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ABSTRACT 
 

The objective of the present work is to investigate the performance and emission 
characteristics of a four stroke spark ignited (SI) engine fueled with alcohol based tri 
fuel blend (Ethanol + Methanol + Gasoline). The cylinder dynamic pressure, 
exhaust CO, HC, CO2, NOx, formaldehyde and acetaldehyde emissions were 
measured and recorded for analysis. DNPH method was used to estimate 
Formaldehyde and Acetaldehyde concentration in the exhaust. The experimental 
results indicate reduction in CO and HC emissions along with increase in 
formaldehyde and acetaldehyde emissions with increase in alcohol percentage in the 
blend. 
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INTRODUCTION 
Petroleum based fuels are predominant 

sources of energy for transportation due to 
their availability and economy. India is the 
sixth largest consumer of crude oil. The 
country imports more than 70% of its crude 
oil requirement. The oil and gas 
consumptions are continuously increasing 
due to the increase in vehicle population. 
During 2004 there were 72.7 million vehicles 
plying on Indian roads12. The growth rate 
indicates that 90 million vehicles will be 
plying on road by 2008. The depleting fossil 
fuel resources cannot meet the future 
demands. A replenishing and renewable 
alternate fuel technology is required for the 
future prospects. Alternative transportation 
fuels for SI engines, especially methanol and 
ethanol have been researched for more than 

two decades due to their economy and 
environment friendliness. It is also of great 
interest to agricultural segments of the 
Country. Increase in alcohol production will 
help to build the economy of farming society 
and also will reduce the dependence of oil 
imports. Alcohol fuels when used in SI 
engines have certain advantages compared to 
gasoline.  

M.A. Ceviz et al 1 stated that ethanol 
gasoline blends decreased the coefficient of 
variation in indicated mean effective 
pressure, CO and HC concentration while 
increased CO2 concentrations up to 10 %. It 
is also stated that if cyclic variability would 
have been eliminated, there would be 10% 
increase in power out put for the same fuel 

N. Jeuland et al 2 in their work stated that 
due to the presence of ethanol in the fuel 
blend CO emissions were in low * Author for correspondence 
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concentration compared to gasoline. Their 
results showed no significant change in NOx 
emissions as compared to gasoline.  

Fikret Yu Ksel et al 3, in their work 
observed that due to the addition of ethanol 
in gasoline there is an increase in bsfc while 
decrease in engine torque and power. They 
also observed that CO and HC emissions 
decreased dramatically with no significant 
change in the brake thermal efficiency. 

M.Al Hasan et al 4, in their work 
observed an increase in brake thermal 
efficiency, volumetric efficiency and fuel 
consumption with addition of ethanol. They 
state that 20% ethanol fuel blend gave best 
results. Authors were able to achieve 25% 
ethanol gasoline engine operation with out 
any change in engine settings.    

M. Abu-Zaid et al 14, in their work  stated 
that best engine performance  for maximum 
power output, and minimum brake specific 
fuel consumption, occurred when a mixture 
of 15% volume methanol and 85% gasoline 
blend was used.  

Wei Yanju et al15 investigated methanol 
gasoline - blends of M10, M20 and M85.  
They reported that the addition of methanol 
significantly improved the brake thermal 
efficiency with little effect on methanol / 
gasoline ratio. They recorded a maximum 
reduction in CO and NOx emissions  with 
M85 blend. It is also stated that methanol 
emission increased with increase in methanol 
percentage in the blend.  

Hu Tiegang et al 7 in their study stated 
that Methanol – Gasoline blend has slightly 
lowered the engine power and torque while 
increased the brake thermal efficiency. They 
found reduction in HC and CO emissions and 
concluded that increase in methanol 
concentration increased formaldehyde and 
methanol emissions at the same time 
improved the cold starting 

Edward J. Canton et al tested the blends 
of up to 40% by volume methanol in a 
methanol-gasoline fuel blend and found that 
methanol increases the lean misfire limit, 
Torque and thermal efficiency while 
concentrations of carbon monoxide, carbon 
dioxide and oxides of nitrogen remain the 
same. 

The advantages of methanol and ethanol 
can be utilized by blending both the fuels 
together along with gasoline. This gives an 
advantage of increased miss fire limit 
operation, improved cold start operation, 
reduced cyclic variation, regulated emission 
and an increased thermal and volumetric 
efficiency. In this work more concentration 
has been given to monitor regulated, 
unregulated emission and performance of an 
unmodified SI engine operated with tri-fuel 
blend. Since very few work has been carried 
out using alcohol based tri fuel blend and 
flexible fuel concept are getting popular, this 
work has been attempted.  

