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Abstract: Fast industrialization has resulted quick increment of prior conditions. High utilization of non-sustainable energy has 
wipen out oil resources. Pollution contamination of Diesel has impact to environment. To solve these issues wise thinking for 
elective assets is required. The fuel highlights as calorific value, cetane number and flashpoint properties are same as diesel fuel. 
The usage of diesel engine has been increased in agriculture and transport sector fields due to fuel economy and high output 
power. Even though bio fuel concept is old one, not a single vehicle using bio fuel is running on Indian higher output power, 
peak cylinder pressure, ability of cold starting with the fixed compression ratio diesel engines when fuelled with both bio fuels 
and conventional fuels. When cotton seed oil blends are used in VCR engine at high compression ratio gives short ignition delay, 
low rise in pressure, higher release of heat and vast decrease in mass fraction when burnt compared to that of diesel. Also it is 
seen maximum thermal efficiency. There is considerable reduction in smoke and NOx compared to diesel fuel. Crude oil which 
is main source for energy production resulting degradation of environment with fossil fuel combustion. The combustion 
products SO2, CO2 and NOx are causing global warming. Scarcity of crude oil deepened year by year. The alternative fuel like 
vegetable oil as source of energy has good attention. It is renewable, bio degradable, nontoxic in nature with best quality of 
emissions. Apart from cotton seed oil there are karanja, jatropha, palm oil, rubber seed, sunflower oil, rape seed oil, neem oil, 
LPG, CNG, bio gas can be used. When the vegetable oil undergoes a process called transesterification where triglyceride 
molecules break into methyl ester (bio diesel). The performance and emission of single cylinder four stroke variable compression 
ratio engine when supplied 20%, 40% and 60% cotton seed oil blended with diesel is compared with standard diesel from no load 
to different loading conditions 3, 6, 9 and 12kg. It has been seen that blends of methyl ester can be used as alternative fuel 
without modifying the engine. The experiment has been conducted with compression ratios of 13:1, 16:1, 18:1. The impact of 
compression ratio for fuel consumption, brake thermal efficiency and exhaust gas emission has been calculated. It is observed 
that higher compression ratio resulted high cylinder pressure and so improved combustion and high brake thermal efficiency 
and thus low specific fuel consumption. When compression ratio increased vibration and noise of the engine reduced. The 
experiment has been conducted at constant speed of 1500rpm. The unborn hydrocarbon, carbon dioxide and carbon monoxide 
emissions are reduced when compared to diesel at all loads with reduction in specific fuel consumption. The B20 blend at 18:1 
compression ratio has better engine characteristics than diesel. From cotton seed oil we can obtain methyl ester upon trans 
esterification using methanol catalyst. 

I. INTRODUCTION 
In present situation there is severe scarcity of fuel. So slogans like “save oil” etc. are getting popularized. Not only scarcity the cost 
is also increasing regularly. Due to this, the country’s economy is also affected. The liquid petroleum fuel contributing high energy 
consumption due to their physiochemical and combustion properties causing pollution to environment. These fuels when burnt 
increase the level of CO2 in atmosphere responsible for global warming. It is required to introduce alternate fuels to replace fossil 
fuels. Because the fossil fuels resources will be exhausted in few decades. 
Basically vegetable oils are extracted from seeds which involve drying, grinding, steaming, air cooling and oil extraction by 
hydraulic press. It has been observed that lower blends of biodiesel increase brake thermal efficiency and decrease fuel 
consumption. Biodiesel can be mixed with diesel in any ratio and are sulphur free fuel. Biodiesel is known as mono alkyl esters of 
long chain fatty acids derived from vegetable oils and animal fats. The fuel derived from plants and organic waste is biodiesel which 
is methyl ester formed by the reaction of vegetable oil and alcohol in strong acid or base presence. The very first engine which is 
invented was destroyed to run on vegetable oil made from peanut in the year 1900. As the fossil fuel reserves were ample at that 
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time. And also using vegetable oil directly in the engine caused problems like low fuel atomization and thickening of engine oil due 
to high viscosity. To overcome with high viscosity problem, there are four processes viz. dilution with diesel fuel, micro 
emulsification, pyrolysis and trasesterification. Out of these transesterification is very common which is the process of formation of 
bio diesel from vegetable oil. Our country imports petroleum of cost Rs.8,00,000 million per year. So mixing of at least 5% bio 
diesel to diesel can save Rs. 40,000 million per year. 
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II. CALCULATIONS 
A. 100%  Diesel,CR 13 : 1, time 17sec, 10cc fuel,                   h1 & h2 = 35 & 60  for  load 12kg, speed 1500 rpm. 
1) B.P.  =  ଶ஠ ୒୘

