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INTRODUCTION 

Energy is a primary requirement of a developing and developed country. In mid 

eighteenth and early nineteenth century industrial revolution took place in the 

European countries like Great Britain. The necessity of energy was identified and 

petroleum based fuel became the major source of energy. Petroleum based fuel was 

consumed by industrial as well as transportation sector in parallel way, which was the 

main cause of decreasing the petroleum sources. Amount of gasoline and diesel 

consumed by transportation sector in 2014 was 70% and 99.6% in India. (Press 

Information bureau, Government of India, 2014).  

Diesel and gasoline fuels are obtained from crude oil by the distillation process 

are in high demand in global economy but there are limited reserves available so these 

are called non-renewable sources of energy. Crude oil price history depends upon 

available reserves. This is the sign of future oil crisis which has an impact on the 

transportation as well as industrial sector. India is one among the fastest growing 

countries as far as industrialization is concerned, and crude oil is the backbone of 

growth. Petroleum Planning and Analysis Cell, ministry of petroleum reported 213.93 

million metric tonnes (MMT) of crude were imported by India during 2016-17 which 

is worth Rupees 4.7 lakh crore and 82% of total oil requirement 

(energy.economictimes.indiatimes.com). Thus it is the necessity of today that finding 

some alternative and renewable sources of petroleum products to reduce the 

dependency on petro fuel.  

Global warming has become a global issue today. This change in global 

temperature has impact direct on climate change which is seen worsening day-by-day. 

If there is temperature rise by 2
o
C, near about 7 million people would be affected by 

submergence of coastal land worldwide. In urban zone of Mumbai and Chennai there 

would be higher loss of economy. Fuel emission contributes the largest amount in 

environmental pollution (Sharma and Sharma, 2014). Direct pollution caused by fuel 

emission which contains CO, SOx, CO2 and NOx are great contributors to smoke 

formation and disturb the biodiversity and ecosystem too. The emission by rail, road, 

and air are responsible by 80%, 13% and 6% respectively to pollute the environment 

Chapter 1 
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(Tata Energy Research Institute, 2006). Most of the Indian vehicles are often made 

by older technologies which are outdated in the developed world and also responsible 

for emission of hazardous gases. To reduce the emission BS-IV emission norms had 

been enforced for the entire country by the Government of India on April 2017. BS III 

norms stipulate 350 parts per million (ppm) sulphur, which decreased to 50 parts per 

million (ppm) in BS IV standards. HC, NOx, and particulate matter emission are also 

lower in these norms. Besides, in many highly populated cities like New Delhi, BS-IV 

emission norms have been already enforced since April 2010. Upgrading the fuel 

standards will help to reduce the air pollution too. (thehindubusinessline.com) 

Scientists, researchers and environmentalists are working in coordination to 

conserve the fossil fuels like petroleum products, coal and natural gases etc. They are 

trying to explore the renewable energy resources all over the world. It has been 

realized that the further energy needs of the transportation sector may not be filled by 

any other fuel in view of the tremendous research effects perused all over the world, 

developing useful future fuels. Ultimately the choice of alternatives will depend upon 

the availability and economics of the resources in a particular region. In this 

connection the interest shown in oxygenated fuels such as Karanja oil, Eucalyptus oil, 

Mahua oil and Tamanu oil as potential fuels for transportation and agriculture sector in 

India needs serious and quick attention. (Grahn and Sprei, 2015) 

1.1 Biofuel an Alternative of Fossil Fuel 

Biofuels appear to be a promising source in current energy-environment 

difficulties which are extracted from biomass. Along these lines, biofuels can likewise 

make a great open door for neighbourhood employments and markets. India is the 

nation with high capability of biomass and Government of India is additionally looking 

firmly to discover substitute of petroleum fuel for its transportation sectors, to decrease 

the dependencies on fossil fuels. Biofuels can be classified based on their physical 

state as: 

1. Solid biofuels (wood and charcoal) 

2. Liquid biofuels (alcohols, biodiesel and vegetable oils) 

3. Gaseous biofuels (biogas) 
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1.2 Vegetable Oils: A Renewable Source of Energy 

Vegetable oils are renewable sources extracted from plants or trees. Since 1930 

research has been conducted on fatty acid methyl esters which are a converted form of 

vegetable oils. Before World War II the availability of petroleum fuel was widespread 

and the cost of fuel was low. But after the World War II oil crisis took the attention of 

researchers towards vegetable’s oil again and became a valuable alternative of diesel 

fuel.  

