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1. Particulate matter (PM)
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1. Low Temperature Combustion(LTC)

2. Stratified

3. Homogeneous charge compression ignition
4. Premixed Charge Compression Ignition

5. Reactivity Controlled Compression Ignition
6. Atomization
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Figure 1- Plot of local equivalence ratio vs. flame temperature with LTC and conventional diesel combustion regimes [5]
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1. Unburnt Hydrocarbons
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Figure 2- Diagram of 3D and 0D Model Coupling [19]
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One-sixth view of the caterpillar geometry section
Figure 3- Computational domain of the combustion chamber at the TDC.
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Tablel Engine Specification [22]

Engine model Caterpillar 3401 Single Cylinder Heavy Duty
Bore 137.2 mm
Stroke 165.1 mm
Connecting rod length 261.62 mm
Displacement volume 244 L
Compression ratio 16.25
n-Heptane fuel injector Common rail injector
Number of nozzle (holexdiameter) 6x0.23 mm
Included spray angle 145°
Inlet Valve Closing (IVC) -169.7 " ATDC
Exhaust Valve Opening (EVO) 145.3 "ATDC
Methane Port injection
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1. Inlet Valve Closing
2. Exhaust Valve Opening
3. AVL ESE Diesel
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Table2- Initial and boundary conditions
Boundary conditions
Cylinder head

Wall-temperature 400 K

Piston Mesh movement-temperature 400 K
Segment Periodic inlet/outlet
Liner

Wall-temperature 400 K

Initial conditions

Pressure at IVC

1.02 bar

Temperature at IVC

360K

AVL Fire ;0 colasw! 090 s oo 35— Jgoo
Table 3- AVL Fire sub-models

Turbulence model k-g
Break-up model Wave
Coalescence/Collision model Walljetl
Evaporation model Dukowicz
Turbulent dispersion model O’Rourke

100

Mumerical

. — E£— Experimenta

Pressure (bar)

-0 .20 -0 0 10 ° 20 30
CA (deg)
Figure 4- Comparison of experimental [22] and numerical in-cylinder pressure
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Figure 5- In-Cylinder temperature variations at different methane energy ratios
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Figure 7- CA50, Ignition Delay and Combustion Duration at different methane energy ratios
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Figure 8- In-Cylinder pressure variations at different methane energy ratios
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Figure 9- ISFC and CA50 at different methane energy ratios
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Simulation study on the effects of Methane-Normal Heptane blend fraction
on the performance of a Reactivity Controlled Compression Ignition
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In this paper, the effects of intake temperature and methane energy ratio on emission and combustion phasing
in reactivity controlled compression ignition (RCCI) engine have been numerically investigated. In this way,
AVL-FIRE CFD code employing a detailed chemical kinetics mechanism is used for 3D simulation of
combustion process and emissions prediction. Natural gas (NG) with higher octane number (ON) is mixed
with air through intake port, while normal heptane with lower ON is directly injected into the combustion
chamber during compression stroke. For validation, the results of RCCI engine have been compared to
experimental data. For this purpose the effects of the premixed ratio (PR) of NG, normal heptane fraction,
and intake temperature on several parameters such as in-cylinder temperature and pressure, rate of heat
release, RI, ISFC, soot, and NOXx are investigated. The results indicate that these parameters have significant
effects on the heavy-duty RCCI engine performance and emissions. By increasing intake temperature the
maximum of in-cylinder pressure, rate of heat release, and NOx emission increase significantly while soot
emission decreases, also ringing intensity increases up to 10 %. On the other hand, increasing intake
temperature reduces volumetric efficiency, as a result IMEP is reduced by 11%. Also by increasing methane
energy ratio from 65% up to 85% in the constant intake temperature and pressure, the mixture ON will be
risen, which would lead to an increases in ignition delay up to 5 crank angle. Consequently, IMEP as an
important factor will be enhanced and also NO, emission decreases because of lower combustion
temperature. Consideration of intake temperature and methane energy ratio show that these parameters can
play an important role on controlling combustion phasing.

Keywords: Reactivity Controlled Compression Ignition Engine, Intake Temperature, Methane Energy Ratio,
Combustion Phasing
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