଺଴×ଵ଴଴଴
  =   ଶ × ஠×ଵହ଴଴×(ଵଶ×଴.ଵହ×ଽ.଼ଵ) 

଺଴×ଵ଴଴଴
  = 2.7737 kw 

where  B.P. is brake power 
     N is speed in rpm 
      T is torque . 

2) mfc =  ×୴୭୪.  ୭୤  ୤୳ୣ୪×ଷ଺଴଴
୲

 = ଼ଶ଴×ଵ଴×ଵ଴షల×ଷ଺଴଴
ଵ଻

 = 1.7364 kg/hr. 
where  mfc  is mass of fuel consumption. 
 is density of fuel. 
 of Diesel  820 kg/mଷ.       of Cotton seed oil   917  kg/mଷ  
 of 20% blend  ( C20D80)  is  0.2 × 917 + 0.8 ×  820 =  839 kg/mଷ 
 of 40% blend  (C40D60)  is  0.4 × 917 + 0.6 ×  820 =  859 kg/mଷ 
 of 60% blend  (C60D40)  is  0.6 × 917 + 0. 4×  820 =  878 kg/mଷ

 

 t is time taken in seconds. 
3) Bsfc  =  ୫୤ୡ

୆୔
  =  ଵ.଻ଷ଺ସ

ଶ.଻଻ଷ଻
  =  0.626 kg/kw-hr 

 where  Bsfc is Brake thermal specific fuel consumption. 
4) Bsec  =   ୫୤ୡ×େ.୚.  

 ୆.୔.
 kj/kw-hr = ଴.଺ଶ଺×ସସଶ଴଴  

 ଶ.଻଻ଷ଻ 
 = 99.76 kj/kw-hr 

where  Bsec is Brake thermal specific energy consumption 
C.V.  is  Calorific  Value. 
C.V. for Diesel  44200 kj/kg.   C.V. for Cotton seed oil  39800 kj/kg. 
20% blend (C20D80) = 0.2 × 39800 + 0.8 × 44200 = 43320 kj/kg 
40% blend (C40D60) = 0.4 × 39800 + 0.6 × 44200 = 42440 kj/kg 
60% blend (C60D40) = 0.6 × 39800 + 0.4 × 44200 = 41560 kj/kg 
5) ௩  Volumetric efficiency   ௩ =     ୚౗

   ୚౩
 × 100  % 

   Vୟ = Cୢ × A√2GH × 3600 mଷ/hr. 

= 0.62 ×  π (଴.଴ଶ)మ

ସ √2 × 9.81 × 20.96  ×3600   = 14.22mଷ/hr. 
where  Vୟ is  actual volume of air sucked into the cylinder. 
Cୢ is coefficient of discharge. 
H =  ୦

ଵ଴଴଴
 × 

౭
౗

   where   h = hଶ −  hଵ= 60 - 35 = 25. 

H = ଶହ
ଵ଴଴଴

× ଵ଴଴଴
ଵ.ଵଽଷ

 = 20.96 

Vୱ = గௗ
మ

ସ
 × L × ୒

ଶ
× 60  

= గ(଴.଴଼)మ

ସ
 × 0.11 × ଵହ଴଴

ଶ
× 60 = 25.22 mଷ/hr. 

where  Vୱ is  swept  volume    d is diameter  of the  orifice. L is length 
௩ =     ୚౗

   ୚౩
  ×  100 =  ଵସ.ଶଶ

ଶସ.଼଼
  ×  100 = 57.2 % 

6) ௕௧௛  Brake Thermal efficiency  ( or overall efficiency )  ௕௧௛ =  ஻.௉.×ଷ଺଴଴
௠௙௖×େ.୚.