Ethanol blending with gasoline is a good alternative to save fossil fuels as well 

as environment. Till 2022, government has set the target to bring down total petro fuel 

requirement to 67% from 77% in the year 2016-17 by replacing it with ethanol, 

biodiesels and renewable energy sources (Ministry of petroleum and natural gas, 

2016-17). Indian government had already been planning to blend 20% of ethanol in 

gasoline since 2008 which became an optimized step in this field. Biodiesel is an 

important step in this scenario. Indian biodiesel policy is different from policy other 

countries because it is mainly based on non-edible sources of oil such as palm oil, 

jatropha oil, Tamanu oil, Mahua oil, Karanja oil, Eucalyptus oil and Pine oil etc. which 

contains 30% of oil in their seeds, nut or fruit (Altenburg, 2009). In India there are 75 

non-edible plant species found till now in which fruits or nuts contain 30% or more oil. 

1.3 Problems in Engine, Running with Vegetable Oils 

Although, vegetable based non-edible oils are good alternative of diesel fuel 

but due to the physical and chemical properties of vegetable oils, it require slight 

modification in diesel engine (Hunke and Barsic, 1981). Biodiesels are full of energy 

contents but have high viscosity and density in comparison to commercial diesel fuel. 

Thus it is not acceptable to use pure or virgin vegetable oil directly in CI engines 

(Burwer et al., 1991). 

 Because of the high thickness of vegetable oils the engine affected with some 

problems such as gum deposition, flow atomization, high smoke and particulate 

emission. These effects further become the cause of reduction in brake thermal 

efficiency and reduce the life of engine because of carbon deposition. Thus, certain 
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modifications are required in pure vegetable oils to use it for direct injection in CI 

engine. 

1.4 Biodiesel: A replacement of diesel 

Biodiesels are non-petroleum based fuel consisting of long chain of fatty acids. 

These fuels are derived from renewable sources such as plants and animal fats. 

Biodiesels are produced by the chemical reactions of vegetable oils and animal fats 

with ethanol or methanol. These fuels are also called methyl or ethyl esters.   

 Keeping in mind the end goal to defeat the problems of direct use of vegetable 

oils in diesel engine, it must be converted into biodiesel by four different ways which 

are blending, pyrolysis, microemulsion, esterification and transesterification 

(Bhattacharyya and Reddy, 1994) for smooth operation of the engine. 

Transesterification process after esterification is one the best method suggested by 

various researchers. It is the method to remove fatty acids present in vegetable oils in 

the form of glycerol. It improves various properties of the vegetable oils such as 

viscosity, density, calorific value, flash point, fire point, cloud point and pour point so 

that it can be utilized in CI engine without any major engine modification.  

Vehicle powered by biofuels became predominant before fossil fuels when 

Rudolph Diesel invented engine in 1892 and was first run on peanut oil just after 

Henry Ford designed his original 1908 Model T engine which ran on ethanol. Henry 

Ford also predicted in the year 1925, “The fuel of the future is going to come from 

fruit like sumac, or from apples, weeds, sawdust almost anything”. But due to its 

limited supply, less economical and lower efficiency fossil fuels became more 

practical and use of biofuels almost disappeared. 

 1.4.1 Advantages of biodiesel 

 Biodiesels are sustainable power sources and some critical natural advantages 

can be accomplished out of the usage as fuel in CI engine. There are various 

advantages of using biodiesel in CI engine such as 

1. Biodiesel is free from toxicity, sulfur, lead and aromatics compounds. 

There is 8% to 10% oxygen by volume present in biodiesel which leads to 

complete and proper combustion of fuel so that emission of harmful pollutants 
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such as CO and smoke get reduced. It also reduces the emission of carbon 

dioxide which is mainly responsible for greenhouse effect. 

2. Longer chain of hydrocarbons is the main cause of HC emission. Biodiesel 

contains shorter chain of hydrocarbons than diesel. So HC emissions get 

reduced. 

3. Biodiesel also helps in reducing friction as lubricants because it has higher 

viscosity than diesel.  

4. It has higher flash point than diesel which make its storage safer than diesel 

fuel. 

1.4.2 Disadvantages of biodiesel 

  Biodiesel has following disadvantages also. 

1. Biodiesel contains higher pour point which results in starting problems during 

cold weather.  

