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Abstract
The aim of lowering the pollutants and to enhance the performance of diesel engines has intensified research in 

diesel engines. The goal of this study was to assess combustion, performance and emission characteristics of diesel 
engine using diesel-oxygenate blends. In this direction, experimental investigations were carried out on a single 
cylinder four stroke direct injection water cooled diesel engine using butanol blended fuels in different volume ratios 
with diesel fuel.  The butanol had no solubility or stability problems when blended with diesel fuel. As there was not 
phase separation in the blends, no additive was added. The experimental investigation was done with four different 
blends of butanol on volume basis [B0 (0% Butanol and 100% Diesel), B5 (5% Butanol and 95% Diesel), B10 (10% 
Butanol and 90% Diesel), B15 (15% Butanol and 85% Diesel) and B20 (20% Butanol and 80% Diesel)] to study 
the impact of using butanol -diesel blends on diesel engine performance, combustion and emissions. The outcome 
indicates that the brake thermal efficiency increased with an increase in butanol contents in the blended fuels at 
overall operating conditions. At higher loads, reduced CO emission levels were observed for blends of butanol. HC 
emissions increased for all blends of butanol compared with diesel fuel due to high fuel consumption and high latent 
heat of vaporization which lowers cylinder temperatures and causes the emission of unburned hydrocarbons at lower 
load. NOx emissions with diesel–butanol blends were found to be comparable with neat diesel at low loads due to  
lower  calorific  value  and   high  latent  heat  of vaporization  of  butanol results in reduced  flame temperature and 
slightly higher NOx at high loads with increased butanol percentage in the blend compared to neat diesel. Butanol 
showed lowest smoke opacity at high engine loads compared to diesel fuel operation.

Keywords: Engine power; Oxygenates; Synthetic fuel; Butanol; 
Optimization; Stability; Blending; Miscibility; Higher alcohol

Introduction
Diesel engines are the most popular well known efficient prime 

mover among the internal combustion engines because of their simple, 
robust construction coupled with high thermal efficiency and specific 
power output with better fuel economy, much longer life span and 
reliability which results in their wide spread use in transportation, 
thermal power generation and many more industrial and agricultural 
applications [1,2]. In spite of many advantages, the diesel engine is 
inherently dirty and is the most significant contributor of various air 
polluting exhaust gases such as particulate matter (PM), oxides of 
nitrogen (NOx), carbon monoxide (CO) and other harmful compounds 
which contribute to serious public health problems.  

In view of increased concerns regarding the effects of diesel engine 
particulate and NOx emissions on human health and the environment 
and more stringent government regulation on exhaust emissions, 
reducing the NOx and particulate emission from diesel engines is one 
of the most significant challenges. A lot of research work has taken up 
in this direction to develop after treatment and in-cylinder control 
techniques by modifying fuels to mitigate the tailpipe NOx emission 
and formation in the cylinder respectively. It is difficult by using the 
traditional way to simultaneously reduce NOx and PM in diesel engine 
owing to the existing of trade-off curve between NOx and PM [3-5]. 
The rapid depletion, uneven distribution of petroleum fuels, their ever 
increasing costs and great concern over pollution led to search for 
an alternative fuel to replace conventional fuels. The most promising 
alternative possibility to clear this critical issue is to use the oxygenated 
fuels either in pure form or blended with diesel to provide sufficient 

oxygen and promote combustion and reducing PM emission and 
possibly decreasing NOx emission. 

Oxygenated fuels are the attractive class of synthetic fuels in 
which Oxygen atoms are chemically bound within the fuel structure. 
This Oxygen bond in the oxygenated fuel is energetic and provides a 
chemical energy that result in no loss of efficiency during     combustion. 
The optimization of oxygenated fuels, to be used either as, neat fuel or 
as an   additive, offers significant potential for reduction in particulate 
emission. Oxygenated fuels used either as alcohols or ethers.  Lower 
alcohols viz. Ethanol and Methanol have been widely used as alternate 
fuels, but they show solubility problems in diesel fuel. Moreover, 
percentages of ethanol above 10% blended with diesel fuel usually 
reduce engine power and increase brake specific fuel consumption 
(BSFC). Butanol has higher heating value and cetane number, less 
volatility and it is less hydrophilic than ethanol. Also, butanol is less 
polar than shorter alcohols which favor miscibility with diesel fuels. 
All these properties are closer to diesel fuel which makes butanol an 
alternative to ethanol as fuel (in blend with diesel) in compression 
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ignition engines. During this experimentation, butanol tested with 
diesel in blended form to investigate the performance, combustion and 
emissions of a diesel engine to provide additional data in this field of 
research. Butanol, a 4-carbon alcohol (butyl alcohol), is generally used as 
a transportation fuel. Butanol is commonly produced using fossil fuels, 
but it can also be produced from biomass through the fermentation of 
the feed stocks such as corn, sugar beets, and other types of biomass 
generally called as biobutanol. Biobutanol is considered a renewable 
fuel, in addition, butanol has higher heat  of  vaporization,  oxygen  
content  and  flammability temperature  and  therefore  has  a  positive  
influence  on engine  performance  and  emission  characteristics  of  
CI engine.

