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Abstract— Cotton seed oil, in its pure form persists some 

problematic properties which make it impossible to be used 

as a fuel in the conventional IC engines. Thus, after extraction 

of the oil, it is Trans-esterified to extract the fatty acids and 

other unwanted components from the oil. After Trans-

esterification, the oil is ready in the form of Bio diesel to be 

used in the Engine. This Bio diesel, in specific blend with the 

Conventional diesel, to be tested in the Convention Diesel IC 

Engine. The testing includes engine performance evaluation 

and emission testing from zero to full load conditions, step by 

step. Along with the testing, deep study of the manufacturing 

process, costing for production of Bio diesel and commercial 

analysis of usage of biodiesel with respect to its effects on 

engine performance, specific fuel consumption and emission 

analysis. 
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I. INTRODUCTION 

In the recent years, we have observed how fossil fuel stocks 

are running out rapidly, giving rise to the demands and 

disputes. As per the global reports, at current rates of 

production, oil will run out in 53 years, natural gas in 54 

years, and coal in 110 years. Thus, approximately in next 100 

years, we will be out of fuel. Thus, many researches are going 

on nowadays to find various alternatives which would be able 

to replace the conventional fuels. On the same platform, 

Biodiesel is one of the way to get an alternative fuel from the 

wild plants like Jatropha, Karanja, waste vegetable 

components like rice bran, Cashew nut shells, sugarcane 

waste, waste Cotton seeds etc.  

Also, the global warming is being multiplied in past 

years due to air pollutants and the transportations are the 

major contributors for the air pollution. Thus, there is a need 

for the clean fuels which would rather reduce the pollution 

rate and power up the engines too. Bio-Diesel is one of the 

most feasible solutions in the market to fulfil these objectives. 

In India, Cotton is one of the most important 

commercial crops of India and is the single largest natural 

source of fiber. It plays a dominant role in its agrarian and 

industrial economy as the backbone of textile industry, which 

consumes 70% of the country's total fiber produced. It alone 

accounts for 38% of the country's export and fetches over Rs. 

42,000 crores annually to the exchequer. Thus, cotton 

production plays a vital role in Indian economy, providing 

employment for more than one million farmers and 

employees in the domestic textile industry. Seeds are 

extracted from the cotton to get the continuous fiber. These 

cotton seeds are either wasted or oil is extracted from these 

seeds. This oil, somehow, is not safe for human health as 

proven by experts. Thus, this oil can be Trans-Esterified to 

get the Bio Diesel to run the diesel engines, which would 

result into an alternate green fuel to Conventional diesel.  

Bio diesel, being an alternate to the conventional 

diesel, can work with the diesel IC Engines, but not 

independently. It needs to be blended with the conventional 

diesel and then to be used as fuel in diesel engines. Some 

properties of Bio Diesel restrict its use in pure form. These 

properties are: 

 Lower Calorific Value 

 More Viscosity 

 Reaction with the rubber components 

 More chances of contamination 

Thus, Bio Diesel is used in maximum 20% blend 

with Conventional Diesel i.e. 20% Bio Diesel is mixed with 

80% conventional diesel.  

Behavior of the engine performance characteristics 

when Cotton seed oil Biodiesel blends are used from 5% to 

20% in various compression ratios is Explained in this paper,, 

giving out the most feasible way to use Cotton seed oil Bio 

Diesel with Conventional diesel IC Engines. 

II. METHODOLOGY 

Oil extracted from cotton seed, possesses some problematic 

properties as: - 

 High viscosity 

 Low volatility 

 Coking 

 Trumpet formation 

 Carbon deposits 

 Oil ring sticking & thickening 

 Gelling of lubricating oil  

Thus, Transesterification process is used to change 

the properties and get suitable Bio Diesel from this cotton 

seed oil. Trans-esterification process involves the chemical 

reactions to change the esters and extract fatty acids from the 

oil. The process takes approximate 24 hours to convert the 

cotton seed oil into Bio Diesel.  

This Biodiesel is then mixed with conventional 

diesel in blends of 5%, 10%, 15% and 20%.  

