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Abstract— the present fuel consumption scenario 
is change when the world population is increases 
the transportation facility as well as consumption 
is also increase. For this we required type of 
source which full fill the future demand of fuel 
this study I am used alternative of diesel fuel. By 
using n-butanol with diesel blend in compression 
ignition four-stroke diesel engine. A blend of 
biodiesel and diesel was prepared designated B5, 
B10, B15, and B20 and B30. B5 represented a 
mixture of 5% n-butanol & 95% by volume of 
diesel. An experiment was conducted with diesel 
and B5, B10, B15, B20 and B30 fuel. This 
alternative fuel contains n-butanol, so it reduces 
the emission compared to diesel. N-butanol is a 
good cooling agent due to the blending of n-
butanol so the NOx emission reduced. For this 
mixture the brake thermal efficiency of engine, 
brake specific fuel consumption (BSFC) of 
engine and exhaust gas discharge are obtained 
and compared by the use of graph. The carbon 
monoxide (CO), carbon dioxide CO2, and 
hydrocarbons (HC), are being measured by the 
use of gas analyzer and compared with other 
parameter by the use graph.  The performance 
parameters evaluated and Results were 
compared with the neat diesel the experimental 
investigation has been done on single cylinder 
Compression Ignition Engine coupled with a 
Rope Brake Rope dynamometer. 

I. INTRODUCTION 

Fossil fuels are limited time energy gift to the 
human race; once they are gone forever, alternate 
non-petroleum fuels yield energy security and 
environment benefits. They have been with us in 
one form or another for more than one hundred 
years. The alternative fuel are investigated n-
butanol is a good result in compression ignitions 
engine they have four carbon alcohol just double  

 
 
amount of carbon of ethanol, which equates to a 
substantial increase in harvestable energy n-Butanol 
is safer to handle with a Reid Value of 0.33 psi, 
which is a measure of a fluid's evaporation rate 
when compared to gasoline at 4.5 and ethanol at 2.0 
psi [1]. N-butanol is an alcohol that can be blended 
with fossil fuels. N-Butanol when consumed in an 
internal combustion engine yields limited amount 
NOX, SOX, or carbon monoxide all 
environmentally harmful products of combustion. 
CO2 is the combustion byproduct of butanol, and is 
considered environmentally 'green'. N-Butanol is 
less corrosive than ethanol and can be shipped and 
distributed through existing pipelines and filling 
stations. Fermentation of biomass by the A.B.E. 
process produced Bio butanol. Consequently, n-
butanol present in conventional ABE fermentations 
is usually lower than 1.3 percent a new inveted 
process has been developed using continuous 
Clostridium tyrobutyricum and Clostridium 
acetobutylicum by immobilized cultures   to 
produce an optimal yield of 42 percent. This process 
eliminates lactic, acetic and propionic acids, iso 
propanol, acetone and ethanol  
 
production. The fermentation only produces butyric 
acid hydrogen, carbon dioxide ,butanol and doubles 
the yield of butanol from a bushel of corn from 1.3 
to 2.5 gallons per bushel. 

1) Advantages of N-butanol Biodiesel 
• A four carbon alcohol it has double amount of 

carbon present in  ethanol, which equates to a 
substantial increase in harvestable energy. 

• N-Butanol is an alcohol that can be but be have to 
be blended with fossil fuels. 

• N-Butanol when consumed in an internal 
combustion engine produce less SOX, NOX or 
carbon monoxide gases because of all 
environmentally harmful byproducts of 
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combustion. CO2 is the main combustion 
byproduct of butanol, and is considered 
environmentally 'green'. 

• Hydrogen generated during the butanol 
fermentation process is easily recovered, for 
increament in energy yield of a bushel of corn by 
an additional 18 percent over the energy yield of 
ethanol produced from the same quantity of corn. 

• Has the potential to reduce our nation's 
dependence on foreign crude oil, protect our fuel 
generation and sudden disruption while 
developing our agricultural base and reduce global 
warming.  

• When we use in large amount consumer 
acceptance is increase and name recognition for 
butanol. this incentives to agriculture and 
industry, falling production costs, increasing 
prices and taxes for fossil fuels, and the desire for 
cleaner-burning sources of energy should drive an 
increase in butanol production. 

II. EXPERIMENTAL SETUP 
A. Technical specification  
Experiment perform on  SV1 type Kirloskar Oil 

Engine, Vertical, compression Ignition Four Stroke 
Cycle, Water cooled engine, single Cylinder engine 
with Bore of  87.5 mm stroke length 1100 mm, 
capacity of engine 62 CC, compression ratio  16.5: 
1, rpm 1800 and rated output  3 HP. 