Literature Review
Several researchers have conducted experimental investigation on 

the diesel engine fueled with diesel blended fuels. Some of them are 
briefly highlighted in the following section [6] compared the short-
term performance of a direct injection diesel engine fuelled with 
different 1-butanol/diesel blends (from 10% to 30% of 1-butanol by 
volume) and 1-pentanol/diesel fuel blends (from 10% to 25% of 
1-pentanol by volume), without any modifications of the engine. 
Experimental results showed a slight engine power loss and an increase 
in brake thermal efficiency when the engine was fuelled with higher 
alcohols blends instead of straight diesel fuel and a diesel engine, 
without any modifications, can run successfully on a blend up to 30% 
1-butanol/70% diesel fuel or 25% 1-pentanol/75% diesel fuel. Butanol 
blends exhibit slightly better BSFC behavior than pentanol blends and 
neat diesel fuel. Octavio [7] showed that slight increase in NOx and 
THC emissions, while reduced CO emissions were found with these 
alcohol blended fuels. The lower values of smoke opacity and particle 
concentration with alcohol blends indicate that the presence of oxygen 
in the fuel is the main factor that led to the lower soot generation. 
Octavio [8] identified that alcohol blends tested at ‘cold’ start produced 
combustion instabilities with higher concentrations of NOx, THC and 
CO compared with diesel fuel used as reference. Under warm 
conditions, the effect of oxygen content of the alcohol blends tested was 
more important than the effect of the differences in cetane number and 
enthalpy of vaporization. Gaseous emissions from ethanol–diesel 
blends were slightly lower than those derived from butanol–diesel 
blends. Merola [3] carried out experimental investigation with neat 
diesel fuel and blends of 80% diesel-20% n-butanol by volume in 
compression ignition engines equipped with a common rail injection 
system. The test results indicate that BU20 reducing engine out 
emissions of NOx and smoke without significant penalties on engine 
performance. The neat diesel (BU00) gave the best smoke-NOx trade-
off result at injection pressures higher than 120 MPa. Rahman [9] 
studied the influence of injection timing on engine performance and 
exhaust emissions with diesel, biodiesel, alcohol and other alternative 
fuels. Results shown that incase of diesel fuel, advancement in injection 
timing results in lower carbon monoxide (CO) and hydrocarbon (HC) 
emission along with increased nitrogen oxides (NOx) emission. 
Advance injection timing increases brake thermal efficiency (BTE) and 
decreases brake specific fuel consumption (BSFC). Biodiesel–diesel 
blends produce more HC and CO emission, but reduce NOx emission 
when injection timing is retarded. Advancement in injection timing 
results in higher exhaust gas temperature with increase of biodiesel 
percentage in the blends. Wang [10] and Banapurmath [11] observed 
lower particulate matter (PM) emission with the increase of oxygenate 
content in the blends, and ethanol addition into diesel fuel increases 
HC, CO, NOx and NO emissions and decreases particle number 