MATERIAL AND METHODS 
The experimental setup consists of a 

10hp, single cylinder, four stroke, spark 
ignited engine coupled to a 10 kW capacity 
eddy current dynamometer with an electronic 
controller. The general specifications of the 
test engine are given in the Table 1. Fig. 1 
shows the schematic of the setup.  An air 
reservoir containing a calibrated orifice was 
used to measure the air flow rate. A high 
accuracy digital weighing scale was used to 
measure the fuel flow rate.  A piezoelectric 
pressure transducer, crank angle encoder and 
an oscilloscope were used to measure the 
cylinder dynamic pressure and crank angle. 
A high sensitivity micro phone along with 
Dactron software was used to record the 
engine noise level.  A four gas analyzer was 
used to measure CO, CO2 and HC emission. 
A separate NOx analyzer was used to 
measure NOx emission. Both the instruments 
were pre-calibrated before conducting the 
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experiments. For the measurement of 
carbonyl components a separate setup 
consisting of an exhaust gas pump, sampling 
probe, an impenger and an ice bath were 
attached to the exhaust pipe of the engine. 

The pump was calibrated to pump the 
exhaust at a rate of 1 lit / min. The engine 
under the investigation was a constant speed 
engine and was tested with original factory 
set carburetor without any alterations. 

Table 1 :  Specifications of the Engine 

Engine type   :  Single Cylinder, Air Cooled, SI engine 
Cylinder bore   :  79.28 mm 
Stroke    :  61.67 mm 
Max. Power   :  7.46 kW 
Compression ratio  :  8:1 
Valve arrangement  :  Over head cam, two vertical valves 
   

 
Fig 1 : Engine test setup 

 

   
Photographic View showing the position of pressure sensor and instrumentation of the setup 
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The experiments have been carried out 
after running the engine until it reached the 
steady state. The engine was operated at 
2800 rpm. Ethanol and methanol were 
blended with unleaded gasoline at different 
proportions. Three blends were prepared 
with the following proportions: 
E5+M5+G90, E10+M10+G80 and 
E15+M15+G70 where E, M and G stands for 
Ethanol, Methanol and Gasoline. The blends 
were prepared freshly before starting the 

experiment in order to avoid absorption of 
water vapor from the ambient air by the 
alcohol present in the blend. The properties 
of the fuel used are given in Table 2 and 
Table 3. With the above operating conditions 
engine torque, fuel consumption rate, intake 
air quantity, exhaust gas temperature and 
concentrations of CO, CO2, HC, NOx and 
Aldehydes were recorded for further 
analysis.

Table : Fuel blends and properties 

Properties Methanol Ethanol Gasoline 
Formula CH3OH C2H5OH C4 to C12 
Octane 88.6-111 89.7-108.7 90-100 

Density at 20 °C 796 kg/m³ 791 kg/m³ 745 kg/m³ 
Calorific value 21.5MJ/kg 28.8 MJ/kg 43MJ/kg 

Latent Heat 1155 kJ/kg 880 kJ/kg 324 kJ/kg 
Vapor pressure 0.25 bar 0.15-0.17 bar 0.5-1 bar 

Molecular weight: 32.042 kg/kmol 46.07 kg/kmol 100 – 105 kg/kmol 
Oxygen by %weight 49.9 34.7 - 

A/F ratio 6.5 9 14.7 
 

Table 3 :  Properties of different alcohol blends 

Blend Density  (kg/m3) 
Stoichiometric 
Air Fuel Ratio 

Calorific value 
(kJ/kg) 

E5+M5 723.25 14.27 41936 
E10+M10 730.5 13.54 39717 
E15+M15 737.75 12.81 37541 

 
Aldehyde measurement procedure   

The quantitative method11 most 
frequently used for measuring carbonyl 
samples is based on the dervatization with 
2,4-dinitrophenylhydrazine (DNPH) in acid 
medium during sampling. This leads to the 
formation of hydrazones of carbonyl 
components. These formed 2,4-dinitro 

phenylhydrazones are separated by reversed 
phase chromatography and detected by UV 
for identification and quantification. The 
sample gas is passed through the impingers 
containing the absorption solution of DNPH 
to which a small amount of acetonitrile is 
added as catalyst. The reaction is described 
by the following Fig. 3.  
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The absorption solution is injected 
directly into HPLC instrument without 
further treatment for analysis. The individual 
components are quantified using UV 
detection. All the sampling probes are heated 
to 110oC in order to avoid the condensation 
of aldehydes in the probe. Exhaust gas is 
sampled at the rate of  1 lit / min through the 
impenger.  

The sampling is done for 30 minutes. 
After sampling, the contents of the impenger 
is transferred to a 25ml flask and sealed 
tightly. The conversion of the carbonyl 
compound to the corresponding hydrazones 
is complete after one hour at room 
temperature, except for some of the 
unsaturated carbonyl compounds.  