B.  Test Parameters 
    Load is selected and then takes its results like 

temperature, fuel consumption ration, RPM etc for 
corresponding load to be entered by manually are by 
automatically. 

C. Parameter Description 
• Fuel Consumption Rate 
• Mean Efficiency Pressure 
• Load 
• Actual Speed 
• Air Intake Velocity  
• Temperature of Calorimeter at water Inlet  
• Temperature of Calorimeter at water Outlet  
• Temperature of Calorimeter at Gas Inlet  
• Temperature of Calorimeter at Gas outlet  
• CO, HC, NOx, CO2, and O2 emission 

D.  Engine Performance 
• Mean Effective pressure and Torque  
• Power and Mechanical Efficiency  
• Specific Output  

• Specific fuel consumption  
• Thermal Efficiency  
• Emission of gases 

 
Figure.1 C.I engine with rope brake 

dynamometer 

 
Figure.2 Gas analyzer 

Formula used  
• Mean effective radius (Re) = 𝒅𝒅𝑩𝑩 + 𝒅𝒅𝑹𝑹

𝟐𝟐 
  meter 

Where 𝑑𝑑𝐵𝐵  = Brake drum diameter in meter                                                 
𝑑𝑑𝑅𝑅= Rope diameter in meter  
• Fuel Consumption 

=  v×𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔 .𝒈𝒈𝒈𝒈𝒈𝒈𝒈𝒈𝒈𝒈𝒈𝒈𝒈𝒈 𝒐𝒐𝒐𝒐 𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇×𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑
𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏×𝒕𝒕𝒕𝒕𝒎𝒎𝒎𝒎 𝒊𝒊𝒊𝒊 𝒔𝒔𝒔𝒔𝒔𝒔.

 𝑘𝑘𝑘𝑘/ℎ𝑟𝑟  
Where v =volume of the fuel consumed in ml 
Torque (𝑇𝑇) = (𝑊𝑊1 −𝑊𝑊2) × Re × 𝑔𝑔 N-m 
Where W1= spring balance weight, Kg 
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W2 =Dead weight, kg 
• Brake Power =   2×𝜋𝜋×𝑁𝑁×𝑇𝑇

60×1000
,𝑘𝑘𝑘𝑘    

Where N =Revolution per minute 
• Brake mean effective pressure    Pm = 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵  𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝

𝐿𝐿×𝐴𝐴×𝑁𝑁
 

bar  
Where L= Length of stroke  
A=Area of cylinder  
• Brake Specific Fuel Consumption BSFC =
𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹  𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐  

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵  𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
kg/kwhr 

• Brake Thermal Efficiency 
𝜂𝜂𝑏𝑏𝑏𝑏ℎ = 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵  𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝   

𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏  𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹  𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 ×𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶  𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉
× 100  

• Mechanical Efficiency  𝜂𝜂𝑚𝑚𝑚𝑚𝑚𝑚 ℎ = 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵  𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝   
𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼  𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝

×
100     

• swept volume(Vs)=  𝜋𝜋×𝐷𝐷2×𝐿𝐿×𝑁𝑁×𝑁𝑁𝑐𝑐
4×60×60×𝑛𝑛

 m3/sec 
Where D= diameter of cylinder 
Nc= Number of cylinder 
n=Number of cycles  
• Volume metric efficiency 𝜂𝜂𝑣𝑣𝑣𝑣𝑣𝑣 = 𝑄𝑄𝑎𝑎   

𝑉𝑉𝑠𝑠
× 100    

Where Qa = air consumption, m3/sec 
Vs= swept volume m3/sec 

Table 1 sample calculation of performance 
parameter for neat  

Diesel 
 

III. RESULT AND DISCUSSION 

 
Graph 1 comparison of fuel consumption 

between pure diesel and n-Butanol blends 

Graph.2 comparison of brake specific fuel 
consumption with load for pure diesel and n-

Butanol blends 

 

Graph 3 comparison of brake power with load for 
pure Diesel and n-Butanol blends 
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Graph 4 comparison of brake thermal efficiency 
with load for pure diesel and n-butanol blends 

Graph 5 comparison of brake mean effective 
pressure with load for pure diesel and n-butanol 
Blends 

 
Graph 6 comparison of volumetric efficiency with 

load for pure diesel and n-butanol Blends 

Graph 7comparison of fuel consumption with 
brake mean effective pressure for pure diesel 
and n-butanol blends 

Graph 8 comparison brake power with brake 
mean effective pressure for pure diesel and n-
butanol blends 
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Graph 9 comparison of Brake thermal efficiency 
with brake mean effective pressure for diesel and 
n-butanol blends 