concentration. Increased brake thermal efficiency has been reported 
with diesel/biodiesel-ethanol blends operation. Gnanamoorthi [12] 
showed that increased peak in-cylinder pressure and higher heat 
release occurs closer to TDC for ethanol blend and it increases with 
increase in ethanol in the blend. There was CO and HC emissions and 
found that which is closer than those with base fuel up to 30% ethanol, 
but much higher CO and HC emission with 40% and 50% ethanol and 
there is a slight decrease in NOx emission. Ahmet [13] reported high 
engine power for DE10 at an engine speed of 3000 rpm and 45oCA 
advanced injection angle. Further, the maximum engine torque has 
been reported for DE10 at 1400 rpm and injection advance of 25oCA. 
The minimum brake specific fuel consumption (BSFC) was obtained 
for DE20 blends in 1200 rpm and injection advance of 35oCA. Baskar 
[4] conducted experiments on diesel engine under different load 
conditions using various fuel combinations. They showed both 
Diphenyl ether and Diethylene glycol dimethyl ether blends 
substantially lowers the exhaust gas opacity. The maximum reduction 
60% has been reported with Diphenyl ether 15 and Diethylene glycol 
dimethyl ether15 blends as compared to base reference diesel fuel. In 
addition, oxygenated diesel blends have shown significant reduction in 
CO and HC emissions with only a slight penalty of NOx emissions. 
Oxygen enrichment of the conventional fuel is not accompanied by a 
sharp increase of the in-cylinder NO concentration due to decrease of 
the local temperature as a result of the lower fuel heating value. 
Oxygenated diesel fuels produce a favorable shift in PM/NOx trade-off. 
Nurun [14] have reported that the combustion with oxygenated fuels 
were much faster than that of conventional diesel fuel. This was mainly 
due to the oxygen content in the fuel molecular structure and the low 
volatility of the oxygenated fuels. The lower volatile oxygenated fuel 
evaporated earlier and very good air-fuel mixing was achieved during 
combustion which eventually resulted in lower exhaust emissions. 
Miyamoto [15] investigated the combustion and emissions of diesel 
engine operated on different types of oxygenates in a single cylinder, 
four stroke cycle, DI diesel engine. They reported significant 
improvements in smoke, particulate matter, NOX, HC, engine noise 
and thermal efficiency with the oxygenated fuels. Gonzalez [16] focused 
study on selecting most promising oxygenate compounds as blending 
components in diesel fuel foe an advanced engine testing with an 
objective of reducing particulate emissions in the exhaust. The results 
have shown that PM emission reductions were proportional to the 
oxygen content of the fuel. Both Tripropylene Glycol Mono-Methyl 
Ether and Dibutyl Maleate oxygenated test fuels contained 7% wt. 
oxygen and their total PM emissions were found to be similar. David 
[17] evaluated the performance of reference base diesel and five blends 
containing oxygenates. The experimental results have shown that 
oxygenated fuels reduced PM and NOx under some operating 
conditions, but produced little effect on either HC or CO emissions. 
Aliphatic oxygenates at 6% wt. Oxygen in the reference fuel reduced 
PM emissions by 15-27%. Kannan [5] have shown that the combustion 
characteristics with ethanol addition improved in-cylinder peak 
pressure, cumulative heat release (CHR), rate of heat release (ROHR), 
and in-cylinder peak temperature and combustion duration. Regarding 
emission characteristics, the experimental results showed significant 
reduction in smoke, carbon monoxide (CO) and total hydrocarbon 
(THC) emissions with extended oxygen mass percentage in the fuel at 
higher engine loads. However, an increased oxide of nitrogen (NOx) 
emissions has been reported at high loads although the common 
tradeoff between smoke and NOx was found to be more prominent for 
the oxygenated fuels. Gvidonas [18] observed lower NOx levels with 
ethanol blended fuels and HC emissions for richer combustible 
mixtures, whereas the influence of a higher ethanol mass content on 
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CO emissions and smoke opacity depends on the air–fuel ratio and 
engine speed. Dulari [19] carried out experimental investigations in a 
single cylinder, four stroke, air cooled direct injection (DI) diesel 
engine, fueled with bioethanol, adopting the fumigation technique. The 
results indicated that, the bioethanol fumigation showed an overall 
longer ignition delay of 2-3oCA for all the flow rates in comparison 
with diesel, at full load. The maximum brake specific nitric oxide 
(BSNO) and smoke emissions were found to be lower, by about 24.2% 
and 25% in the bioethanol fumigation compared to that of diesel 
operation at full load. Subramanian [20] carried out the experimental 
investigations to assess the effect of using diethyl ether to improve 
performance and reduce emissions of a DI diesel engine running on 
water- diesel emulsion. It was found that use of neat water diesel 
emulsion significantly lowered NOx and smoke levels as compared to 
neat diesel operation. It also increases the brake thermal efficiency at 
high outputs. However, there is a rise in HC, CO emissions and ignition 
delay. Nagdeote [21] carried out experimental investigation to evaluate 
the effects of using diethyl ether and ethanol as additives to biodiesel / 
diesel blends on the performance and emissions of a direct injection 
diesel engine. The test fuels were denoted as DI ( 100% diesel), BD (20% 
biodiesel and 80% diesel in vol.), BDET (15% biodiesel, 80% diesel, and 
5% diethyl ether in vol.) and BDE (15% biodiesel, 80% diesel and 5% 
ethanol, in vol.) respectively. The result shows that, compared with BD, 
slightly lower brake specific fuel consumption (BSFC) for BDET was 
observed. Drastic reduction in smoke is observed with BDET and BDE 
at higher engine loads. BDET reflects better engine performance and 
combustion characteristics than BDE and BD. Sulakshana [22] carried 
out the experimentation to study the effects of blends DB10, DBE10, 
DBE20 i.e. diesel 90% -10 % biodiesel , diesel 80% -10 % biodiesel - 10% 
ethanol , diesel 70% - 10% biodiesel - 20% ethanol for same diesel 
engine. The results showed maximum BP for blended fuels of DB10, 
DBE10, DBE20 dropped by 3.65%, 6.17% and 7.58% respectively 
compared with neat diesel fuel. Maximum BSFC for blend DB10, 
DBE10, DBE20 increased by 7.69%, 7.82%, and 33.62% respectively 
compared with neat diesel fuel. Blend DBE10 has optimum viscosity 
and calorific value which gives slightly less brake torque and brake 
power. Diesel-ethanol-biodiesel blends showed reduced NOx, PM, 
Smoke with slight increment in HC emissions while keeping CO 
emissions at same level compared with diesel fuel. Finally by considering 
all parameters DBE10 was best alternative fuel. SayiLikhitha [23] 
investigated the effect of blending of Diethyl ether (DEE) with diesel at 
various proportions (5%, 7.5% and 10%) on the performance of diesel 
engine. The experimental results indicated that with the increase in the 
concentration of DEE to diesel increases the brake thermal efficiency, 
mechanical efficiency and decreases the specific fuel consumption.

