressure rise rate.
When the second injection timing was changed during the two-stage injection, considering the
combustion performance, exhaust gas, and the maximum pressure increase rate, it was judged to be
optimal around -30°ATDC. In the case of two-stage injection, the optimal result was obtained when the
first injection amount was set to approximately 60%. Finally, a two-stage injection rather than a single
injection was considered more effective on the combustion performance and exhaust gas.
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Table 1. Engine specifications

Spec. Data

Base engine type Caterpillar SCOTE
Bore x stroke 13.72 x 16.51 cm
Connecting rod 21.16 cm
Displacement 2.44 L
Compression ratio 16.1 : 1

Intake valve opening (IVO) -335 °ATDC
Intake valve closing (IVC) -95 °ATDC
Exhaust valve opening (EVO) 130 °ATDC
Exhaust valve closing (EVC) -355 °ATDC
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Table 2. Engine operating conditions

Nominal IMEP (bar) 11

Engine speed (rev/min) 1300
EGR rate (%) 45.5
Equivalence ratio 0.77
Pressure at IVC (bar) 3.34
Temperature at IVC (K) 382
Total fuel (mg/cycle) 128
Gasoline percent by mass(%) 82
Diesel percent by mass 18

=77 ~ -47 (2nd -33)
-48 ~ -3 (1st 67)
20 ~ 85

=77 ~ =27

Diesel 1% injection (CATDC)

Diesel 2™ injection ((ATDC)

1% injection fuel percentage

Diesel injection (single)
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Fig. 2. Cylinder pressure and heat release rate over a
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