Graph 10 Variation of CO in PPM with load 
for pure diesel and n-butanol Blends 

 
Graph 11 comparison of HC in PPM with load for 
pure diesel and n-butanol Blends 

Graph 12 comparison of Nox in PPM with load 
for pure diesel and n-butanol Blends 

 

 
Graph 13 comparison of CO2 in PPM with load for 

pure diesel and n-butanol Blends 
 

 
Graph 14 comparison of O2 in PPM with load for 

pure diesel and n-butanol Blends 
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a) Interpretation of Graph 
It is observed from all the graphs that the fuel 
consumption and BSFC are nearly same for all 
blends of biodiesel and neat diesel with all loads 
condition, fuel consumption and BSFC increases as 
load increases and have lowest value for neat diesel. 
It is also show that brake power and brake thermal 
efficiency are same for blended diesel and neat 
diesel at all loads and its value increases as load 
increases and higher for neat diesel. The ratio of air 
and fuel for neat diesel and blends of biodiesel with 
diesel is nearly same at all loads and have lower 
value for neat diesel. And The CO emissions from 
the engine at the speeds of 1500 when fuelled by 
different Blends the CO discharge from the engine 
fuelled by the blends at higher than those fuelled by 
pure diesel at engine run at 1500 rpm and at lower 
loads condition. The results showed that the HC 
discharge from the engine for the blend fuels were 
all higher when the engine ran on the speed of 1500 
rpm. The HC emissions for all blends were lower 
than that fuelled by diesel. 12 The NOx emissions 
from the engine were higher than those of diesel 
when fuelled by 15% N-butanol Blends, when the 
engine loads were 4 and 8, the NOx emissions were 
reduced by 15.8% and 0.8%, respectively. The 
reduction in CO2 is due to less carbon present in the 
formed mixture of fuels. Hydrogen is a carbon less 
fuel and when substituted to diesel formed mixture 
produces less carbon dioxide. The reduction of CO2 
is achieved at all load conditions. The Oxygen 
Content decreases for all Blends except for B20 and 
B30. Since the oxygen does not affect the 
environment, these types of emissions do not play a 
major role in air pollusion . 

 

IV. CONCLUSION 

On the basis of experimental investigation we 
conclude the blends of n-butanol with diesel and the 
effects of the use of these blends on the engine 
performance parameters and smoke density. The 
tested blends were from 5% to 30% of n-butanol by 
volume the engine was operated with neat diesel 
B5, B10, B15, B20 and B30 blend at different loads 
on which the engine speed ran at the speed of 1800 
r/min, respectively. From the test results, the 
conclusions of n-butanol can be used safely and 
effectively at higher blending ratios with the diesel 

fuel in the diesel engine, both from the points of 
view of exhaust emissions and thermal efficiency. 
With the blends tested, the blends of 5%, 10%, 
15%, 20% and 30% n-butanol (by volume) with 
diesel were all separated into two layers. From long 
term point of view, fossil fuels including diesel will 
be not fulfill long term requirement due to the 
limited sources; more and more bio fuels will be 
used in future as the  other alternatives resources to 
replace the fossil fuels. At Present scenario might 
not be efficient to use n-butanol today but it would 
be in the future. The brake specific fuel 
consumption (BSFC) of the engine run by the 
blends was higher related with those fuelled by pure 
diesel. The more n-butanol was added in, the higher 
fuel consumptions take place, because n-butanol has 
high heating rate so more fuel so that consumption 
is small when compared to ethanol percentage 
increases. The thermal efficiencies of the engine is 
slightly higher when blends of 5%, 10%, 15%, 20% 
and 30% n-butanol (by volume) and comparable 
with pure diesel, has efficiency at lower loads and 
lower efficiency at higher loads. 

REFERENCES 
[1]. B.Bharathirajaa, T.Sudharsanaaa, 

A.Bharghavia, G.SriSowmeyaa,D.Yuvaraja, 
R.Praveenkumarb , C.Chozhavendhanb 
andJ.VinothArulraj “Biobutanol production from 
cellulose rich agricultural waste using 
Clostridium species”Journal of Chemical and 
Pharmaceutical Research, 2015, 7(3):2463-2469 

[2]. David T. Jones and David R. Woods 
“Acetone-Butanol Fermentation Revisited” 
Microbiological Reviews, Dec. 1986, P. 484-524 
Vol. 50,  

[3]. H S Farkade and A P Pathre “Experimental 
investigation of methanol, ethanol and N-butanol 
blends with gasoline on SI engine” International 
Journal of Emerging Technology and Advanced 
Engineering (ISSN 2250-2459, Volume 2, Issue 
4, April 2012) 

