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Combustion and Exhaust Emission Characteristics of Bio-Ethanol
Fuel(E100) in SI Engine
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Abstract

An experimental investigation was conducted to investigate the effect of Bio-ethanol fuel on the engine
performance and exhaust emission characteristics under various engine operating conditions. To investigate the
effect of bio-ethanol fuel, the commercial 1.6L SI engine equipped with 4 cylinder was tested on EC
dynamometer. The engine performance including brake torque, brake specific fuel consumption, and barke
specific energy consumption of bio-ethanol fuel was compared to those obtained by pure gasoline. Furthermore,
the exhaust emissions were analyzed in terms of regulated exhaust emissions such as unburned hydrocarbon,
oxides of nitrogen, and carbon monoxide.Result of this work shows that the effect of blending of ethanol to
gasoline caused drastic decrease of emissions under various operating conditions. Also, improved engine
performance such as brake torque and brake power were indicated for bio-ethanol fuel.
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Table 1 Properties of gasoline and ethanol

Characteristic Gasoline Ethanol
Chemical formula CnH1.87n C>HsOH
Molecular weight (kg/kmol)| 114.15 46.07
Oxygen (%owt) 12-15 35
Octane Number 86-94 98-100
Density (kg/m’ at 20°C) 732 792
Latent heat of vaporization
(kI/kg) 289 854
AUtO-IgnItIOJ’l temperature 257 423
(€)
LHV (MJ/kg) 43.8 26.9
AJF ratio (by volume) 14.7 9.00
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Table 2 Specifications of the test engine

Description Specification
Number of cylinders 4
BorexStroke(mm) 77 % 85.44
Displacement volume(c) 1591
Compression ratio 10.5
Ignition/injection sequence 1-3-4-2
Intake valve Open BTDC 10°
close ABDC 63°
Open BBDC 40°
Exhaust valve close ATDC 3°
Ignition system DLI
Maximum power 89kW at 6200rpm
. 15.6 kgf - mat
Maximum torque 4200rpm
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Fig. 1 Schematic diagram of experimental apparatus
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Table 3 Experimental conditions

Item Experimental condition
Test fuel Gasoline, E100
Engine speed(rpm) 1500~ 3500
Ignition timing (°CA,BTDC) 0~50
Engine load (TP,%) 0~100
Intake air temperature (C) 40
Coolant temperature (C) 70
Excess air ratio (\) 0.9,1
M8
INPUTS ECU OUTPUTS

Main Engine Sensors
Injector | [——#

i : ¥ REF H
Trigger Sensors oyt Injectar 2 ——*
B ’ éT’;N" Injector 3 IS
hrattle Position ——# Injector 4 ———» "
Manifald Pressure ———) WIAP Injector 5 —— Fuel Injectors
Engine Temp ——® ET Injector g ——»
Inlet Air Temp ——» AT Injectar 7 ——#

Injectar 8 ———

Optional Sensors Ignition OQutputs

* Ignition 1 (Sharad with Dig Input 4)
I1GN 2 —— Ignition 2 (Shared with Oig Input 3)
‘Wheal Speed of Swilch  ———— Dig Input 1 IGM 3 —— Ignition 3 (Shared with Dig Input 2)
Wheel Speed or Swateh = Dig Input 2 1GN 4 [ lgnition 4 (Shared with Dig Input 1)
Wheel Speed or Suitch  ———» Dig Input 3
Whee! Speed or Swtch  Dig Input 4

Wice Bang Modure Sensors o Hmaﬂ: 2' i1

Exhaust Manifold Pressure ——— EMAP
Fuel Prassure ————% FP
Fuel Temp ——»® FT

- Auxiliary Qutputs

PAMZ | —— &0 Waste Gate Valve

SWI f—s 0 lFmeli_geeﬂ \r;allwe
o 4 &0, Fuel Pump Relay et
e, Exhausl Gas Temp  —— Aux Temp 1 sw2
&, Intercooler Temp  ——» Aux Temp 2
ag. Gear Box Temp  ————M Aux Temp 3
g. Diff Temp  ——# Aux Temp 4

Fig. 2 Wiring diagram of universal ECM
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