The analysis carried out with compression ratios of 

14, 16 and 18 with pure conventional diesel first. Then, same 

experiment was repeated for the Bio Diesel blends. 

Results found in the form of Performance analysis, 

Combustion analysis and Emission analysis.  

Results then analyzed and compared to reach the desired 

conclusion.  

III. EXPERIMENTAL SETUP 

The experiments are carried out at Apex Innovations, 

Kupwad MIDC, Sangli. The setup consists of single cylinder, 

four stroke, VCR (Variable Compression Ratio) Diesel 

engine connected to eddy current dynamometer for loading. 

A tilting cylinder block arrangement is used for varying the 

compression ratio without stopping the engine and without 
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altering the combustion chamber geometry. Setup is provided 

with necessary instruments for combustion pressure and 

crank-angle measurements. These signals are interfaced to 

computer through data acquisition device for PØ PV 

diagrams. Provision is also made for interfacing airflow, fuel 

flow, temperatures and load measurement. The setup has 

stand-alone panel box consisting of air box, two fuel tanks for 

duel fuel test, manometer, fuel measuring unit, transmitters 

for air and fuel flow measurements, process indicator and 

engine indicator. Rotameters are provided for cooling water 

and calorimeter water flow measurement. 

The setup enables study of VCR engine performance 

for brake power, indicated power, frictional power, BMEP, 

IMEP, brake thermal efficiency, indicated thermal efficiency, 

Mechanical efficiency, volumetric efficiency, specific fuel 

consumption, A/F ratio and heat balance. LabVIEW based 

Engine Performance Analysis software package Engine-soft 

is provided for on line performance evaluation. 

Engine Specifications: 

Make Kirloskar 

Type 1 cylinder, 4 stroke Diesel 

Cooling system water cooled 

power 3.5 kW at 1500 rpm 

stroke 110 mm 

bore 87.5 mm 

capacity 661 cc 

CR 17.5 

Modified to VCR engine CR range 12 to 18 

Table 1: Engine Specifications 

Flue gas analyzer is used to get the emission details.  

Make: - AIRREX HG540 

(Automotive flue Gas Analyzer, for measuring HC, CO, 

CO2,  

O2, NOx) 

Cotton Seed Oil Bio-diesel Properties: 

Density (at 15oC) Kg/m3 885 

Kinematic Viscosity (at 40oC) Cst 7 

Flash Point (PMCC) Deg C 140 

Water content mg/Kg 60 

Acid Value mg KOH/gm 0.5 

G. Calorific Value Kcal/Kg 9650 

Table 2: Bio-diesel properties 

IV. RESULTS AND DISCUSSION 

Testing was carried out in three different compression ratios; 

for compression ratios of 14, 16 and 18. Thus, performance 

of biodiesel compared for various blends in every 

compression ratio for each parameter. Results are as 

explained further. 

A. Performance Analysis: 

Performance analysis is done based on Brake power, Thermal 

efficiency and Specific fuel consumption. Thus, comparison 

of the performance parameters for various blends is as below. 

1) Brake Power: 

The power developed by an engine and measured at the 

output shaft is called the brake power. Brake power for 

various blends is as shown in the graphs below. 

 

 

 

 
Fig. 1: CR 14 Brake Power 

 
Fig. 2: CR 16 Brake Power 

 
Fig. 3: CR 18 Brake Power 

As shown in the graphs above, Brake power goes on 

increasing linearly for all the blends with same brake power 

at each point. As in Figure (1) and Figure (2), there is no 

change in Brake power pattern. On the other hand, there is a 

slight power rise in brake power of pure diesel as compared 

to biodiesel blends. Thus, using biodiesel with upto 20% 

blend, does not shows significant loss of power. 

2) Brake Thermal Efficiency: 

It is the ratio of output to that of energy input in the form of 

fuel. It gives the efficiency with which the chemical energy 

of fuel is converted into mechanical work. It shows that all 

chemical energy of fuel is not converted into heat energy. 

Brake thermal efficiency for the various is as shown below 

into the graphs. 