×100  % 

 = ଶ.଻଻ଷ଻ ×ଷ଺଴଴
ଵ.଻ଷ଺ସ×ସସଶ଴଴ 

×100  =  13 % 
 
B. 100%  Diesel, CR 13 : 1,  time taken 31sec, volume of  fuel 10cc,h1 & h2 = 35 & 60,  load applied 3kg, speed 1500 rpm. 
1) B.P.  =  ଶ஠ ୒୘

଺଴×ଵ଴଴଴
  =   ଶ × ஠×ଵହ଴଴×(ଷ×଴.ଵହ×ଽ.଼ଵ) 

଺଴×ଵ଴଴଴
  = 0.69 kw 

where  B.P. is brake power 
     N is speed in rpm 
      T is torque . 
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2) mfc =  ×୴୭୪.  ୭୤  ୤୳ୣ୪×ଷ଺଴଴
୲

 = ଼ଶ଴×ଵ଴×ଵ଴షల×ଷ଺଴଴
ଷଵ

 = 0.95 kg/hr. 
where  mfc  is mass of fuel consumption. 
 is density of fuel. 
 of Diesel  820 kg/mଷ.       of Cotton seed oil   917  kg/mଷ  
 of 20% blend  ( C20D80)  is  0.2 × 917 + 0.8 ×  820 =  839 kg/mଷ 
 of 40% blend  (C40D60)  is  0.4 × 917 + 0.6 ×  820 =  859 kg/mଷ 
 of 60% blend  (C60D40)  is  0.6 × 917 + 0. 4×  820 =  878 kg/mଷ

 

t is time taken in seconds. 
3) Bsfc  =  ୫୤ୡ

୆୔
  =  ଴.ଽହ

଴.଺ଽ
  =  1.37 kg/kw-hr 

 where  Bsfc is Brake thermal specific fuel consumption. 
4) Bsec  =   ୫୤ୡ×େ.୚.  

 ୆.୔.
 kj/kw-hr = ଴.ଽହ×ସସଶ଴଴  

 ଴.଺ଽ
 = 60698 kj/kw-hr 

where  Bsec is Brake thermal specific energy consumption 
C.V.  is  Calorific  Value. 
C.V. for Diesel  44200 kj/kg.   C.V. for Cotton seed oil  39800 kj/kg. 
20% blend (C20D80) = 0.2 × 39800 + 0.8 × 44200 = 43320 kj/kg 
40% blend (C40D60) = 0.4 × 39800 + 0.6 × 44200 = 42440 kj/kg 
60% blend (C60D40) = 0.6 × 39800 + 0.4 × 44200 = 41560 kj/kg 
5) ௩  Volumetric efficiency   ௩ =     ୚౗

   ୚౩
 × 100  % 

   Vୟ = Cୢ × A√2GH × 3600 mଷ/hr. 

          = 0.62 ×  π (଴.଴ଶ)మ

ସ √2 × 9.81 × 20.96  ×3600   = 14.22mଷ/hr. 
where  Vୟ is  actual volume of air sucked into the cylinder. 
Cୢ is coefficient of discharge. 
H =  ୦

ଵ଴଴଴
 × 

౭
౗

   where   h = hଶ −  hଵ= 60 - 35 = 25. 

H = ଶହ
ଵ଴଴଴

× ଵ଴଴଴
ଵ.ଵଽଷ

 = 20.96 

Vୱ = గௗ
మ

ସ
 × L × ୒

ଶ
× 60  

= గ(଴.଴଼)మ

ସ
 × 0.11 × ଵହ଴଴

ଶ
× 60 = 25.22 mଷ/hr. 

where  Vୱ is  swept  volume d is diameter  of the  orifice. L is length. 
௩ =     ୚౗

   ୚౩
  ×  100 =  ଵସ.ଶଶ

ଶସ.଼଼
  ×  100 = 57.2 % 

6) ௕௧௛  Brake Thermal efficiency  (overall efficiency)  

=  ஻.௉.×ଷ଺଴଴
௠௙௖×େ.୚.

