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Abstract: One of the major threat in today’s world is depletion of fossil fuels. After the discovery of IC engine hundred years ago fossil fuels played a 
major role in the development of every country. After the discovery of fossil fuels in the Middle East every country fought, there were several wars 
between the nations to get fossil fuels from them. So this shows the importance of fossil fuels. The alternative to fossil fuels are bio-diesel, bio-alcohol 
and electricity. In our country, 80% of the electricity is produced from fossil fuels so electricity cannot be a suitable alternative to fossil fuels. Biodiesel 
and bio-alcohol derived organically could be an alternative to fossil fuels. Biodiesel can be produced from various oils such as corn oil, rice bran oil, 
waste cooking oil, rape seed oil, orange peel oil, but compared to all of, bio -diesel produced from Jatropha has a calorific value nearer to diesel and it is 
non-edible in nature which is not being consumed by human beings, so we have selected Jatropha bio-diesel as an alternative to diesel. But using of 
blends of Jatropha bio-diesel with diesel produce higher NOx emission, which can be reduced by after treatment method but they are costlier in 
application. The main objective of this experimental work is to reduce the NOx emission by using methanol fumigation in the inlet manifold of the CI 
engine selected. 
 
Index Terms: bio-diesel, bio-alcohol, fossil fuels, fumigation, jatropha, methanol. 

———————————————————— 

 

1 INTRODUCTION                                                                   

Diesel engine was invented by Rudolf diesel in the year of 
1858. Diesel engine could run on a various fuels that includes 
vegetable oils, bio-alcohol and animal fats. At the Paris 
exhibition, a new diesel engine powered by peanut oil as fuel, 
was exhibited in the year of 1900.  In 1930s, there was an 
interest in splitting the fatty acids to obtain glycerin, which is a 
product of the transesterification process of vegetable oil to 
create a thinner product similar to petroleum and diesel. 
During Second World War vegetable oil was used as fuel by 
several countries, including Brazil, Argentina, China, India and 
Japan. Biodiesel derived from various vegetable oils and 
animal fats could be an alternative option to fossil fuels.  At 
present, biodiesel is mainly produced from oils such as 
soybean oil, sunflower oil, palm oil, olive oil, corn oil, pine oil, 
mustard oil, peanut oil, almond oil, castor oil, coconut oil, 
sesame oil, fish oil etc. From these oils, biodiesel can be 
made and can be made, it purify to use as fuel blended with 
diesel.  In India, oils from rape/mustard, soya, groundnut, rice 
bran, cottonseed, sunflowers, coconut, sesame, niger, 
safflower, linseed, palm oil, minor oil seeds, jatropha oils etc., 
Can be utilized for production of bio-diesel. There are 
continuously researches going on, these oil about the 
suitability to engine for using as alternative fuels. Each oil 
contains different calorific value but the jatropha calorific 
value is suitable as fuel and non-edible in nature. In diesel 
engines, use of jatropha bio-diesel emits pollutants like 
Hydrocarbons (HC), Carbon monoxide (CO), Nitrogen oxides 
(NOx) and Particular matter (PM).  

 

Out of them, NOx is in maximum level. The aim of this 
experimental investigation is to reduce the emission of 
Nitrogen oxide (NOx) where bio-diesel of jatropha blended 
with diesel in diesel engines. Fumigation process is being 
used by few researches in the diesel engines to reduce the 
Nitrogen oxides (NOx). From the literature survey it is found 
that some researchers used methanol to reduce NOx using 
fumigation process.  In the fumigation process methanol is 
induced in the intake manifold of the engine.  The aim of this 
project is to use methanol as fumigation agent and study the 
performance and pollution characteristics of the covered 
diesel engine. 
 

2 LITERATURE REVIEW 
There are many different energy sources which are present for 
the usage of the day to day human works. In which the Diesel 
engine is said to be the most efficient type of heat engines and 
is used as a primary energy source for many applications such 
as Automotive vehicles, Earth movers, Tractors, Special types 
of vehicles and in many Agricultural purposes etc., The major 
reason for using the diesel engine is that it produces higher 
thermal efficiency, better torque characteristics and the cost of 
the diesel fuel is low (Heywood 1989). Different techniques like 
fumigation of different chemicals, diesel oxidation catalyst 
(DOC) additives which are added to the diesel fuel, selective 
catalytic reduction (SCR), exhaust gas recirculation (EGR), 
diesel particulate filter and exhaust gas treatment methods are 
adopted in the diesel engines in order to meet out the ever 
increasing stringent emission norms. Other than these 
methods the biodiesel are also headed up a major role in 
alternative to the conventional fuels. Thus an important 
technique to meet out the emission norms may be a complete 
or partial replacement of conventional fuels to biodiesel. These 
fuels have a major advantage with respect to combustion 
characteristics, emissions and the engine’s efficiency. The use 
of biodiesel makes the engine combustion to reduce the 
emissions like CO, CO2, HC, NOX, smoke and soot emissions 
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from the normal form. 
 