Experimental Setup
Experiments were conducted on a Kirloskar TV1 type, four stroke, 

single cylinder, water-cooled diesel engine test rig fueled diesel. Figure 1 
shows the line diagram of the test rig used. Eddy current dynamometer 
was used for loading the engine. The fuel flow rate was measured on 
the volumetric basis using a burette and stopwatch. The engine was 
operated at a rated constant speed of 1500 rev/min. The emission 
characteristics were measured by using HARTRIDGE smoke meter and 
five gas analyzer during the steady state operation. Experimentation 
is carried out with the hemispherical shaped combustion chamber 
provided in the existing engine at an injection pressure of 205 bar with 
an injector of 3 holes of ɸ 0.3 mm at an injection timing of 23o bTDC. 
Finally the results obtained were analyzed. Properties of the fuels used 
viz. diesel and butanol are shown in Table 1. The specification of the 

compression ignition (CI) engine is given in Table 2. 

Results and Discussions
This section explains the performance, emission and combustion 

1- Control Panel, 2 – Computer system, 3 – Diesel flow line, 4 – Air flow line, 
5 – Calorimeter, 6 – Exhaust gas analyzer, 7 – Smoke meter, 8 – Rota meter, 
9, 11- Inlet water temperature, 10 – Calorimeter inlet water temperature,12 – 
Calorimeter outlet water temperature, 13 – Dynamometer, 14 – CI Engine, 15 
– Speed measurement,16 – Burette for fuel measurement, 17 – Exhaust gas 
outlet, 18 – Outlet water temperature, T1-Inlet water temperature, T2 – Outlet 
water temperature, T3 – Exhaust gas temperature.

Figure 1: Experimental set up.
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Sl No Property Diesel Butanol
1 Molecular Weight 181 g/mol 74.1216 g/mol
2 Molecular Formula C13H24 C4H9OH
3 Appearance Light yellow 

liquid
Colorless liquid

4 Density 850  kg/m3 809.8 kg/m3

5 Boiling point 266°C 117.6°C
6 Flash point 85°C 37°C
7 Volatility Volatile Volatile
8 Kinematic viscosity at 40°C 3.05 cSt 2.22 cSt
9 Auto-ignition temperature 316°C 343°C
10 Heating  value 43000 kJ/kg 37000 kJ/kg
11 Surface tension at 20°C 0.023 N/m 0.024 N/m
12 Latent heat of vaporization 250  kJ/kg 550 kJ/kg
13 Flammability Flammable Flammable
14 Cetane number 45-55 17
16 Carbon content (% weight) 84-87 64.82
17 Hydrogen content (% weight) 13.87 13.60
18 Oxygen content (% weight) 0 21.59
19 Stoichiometric air-fuel ratio 15 11.19

Table 1: Properties of the fuels used.