×100  %  = ଴.଺ଽ ×ଷ଺଴଴
଴.ଽହ×ସସଶ଴଴ 

×100  =  5.93 % 

 
C. 20%blend (C20D80), CR 13:1, time 19sec, 10cc fuel,                      h1 & h2 = 35 & 60  for  load 3kg, speed 1500 rpm. 
1) B.P.  =  ଶ஠ ୒୘

଺଴×ଵ଴଴଴
  =   ଶ × ஠×ଵହ଴଴×(ଷ×଴.ଵହ×ଽ.଼ଵ) 

଺଴×ଵ଴଴଴
  = 0.693 kw 

where  B.P. is brake power 
     N is speed in rpm 
      T is torque . 

2) mfc =  ×୴୭୪.  ୭୤  ୤୳ୣ୪×ଷ଺଴଴
୲

 = ଼ଷଽ×ଵ଴×ଵ଴షల×ଷ଺଴଴
ଵଽ

 = 1.59 kg/hr. 
where  mfc  is mass of fuel consumption. 
 is density of fuel. 
 of Diesel  820 kg/mଷ.       of Cotton seed oil   917  kg/mଷ  
 of 20% blend  ( C20D80)  is  0.2 × 917 + 0.8 ×  820 =  839 kg/mଷ 
 of 40% blend  (C40D60)  is  0.4 × 917 + 0.6 ×  820 =  859 kg/mଷ 
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 of 60% blend  (C60D40)  is  0.6 × 917 + 0. 4×  820 =  878 kg/mଷ
 

t is time taken in seconds. 
3) Bsfc = ୫୤ୡ

୆୔
 = ଵ.ହଽ

଴.଺ଽ
 = 2.3 kg/kw-hr 

where  Bsfc is Brake thermal specific fuel consumption. 
4) Bsec  =   ୫୤ୡ×େ.୚.  

 ୆.୔.
 kj/kw-hr  

 =   ଵ.ହଽ×ସଷଷଶ଴  
 ଴.଺ଽ 

  =  99824 kj/kw-hr 
where  Bsec is Brake thermal specific energy consumption 
C.V.  is  Calorific  Value. 
C.V. for Diesel  44200 kj/kg   C.V. for Cotton seed oil  39800 kj/kg 
20% blend (C20D80) = 0.2 × 39800 + 0.8 × 44200 = 43320 kj/kg 
40% blend (C40D60) = 0.4 × 39800 + 0.6 × 44200 = 42440 kj/kg 
60% blend (C60D40) = 0.6 × 39800 + 0.4 × 44200 = 41560 kj/kg 
5) ௩ Volumetric efficiency   ௩ =     ୚౗

   ୚౩
 × 100  % 

   Vୟ = Cୢ × A√2GH × 3600 mଷ/hr. 

          = 0.62 ×  π (଴.଴ଶ)మ

ସ √2 × 9.81 × 20.96  ×3600   = 14.22mଷ/hr. 
where  Vୟ is  actual volume of air sucked into the cylinder. 
Cୢ is coefficient of discharge. 
H =  ୦

ଵ଴଴଴
 × 

౭
౗

   where   h = hଶ −  hଵ= 60 - 35 = 25. 

H = ଶହ
ଵ଴଴଴

× ଵ଴଴଴
ଵ.ଵଽଷ

 = 20.96 

Vୱ = గௗ
మ

ସ
 × L × ୒

ଶ
× 60  

= గ(଴.଴଼)మ

ସ
 × 0.11 × ଵହ଴଴

ଶ
× 60 = 25.22 mଷ/hr. 

where  Vୱ is  swept  volume   d is diameter  of the  orifice   L is length. 
௩ =     ୚౗

   ୚౩
  ×  100 =  ଵସ.ଶଶ

ଶସ.଼଼
  ×  100 = 57.2 % 

6) ௕௧௛  Brake Thermal efficiency  ( or overall efficiency )  ௕௧௛ =  ஻.௉.×ଷ଺଴଴
௠௙௖×େ.୚.

