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Abstract: In this study, the combustion and exhaust emission characteristics in a gasoline direct injection
engine with variations of the bio-ethanol-gasoline blending ratio and the excess air factor were investigated.
To investigate the effects of the excess air factor and the bio-ethanol blends with gasoline, combustion
characteristics such as the in-cylinder combustion pressure, rate of heat release (ROHR), and the fuel
consumption rate were analyzed. The reduction of exhaust emissions such as carbon monoxide (CO),
unburned hydrocarbon (HC), and nitrogen oxides (NOy) were compared with those of gasoline fuel with
various excess air factors. The results showed that the peak combustion pressure and ROHR of bio-ethanol
blends were slightly higher and were increased as bio-ethanol blending ratio is increased. Brake specific fuel
consumption increased for a higher bio-ethanol blending ratio. The exhaust emissions decreased as the
bio-ethanol blending ratio increased under all experimental conditions. The exhaust emissions of bio-ethanol
fuels were lower than those of gasoline.

- 7|5y - SI ;B2 3} (spark ignition)
CA : A% A ZF%(crank angle, degree)
LHV : A 9"<d % (low heating value, MJ/kg) BTDC : before TDC(degree)
¥ Corresponding Author, suhanpark@jnu.ac.kr WOT : %1%-3K(wide open throttle)
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Fig. 1 Schematic diagram of experimental apparatus
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Table 1 Specifications of test engine

Description Specifications
Engine type 4 cylinders, DOHC Sl engine
Bore (mm) = Stroke (mm) T7.0 x85.44
Displacement volume (cc) 1,591
Compression ratio 1.0
Ignition sequence 1-3-4-2

Fuel injection system Direct injection

Intake open (CA) ATDC 8° - BTDC 42°

valve close (CA) ABDC 69° — ABDC 19°
Exhaust open (CA) BBDC 50° - BBDC 10°

valve close (CA) ATDC 5° — ATDC 450

Ignition system DLI (Distributor less ignition)
87.5kW at 6,300rpm

17.0kg-m at 4,850rpm

Maximum power

Maximum torque

Table 2 Specifications of the exhaust emission analyzer

Item Specification
Principle of CO, HC: non-dispersive infrared rays
measurement | NOx: chemical method (ECS sensor)
Measuring HC: 0-10,000m vol.
CO: 0-10 vol.%
range NOx: 0-4,000 ppm
Measuring HC: = 12ppm vol.
CO: +0.06 vol.%
accuracy NOx: less than +1.0%
Response 90% response within 10 sec

Table 3 Detailed experimental test conditions

Item Test condition

Test fuel Gasoline, Ethanol, Blended fuel

G100, E20, E40, EGO, ESO, E100

Blending ratio (based on fuel volume)

Excess air ratio (A) 08,10 12

Engine speed (rpm) 4,850

Engine Load (TP, %) 100

Ignition timing (*CA, BTDGC) 0~ 50, MBT timing

Injection timing ("CA, BTDC) 25
Intake air temperature (°C) 35
Coolants temperature (°C) 75

Aol ¥4 7 d8Ee HU A3IA 7]
MBT(Maximum Brake Torque) A]7|(timing)E =743}
om A3k X 3 £5(4,200pm)oll A 22E W
BE $Hd3s] /st HdFSKWOT, wide open throttle)
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Table 4 Physical and chemical properties of bio-ethanol

and gasoline
Fuel Property Bioethanol | Gasoline
Formula C,HsOH CihH1.87n
Molecular weight 46.07 114.15
Composition (weight %)
Carbon 52.2 85-88
Hydrogen 13.1 12-15
Oxygen 34.7 0
Sulfur - -
Density (kg/L, @15°C) 0.79 0.73
Boiling point (°C) 78.4 25-230
Viscosity (mPa - s @20°C) 1.2 0.626
Lower heating value (MJ/kg) 21.1 43.8
Latent heat of vaporization (kJ/kg) 854 289
Cetane number 8 -
Octane number 111 86-94
Auto ignition (°C) 420 257
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Fig. 2 Effect of the excess air factor and bioethanol-
gasoline blended fuel on the combustion
characteristics
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