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Abstract : The purpose of this paper is to investigate the effect of air-fuel ratio on the combustion and emissions
characteristics of spark ignition (SI) gasoline engine fueled with bio-ethanol. A 1.6L SI engine with 4 cylinders was
tested on EC dynamometer. In addition, lambda sensor and lambda meter were connected with universal ECU to
control the lambda value which is varied from 0.7 to 1.3. The engine performance and combustion characteristics of
bio-ethanol fuel were compared to those obtained by pure gasoline. Furthermore, the exhaust emissions such as carbon
monoxide (CO), unburned hydrocarbon (HC), oxides of nitrogen (NOx) and carbon dioxide (CO,) were measured by
emission analyzers. The results showed that the brake torque and cylinder pressure of bio-ethanol fuel were slightly
higher than those of gasoline fuel. Brake specific fuel consumption (BSFC) of bio-ethanol was increased while brake
specific energy consumption (BSEC) was decreased. The exhaust emissions of bio-ethanol fuel were lower than those
of gasoline fuel under overall experimental conditions. However, the specific emission characteristics of the engine

with bio-ethanol fuel were influenced by air-fuel ratio.

Key words : Air-fuel ratio(3<17]), Combustion characteristics($145-4d), Emission characteristics(ll 7] 5-4),
Bio-ethanol (H}-0] 2ol €H-%), Spark ignition engine(Z= 3} = 7 3} 7| #)
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Fig. 1 Schematic diagrams of experimental apparatus

Table 1 Specifications of test engine

Descriptions Specifications
Number of cylinders 4
Bore (mm) x Stroke (mm) 75x 85.44
Displacement volume (cm®) 1591
Compression ratio 10.5
Ignition / Injection sequence 1-3-4-2
Intake | open ("CA ATDC) 10
valve | close ("CA ABDC) 63
Exhaust | open ("CA BBDC) 40
valve | close ("CA ATDC) 3
Ignition system o DL Lo
(Distributor less ignition)
Maximum power 89 kW at 6200 rpm
Maximum torque 15.6 kg - m at 4200 rpm
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Table 2 Propertiesof test fuels

Characteristic Gasoline | Bio-ethanol
Chemical formula CiHigm | CoHsOH
Molecular weight (kg/kmol) 114.15 46.07
Oxygen (%wt) 0 35
Octane number 86-94 98-100
Density (kg/m® at 20°C) 732 792
Latent heat of vaporization (kJ/kg) 289 854
Auto-ignition temperature (°C) 257 423
Low heating value (M J/kg) 44 27
AJF ratio (by volume) 14.7 9.00
2 7] 54 AW R Skl A4 AN
4 %=(RPM, revolution per minute) 2} N33} =71
stell A, A3 7] B A 55 WSAA et
AR M 20e ARt on, Ao 283
A 2702 Table 39 LEhiQlt). dlzle] 544
= FEAE AHE-Ske] 2500 rpm .= A A EHA Al
o] ssith A7 B AEE ) Ao E el A 2=
5 B AEge 2] Al Lk ek
i, 225 WEE s ek dR-sHWOT,

= 717} 40°Ce} 70°C = L A 3}HA
FA} Al 7]+= BTDC 400° 2 24 5F4 T}
7% AEE EEl A dAsel Trdn]el st
o] 23} 712 TDCell A BTDC 40°7}#] 5° kA o =
WA 7 Al s EAE SHA 1L, AEAE
Ell= &4 317 "3 715 MBT EFe] ™ (minimum
spark advance for best torque) ©. = A el E}o], 2 213
oA BE HskE MBT Ele]mgollA] o] Fol A w5
3t T & 7] E(excess air ratio, \)< A S1#AF
717 248 28 0.7 ~ 1.3 7HA] A 3kA Z T

Table 3 Experimenta conditions

Item Conditions
Test fuel Gasoline, Bio-ethanol
Excessair ratio (A) 07~13
Engine speed (rpm) 2500
Engine load (% ,TP) 100 (WOT)
Ignition timing MBT timing
Intake air temperature (°C) 40
Coolant temperature (°C) 70
Injection timing ("CA BTDC) 400
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0. 2 Brake torque and exhaust temperature of gasoline and
bio-ethanol at 2500 rpm
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Effect of Air-fuel Ratio on Combustion and Emission Characteristics in a Spark Ignition Engine Fueled with Bio-ethanol

Test fuel : Gasoline
Engine speed : 2500rpm
Ignition timing : MBT timing
WOT
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Fig. 6(8) Cylinder pressure of gasoline at 2500 rpm

40

35| Gasoline

30
25 |
20
15 F

10

Rate of heat release ( J/deg)

3
i 1 1 1 1

0 leecasl L
20 -15 .10 -5 0 5 10 15 20 25 30 35 40
Crank angle (°CA ATDC)

Fig. 6(b) ROHR of gasoline at 2500 rpm
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Fig. 7(a) Cylinder pressure of bio-ethanol at 2500 rpm
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