×100  % 

    =  ଴.଺ଽ ×ଷ଺଴଴
ଵ.ହଽ×ସଷଷଶ଴ 

×100  =  3.6 % 
 
D. 40%blend (C40D60),CR 13:1,time taken 23sec, volume of fuel 10cc,h1 & h2 = 35 & 60,applied load 3kg, N = 1500 rpm. 
1) B.P.  =  ଶ஠ ୒୘

଺଴×ଵ଴଴଴
  =   ଶ × ஠×ଵହ଴଴×(ଷ×଴.ଵହ×ଽ.଼ଵ) 

଺଴×ଵ଴଴଴
  = 0.693 kw 

where  B.P. is brake power 
N is speed in rpm 
T is torque . 

2) mfc =  ×୴୭୪.  ୭୤  ୤୳ୣ୪×ଷ଺଴଴
୲

 = ଼ହଽ×ଵ଴×ଵ଴షల×ଷ଺଴଴
ଶଷ

 = 1.3 kg/hr. 
where  mfc  is mass of fuel consumption. 
 is density of fuel. 
 of Diesel  820 kg/mଷ.       of Cotton seed oil   917  kg/mଷ  
 of 20% blend  ( C20D80)  is  0.2 × 917 + 0.8 ×  820 =  839 kg/mଷ 
 of 40% blend  (C40D60)  is  0.4 × 917 + 0.6 ×  820 =  859 kg/mଷ 
 of 60% blend  (C60D40)  is  0.6 × 917 + 0. 4×  820 =  878 kg/mଷ

 

t is time taken in seconds. 
3) Bsfc = ୫୤ୡ

୆୔
 = ଵ.ଷ

଴.଺ଽ
 = 1.94 kg/kw-hr 

where  Bsfc is Brake thermal specific fuel consumption. 
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4) Bsec  =   ୫୤ୡ×େ.୚.  
 ୆.୔.

 kj/kw-hr  

 =   ଵ.ଷ×ସଶସସ଴  
 ଴.଺ଽ 

  =  82289 kj/kw-hr 
where  Bsec is Brake thermal specific energy consumption 
C.V.  is  Calorific  Value. 
C.V. for Diesel  44200 kj/kg   C.V. for Cotton seed oil  39800 kj/kg 
20% blend (C20D80) = 0.2 × 39800 + 0.8 × 44200 = 43320 kj/kg 
40% blend (C40D60) = 0.4 × 39800 + 0.6 × 44200 = 42440 kj/kg 
60% blend (C60D40) = 0.6 × 39800 + 0.4 × 44200 = 41560 kj/kg 
5) ௩ Volumetric efficiency   ௩ =     ୚౗

   ୚౩
 × 100  % 

   Vୟ = Cୢ × A√2GH × 3600 mଷ/hr. 

          = 0.62 ×  π (଴.଴ଶ)మ

ସ √2 × 9.81 × 20.96  ×3600   = 14.22mଷ/hr. 
where  Vୟ is  actual volume of air sucked into the cylinder. 
Cୢ is coefficient of discharge. 
H =  ୦

ଵ଴଴଴
 × 

౭
౗

   where   h = hଶ −  hଵ= 60 - 35 = 25. 

H = ଶହ
ଵ଴଴଴

× ଵ଴଴଴
ଵ.ଵଽଷ

 = 20.96 

Vୱ = గௗ
మ

ସ
 × L × ୒

ଶ
× 60  

= గ(଴.଴଼)మ

ସ
 × 0.11 × ଵହ଴଴

ଶ
× 60 = 25.22 mଷ/hr. 

where  Vୱ is  swept  volume d is diameter  of the  orifice L is length. 
௩ =     ୚౗

   ୚౩
  ×  100 =  ଵସ.ଶଶ

ଶସ.଼଼
  ×  100 = 57.2 % 

6) ௕௧௛  Brake Thermal efficiency  ( or overall efficiency ) 

=  ஻.௉.×ଷ଺଴଴
௠௙௖×େ.୚.

