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Flame Visualization and Flame Characteristics of Spark Plug with Pre-ignition
Chamber

Myoung Seok Jie, In Tae Johng

Abstract New concept spark plug was developed to study its influence on the combustion
characteristics of SI engine. It has pre-ignition chamber at the lower end of spark plug and flame
hole, in which fresh mixture gas can be put in through the flame hole without any fuel supply system.
This spark plug was tested in a single cylinder engine dynamometer for different air fuel ratio to
measure the fuel consumption rate, emission gases, and MBT timing. And constant volume
combustion chamber was made to understand flame characteristics of spark plug. New spark plug
induced fast burn compared to the conventional spark plug and its effects were increased in lean air
fuel ratio. Pre-ignition chamber spark plug with 5 holes which had adjusted size was more stable and
effective in combustion performance than pre-ignition chamber spark plug with 1 hole. And its effects
showed larger differences in lean air fuel ratio than stoichiometric condition. Flame kernel and flame
growth process of conventional spark plug and pre-ignition chamber spark plug studied by flame
visualization of schlieren method.
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A/F : air fuel ratio PIC : pre-ignition chamber 3143} U] BAl= A AP oR ZQ3F
LPG: liquid petroleum gas AAPE E AL Qo B ARl A o] sl A
MBT: Minimum Advance for Best Torque 317] 93k o] AlZEar Q). FHitol AukE=
fps : flame per second AAEL AAFPEE 9l5te] xe A3
A\ : air excess rate =9} 319FE=H] ol A qﬂ_ 7} o]0 x] glom uj
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Table 1. Specification of engine

Borex Stroke 82mm X 85mm

Displacement 449 cc

No. of cylinder 1

No. of valve Intake:2, Exhaust:2
Compression ratio 10:1

Ignition system Direct ignition system
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(a) conventional  (b) spark plug with pre- flame

spark plug ignition chamber hole

c) spark plug with pre-ignition chamber

Figure 1. Configuration of spark plug

Table 2. Specification of spark plug with pre
ignition chamber

Descrintion Number of | Dia. of flame hole
escrip flame hole (mm)
PIC 1 hole 1 Bottom 2.5
Bottom 1.4
PIC 5 hole 5 Side Z12
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Figure 2. Schematic diagram for flame visualization
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Figure 3. Visualization system using schlieren
method
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Figure 5. Schematic diagram of constant volume
combustion chamber
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Table 3. Pressure ratio of propane gas and air

| Pre mixture | Propane Air

A | AF | A/F| chamber gas (bar)
pressure (bar) (bar)

1.0 | 15.6 | 23.8 6 0.24 5.76
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Figure 6. Air/Fuel mixture response test at 1800
RPM 2.0 bar BMEP in 450cc DOHC single
cylinder engine
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(c) PIC 5 holes spark plug

Figure 7. Comparison of combustion flame
characteristics ignited by different type of spark
plug at A=1.0
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Figure 8. Shadow graph images of combustion
flame ignited by conventional spark plug at A =1
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Figure 9. Shadow graph images of combustion
flame ignited by PIC 1 hole spark plug at A =1
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Figure 10. Shadow graph images of combustion
flame ignited by PIC 5 hole spark plug at A =1
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