2. Injectors, filters get chocked during long run with biodiesel. 

3. Carbon is deposited on piston head of the engine during long run. 

        1.5 Objectives 

  From the above discussion, it is evident that there is a need of exploring more 

novel biofuels for every country to attain self-sufficiency on fuels and to protect the 

environment. So, in this context a research work undertaken on single cylinder 

compression ignition engine operating on Karanja oil methyl ester and Eucalyptus oil 

fuel blends with following objectives. 

1. To study the different physical and chemical properties of pure Eucalyptus, 

Karanja oil and diesel fuel. 

2. Transesterification of pure Karanja oil to convert it into Karanja oil methyl 

ester (KOME). 

3. To study the chemical composition present in Karanja oil methyl ester and 

Eucalyptus oil and comparing it with neat diesel fuel. 

4. To determine the different properties such as miscibility, viscosity, density, 

Gross calorific value, flash point, fire point, cloud point and pour point of 

different fuel blends of Karanja oil methyl ester and Eucalyptus oil. 
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5. Evaluate the performance characteristics such as fuel consumption, brake 

specific fuel consumption and brake thermal efficiency of diesel engine using 

Karanja oil methyl ester and Eucalyptus oil. 

6. Estimation of emission characteristics of diesel engine such as Exhaust gas 

emission and exhaust gas temperature using different fuel blends of Karanja oil 

methyl ester and Eucalyptus oil.  

7. Comparison of the obtained results with diesel fuel. 

1.6 Organization of Research Work 

   The research work has been divided into five chapters which are following. 

1. Chapter 1 presents introduction of research work. 

2. Chapter 2 presents literature review related to the research work. In this section 

research work done by researchers on the use of Karanja oil biodiesel, 

Eucalyptus oil and full replacement of diesel by biofuels in diesel engine have 

been explained. 

3. Chapter 3 presents materials and methods. In this section an overview of 

materials, apparatus, fuel used, preparation of Karanja oil biodiesel from crude 

Karanja oil, chemical composition of fuels and methods used to determine of 

various test fuel properties, performance parameters and engine exhaust 

emissions measurement presented.  

4. Chapter 4 consist of results and discussion. In this section experimental results 

of fuel properties tests, engine performance and exhaust emission tests have 

been discussed. 

5. Chapter 5 presents summary and conclusions based on the previous chapters, 

recommendations and suggestions for future research work. 
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 REVIEW OF LITERATURE 

 Different vegetable oils and animal fats are being examined by many researchers as an 

alternative of diesel fuel, due to limited resources of fossil fuels, increasing crude oil prices 

and increasing environmental pollution. In this chapter the review of some previous researches 

on alternative of fossil fuels has been discussed. 

2.1  Use of Biodiesel in Diesel Engine 

Hribernik and Kegl (2007) analyzed the performance and emission characteristics of 

two different engines, one was naturally aspirated and another was turbocharged diesel engine. 

They analyzed the influence of different test conditions on performance and emission 

characteristics of diesel engines using of 100% biodiesel as well as neat diesel. They found 

that combustion and emission characteristics of engine were different for a particular engine 

under same atmospheric conditions but operational parameters were similar for both of the 

engine using biodiesel. They concluded that engines brake power was reduced by 5%, fuel 

consumption was increased by 8% and BTE remained constant using biodiesel compared to 

diesel. 

Agarwal and Agarwal (2007) performed an experiment on diesel engine using the 

blends of Jatropha oil and diesel and revealed that viscosity of Jatropha oil was approximately 

similar as pure diesel at 100
o
C. So Jatropha oil should be heated to 100

o
C before using it into 

the engine so that property is closer to diesel at 40
o
C. He also found that in case of 30% 

Jatropha oil blended with diesel shows same viscosity as diesel at 40
o
C. Optimum fuel 

injection pressure was found 200 bar for diesel and preheated Jatropha oil. For Jatropha oil 

CO2, CO, HC and smoke opacity were higher compared to that of diesel, but when preheated 

diesel was used, these emissions were found approximately close to the diesel. The Thermal 

efficiency of the preheated diesel was found higher than unheated diesel while BSFC was 

found lower which is desirable. Therefore, Jetropha oil biodiesel can also be directly used in 

the diesel engine with full replacement of diesel without any major modification. 