×100  %  =  ଴.଺ଽ ×ଷ଺଴଴
ଵ.ଷ×ସଶସସ଴ 

×100  =  4.37 % 

E. 60%blend (C60D40), CR 13:1, time taken 17sec, volume of fuel 10cc,h1 & h2 = 35 & 60, applied load 3kg, N = 1500 rpm. 
1) B.P.  =  ଶ஠ ୒୘

଺଴×ଵ଴଴଴
  =   ଶ × ஠×ଵହ଴଴×(ଷ×଴.ଵହ×ଽ.଼ଵ) 

଺଴×ଵ଴଴଴
  = 0.693 kw 

where  B.P. is brake power 
N is speed in rpm 
T is torque . 

2) mfc =  ×୴୭୪.  ୭୤  ୤୳ୣ୪×ଷ଺଴଴
୲

 = ଼଻଼×ଵ଴×ଵ଴షల×ଷ଺଴଴
ଵ଻

 = 1.86 kg/hr. 
where  mfc  is mass of fuel consumption. 
 is density of fuel. 
 of Diesel  820 kg/mଷ.       of Cotton seed oil   917  kg/mଷ  
 of 20% blend  ( C20D80)  is  0.2 × 917 + 0.8 ×  820 =  839 kg/mଷ 
 of 40% blend  (C40D60)  is  0.4 × 917 + 0.6 ×  820 =  859 kg/mଷ 
 of 60% blend  (C60D40)  is  0.6 × 917 + 0. 4×  820 =  878 kg/mଷ

 

 t is time taken in seconds. 
3) Bsfc = ୫୤ୡ

୆୔
 = ଵ.଼଺

଴.଺ଽ
 = 1.88 kg/kw-hr 

where  Bsfc is Brake thermal specific fuel consumption. 
4) Bsec  =   ୫୤ୡ×େ.୚.  

 ୆.୔.
 kj/kw-hr  

 =   ଵ.଼଺×ସଶସସ଴  
 ଴.଺ଽ 

  =  111435 kj/kw-hr 
where  Bsec is Brake thermal specific energy consumption 
C.V.  is  Calorific  Value. 
C.V. for Diesel  44200 kj/kg   C.V. for Cotton seed oil  39800 kj/kg 
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20% blend (C20D80) = 0.2 × 39800 + 0.8 × 44200 = 43320 kj/kg 
40% blend (C40D60) = 0.4 × 39800 + 0.6 × 44200 = 42440 kj/kg 
60% blend (C60D40) = 0.6 × 39800 + 0.4 × 44200 = 41560 kj/kg 
5) ௩ Volumetric efficiency   ௩ =     ୚౗

   ୚౩
 × 100  % 

Vୟ = Cୢ × A√2GH × 3600 mଷ/hr. 

= 0.62 ×  π (଴.଴ଶ)మ

ସ √2 × 9.81 × 20.96  ×3600   = 14.22mଷ/hr. 
where  Vୟ is  actual volume of air sucked into the cylinder. 
Cୢ is coefficient of discharge. 
H =  ୦

ଵ଴଴଴
 × 

౭
౗

   where   h = hଶ −  hଵ= 60 - 35 = 25. 

H = ଶହ
ଵ଴଴଴

× ଵ଴଴଴
ଵ.ଵଽଷ

 = 20.96 

Vୱ = గௗ
మ

ସ
 × L × ୒

ଶ
× 60  

= గ(଴.଴଼)మ

ସ
 × 0.11 × ଵହ଴଴

ଶ
× 60 = 25.22 mଷ/hr. 

where  Vୱ is  swept  volume d is diameter  of the  orifice L is length. 
௩ =     ୚౗

   ୚౩
  ×  100 =  ଵସ.ଶଶ

ଶସ.଼଼
  ×  100 = 57.2 % 

6) ௕௧௛  Brake Thermal efficiency  ( or overall efficiency ) 

 =  ஻.௉.×ଷ଺଴଴
௠௙௖×େ.୚.

×100  %  =  ଴.଺ଽ ×ଷ଺଴଴
ଵ.଼଺×ସଵହ଺଴ 

×100  =  3.23 % 
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