2.1 Literatures related to bio-diesel  
Jatropha bio-diesel can be used as a partial replacement for 
diesel fuel in India. Jatropha bio-diesel blending (10-20%) 
reduces the diesel consumption to a certain extent (Ambarrish 
datta et al., 2014) [1] Transesterification is a method used to 
prepare jatropha bio-diesel by using a potassium hydroxide 
catalyst and was tested in a four stroke naturally aspirated 
diesel engine. Jatropha oil cake is the by-product obtained 
after extracting jatropha oil from seeds. They can be used as 
organic manure for agriculture purposes. Jatropha oil 
extracted from the seeds of jatropha Caracas is filtered by 
using a filter press which replaces kerosene or oil lamp (Ayush 
Kumar Raghuvanshi et al., 2014) [2] B20 blend (20% bio-
diesel & 80% diesel) is a suitable alternative renewable fuel for 
existing diesel engine and that can be used with no engine 
modifications to improve the sustainability of fuel and reduce 
environmental emissions (Bari. S, et al., 2014) [6] Engine 
performance and emission results of bio-diesel produced from 
jatropha oil when applied in different proportions in multi 
cylinder diesel engine, results in higher NOx emission (S.M. 
Palash et al., 2017) [7]  

 
2.2 Literatures related to fumigation 
By injecting or carbureting alcohol fuel such as methanol is 
injected into the intake air stream of the inlet manifold (Abu-
Qudais et al., 2000) [4] The results of applying biodiesel with 
10% methanol fumigation in four-cylinder diesel engine at a 
constant speed with various engine loads are compared. While 
fumigating methanol lower CO, HC, NO2 and particulate 
emissions are obtained. During fumigation of methanol, brake 
thermal efficiency (BTE) is high at medium and higher engine 
load conditions. The experimental study shows the effects of 
methanol fumigation over exhaust gas and engine 
performance (Cheng et al. 2008) [3] The fumigation of 
methanol is tested in a four cylinder, constant speed direct fuel 
injection diesel engine which impacts the engine’s combustion 
and emission characteristics. It reduces diesel fuel consumed 
and increases the release of heat in premixed mode. When 
methanol is fumigated, in-cylinder pressure decreases from 
low to medium load condition, but at high load condition 
pressure increases. Ignition delay is increased, but there is no 
significant influence on the combustion duration of the fuel. 
(Zhang et al. 2013) [9] Diesel/methanol compound combustion 
results in the reduction of NOx emission from both naturally 
aspirated and turbocharged engines due to the reduction of 
intake air and combustion temperature. And increase in CO 
and HC emissions due to lower combustion temperature and 
homogeneous methanol/air charge formed (Chunde Yao et al., 
2007) [8] 

 
The interpretations obtained from the above discussions 
are as follows: 

 Jatropha bio-diesel can be used as an alternative for 
conventional diesel fuel 

 A B-20 blend of bio-diesel can be used in a diesel 
engine without any modifications in the engine 

 NOx emission is higher in the engine fueled with 
jatropha bio-diesel 

 Methanol is used as the fumigation fuel 

 Biodiesel is combined with methanol fumigations 

 Fumigation improves combustion, performance and 
emission characteristics of diesel engines. 

 

3 METHODOLOGY 
 To obtain bio-diesel from plant oil various steps to be 

followed, extraction process of jatropha bio-diesel 
from jatropha curcas seeds is given in the Fig.1 flow 
chart 

 

 
 

Fig.1 Flow chart 
 

After the preparation of bio-diesel, 20% pure bio-diesel and 
80% diesel was blended to make B-20 bio-diesel. The 
properties of the blended bio-diesel and diesel is given in the 
below table. 1. After blending the prepared bio-diesel is used 
as fuel in the experiment. 
 