Bueno et al. (2010) performed an experiment on six-cylinder, turbocharged, high 

speed diesel engine fuelled with selected fuel blends of Soyabean oil ethyl esters in different 

percentage as 10%, 20% and 30% with neat diesel at fuel injection pressure of 220 and 300 
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bar with 17.8:1 compression ratio. Brake thermal efficiency was observed 4.16% more than 

diesel fuel using B20 fuel blend. Reduction in combustion time also observed as 1.81%, 

1.87% and 1.97% with B10, B20 and B30 fuel blend respectively.  

Nayak and Pattanaik (2014) performed an experiment on single cylinder, 4 stroke 

diesel engine using different blends of Mahua oil and Dimethyl carbonate as an additive and 

compared the results with neat diesel. They revealed that brake thermal efficiency increased 

and BSFC decreased with increasing the ratio of additive in test fuels. All fuel blends show the 

decrement with respect to diesel in carbon monoxide, hydrocarbon. NOx and smoke emission 

was decreased with increased percentage of additive and attain minimum value with 15% 

additive. They concluded that biodiesel showed improvement in performance and emission 

characteristics when it mixed with additive. 

Chhabra et al. (2016) conducted experiments at different compression ratio with rice 

bran biodiesel and found the optimum value of compression ratio. They mixed biodiesel in 

10%, 20% and 40% with pure diesel at the compression ratio of 12 to14 and evaluated the 

performance and emission characteristics. They obtained maximum brake thermal efficiency 

and minimum fuel consumption at compression ratio 14. Regarding emission characteristics 

they found minimum CO and CO2 emission with 10% and 20% biodiesel blends at 12 and 14 

CR while, increasing NOx emission was also reported. 

Shukla et al. (2017) used blends of Jatropha oil biodiesel in 20%, 40% and 60% with 

diesel in CI engine. They obtained maximum thermal efficiency and minimum brake specific 

fuel consumption by blending of 20% biodiesel with diesel. 20% biodiesel blended with diesel 

showed 11% reduction in exhaust gas temperature with respect to diesel fuel at 50% loading. 

CO and CO2 emission of all three blends were much lower than diesel fuel. At last they 

concluded that diesel and Jatropha biodiesel combination is a good alternative of pure diesel 

without any modification in diesel engine as well as without sacrificing the performance of the 

engine.    

2.2 Use of Karanja Oil Methyl Ester in Diesel Engine 

Srivastava and Verma (2007) prepared Karanja oil methyl ester from pure Karanja oil 

and prepared it blends with diesel in various ratios and revealed that thermal efficiency in the case 

of neat biodiesel was lower than blends of KOME-diesel which is because of lower calorific   
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value of KOME. HC and CO emissions found lower with Karanja oil methyl ester and diesel 

blends compared to using KOME as neat fuel. NOx emission was 12% higher than diesel 

because of increased temperature of combustion chamber.  

Rao (2011) tested diesel engine with Karanja oil methyl ester, preheated Karanja oil 

methyl ester and diesel and compared the performance and emission results obtained. Author 

concluded that higher peak pressure was obtained by use of Karanja oil methyl ester than neat 

diesel fuel which was due to the higher bulk modulus of KOME caused advanced dynamic 

injection. Peak cylinder pressure was found decrease for preheated KOME because of late 

injection and higher evaporation rate. Author found 6% increment in NOx emission than 

diesel using KOME fuel at full load condition but significant reduction in NOx emission was 

also observed using preheated Karanja oil methyl ester fuel. 

Bobade and Khyade (2012) prepared the Karanja oil biodiesel by transesterification 

followed by esterification and concluded that the preparation of biodiesel from edible oil was 

very costlier than diesel and not fit for Indian requirements. Biodiesel from non-edible oil 

provided the economic benefits to local and nation too. They also concluded that, it is a 

requirement of today that there should be a modification in chemical processes to increase the 

yield of ester produced. 

Dhar and Agarwal (2014) studied use of Karanja oil methyl ester in diesel engine and 

its impact on engine characteristics. They conducted the experiment with variation in load and 

speed from 1800 rpm as a rated speed to 2600 rpm as a maximum speed and showed the detail 

results of performance and emission characteristics for different blends. Results revealed that 

10% and 20% blends of Karanja oil biodiesel produced maximum torque in the 1700-1800 

rpm speed range, which was 0.7 and 0.3% higher respectively in comparison to neat diesel 

fuel. This may be due to the oxygen content present in biodiesel which leads better 

combustion but for higher blends of biodiesel reduction in torque observed because of lower 

calorific value. BSFC is higher for the high content of biodiesel and increased with speed. The 

