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A Numerical Study on the Optimization of Combustion Performance
in Dual Fuel RCCI Engine Using NSGA-II
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Abstract Low-temperature combustion (LTC) strategies have been developed to effectively reduce NOx
and PM while increasing the thermal efficiency of diesel engines. Recently, reactivity controlled
compression ignition (RCCI) using dual fuel has been studied. The RCCI method is known to be able to
operate in a wider operating area than HCCI or PCCI because it has an advantage in combustion control.
But because it uses two fuels, there are many control factors related to fuel injection, and mapping work
to set optimal operating conditions in the entire operating area is time-consuming and costly. In this
study, the non-dominated sorting genetic  algorithm (NSGA-II) was introduced to optimize the
combustion performance of an RCCI engine using gasoline as a low-reactivity fuel and diesel as a
high-reactivity fuel. A numerical analysis was performed, and the results confirm that the method using
NSGA-II can be effectively used to optimize the combustion performance. A thermal efficiency of 0.47,
NOx level of 0.054 g/kWh, and soot level of 0.00072 g/kWh were obtained when the ratio of
low-reactive fuel was 0.68, the first fuel injection timing was -56° ATDC, the second fuel injection timing
was -26° ATDC, and the first injection fuel ratio was 0.4 for two-stage injection at 1300 rpm and 6 bar.
The optimization simulation process is expected to significantly reduce the time and cost of engine
mapping tests.
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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

RCCI 914 342 93 ANSYS FORTE Z2 13
ARg3lAtt. d#= RNG(Re-Normalization) k-& =
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Table 2%& ¥ 4ol 9] MzI2HE 7ot} A¥g:
AA=Ql 7HEUe §71 A B9 319 AEgE,
IR AER gEL 5 I B ojdo EAME
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742 At 7R oA AR AR AL 66.2
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-50°ATDC, & ¥A A5EA]7]E —40~-20°ATDC,
ojth A} Al A WA EARF H&-2 40~80% HLoNA
34S SPoct.

Table 2. Engine operating conditions

Nominal IMEP (bar) 6
Engine speed (rev/min) 1300
EGR rate (%) 0
Equivalence ratio 0.29
Total fuel (mg/cycle) 66.2
Gasoline percent by mass(%) 40~80
Diesel 1" injection (PATDC) -80 ~ -50
Diesel 2™ injection (CATDC) -40 ~ -20
1" injection fuel percentage 40 ~ 80
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Fig. 1. Effect of low reactive fuel ratio on thermal

efficiency, NOx and soot(1* injection timing
-60°, 2™ injection timing —30°, 1% injection
fuel ratio 0.6)
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Fig. 2. Effect of 1% injection timing on thermal
efficiency, NOx and soot(low reacive fuel
ratio 0.6, 2" injection timing —30°, 1*
injection fuel ratio 0.6)
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Fig. 3. Effect of 2™ injection timing on thermal
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Table 3. The optimization parameters and value

range
Parameters value range
Low reactive fuel ratio 0.4~0.8
Diesel first injection timing -80~-50°CA
Diesel second injection timing -40~-20°CA
Diesel first injection ratio 0.4~0.8
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Table 4. The optimization goals and limits

Evaluated parameters Values
Thermal efficiency 0.45
Goals NOx(g/kWh) 0.4
soot(g/kWh) 0.01
PPRR(bar/deg) 20
Limits
Max. pressure 200
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Table 5. The optimization results

Low reactive fuel ratio 0.69
Diesel first injection timing -56
Diesel second injection timing -26
Diesel first injection ratio 0.4
Thermal efficiency 0.47
NOx(g/kWh) 0.054
soot(g/kWh) 0.00072
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