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A Study on the Combustion and Exhaust Emission Characteristics with
the Variations of Mixing and Air-fuel Ratio of Bio-ethanol
- Gasoline in a SI Engine
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Abstract : The combustion and exhaust emission characteristics in a spark ignition (SI) engine with various test fuels
(bioethanol - gasoline blends) and air-fuel ratio were investigated in this research. To investigate the influence of the
excess air ratio and ethanol blends on the combustion characteristics such as the cylinder pressure, rate of heat release
(ROHR), and fuel consumption rate were analyzed. In addition, the reduction effects of exhaust emissions such as
carbon monoxide (CO), unburned hydrocarbon (HC), and oxides of nitrogen (NOx) were compared with those of neat
gasoline fuel under the various excess-air ratios.

The results showed that the peak combustion pressures and the ROHR of bioethanol fuel cases were slightly higher than
those of gasoline fuel at all test ranges and fuel ratio. As compared with gasoline fuel (G100) at each given excess air
ratio, BSFC of bio-ethanol was increased. The CO, HC, NOx emissions of bio-ethanol blends were lower than those of
gasoline fuel under overall experimental conditions.

Key words : Bioethanol(H}-o] 2ol €2, Alternative fuel(tH ] $1 &), Combustion characteristics($14~5d), Exhaust
emission( Bl 7] ¥l & ), Gasoline engine(7}+<& & Al %)

Nomenclature 1. M E

SI : spark ignition H sPMARE AFEshe A7 Ho 25
WOT : wide open throttle At 13l wi7] wiEEY 247 iEATT 5
BTDC : before top dead center o] A Aol g3k, sHA A= o] e o
ROHR : rate of heat release al7] f1ate] A oA 2pl €] skt 2 -g-of of
HC  :hydrocarbon gk A7 o 2] AgAbEel ofste] et 118
CcO : carbon monoxide Ha gk AR F kA Hol 288 5
NOx :nitrogen oxides = nlo] 2 ol ¥F-2(bioethanol)> H-Eo]L} 2] 5
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Fig. 1 Schematic diagram of experimental apparatus
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Table 1 Specifications of test engine
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Table 2 Specifications of the emissions analyzer
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Table 3 Specifications of test fuel

Characteristics Gasoline Ethanol
Chemical formula CoH g7 C,HsOH
Molecular weight (kg/kmol) 114.15 46.07
Oxygen (%wt) 0 35
Octane number 86 ~94 98 ~ 100
Density (kg/m3 at 20°C) 732 792
Latent heat of vaporization (kJ/kg) 289 854
Auto-ignition temperature (°C) 257 423
Lower heating value (MJ/kg) 43.47 26.87
Air-fuel ratio 14.7 9.00
Table 4 Specifications of test engine
Item Test condition

Test fuel Gasoline, Ethanol, Blended fuel

G100, E20, E40, E60, E80, E100

Blending ratio (based on fuel volume)

Excess air ratio () 08~12
Engine speed (rpm) 4200
Engine Load (TP, %) 100
Ignition timing (°CA, BTDC) 0~ 50, MBT timing
Injection timing (°CA, BTDC) 400
Intake air temperature (°C) 40
Coolant temperature (°C) 75
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