Optimized value of BSFC was found at 1800 rpm. Thermal efficiency for higher blends of 

biodiesel was decreased and lower than that for neat diesel. CO emission was higher at low 

load and decreased at the higher load while NOx emission was higher at high load compared 

to diesel fuel. HC emission was lower than that for neat diesel. 
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Gangil et al. (2016) evaluated performance and emission characteristics of Karanja oil 

methyl ester in 20%, 40%, 60%, 80% and 100% with diesel fuel blends. They found from 

experimental results that B40 blend indicated better performance and emission compared to 

the others blends. They concluded that all Karanja oil methyl ester and diesel blends showed 

BSFC closer to diesel fuel, while thermal efficiency and brake power increased with lower 

concentration of fuel blends. This may be because of the improved lubrication properties as 

well as higher oxygen content present in Karanja oil methyl ester.  Exhaust emission such as 

CO, CO2 and HC emissions get lowered due to smaller carbon chain present in Karanja oil 

methyl ester compared to diesel. While, NOx emission increased by 2.5% for B40 and 7.1% 

for B100 fuel blends compared neat diesel.   

2.3  Uses of Eucalyptus Oil as an Alternative Fuel 

Tarabet et al. (2012) prepared blends of eucalyptus oil in 75%, 50% and 25% with 

diesel fuel and test it on single cylinder, air cooled DI diesel engine at different loading 

conditions. They revealed that there is not any undesirable increment in cylinder pressure was 

shown during the combustion analysis. Combustion started earlier which resulted increased 

combustion duration with increasing the concentration of biodiesel. Regarding performance 

analysis they observed increment in BSFC while decrement in BTE with increasing the 

volume of biodiesel. Exhaust emission such as carbon monoxide, hydrocarbon and other 

particulates decreased with increased biodiesel percentage at all loads. Increment was also 

shown in NOx emission. At last, they concluded that Eucalyptus oil is a good alternative of 

diesel with compromise of   BTE and NOx emission.  

Anandavelu et al. (2014) investigated the potential use of Eucalyptus oil in diesel 

engine in the low heat rejection condition of the engine. They blended Eucalyptus oil at 

different percentage with neat diesel and compared the performance and emission 

characteristics of coated and uncoated diesel engine. Low heat rejection was achieved by 

thermal barrier of combustion chamber using yttria stabilized zirconia coating.  Result shows 

reduction in fuel consumption and increased brake thermal efficiency. CO and NOx emissions 

were reduced but smoke density and unburned hydrocarbon increased in the case of coated 

engine comparing with uncoated engine. 
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Senthur et al. (2014) prepared biodiesel from Eucalyptus oil by transesterification 

process and mixed it at 10%, 20% and 30% with neat diesel and prepared fuel blends. They 

concluded that there is significant reduction of hydrocarbon and carbon monoxide emission 

using prepared fuel blends. While fuel consumption and brake thermal efficiency is similar or 

slightly higher and lower respectively than neat diesel. Thus, it is a good alternative to reduce 

the emission of diesel engine with negligible compromise in performance of engine. 

Varma et al. (2015) explained the practicality of Eucalyptus oil and its influence on 

performance and emission of the diesel engine. They take two different sample of oil (named 

as Sample A and Sample B) containing different properties like density, viscosity, Boiling 

point, low heating value, Flash point and cetane number. The results of experiment which was 

performed on diesel engine (5 kW) and showed that BSFC decreased by 2.34% and 2.93% by 

using B10 blend, but by increased volume of biodiesel in blend ratio the calorific value 

decreased and specific gravity increased which leads to higher mass flow rate of fuel than 

diesel for similar power production. Thermal efficiency decreased by 0.52% and 0.94% 

because of poor atomization and vaporization of the biodiesel-diesel blends. As the ratio of 

biodiesel increased in blend thermal efficiency reduced consequently. The blending of 

biodiesel improved the emission characteristics. HSU for B10 blend was decreased by 64.5% 

and 62.5% respectively for blend A and B. At last, they concluded that use of Eucalyptus 

biodiesel is an environment friendly step with very less effect on engine performance. 

