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1. Particulate matter (PM)

2. Polycyclic aromatic hydrocarbons (PAHS)
3. Heavy metal

4. Aerosol
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1. World Health Organization (WHO)
2. Fine particles

3. Ultra-fine particles

4. phenomenological

5. Polycyclic Aromatic Hydrocarbons
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1. Pyrene
2. Polymerization
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Table 1- Engine specification[15]

Bore 13.5cm
Stroke 15¢cm
Length of connection rod 27.5cm
Compression ratio 9:1
Displacement volume 2200 cm®
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1. KIVA3V
2. Proteus
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Figure 1- Computational grid at BDC for Proteus
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Figure 2- Points specified on the axis of the combustion chamber to compare number of meshes
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Figure 3- Comparing w-component of velocity at points A, B and C on the axis of combustion chamber
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1. Fullerene
2. Young soot particles
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Table 2- O2-related oxidation reactions

reaction Reaction rate
K —15100 )
Agire + 0,(g) — surface oxide ky = ZOeXp( T ) [g/cm*satm]
ka

2 Kk, =21.3 (2060) [atm™]
=21.3exp(——) [atm
surface oxide 3 2C0(g) + Agjte ! P

-7640
k -
Bgire + 05(g) = 2C0(g) + Agite kg =4.46 X 10 3exp( ) [g/cm?Zsatm]
—48800
Agite kr Bgite kr=1.51x 105exp( ) [g/cm?s]
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Table 3- The Hp,-O,-OH system used for the quasi-steady state OH calculation [23]

No. Reactions Ky
A b E (cal/mol)
1 H+0,o 0+0OH 1.915e14 0.00 1.644e4
2 O+H,»OH+H 5.080e04 2.67 6.292e3
3 OH+H, o H,0+H 2.160e08 1.51 3.430e3
4 0O +H,0 & OH + OH 2.970e06 2.02 1.340e4
5 H,O+M e H+ OH +M 1.912e23 -1.83 1.185e5
6 CO+0OH < CO+H 9.430e03 2.25 -2.351e3
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10*
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R+OH = CO+3H, : Ry = ko[RI[OH]
10*
kg = 1.0 x 10%exp (—2.0 X T) (mole~tcm3s™1) ¥'Y)
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1. Time scale
2. Chemical time scale
3. Mixing time scale
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Figure 4- Validation of simulation results using in-cylinder pressure at 500 rpm
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Table 4- Operating conditions of the engine at 500 rpm

CA when ports are closed 260
In-cylinder pressure when ports are closed (KPa) 590
In-cylinder temperature when ports are closed (K) 375

In-cylinder pressure (TDC not firing) (MPa) 6
Cylinder wall temperature (K) 423
Cylinder head temperature (K) 363

Piston temperature (K) 450
Injection pressure (MPa) 147.3
Injected fuel quantity (mm®) 30
Duration of fuel injection (CA) 7.29
Start of fuel injection -15 °CA after TDC
Intake air temperature (K) 393
Intake air pressure (MPa) 0.2
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Figure 5- Validation of simulation results using soot volume fraction
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Figure 6- In-cylinder temporal evolution of acetylene density
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Figure 7- In-cylinder temporal evolution of precursor density
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Figure 9- In-cylinder temporal evolution of soot number density
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Figure 10- In-cylinder temporal evolution of average particle diameter
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Numerical investigation of soot phenomenon in a Cl engine
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Nowadays, a considerable part of the energy is the result of the combustion of hydrocarbon fuels in
combustion systems. Therefore, efforts to improve and modify combustion processes and reduce the
undesirable byproducts are of great concern. Among all the efforts made to improve the performance of
combustion systems including reduction of pollutants, reduction of soot emissions has received special
attention. This is due to the fact that soot emission is one of the major pollutants that have irreparable effects
on human health, and affects the quality of life. Since the first step to reduce the soot pollution is to provide a
comprehensive overview of its structure, mechanisms and also the effective parameters of its production, in
this study, the phenomenon of soot formation and oxidation are investigated using one of the multi-step
models presented for the formation and oxidation of soot to identify the behavior and parameters affecting
soot formation. Numerical modeling of this phenomenon is carried out using KIVA-3V code. The results of
the simulation are validated using the experimental data of pressure and the amount of soot formed in the
combustion chamber of a two-stroke diesel engine with a direct injection system. Soot characteristics i.e.,
mass, volume and volume fraction of soot, species concentration, soot concentration, particle number density,
average particle diameter, and the time and place of soot content in the combustion chamber are discussed as
outputs of the model. The results show good agreement with the experimental data.

Keywords: combustion, pollutant, soot, numerical modeling
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