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A Basic Study on Combustion Characteristics of Radical
Ignition Sub-chamber Type CNG DI Engine
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Abstract: After the recent fabrication of diesel vehicle exhaust gas by Volkswagen, nitrogen oxides (NOy)
and particulate matter (PM) are drawing attention as representative pollutants included in exhaust gas.
When gasoline and diesel fuels are combusted through direct injection into a combustion chamber at high
pressure, PM emission is actually increased. To find a solution to this problem, a basic study was
conducted to derive an optimized variable for combustion of compressed natural gas (CNG) by applying
CNG, acknowledged as a clean fuel, to direct injection system. The essence of this study is in the
introduction of a radical ignition technology for compressed natural gas (RI-CNG) in a sub-chamber type
engine. The direct injection system was applied to a sub-chamber to remove residual gas from previous
combustion cycle. In addition, optimal mixer distribution was achieved by precisely setting ignition timing

based on fuel injection timing and excess air ratio.
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A : Excess air ratio Opmax DA FHA A
cov : Coefficient of variation A/F ratio : &<H]
COVimep : Indicated mean effective pressure

coefficient of variation 1. M B
CvC : Constant volume combustor
THC : Total hydro carbon A ZE&S NSt wiE7t~E A AT)7]
Bsfc : Break specific fuel consumption f8 Ad 44 |3t GDI(Gasoline direct injection)
VO : Intake valve open 1%, HCCI(Homogeneous charge compression ignition)
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1. ECU controller 2. Data acquisition PC

3. A/D converter 4. Encoder

5. Dynamometer 6. CNG tank

7. Regulator 8. CNG flow meter

9. Surge tank 10. Air filter

11. Air throttle 12. GDI injector

13. Sub-chamber 14. Test engine

15. Spark plug 16. Exhaust gas sampling
17. Exhaust gas analyzer 18. Cylinder pressure sensor
19. '\ sensor 20. Amplifier

21. N\ indicator

Fig. 1 Schematic diagram of experimental apparatus

Injector

sub-chamber  and

Fig. 2 Injector,
distribution in RI-CNG engine

spark  plug
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Table 1 Experimental conditions

Specification Conditions
Fuel CNG
Injection pressure (MPa) 0~3
Cooling water 75
Temperature (°C)

Spark timing MBT
Excess air ratio 1.0, 1.2, 1.4
Engine speed (rpm) 1,000, 1,500, 2,000
Sub-chamber @:fzz}ifncg’ 4

Table 12 ¥ A9 AF=AS YRR
Ao AHL A FAl F3(clearance volume)2]
o 37%°]th. AR 2 F|RYES 44
1,000 rpm, 1,500 rpm, 2,000 rpm % 1.0, 1.2, 142

AABRTE WhE L5E= 75°CE FAAH,
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Fig. 3 The limit injection timing of RI-CNG engine
at 2,000 rpm
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Fig. 4 The engine speed limit(injection timing at

exhaust valve closure point)
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