Sl No Parameters Specification
1 Type of engine Kirloskar make Single cylinder four stroke direct 

injection diesel engine
2 Nozzle opening 

pressure
200 to 205 bar

3 Rated power 5.2 KW (7 HP) @1500 RPM
4 Cylinder diameter 

(Bore)
87.5 mm

5 Stroke length 110 mm

6 Compression ratio 17.5 : 1

Table 2: Specifications of the engine.

http://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C4H10O
http://en.wikipedia.org/wiki/Boiling_point
http://en.wikipedia.org/wiki/Flash_point
http://en.wikipedia.org/wiki/Autoignition_temperature
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characteristics of the diesel and oxygenated blended fuel butanol in 
different proportions. 

Performance characteristics

Brake thermal efficiency: Figure 2 shows the variation of BTE at 
different loads for different blends of butanol. BTE increases with an 
increase in load for all blends. Higher the percentage of butanol in the 
mixture, improvement in the brake thermal efficiency can be observed 
compare to neat diesel fuel. This is due to better combustion because of 
the presence of oxygen, which involves higher combustion efficiency.  
Butanol minimizes the  interfacial tension  between  two  or  more  
interacting  immiscible  liquids helped  the  better  atomization  of  
fuel,  which  improves  the combustion of diesel. With butanol- diesel 
fuel blend operation, the high latent heat of evaporation of butanol 
which produce more cooling  effect that results in low exhaust gas 
temperature which tends to lesser the heat loss through exhaust and 
hence higher brake thermal efficiency can be obtained. Furthermore, 
butanol has a lower flame temperature than neat diesel fuels thereby 
limiting the heat losses in the cylinder, which further enhance the BTE. 
In addition, the longer ignition delay due to lower cetane number of 
butanol involves a rapid rate of released energy which reduces the heat 
loss from the engine because there is not enough time for this heat to 
leave the cylinder through heat transfer to the coolant. 

Combustion characteristics

Peak pressure: Figure 3 shows the variation of peak pressure with 

brake power for diesel butanol blends which is higher than that of the 
neat diesel. Auto ignition temperature of the fuel is a predominant 
element which causes variations in the shape of the curve in the 
pressure angle diagram of engine. Due to combustion of diesel with 
lower self -ignition temperature, peak pressure is obtained initially, 
and then a depression is formed due to continuous heat absorption 
by butanol due to its high latent heat for vaporization. Due to latent 
heat of evaporation of the butanol higher than that of the diesel and 
stabilization of the mixture, when auto ignition condition of butanol 
which is slightly higher than the diesel is reached in the cylinder, 
combustion takes place and hence sudden rise of temperature and 
pressure is observed.  With the increase of butanol, ignition retards 
and combustion duration shortens, which contributes to rapid butanol 
combustion.

Combustion duration: Figure 4 shows the variation of combustion 
duration with brake power for different butanol blend percentage 
with diesel. Combustion duration increased with load and butanol 
blend percentage. The trend could be due to the higher auto ignition 
temperature and higher latent heat of evaporation of butanol compared 
to diesel.

Ignition delay: Figure 5 shows the variation of ignition delay with 
brake power for different butanol blend percentage with diesel. Ignition 
delay decreased with load and increased with butanol blend percentage. 
The trend could be due to the higher auto ignition temperature and 

Figure 2: Variation of BTE with load for different butanol blends percentage.
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Figure 3: Variation of peak pressure with brake power for different butanol 
blend percentage.
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higher latent heat of evaporation of butanol compared to diesel.

Heat release rate (HRR): Figure 6 shows the variation of heat 
release rate with crank angle for diesel and different diesel butanol 
blends at 100% loading conditions which occur closer to TDC. The peak 
heat release rate increases with an increase in butanol concentration in 
the diesel. The butanol, as an oxygenator improves combustion for all 
fuel blends and faster laminar flame speed of butanol that results in 
sudden heat release rate than that of diesel. The heat release curve has 
slightly negative depression during the ignition delay period. This is 
due to loss of heat from the cylinder during fuel vaporization phase. 
During the premixed combustion, higher heat is released with butanol 
blend than diesel due to higher ignition delay, which may be due to 
higher latent heat of evaporation and lower cetane number of butanol 
in the blend. 