Subramanian et al. (2016) compared the engine performance and emission 

characteristics of different dual fuel blends at part load as well as full load. They mixed 

different low carbon fuel such as Eucalyptus oil, Pine oil, Camphor oil and Orange oil with 

Karanja oil methyl ester in 50% and compared the obtained results with diesel fuel. They 

observed that all low carbon fuel with Karanja oil methyl ester showed lesser carbon dioxide 

emission than diesel fuel. KOME-ORG fuel blend showed maximum reduction (13%) in CO2 

emission compared to KOME while, 6% reduction observed in HC emission compared to 

diesel at 100% loading condition. KOME-ORG fuel blend also showed increment in BTE, 

NOx and CO emissions. At last, they concluded that KOME-ORG fuel blend is the best fuel 

among all blends tested.          
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2.4 Concept of Dual Fuel and Complete Replacement of Diesel  

Devan et al. (2008) investigated the concept of complete replacement of diesel fuel by 

the combination of the methyl ester of Paradise oil and Eucalyptus oil. They revealed that, low 

cetane value of Eucalyptus oil could be compensated by high cetane number of Paradise oil. 

Brake thermal efficiency was increased by 2.4% for the Me50-Eu50 blend due to the 

approximate equal delay time of Eucalyptus oil to diesel and there was fast burning also 

observed which leads to increased brake thermal efficiency. There was better fuel economy 

also observed in the case of Me50-Eu50 blend in the comparison of other blends. The result 

also showed 49%, 34.5% and 37% decrement in smoke, HC and CO emissions respectively 

but due to the lower cetane number of Eucalyptus oil, the air-fuel mixture accumulates more 

which result in increase of exhaust gas temperature, further it was also evident in increase of 

NOx emission. They concluded that Me50-Eu50 blend showed better performance and lower 

emission than diesel fuel so that Me50-Eu50 fuel blend was the optimum and successful 

replacement of diesel fuel. 

Krishnasamy et al. (2011) performed an experiment on turbocharged truck diesel 

engine using methanol and Karanja oil biodiesel. The experimental results reported that 

ignition delay was increased by using of methanol comparing with 100% biodiesel while, peak 

cylinder pressure was decreased. Thermal efficiency of methanol-biodiesel blend was 

increased by 4.2% at 80% load with adding 10% methanol in biodiesel relative to 100% 

biodiesel. The CO and UHC emission were higher for B90M10 blend compared to 100% 

biodiesel at low load, but HC emission was comparable at higher load and CO emission 

decreased. Maximum decrease in CO emission was 46.5% at full load condition compared to 

pure biodiesel. Smoke and NOx emission also decreased with biodiesel-diesel blends and 

followed the trend as CO emission. Maximum decrement in smoke and NOx emission was 

found as 96.4% and 37.3% relatively at 80% loading condition with methanol-biodiesel blend 

compared to pure biodiesel. 

Senthilraja et al. (2014) studied the engine performance and exhaust emission by 

response surface methodology using dual fuel Pongamia oil methyl ester (0 to 30%) and CNG 

(0 to 20%). In this study a single cylinder, four stroke water cooled diesel engine was 

converted into a dual fuel system operated with either diesel fuel or blend with CNG using an 

electronically controlled solenoid actuated valve mechanism. The experimental results showed 
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significant effect on the engine performance by all the process variables. The emission 

characteristics (CO, CO2, NOx, and Smoke emission) were found significantly lower than the 

diesel fuel emissions. They developed second order polynomial models from the experimental 

results to predict the response variables. 

Vijayabaskar et al. (2015) investigated experimentally the double fuel concept in 

diesel engine instead of pure diesel by prepared the blends of Karanja oil as a base fuel in 

25%, 50%, 75% with Pine oil and studied the performance and emission characteristics of a 

diesel engine. The viscosity of Pine oil is lower than diesel fuel which can be compensating 

the undesirable effect of higher viscosity of the Karanja oil. They concluded that, the fuel 

blend 50% of Karanja oil and 50% of Pine oil could be optimum combination comparing to 

other blends. Although, in the case of B25P75 blend the thermal efficiency increased by 8% 

and HC, CO and smoke emission decreased by 14.9%, 43.2% and 33.4% respectively but due 

to the high rate of heat release the NOx increased and there is also a knocking problem at 

higher loads. BTE and BSFC for B50P50 blend were close to diesel and the emission of HC, 

smoke, and CO was 12.5%, 8.1%, 18.9% lower than pure diesel. At last they also 

recommended the use of an additive which may prevent the engine from harmful effects like 

carbon deposition, injector clogging and the formation of soot particles of biodiesel. 

