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Table 1- Geometric specifications of laboratory motor[17]

characteristic description unit
Type of engine Spark_ ignition er]glne(4-stroke)- experlmental )
engine and optical access(research engine)
Number of cylinders one -
Engine displacement volume 500 cm®
Piston dimeter 8.5 cm
Piston course 8.8 cm
Crankshaft radius 44 cm
Compression ratio 8.8 -
Type of combustion chamber Pent roof -
Number of inlet valves 2 -
Number of outlet valves 2 -
The length of connecting rod
handle 13.9 cm
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Table 2 - Functional specifications of laboratory engine[17]

Characteristic description unit
Fuel consumption petrol -
Engine speed 900 rpm
Fuel system PFI -
Retard of gas valve close 19 Degree after B.D.C*
Advance opening of the smoke valve 14 Degree before B.D.C
Spark time 17 Degree before T.D.C®

1- maping

2- Hexahedron

3- tetrahedron

4- bottom dead center
5- top dead center
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Figure 1- Geometry of a cylinder from a laboratory engine
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Figure 2- meshing geometry of a cylinder
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Figure 3- Diagram of comparison of laboratory results with software analysis [17]
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Table 3- Comparison of laboratory results and software analysis [17]

L. Amount .
Calculated characteristic obtained unit
The amount of maximum pressure from the experimental test 35 bar
The amount of maximum pressure obtained from the present study 35/8 bar
percentage error 2/2 %
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Table 4- Geometric specifications of the desired v-type engine
characteristic description unit
Engine power 325 horse power(hp)
Type of engine v-type Spark ignition engine -

manufacturing factory Volkswagen -
Piston diameter 10.3 cm
Piston course 10.3 cm
Crankshaft radius 5/15 cm
Compression ratio 10 -
Number of Cylinder 8 -
Combustion arrangement 1-5-4-8-6-3-7-2 -
Angle of v-type engine 90 degree
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1- laboratory engine

2- Pent roof

3- Meshing

4- Boundary conditions
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Table 5 - Physical specifications and fuel of the desired v-type engine

characteristic symbol Amount unit
Dead cylinder volume (combustion chamber volume) Ve 96/62 cm®
Engine displacement volume Vg 6957/2 cm®
Cylinder initial pressure p1 100 kPa
Cylinder initial temperature Ta 333 K
Gas constant R 0/287 kJ/kg.K
stoichiometric air fuel ratio Ast 15/12 -
actual air fuel ratio AracT 16/8 -
Fuel equivalence ratio ¢ 0.9 -
The ratio of the diameter to the displacement length of the piston B/L 1 -

=]

Figure 4- Initial design and meshing in the software
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Table 6- Required specifications of spark ignition engine

characteristic Amount unit
Type of combustion Premixed mixture -
Number of sparks Once in each cycle -
Spark time 17 degrees before T.D.C -

Fuel molecular weight 30.37 kJ/kg.mol

Specific heat of fuel 4.43 x10’ Jkg
Equivalence ratio 0.9 -

fuel type Iso-octane CgH1g
Fuel mass fraction 0.056 -
Cylinder head temperature 570 k
Cylinder wall temperature 540 k
Piston head temperature 620 k

1- In-cylinder method
2- Time step
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Table 7- Necessary specifications for application in the in-cylinder method of Fluent software

characteristic Amount unit
Engine speed 4000 rpm
The beginning of the simulation moment 19 Degree after T.D.C
Time step value (degree of crankshaft rotation) 0.1 degree
Radius of crankshaft 5.15 cm
The length of the connecting rod 15.5 cm
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Figure 5- Diagram of pressure changes in terms of crankshaft rotation angle in different meshes
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Figure 6- Diagram of temperature changes in terms of crankshaft rotation angle in different meshes
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Table 8- Maximum pressure and temperature in different analyzes

Meshing | Mesh Maximum pressure Maximum temperature
number | size(cm) of combustion(bar) of combustion(kelvin)
1 0.09 82 3534
2 0.083 722 3230
3 0.077 615 2876
4 0.065 42 2663
5 0.06 39.2 2584
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Figure 12 - Comparison diagram between two-dimensional and three-dimensional analysis under the same conditions
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Figure 14 - Comparison of different pressures obtained from analyzes to improve the location of the spark plug
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Table 9 - Maximum pressure in different ignition points and different analyzes

Spark point Maximum pressure(bar)
Point 1 44.8
Point 2 44.3
Point 3 36.6
Point 4 37.8
Point 5 45.2
Point 6 36.7
Point 7 40.07
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Figure 15- Comparison of different temperatures obtained from analyzes to improve the location of the spark plug
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Table 10 - Maximum temperature in different ignition points and different analyzes

Spark point Maximum temperature (kelvin)
Point 1 2192
Point 2 2214
Point 3 2145
Point 4 2325
Point 5 2242
Point 6 2162
Point 7 2339
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Figure 16- How the flame front progresses in different sparking locations( Points 1, 2 and 4 )
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Figure 17- How the flame front progresses in different sparking locations (Points 5, 6 and 7)
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English Abstract

Numerical simulation of fuel-air mixture ignition in a v-type spark
ignition engine and improvement of spark plug placement
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In this paper, numerical simulation of ignition of fuel-air mixture in a cylinder of a v-type engine has been done by the
method of computational fluid dynamics and premixed mixture. The premixed mixture consists of iso-octane and air with
an equivalence ratio of 0.9. The existing simulation is performed using the finite volume method and combustion of the
premixed mixture. Besides, the dynamic mesh in the piston motion is also used. In this regard, the trend of temperature and
pressure changes with respect to the crank angle has been investigated. In order to validate, the results obtained by mixed
mixture method were compared to that of a research engine. The simulation results show maximum error of only 2.2%
when compared to the experimental results. Therefore, the proposed numerical method can be used in the design of spark
ignition engines. In order to optimize the combustion and better spreading the flame front in the pent-roof type combustion
chamber, the location of the spark plug has been investigated with several simulations at different spark locations.
According to the data of pressure and temperature and either flame front contours and their comparison in different
analyzes, the optimal range was achieved.

Keywords: Combustion; V-type engine; Spark ignition; Numerical simulation
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