 
Fig. 4: CR 14 Brake Thermal Efficiency 
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Fig. 5: CR 16 Brake Thermal Efficiency 

 
Fig. 6: CR 18 Brake Thermal Efficiency 

From the graphs above, in Figure (4), (5) and (6), it 

can be seen that there is slight loss in efficiency with increase 

in blend of biodiesel in the conventional diesel. Thus, using 

biodieselcauses slight decrease in efficiency of the engine.  

B. Emission Analysis:  

Emission control is one of the important objectives for using 

bio-diesel as replacement. Thus, amount of Hydrocarbons, 

Carbon Monoxide, Carbon dioxide and Nitrous Oxide is 

monitored to know the change in emissions when bio-diesel 

is used. 

1) Hydrocarbons content:  

Hydrocarbons are produced the due to unburnt or partially 

burnt part of fuel. It is major contributor of the air pollutants. 

Thus, it will be beneficial if amount of hydrocarbons in the 

emissions can be controlled.  

 
Fig. 7: CR 14 HC Emissions 

 
Fig. 8: CR 16 HC Emissions 

 
Fig. 9: CR 18 HC Emissions 

As observed from the graphs above, it can be seen 

that HC emissions vary according to different loads, 

compression ratios and blends, depending on combustion 

cycles. If full load conditions are considered, HC emissions 

are more and almost same for CR: 14 while in case of CR: 16, 

20% blend gives out lowest HC emissions and for CR: 18, 

15% blend gives lowest emissions. The reduction of HC is 

due to the additional oxygen content in the fuel, which helps 

to oxidize these combustion products and improve 

combustion in the cylinder. On the other hand, the reduction 

of HC is due to the oxygenated fuel of biodiesel, it leads to a 

more complete combustion. The higher cetane number of 

biodiesel fuel reduces delay period leading to lower HC 

emissions. Thus, the higher oxygen content and cetane 

number of biodiesel-diesel fuel blends tend to reduce HC 

emissions when compared to conventional diesel 

2) Carbon Monoxide content:  

Carbon monoxide is another product of incomplete 

combustion, which reduces blood’s ability to carry oxygen. 

Thus, it is important to consider this component in emission 

analysis. 

 
Fig. 10: CR 14 CO Emissions 
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Fig. 11: CR 16 CO Emissions 

 
Fig. 12: CR 18 CO Emissions 

From the graphs above, it can be seen that CO 

content is less at the high load conditions for higher blends, 

while at low load conditions, CO emissions are more for 

higher blends. Using biodiesel, affects the CO emissions by 

approximate 0.05%, whether increasing or decreasing. The 

same thing as in case of HC applies here for CO emissions. 

Due to higher cetane number and oxygen content of bio-

diesel, CO emissions went on decreasing with complete 

combustion of fuel. 

V. CONCLUSION 

As Bio-diesel is an oxygenated fuel with higher cetane 

number, it reduces the ignition delay. But this effect of bio-

diesel is significant at higher compression ratios and higher 

blends i.e. 15% and 20% blends. While at lower blends, 

operation remains almost unaffected and does not show any 

significant change. Also, at higher compression ratios, fuel 

tends to burn completely and efficiently. Also, due to more 

oxygen content, it also ensures more clean combustion. Thus, 

HC and CO contents are considerably reducing with the 

biodiesel content at higher compression ratios.  

On the other hand, bio-diesel has very low calorific 

value and due to that there is reduction in brake power which 

in turn affects the thermal efficiency. But, as the bio-diesel is 

blended at very low extents as up to 20%, reduction is not 

much. 

Thus, considering all these factors, Bio-diesel is 

much more beneficial as with little decrease in power, it 

reduces significant amount of HC and CO emissions. Also, it 

is obtained from the waste cotton seeds and tends to replace 

the conventional diesel which in turn would reduce the 

consumption of conventional diesel at some extent and make 

the reserves sustain for some more time. So, using Cotton 

seed oil bio-diesel in blend with conventional diesel up to 

20% is beneficial and feasible solution for conventional 

diesel engines. 
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