Table.1 Fuel properties of biodiesel vs Diesel 
 

Fuel Diesel Biodiesel Methanol 

Density (kg/m3) 830 838 792 

Cetane number 60 51 4 

Oxygen content 
(weight %) 

0 10 50 

Calorific value 
(Kj/Kg) 

42000 41884 23000 

Specific gravity 0.827 0.843 0.791 

  
Methanol used for fumigation, which has high self-ignition 
temperature and high latent heat of vaporization compared to 
bio-diesel fuel. And have a low cetene number compared to 
bio-diesel. Oxygen content in methanol is about fifty 
percentage. Therefore the fuel is completely combusted by 
which low emissions can be attained. The ignition 
characteristics of diesel fuel are determined by the quantity of 
cetane number present in it. If the cetane number of diesel fuel 
is higher, its ignition properties will be good. Cetane number of 
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methanol is 4 where as cetene number of bio-diesel is 51. As 
a result of lower cetane number, longer ignition delay takes 
place that allows more time for the fuel to form vapor before 
combustion. Calorific value of methanol is lower compared to 
diesel. So more amount of methanol is to be replaced to get 
the same power from the engine. In this experimental work, 
fumigation method is used to use methanol in a diesel engine. 
Carburetion technique is most commonly used for fumigating 
fuel into the air intake of engines. Instead of Carburetion, 
electronic injection is used for fumigating methanol in this 
work. With the help of base bio-diesel reading the amount of 
methanol required for fumigation is calculated on the energy 
basis. Methanol is injected into the inlet manifold at the ratio of 
10%, 20% and 30% on energy basis. The engine chosen for 
this experimental work is a single cylinder four stroke, constant 
speed diesel engine. Specification of the engine given in Table 
2 given below. 
 

Table 2. Specification of engine 
Parameters Details 

Make 
Kirloskar Model TV1 

Type 1 cylinder 

Number of cylinders Single cylinder ( 4s) 

Bore and Stroke in mm 87.5mm and 110mm 

Power 5.2kW @ 1500rpm 

Type of cooling Water cooling 

Compression ratio 17.5:1 

Dynamometer 
Type eddy current, water 
cooled dynamometer 

Calorimeter Type pipe in pipe 

Measurement of CO, HC, NOx, 
Co2 

AVL 444 N gas analyzer 

Measurement of smoke opacity AVL 437 C smoke meter 

 

4 EXPERIMENTAL SETUP AND TESTING 
The schematic experimental setup is shown in Figure 2 and 
the picture of the experimental setup is shown in Figure 3. 
Emission parameters are measured using AVL 444 N gas 
analyzer and smoke values is measured using AVL 437 C 
smoke meter. Specifications of testing instruments used in the 
experiment are shown in the table 3. Volumetric fuel 
consumption rates of both diesel and methanol are measured 
using burettes. 

 
Fig 2. Schematic of the experimental setup 

 

 
 

Fig 3. Picture of the experimental setup 
            

Table 3. Specifications of testing Instruments 
 
 
 
 
 
 
 
 
 
 
 
 
 

The experiment is carried out for different loads on the engine 
in the constant speed. The engine allowed to run for about 10 
minutes to warm up and to attain temperature. The quantity of 
fuel consumed at various loads of the engine was measured. 
Smoke is measured using the method of light obscuration in 
which the intensity of the light decreased by the amount of 
smoke produced in the engine, by which intensity of smoke is 
calculated. The exhaust gases produced from the engine are 
made to flow through a water trap submerged in an ice bath to 
separate the condensed water from it so the only dry exhaust 
gas produced is passed to the exhaust gas analyzer. The AVL 
444 N gas analyzer and AVL 437 C smoke meter were used 
for the measurement of emissions in exhaust gas and smoke 
from exhaust gases produced. The readings are taken for bio-
diesel and methanol with three fumigation ratios such as 10%, 
20% and 30% respectively. 
 

5 RESULTS AND DISCUSSION    
In this experimental work, performance and emission 
characteristics of the engine were evaluated using bio-diesel 
and bio-diesel with methanol fumigation. Three fumigation 
ratios such as 10%, 20% and 30% are used. These ratios are 
obtained by using electronic injection. The results obtained on 
engine performance and emission characteristics were 
discussed here. Specific Fuel Consumption (SFC) of the 
engine is calculated by using the following equation given 
below. 

 

Instruments Range Accuracy 

AVL 444 N Gas 
analyzer 

CO 0-15% Vol, 
CO2 0-20% Vol, 
HC 0-30000 ppm 
NO 0-5000 ppm 
O2 0-25% Vol 

+0.02% to -0.02% 
+0.03% to -0.03% 

+20 ppm to -20 ppm 
+10 ppm to -10 ppm 

AVL 437 C Smoke 
meter 

0-100% ± 1 % of full scale 
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SFC = (Qm,d +Qm,m)/BP 
 