[4]. Cinzia Tornatore, Luca Marchitto, Alfredo 
Mazzei, Gerardo Valentino, Felice E. Corcione, 
And Simona S. Merola “Effect Of N-butanol  
Blend On In-Cylinder Combustion Process Part 
2: Compression Ignition Engine”Journal Of 



                                                                                                                                             ISSN: 2455-6203 
International Journal of Science Management & Engineering Research (IJSMER) 

Volume 01: Issue 03: | June  2016                     www.ejournal.rems.co.in  
         
 

   IJSMER201615    75 | P a g e  
 

KONES Powertrain And Transport, Vol. 18, No. 
2 2011 

[5]. Mykola Bannikov, Syed Ehtisham Gillani, 
Igor Vasilev “Effect Of Alcohol Additives On 
Diesel Engine Performance And Emissions” 
Journal of International Scientific Publications 
ISSN 1314-7269, Volume 9, 2015  

[6]. Kenneth R. Szulczyk “Which is a better 
transportation fuel – N-butanol or ethanol?” 
international journal of energy and environment 
Volume 1, Issue 1, 2010  

[7]. Ling Tao & Andy Aden “The economics of 
current and future biofuels In Vitro 
Cell.Dev.Biol.PlanT” springer (2009) 45:199–
217 

[8]. H. U. Mughal, M. M. A. Bhutta,M. Athar, E. 
M. Shahid And M. S. Ehsan “the alternative fuels 
for four stroke compression ignition engines: 
performance analysis” transactions of mechanical 
engineering, 2012 vol. 36, no. m2, pp 155-164 

[9]. K. Ramesh and R. Sakthivel “Effects of 
Biodiesel and its Blends with Diesel on the 
Performance and Emission Characteristics of A 
Di-Diesel Engine” Advances in Innovative 
Engineering and Technologies ISBN: 978-0-
9948937-1-0  

[10]. Y. Varola, C. Onera, H. F. Oztopb & Ş. 
Altun “Comparison of Methanol, Ethanol, or n- 
N-butanol  Blending with Unleaded Gasoline on 
Exhaust Emissions of an SI Engine” Exhaust 
Emissions Of An Si Engine,2014. 

[11]. Rakopoulos, D. C., Rakopoulos, C. D., 
Papagiannakis, R. G., and Kyritsis, D. C., 
“Combustion heat release analysis of ethanol or 
N-butanol diesel fuel blends in heavy-duty DI 
diesel engine,” Fuel. 90(5): 1855-1867, 2011 

[12]. Rakopoulos, C. D., Antonopoulos, K. A., 
Rakopoulos, D. C., Hountalas, D. T., and 
Giakoumis, E. G., “Comparative performance 
and emissions study of a direct injection Diesel 
engine using blends of Diesel fuel with vegetable 
oils or bio-diesels of various origins,” Energy 
Conversion and Management. 47 (18-19):3272-
3287. 

 

 


	1) Advantages of N-butanol Biodiesel
	Table 1 sample calculation of performance parameter for neat 
	Diesel
	a) Interpretation of Graph
	It is observed from all the graphs that the fuel consumption and BSFC are nearly same for all blends of biodiesel and neat diesel with all loads condition, fuel consumption and BSFC increases as load increases and have lowest value for neat diesel. It is also show that brake power and brake thermal efficiency are same for blended diesel and neat diesel at all loads and its value increases as load increases and higher for neat diesel. The ratio of air and fuel for neat diesel and blends of biodiesel with diesel is nearly same at all loads and have lower value for neat diesel. And The CO emissions from the engine at the speeds of 1500 when fuelled by different Blends the CO discharge from the engine fuelled by the blends at higher than those fuelled by pure diesel at engine run at 1500 rpm and at lower loads condition. The results showed that the HC discharge from the engine for the blend fuels were all higher when the engine ran on the speed of 1500 rpm. The HC emissions for all blends were lower than that fuelled by diesel. 12 The NOx emissions from the engine were higher than those of diesel when fuelled by 15% N-butanol Blends, when the engine loads were 4 and 8, the NOx emissions were reduced by 15.8% and 0.8%, respectively. The reduction in CO2 is due to less carbon present in the formed mixture of fuels. Hydrogen is a carbon less fuel and when substituted to diesel formed mixture produces less carbon dioxide. The reduction of CO2 is achieved at all load conditions. The Oxygen Content decreases for all Blends except for B20 and B30. Since the oxygen does not affect the environment, these types of emissions do not play a major role in air pollusion .
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