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A Study on the Presure Resonance with Combustion Chamber
Geometry for a Spark Ignition Engine
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higher than all the pent-roof type combustion considered.
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Abstract

Pressure resonance frequency that is caused in the combustion chamber can be interpreted to acoustic
analysis. Until now the pressure resonance has been assumed and calculated to a disc type combustion
chamber that neglected the combustion chamber height because the knock occurs near the TDC(top
dead center). In this research FEM(fine element method) has been used to calculate the pressure
resonance frequency inside the experimental engine combustion. The reduce error of the resonance
frequency obtained by FEM has decreased about 50% compared to the calculation of Draper's equation.
Due to the asymmetry in the shape of the combustion chamber that was neglected in Draper's equation
we could find out that a new resonance frequency could be generated. To make the experimental
results equal we could know that the speed of sound that satisfies Draper's equation was selected 13%

f, - Pressure resonance frequency

C : Velocity of sound

B : Cylinder bore diameter

Omn - Vibration mode constant

é : Scalar potential

w * Angular velocity

x4, - Mode constant from Bessel function

L : Combustion chamber height
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Fig 1. FEM Model of the Combustion Chamber

Table 2 Boundary conditions for the analysis

Material property Value | Data from
Fluid Temperature 2300 K Reference(9)
it pera 1800 K| Referen
960 m/s
Speed of Sound 850 m/s Reference(11)
Pressure in the cavity [3367 kPa| Experiment
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Table 3 Acoustic modes in the combustion chamber

Resonance Frequency (Hz)

Disc type [Draper’s Pteyr‘é)te—(ré) of Experi
(by FEM) |equation FEM )y -ment
 NC[ 850 | 960 | 960 | 850 | 960 | 7
1/0 | 6672 7614 74971 7644] 8633 7600,
1/0 | 6672 7614 9433| 10654
2/0 111097| 12663 12427 13502] 15250f 13600
2/0 111116] 12685 13694 15466

0/1 113989 15964]  15609| 15624| 17646] 15200
3/0 [15368) 17538  17112] 18210| 20566 18200
3/0 115368) 17533 18475] 20866
1/1 [19559; 22321  21291f 20750| 23435
1/1 119559 22321
4/0 |19601) 22368] 21676 22822| 25776] 21800
4/0 {19649 22423 23056| 26040
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Fig. 2 Calculation error correlation between
Draper's equation and FEM analysis
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Fig. 3 Acoustic mode shape in the equivalent
combustion chamber (1/0 mode, 7614Hz)

Fig. 4 Acoustic mode shape in the equivalent
combustion chamber(2/0 mode, 12663Hz)
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Fig. 5 Acoustic mode shape in the pent-roof
combustion chamber (1/0 mode, 7644Hz)
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Fig. 6 Acoustic mode shape in the pent-roof
combustion chamber (1/0 mode, 9433Hz)
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Fig. 7 Acoustic mode shape in the pent-roof
combustion chamber (2/0 mode)
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Fig. 8 Acoustic mode shape in the pent-roof
combustion chamber (0/1 mode, 15624Hz)
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Fig. 9 Acoustic mode shape in the pent-roof
combustion chamber (3/0 mode)
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Fig. 10 Acoustic mode shape in the pent-roof
combustion chamber (1/1 mode, 20750Hz)

Fig. 11 Acoustic mode shape in the pent-roof
combustion chamber (4/0 mode, 22822Hz)
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