Where Qm,d and Qm,m are mass consumption rated of bio-
diesel and fumigated methanol and BP is the brake power 
produced. The SFC variation for different loads of diesel and 
fumigation fuel was shown in Figure 4. The results showed 
that specific fuel consumption (SFC) was higher than 
comparing to bio-diesel fuel for any fumigation ratios and with 
the rise in fumigation ratio. It showed 0.54 kg/kW-hr, 0.60 
kg/kW-hr and 0.66 kg/kW-hr specific fuel consumption (SFC) 
at 25% engine load condition  

 
Fig 4. SFC Vs BP 

 
for methanol fumigation, which is 6%, 17.6% and 29.4% 
higher than bio-diesel fuel operation. The methanol fumigation 
has higher specific fuel consumption (SFC) for all the ratios of 
methanol fumigation at all engine load conditions. Low calorific 
value of methanol results in increase of specific fuel 
consumption (SFC). Therefore, due to the fumigation of 
methanol, more cooling is attained inside the engine cylinder. 
Due to methanol’s cooling effect more fuel is required for the 
complete combustion and to provide suitable power. Brake 
Thermal Efficiency (BTE) is calculated by using the following 
equation given below.  
 
BTE = {BP / [(Qm,d X QLHV( d) + (Qm,m X QLHV( m)] } X 100 

% 
Here Qm,d and Qm,m are the mass consumption rate of 
diesel and mass consumption rate of methanol, QLHV( d) and 
QLHV(m) are lower heating value of diesel and methanol 
respectively. Whereas BP is the brake power. The difference of 
brake thermal efficiency (BTE) with respect to different engine 
load conditions of bio-diesel and fumigated methanol was 
shown in Figure 5.  
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig 5. BTE Vs BP 
 
The result of the figure 5 shows that fumigation of methanol 
decreases the value of BTE at low and medium load condition 
and equals the value of BTE at higher engine load to that of 
bio-diesel fuel. The efficiency decreases about 7% for 30% 
methanol fumigation ratio at 25% engine load condition. From 
the results obtained combustion efficiency decreases at low 
engine loads, but that could be improved at high engine loads, 
when the level of methanol fumigation increases. Formation of 
the mixture takes place by the fumigated methanol and the 
intake air at low load condition, which is low to aid the 
combustion, leads decrease in combustion efficiency. For all 
load conditions, the mixture is rich enough to aid the 
combustion process, which results in better fuel combustion. 
The variation of Oxides of nitrogen (NOx) with different loads 
of bio- diesel and fumigated methanol was shown in Figure 6. 

Fig 6. NOx Vs BP 
 

From the results, that all fumigation rates, give lower NOx 
emission than that of bio-diesel fuel. However, there is a 
decrease in NOx emission with the rate of fumigation. 
Depending on engine load, NOx emission is higher at higher 
engine load than other load conditions. The reduction in NOx 
is about 64.88% at 25% load, 34.72% at 50% load, 10.30% at 
75%, and 0.54% at full load conditions for 30% methanol 
fumigation. The formation of NOx in a diesel engine depends 
on the combustion temperature and along with the amount of 
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oxygen present while combustion takes place. During 
combustion, due to high latent heat of vaporization of 
methanol fumigated reduces the amount of heat released, 
which in turn reduces the temperature. By which NOx 
formation is reduced. The variation of carbon monoxide (CO) 
with various loads of bio- diesel and fumigated methanol was 
shown in Figure 7. From the results there is a considerable 
decrease in the CO emission with fumigation of methanol 
compared to bio-diesel  

 
Fig 7.  CO Vs BP 

 
fuel in full load condition. Whereas, there is an increase in CO 
emission in low load condition compared to bio-diesel fuel.  

The mean CO emission rise was 33.9% and 41.3% of the 
bio - diesel value for 10% and 20% methanol fumigation ratios 
in full load condition. Whereas the average CO emission 
decrease was 48.27% than that of bio-diesel value for 30% 
methanol fumigation ration in full load condition. Methanol 
lowers the temperature of gas inside the cylinder, by which it 
might be not able to ignite the methanol during the power 
stroke. The expeditious burning of fumigated methanol in 
vaporized form and subsequent cooling of charge decrease 
the temperature inside the cylinder that could lead to lack of 
oxidation of carbon monoxide to carbon-di-oxide during the 
power stroke increases the CO emission. The variation of 
Hydro Carbon (HC) with various loads of bio-diesel and 
fumigated methanol was shown in Figure 8 given below.  

