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. Diesel Particulate Filter (DPF)

. Lean NOx Traps

. Selective Catalyst Reduction

Homogeneous Charge Compression Ignition
. Premixed Charge Compression Ignition

. Reactivity Controlled Compression Ignition
. Low Temperature Combustion

. Exhaust Gas Recirculation (EGR)
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Table 1- Farymann 18W single cylinder engine specifications
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Parameter Value
Number of Cylinders 1
Cooling System Water
Power 4.7 kW at 3000 rpm
Max. Speed (rpm) 3600

Max. Torque

16.7 Nm at 2400 rpm
Displacement Volume (cm?) 290
Bore (mm) 82
Stroke (mm) 55
Compression Ratio

18.3:1
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Table 2- Port fuel injector specifications

Parameter Value
Spray Angle 15
Injection pressure (bar) 2
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Table 3- Common rail injector specifications

Parameter Value
Number of holes 8
Hole diameter (um) 120

Spray Angle 120

Ol 5990 0,5, bl —F Jgu
Table 4- Operating conditions of Farymann engine
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State 1 State 2
IMEP (bar) 4.43 4.72
Speed (rpm) 1800 1800
Fuel Flow Rate (Kg/hr) 0.439 0.439
Port Fuel Percentage (By Mass) (%) 27 27
Air Fuel Flow Rate (Kg/s) 18.38 18.34
Direct Injection Timing ("(ATDC) -74 -64
Direct injection Duration (ms) 0.75 0.75
Direct Injection Pressure (bar) 400 400
Inlet Pressure (bar) 26.47 26.92
Outlet Pressure (bar) 89.2 89.2
Inlet Temperature (°C) 18.11 19.24
Lambda 2.97 2.74
EGR (%) 0 0
IVC ("ATDC) -130 -130
EVO ("ATDC) 140 140
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Table 5- The specifications of the used mechanism [13]
Number of species 73
Number of reactions 296
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Figure 1- Computational grid
00 g aSul (J bl adlo —Y S

1. Primary Reference Fuel
2. Kelvin-Helmholtz Rayleigh-Taylor
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Table 6- size and number of cells for checking mesh independency

Average cell size Number of cells
Fine grid 0.05 mm 92150
Base grid 1 mm 32008
Coarse grid 2 mm 14910
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Figure 2- Mesh independency check base on in-cylinder pressure
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Table 7- Experimental and numerical emissions comparison at the two operating conditions listed at Table 4

State 1 State 2
Experimental 49.8 21.3
CO (g/kW-h) Numerical 53 24.1
Relative error 6.6 % 13.1 %
Experimental 17.7 14.8
HC (g/kW-h) Numerical 17.5 15.9
Relative error 1.1 % 7.4 %
Experimental - -
NOX (g/kW-h) Numerical 0.065 2.089
Experimental - -
Soot (g/kW-h) Numerical 0.093 0.051
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Figure 3- Experimental and numerical cylinder pressure comparison at the two operating conditions listed at Table 4
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Figure 5- Cut planes at the computational Grid Coincide with diesel injector axis colored with n-heptane, iso-octane, formaldehyde,
OH, CO, NOx and soot mass fractions
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Recently, RCCI combustion mode has been proposed, and various researches have been done on this kind of
combustion. Such combustion mode has improved the emission shortages of diesel engines besides its
advantages. Previous studies mostly investigated the performance and emissions of RCCI engines. In this
study, RCCI combustion is studied from the viewpoint of production and consumption of important species.
In this RCCI engine gasoline injected at the intake port and diesel injected directly into the cylinder.
Investigations showed that first, heat release is started by diesel fuel and an initial heat is released; then
gasoline fuel energy is released. The appearance of formaldehyde species shows the cool flame combustion
and consumption of diesel fuel; then the appearance of hydroxyl radical and the consumption of gasoline
happen simultaneously. Also, some portion of formaldehyde is consumed with the appearance of hydroxyl
radical. Heat release started by diesel and followed by gasoline has positive effects. First, by this sequential
heat release, the in-cylinder temperature does not increase suddenly, so heat losses decreased. Second, due to
the low temperature, NOx emissions reduced. Further -64 CA and -74 CA injection timings and 20 and 28
percent diesel mass fractions have been studied. Results show that the start of combustion is not dependent on
these two parameters and its occur at a specific crank angle. So the cool flame combustion only dependent on
temperature. But the main combustion is dependent on the temperature and equivalence ratio so the injection
timing and diesel mass fraction have shown their effect at this section of combustion.

Keywords: RCCI combustion, low temperature combustion, formaldehyde, hydroxyl radical, soot, NOx
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