For calculating the concentration of the 
carbonyl components, a known quantity of 
acetaldehyde and formaldehyde are mixed to 
the DNPH solution separately to form the 
hydrazones of acetaldehyde and 
formaldehyde. These hydrazones were 
injected into HPLC equipment and 
corresponding curves were obtained. The 
areas of the curves were calculated. This will 
give area and corresponding concentration 
value. Similarly for different concentration, 
areas were obtained and it is plotted to get 
aldehyde standard a curve.  Figure  shows 
sample curves obtained from HPLC. Fig. 4 
shows sample curves obtained from HPLC

RESULTS AND DISCUSSION 
A number of studies have investigated 

the performance and emission characteristics  

of alcohol fueled engines. There has been a 
mixed consensus on the out come. Some 
researchers claim increase in the thermal 
efficiency while some claim drop in thermal 

 
Fig. 3 :  R. R’ = H, Alkyl – Order Aryl – Rest / H , Alkyl or Aryl rest 

  
     Hydrazone of formaldehyde        HPLC results on 5% methanol + 5%  

      Ethanol + 90% gasoline (no load) 
Fig. 4 : Sample curves. 
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efficiency. The experimental results reveal 
(Fig. 5) that brake specific fuel consumption 
increases with respect to increase in alcohol 
percentage in the blend. This is mainly due to 
the lower energy density of the blend 
compared to gasoline. Thermal efficiency 
decreases with increase in alcohol 
concentration. Some researchers have 

claimed increase in thermal efficiency with 
higher alcohol blends3. Fig. 6 shows the 
variation of volumetric efficiency with 
respect to torque. The volumetric efficiency 
increases with respect to increase in alcohol 
percentage. This is due to the charge cooling 
effect produced by the higher latent heat of 
vaporization of alcohol in the blend. 

 
Fig. 5 : BSFC 

 

 
Fig. 6 : Volumetric efficiency 
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Exhaust Emissions 
CO emission 

The results indicate a noticeable 
reduction in CO emissions due to the 
addition of Ethanol and Methanol.  The 
reduction is mainly due to the additional 
oxygen provided by alcohol in the blend 

which helps in oxidizing the partially the 
oxidized carbon.The reduction becomes 
more noticeable as the volume of alcohol 
increases in the blend. Similar kind of 
reduction in CO emission due to addition of 
alcohol is also reported in many papers1,3,4.  
Fig. 7 shows the variation of CO with respect 
to torque. 

 
Fig. 7 : Variation of CO with respect to torque. 

 

 
Fig. 8 : Variation of hydro carbon with respect to torque. 
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HC emission  
The results obtained shows that ethanol 

and methanol blends have a good impact on 
HC emissions. A maximum of 43% 
reduction is obtained in HC emission with 
15% ethanol and 15%methanol and 70% 
gasoline blend. This is mainly due to the 
additional oxygen provided by the alcohol 
which assists in proper combustion. Similar 
kind of reduction in hydrocarbon emission is 
also reported by many researchers1,3,4. Fig. 8 
shows variation of HC emission with respect 
to torque. 
CO2 emission 

As a result of proper combustion, carbon 
dioxide emission increases with increase in 
alcohol percentage. Fig. 9 shows the 
variation of CO2 with respect to torque. 

NOx emission 
Addition of alcohol resulted in the 

reduction of NOx emissions. Some 
researchers have reported increase of NOx 
with addition of ethanol where as some have 
reported reduction. The reduction in NOx 
emission is mainly due to the charge cooling 
effect in the inlet manifold and cylinder. 
Higher flow rate of the blend and higher 
latent heat of vaporization causes the charge 

cooling effect. Prediction of adiabatic flame 
temperature based on the equilibrium 
reactions shows that ethanol air mixture has a 
lower adiabatic flame temperature compared 
to that of gasoline air mixture8, 9. This also 
will lead to lower peak temperature which 
results in lower NOx emissions. Fig. 10 
shows variation of NOx with respect to 
torque. 

Acetaldehyde and Formaldehyde emission 
The results indicate that acetaldehyde 

and formaldehyde emissions were higher at 
lower loads. Formaldehyde emission is 
higher than that of acetaldehyde at lower 
loads. The maximum concentration of the 
carbonyl components is the function of 
molecular weight.  The higher hydrocarbons 
are rather oxidized to lower HC components. 
This leads to more formation of 
formaldehyde during the combustion. 
Efthimios Zervas et. al 6 has reported that 
formation formaldehyde is ten times more 
than acetaldehyde during the combustion. 
Increased temperature at stichomythic 
condition further enhances the formation of 
HCHO. Fig. 11 and Fig. 12 shows the 
variation of aldehyde and formaldehyde 
emission with respect to torque.  

 
Fig. 9 : Variation of CO2 with respect to torque. 
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Fig. 10 : Variation of NOx with respect to torque. 

 
Fig. 11 : Variation of formaldehyde with respect to torque. 

 
Fig. 12 : Variation of acetaldehyde with respect to torque. 
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CONCLUSION  
The purpose of this work was to analyze 

and compare the performance of different 
fuel blends of Ethanol, Methanol and 
Gasoline in SI engine with out any 
modification in the engine. The most 
significant observation of the research is the 
fact that some fuel combination can give best 
results. When compared, in oxygenated fuel 
blends, combustion is better and significantly 
reduced all three regulated emissions with a 
small increase in the unregulated emission. 
The formation of formaldehyde is more than 
acetaldehyde during the combustion. The 
Noise level of the engine reduced very 
slightly to a maximum of 2 db during the 
15% ethanol and methanol blend operation. 
Further studies can be carried out by 
studying cyclic variability and miss fire limit. 
Higher ethanol and methanol blends can also 
be investigated with some modifications in 
the engine.  
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