 
Fig 8. HC Vs BP 

 

The above results shows that, fumigation of methanol 
increases the hydrocarbon (HC) emission compared to bio-
diesel fuel. Moreover, the emission of hydrocarbon (HC) 
increases with the level of methanol fumigated and decreases 
with an increase in engine loads. This shows the increase of 
hydrocarbon (HC) emission increases from 16 ppm to 145 
ppm at 25% load, however it varies from 45 ppm to 138 ppm 
at full load conditions for 30% of methanol fumigation. 
Because of methanol’s cooling effect on combustion 
processes, which results in poor combustion temperature. So 
it could not able to ignite the unburnt fumigated methanol at 
the time of power stroke by which it leads to increase in the 
emission of HC. In  low load condition, due to huge quantity of 
excess air inside the cylinder, poor distribution of fuel and low 
exhaust gas temperature, lean fuel–air mixture regions may 
able to escape into the exhaust resulting in higher emission of 
HC. The difference of Carbon Dioxide (CO2) emission with 
different loads of bio-diesel and fumigated methanol was 
shown in Figure 9. 

 
Fig 9. CO2 Vs BP 

 
 The results show that there is a notable reduction in CO2 
emission with methanol fumigation compared to bio-diesel 
fuel. At an average reduction of 6.18%, 8.49% and 10.69% is 
obtained for fumigation of methanol at 10%, 20% and 30% 
fumigation ratios respectively at full load condition. In 
methanol fumigation, brake thermal efficiency (BTE) 
decreases, which results in the increase of fuel consumption, 
which reduces the emission of CO2. Carbon-di-oxide emission 
majorly depends on the carbon-monoxide emission. In 
methanol fumigation, due higher heat of vaporization of 
methanol, it reduces the temperature inside the cylinder which 
in turn leads to incomplete oxidation of carbon-monoxide to 
carbon-di-oxide during the power stroke and which results in a 
rise in the emission of carbon-monoxide and decrease in 
carbon-di-oxide emission. The variation of smoke with various 
loads of biodiesel and fumigated methanol was shown in 
Figure 10. 
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Fig 10. SMOKE Vs BP 

 
The results from the experimental work shows that methanol 
fumigation causes low smoke emission than that of bio-diesel 
fuel in full load condition. For methanol fumigation it was 57.3-
76.1%, 41.8-71.45% and 26.4-66.8% at 10%, 20% and 30% 
fumigation ratios respectively. Less bio-diesel fuel is 
consumed with an increase in the fumigation ratio of methanol 
since a portion of bio-diesel fuel is replaced by methanol. 
Therefore, less amount of bio-diesel fuel is burned during the 
combustion process and combust together with the methanol 
and air mixture which helps in fast burning and high amount of 
oxygen readily available, leading to a reduction in emission of 
particulate matters (PM). 

 
6   CONCLUSION 
Biodiesel fuels produced from renewable resources are 
ecofriendly to the environment and readily available in the 
market. In this experiment usage of methanol by the 
fumigation method is investigated using electronic injection at 
the intake manifold. Performance and emission characteristics 
were observed for bio-diesel with methanol fumigation at 10%, 
20% and 30% fumigation rates. The following conclusions are 
made:  
1. When methanol is fumigated in diesel engine fueled by 

jatropha bio-diesel, specific fuel consumption (SFC) 
increases with the increase in the percentage of 
fumigation methanol at all engine loads. Around 6-30% 
increase of specific fuel consumption (SFC) in energy 
basis has been found, due to the lower calorific value of 
methanol.  

2. Methanol fumigation decreases the brake thermal 
efficiency (BTE) at low and medium load condition and 
equals the value at higher engine load condition to that of 
bio-diesel fuel. The efficiency is decreased up to 7% for 
30% methanol fumigation ratio at 25% engine load 
condition. 

3. Methanol fumigation decreases NOx emission compared 
to the NOx emission of bio-diesel. NOx emission is 
greatly influenced by engine loads. The maximal 
reduction is 66.88% compared to that of bio-diesel fuel at 
lower engine load condition for 30% fumigation ratio.  

4. Methanol fumigation increases the CO and HC emission 
compared to diesel fuel. The increase in CO emission 
has been found about three times higher. Whereas, the 
increase in HC emission has been found about 3 to 9 
times.  

5. Fumigation of methanol notably decreases the CO2 
emission because of the increase in CO in the 

experiment.  
6. Fumigation of methanol considerably reduces smoke 

emission compared to bio-diesel fuel at high load 
condition, but increases in low and medium load 
conditions. 
 

7   FUTURE SCOPE 
It is found that, even though numerous researches are going 
on in the areas of alternative fuels and their consequences on 
performance and emission characteristics in conventional 
diesel engines, the effects of using alternative fuels in other 
areas like thermal stresses on engine components and life 
span of them, physical characteristics such as change in 
vibration and noise level of the engine are need to be taken for 
further investigation.  
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