Srinivas et al. (2016) studied the emission and performance characteristics of the 

diesel engine with replacing diesel fuel completely by biodiesels. In the experiment 5%, 10% 

and 15% by volume of Eucalyptus oil have been taken with Palm kernel oil and compared it 

with neat diesel oil. They revealed that all the fuel blends show the reduction in CO, Smoke 

intensity when it was compared to neat diesel fuel. 41.09% reduction in CO emission while 

Smoke intensity was reduced by 37.05% for B15 blend when operating at full load. B15 blend 

exhibited highest NOx emission compared to diesel and other fuel blends because of higher 

oxygen content availability in biodiesel and complete combustion leading increasing in 

combustion chamber temperature. Regarding performance test, they studied that the low 

cetane number of Eucalyptus oil can be compensated by high cetane number palm kernel oil 

biodiesel. They also conclude that rate of combustion is influenced by peak pressure. When 

the load is increased cylinder peak pressure also increased due to lower cetane number of 

Eucalyptus oil than diesel. 
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Senthil et al. (2016) performed an experiment on diesel engine using Annona-

Eucalyptus oil blends and antioxidant additive and reduced the gases formed in exhaust 

emissions. They prepared the blends of Annona biodiesel in 10%, 20%, 30%, 40% and 50% 

with Eucalyptus oil and noted that the Eucalyptus oil has lower viscosity and cetane number as 

compared to Annona biodiesel so blends became highly volatile. But during the use of 100% 

Eucalyptus oil a problem was encountered in the starting of the engine at low temperature 

because the pour point of Eucalyptus oil is higher than diesel. The results showed higher brake 

thermal efficiency and lower BSFC by using A50-EU50 blend than other fuel blends and neat 

diesel which is because of low density and higher calorific value of Eucalyptus oil leading to 

better atomization. BSFC is lower because of higher content of oxygen present in Eucalyptus 

oil which results better combustion. Regarding emission characteristics they concluded that 

using A50-Eu50 blend emitted lower CO and HC compared to diesel and other blends. The 

NOx emission was high in the case of the A50-Eu50 blend because of high oxygen content 

present in fuel blend which leads to complete combustion and increased combustion 

temperature. Further the NOx emission was reduced by using the additive. It was observed 

that the reduction in NOx emission was found 21% less by the use of additive. 
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MATERIALS AND METHODS 

 Experimental tests were performed in the IC engine laboratory of Department of 

Mechanical Engineering, College of Technology, G.B. Pant University of Agriculture and 

Technology, Pantnagar. In this chapter preparation of biodiesel from pure oil, experimental 

details and methodology used in testing of fuel blends, procedure to perform the experiments 

on engine to obtain performance and emission characteristics are described. 

3.1  Test Fuels 

 Different blends of Karanja oil methyl ester and Eucalyptus oil were taken for 

experiment. Both oils were purchased from local distributor of Pantnagar. Karanja oil 

biodiesel or Karanja oil methyl ester was prepared by the esterification and transesterification 

process. Karanja oil methyl ester was taken in 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80% 

and 90% with Eucalyptus oil to prepared different fuel blends such as K10EU90, K20EU80, 

K30EU70, K40EU60, K50EU50, K60EU40, K70EU30, K80EU20 and K90EU10. Properties 

of different fuel blends like viscosity, density, calorific value, cloud point and pour point were 

obtained from different instruments in IC engine laboratory.  

3.1.1  Karanja tree 

Karanja oil derived from the seeds of Karanja (pongammia pinnata) tree which grows 

in tropical region and temperate climate of Asia at 1200 m above from sea-level. It generally 

requires 0 to 50
o
C temperature and sandy and rocky soil.  

    

 Fig. 3.1(a): Karanja seeds       Fig. 3.1(b): Karanja flowers 

Chapter 3 
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It grows slow in early stage and annual weed control is necessary till three years from 

plantation. It is 15-25 meter in height and equally wide canopy. It has hemispherical crown 

leaves which are dark green in colour. After 3 to 4 years white, purple and pink flowers 

blossom on the tree. Seeds are contained inside the flat elliptical curved pods which is 

generally 1.5 to 2.5 cm long and brittle in nature. It provides dense shade which leads to slow 

surface water evaporation. Pictures of Karanja seeds and flowers are shown in figures 3.1(a) 

and 3.1(b). Karanja tree has also a nitrogen fixation nature by its root nodules. Nitrogen 

fixation is the process by which nitrogen gas present in air convert into ammonia. 

