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ABSTRACT 

This study investigated combustion characteristics paying particular attention to a mass flow rate pattern under 

stratification charge mode. The mass flow rate was changed using two injector drivers with different operating 

characteristics for an injector. These injection systems were employed in an optical single-cylinder engine. Three 

different injection timings under late injection modes were set to simulate the stratification charge combustion. To 

obtain the mass flow rate, the experiments of fuel metering and injection rate measurement were performed with a 

fixed injection quantity. In-cylinder pressure was measured to analyze combustion characteristics. Initial flame size and 

its developments were also visualized. In addition, the mixture distribution prior to ignition was obtained using PLIF 

technique. As the mass flow rate has a higher value, more stable and faster combustion was achieved. The mixture 

distribution showed more uniform and higher concentration in the bowl near the spark plug as the mass flow rate 

increases. 

 : DISI engine( ), Mass flow rate( ), PLIF(

), Tracer( ), Fluorescence intensity( )

Nomenclature 

CA : crank angle (degree) 
COVIMEP : coefficient of variation of IMEP (%) 
IMEP: indicated mean effective pressure (kPa) 
MFB : mass fraction burned 
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Table 1 Specifications of the optical engine 
Engine Type 4 stroke, 4 valve 
Bore  Stroke (mm) 85   88 
Displacement vol. (cc) 559 
Combustion chamber Pent-roof 
Compression ratio 9.3 

IVO: 6  BTDC, 
IVC: 46  ABDC Valve timing EVO:130  ATDC, 
EVC: 10  ATDC 

Injector type Hollow cone, 
60  swirl 

Ignition method TCI 

Injector

ICCD Camera

DC dyno.

266 nm

Nd:YAG Laser

Encoder
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Fig. 2 Experimental setup for the visualization of 

flames and mixture distribution 
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Fig. 1 Configuration of piston top 
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Fig. 3 Fuel metering as a function of injection 
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Table 2 Combustion durations for two different mass flow rates 

Type A Type B Injection 

        timings 

MFB 
50
BTDC 

60
BTDC 

70
BTDC 

50
BTDC 

60
BTDC 

70
BTDC 

10 % ( CA) -0.7 -0.8 1.4 -4.1 -4.6 -0.5 

50 % ( CA) 9.8 10.0 13.3 3.4 4.1 8.9 

90 % ( CA) 22.0 21.7 25.0 15.5 15.9 18.4 

Burn dur. ( CA) 22.6 22.6 23.6 19.6 20.5 18.9 

Slope 17.0 17.1 16.4 19.7 18.8 20.7 
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Fig. 5 IMEP with COV of IMEP for two different 

drivers 
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Fig. 6 Initial flame development 
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Fig. 7 Fluorescence intensity along the vertical 

center line through spark plug 
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