Emission characteristics

Smoke emissions: Figure 7 illustrates the smoke opacity with 
engine loads for different butanol blend percentage. Smoke opacity is 
higher at low loads, which may be due to short combustion cycle at 
high speed, long delay period and shortage of oxygen which may be 
due to improper mixing or usage of rich fuel. Smoke opacity is higher 
with butanol blends at lower loads than diesel. This is because of poor 
evaporation rate of blended fuel due to high latent heat of evaporation 
of butanol. At high loads, the flame temperature is high, which results in 

Figure 6: Variation of heat release rate with crank angle for different butanol 
blend percentage.
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Figure 8: Variation of HC emission with load for different butanol blend 
percentage.
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Figure 9: Variation of CO emission with load for different butanol blend 
percentage.
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low smoke opacity with butanol blends than the base fuel. Additionally, 
high volatility of butanol has a remarkable effect on the reduction of 
smoke opacity, especially at high engine loads.

HC emissions: HC is partially burned and unburned fuel emission. 
Figure 8 shows the variation of Total Hydrocarbon with load for 
different percentage of butanol blends. At lower loads, THC emissions 
increased for all blends compared with diesel fuel due to fact that low 
cetane number of blends that promotes quenching effect, to be the main 
cause for the increase of THC emissions. Higher fuel consumption and 
high latent heat of vaporization which lowers cylinder temperatures 
which causes the emission of unburned hydrocarbons. At higher load, 
no noticeable change in THC emissions for the blends and remains 
almost same as that of diesel fuel. 

CO emissions: Figure 9 shows the variation of CO with load for 
different percentage of butanol blends. CO emissions are higher at lower 
loads. This is due to fact that its latent heat of evaporation is slightly 
higher than that of diesel; as result there is not enough vaporization and 
hence very less time to burn fuel completely that results in considerable 
increase in CO emissions. At higher loads, enough time available for 
combustion to occur, better mixing and inbuilt fuel oxygen that results 
in complete combustion and hence slightly reduced the CO emissions, 
for blends at high load.
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Figure 10: Variation of NOx emission with load for different butanol blend 
percentage.

NOx emissions: Figure 10 shows the variations of NOx emissions 
with engine loads for different butanol blend percentage.  The rate of 
formation of NOx is primarily a function of flame temperature, the 
residence time of nitrogen at that temperature, and the availability 
of oxygen in the combustion chamber. It is observed from the figure 
that NOx emissions with diesel –butanol blends were found to be 
comparable with neat diesel at low loads due to  lower  calorific  value  
and   high  latent  heat  of vaporization  of  butanol results in reduced  
flame temperature.  At higher loads, due to increased quantity of fuel 
injection, the combustion temperature and oxygen availability is more; 
slightly higher NOx with increased butanol percentage in the blend 
compared to neat diesel.

Conclusions
The existing single cylinder CI engine was suitably modified to 

operate on diesel and butyl alcohol blends at near diesel operating 
conditions. From the experimental study, the effect of blend ratios on 
the performance of diesel engine operated with diesel and butyl alcohol, 
the following conclusions were drawn for different loading conditions. 

• For diesel and alcohol fuelled blends in diesel engine, the 
BTE showed increasing trend with increased blend ratio of alcohol in 
diesel up to 20%.

• However blends beyond 20% were not considered due to 
reduced engine power and increased brake specific fuel consumption 
because of lower calorific value of the butanol. Compared to neat diesel, 
butyl alcohol-diesel blended fuels showed improved performance in 
terms of increased BTE. 

• HC, CO and smoke emissions reduced with increased 
alcohol concentration in diesel fuel while they increased with increased 
loading conditions However NOx emissions increased with increased 
butanol content in diesel fuel. 

• Ignition delay, combustion duration, peak pressure and heat 
release rates increased with increased alcohol content in the diesel fuel.  

On the whole it can be concluded that the modified single 
cylinder engine operated with alcoholic-diesel blended fuels worked 
satisfactorily with improved engine performance compared to neat 
diesel fuel operation. This experimental work showed the capability 
of alcoholic fuels which are renewable energy sources to replace diesel 

partially and is the need of hour. Finally from the experimental study 
it can be said that butanol can be a good option for reducing fossil fuel 
usage in diesel engines and pave the way for the energy security of the 
country due to escalating fossil fuel prices with dependency on such 
fuels.  
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