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Study of Low-engine-speed Self-ignition in Gasoline Engine Using Elementary Process Simulation
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The mitigation of noise originating in self-ignition
in gasoline engines at low speed (‘“self-ignition noise”
below) is an issue in realizing increased commercial
appeal. Low-speed self-ignition noise occurs sporadically,
producing significant torque fluctuation and engine
vibration in each cycle. Synchronizing measurements
with the occurrence of the noise and reproducing the
phenomenon has therefore represented a challenge, and
progress has not been made in its analysis. The research
discussed in this paper verified that an elementary process
simulation was able to model combustion conditions in
which self-ignition noise occurs with sufficient accuracy.
Using this simulation, the research studied phenomena
occurring at the level of elementary processes when self-
ignition occurs, changes in self-ignition characteristics
with changes in conditions, and methods of ameliorating
self-ignition. The conditions varied in the simulations
were air-fuel mixture temperature, compression ratio,
excess air ratio, EGR, residual gas and octane number.
The results of these studies showed that reducing fuel
density by increasing leanness is an effective means of
controlling self-ignition when the engine is restarted.
In addition, it was shown that it is possible to control
self-ignition by reducing the temperature of the air-
fuel mixture through reduction of the ratio of residual
gas. Further, the simulation can be utilized to predict
self-ignition characteristics produced by changes in
factors such as the octane number of the fuel and the
temperature of the external air in different regions, and
to set appropriate specifications, on the desktop.
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Fig. 2 Combustion generating self-ignition noise
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Table 1 Fuel specifications (RON91)
n-Heptane 0.1823
iso-Octane 0.6642

Toluene 0.1535

Table 2 Engine specifications

Fuel Gasoline
Cylinder configuration In-line 4-cylinder
Displacement (cm?) 1799
Bore (mm) 81.0
Stroke (mm) 87.3
Compression ratio 10.5
Crank offset (mm) 12.0
. In. 32
Valve diameter (mm) Ex. %6
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Fig. 3 Results of elementary process simulation
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Table 3 Comparison of cylinder temperature

Table 4 Conditions of simulation

Excess air ratio 0.83 | 1.00 | 1.20 Excess air ratio 0.83 | 1.00 | 1.20
Mixture temperature (K) BTDC 10deg | 753 | 772 | 788 Same intake pressure | Intake pressure | 101 | 101 | 101
P ATDC 10 deg | 1000 | 905 | 880 Same torque (kPa) 84.4 | 84.4 | 101
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Table 5 Comparison of cylinder temperatures

Excess air ratio 1.00 | 1.00 | 1.20
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Table 6 Conditions of simulation

EGR ratio 0 0.1 ] 02
Same intake pressure | Intake pressure | 101 | 101 | 101
Same torque (kPa) 81.1 | 90.1 | 101

Table 7 Fuel specifications

RON 87 91 95 100
n-Heptane 0.2247 | 0.1823 | 0.1602 | 0.1256
iso-Octane 0.6215 | 0.6642 | 0.5781 | 0.5183

Toluene 0.1538 | 0.1535 | 0.2617 | 0.3561
C/H ratio (weight) | 5.6717 | 5.6724 | 5.9951 | 6.3145
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