3.1.2  Eucalyptus tree 

Eucalyptus regnans, predominantly occur in Australia. It grows tall and known as the 

plant of blooms. It has a pleasant scent and intriguing bark and foliage and goes under the 

group of Myrtaceae. Pictures of Eucalyptus tree and blossomed flowers are shown in figures 

3.2(a) and 3.2(b). There are 700 species of this tree and in excess of 300 species contains 

volatile oil in their leaves. It grows in tropical and temperate places for example Europe, 

Africa, America, centre east, China, and India. Diverse alluring properties like quickly 

developing, source of wood, oil maker, allopathic impacts draw in the consideration of 

scientists. It additionally attracts the attention of horticulture, global development and 

environment researchers. 

   

 Fig. 3.2(a): Eucalyptus tree       Fig. 3.2(b): Flowers and seeds of Eucalyptus 

 



Materials and Methods............� 

 

Different species of Eucalyptus have different height which varies from 10 m to 200 m and 

complete 60 percent of their growth within 10 years. It is single stem tree and may be in the 

form of shrub or a very large tree (Karnick, 1994). Ayurvedic pharmacopoeia pointed out the 

medicinal purpose of Eucalyptus oil and noted that there is a contemporary application of 

Eucalyptus oil for headache due to cold and cough.   

3.1.3  Extraction of oils 

Eucalyptus and Karnaja oil are extracted from the seeds of Eucalyptus and Karanja by 

a mechanical expeller, solvent extraction and cold percolation method using normal hexane as 

a solvent. Eucalyptus seeds contain about 60% oil which is in the form of cineole content. It is 

the colourless and water soluble ether whereas a Karanja seed contains 25-30% oil. (Mehar et 

al., 2004). 

3.2 Preparation of Biodiesel 

Oil extracted after mechanical extraction process is not suitable for direct use in diesel 

engine due their inappropriate properties such as high viscosity, low pour point, longer 

molecular chain, low vapour pressure low calorific value and higher flash point. These 

features cause many problems such as poor atomization, fuel injector damage, incomplete 

combustion, low pressure and unburned solid particle deposition inside the engine. These 

factors result in poor engine performance. Thus, it is necessary to enhance the properties of 

oils so that engine could perform well and for long period. In present work properties of 

Eucalyptus oil is under the limit of American Standard of Testing Material (ASTM). Therefore 

it can be directly used in the diesel engine without any pre-treatment but Karanja oil’s 

properties are not within ASTM range, so it is necessary to convert it into Karanja oil methyl 

ester. There are various methods to produce biodiesel or Karanja oil methyl ester from the 

Karanja oil such as: 

1. Method of direct use and blending 

2. Micro-emulsion method 

3. Thermal cracking technique 

4. Esterification and Transesterification method 
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Esterification and transesterification methods are very common methods used by 

researchers previously and also employed in this thesis work. Method used to make biodiesel 

is discussed in detail below. 

3.2.1 Esterification and transesterification methods 

Methyl ester of Karanja oil produced from crude Karanja oil by chemical reaction of 

crude Kanraja oil with alcohol and catalyst as shown in figure 3.3. H2SO4 (98% pure) used as 

an acid catalyst (0.5% of oil weight) is mixed with preheated (50
o
C) crude oil. After that 13% 

of methanol is added with it and stirred at 500-700 rpm at 57
o
C for 90 minutes inside a closed 

vessel. After 90 minutes, free fatty acid contents in oil will separate and proceed to further step 

which is called transesterification reaction. 

In transesterification process Sodium hydroxide is used as a catalyst in the amount of 

1% of oil weight which is then added to methanol (13% of oil weight). This alcohol-catalyst 

(methoxide) solution is prepared in 20 min by stirring it at 700 rpm. The solution should be 

prepared freshly to keep catalyst active and prevent the moisture absorbance. The solution is 

then slowly mixed with preheated esterified oil and then sealed immediately to prevent the 

loss of alcohol and moisture absorbance. The temperature of reaction is maintained at 60 to 

65
o
C which is near to the boiling point of methanol. There is 70 min time and 500-700 rpm 

stirring speed is recommended for this reaction (Jerry, 2016).  

Methyl ester which is formed after transesterification process is transferred to 

separating funnel after cooling it and allowed to settle for 24 hours. Two layers of oil form 

inside the funnel after 24 hours. Upper layer which is a desirable product called methyl ester 

or biodiesel is lighter than the lower layer called glycerol. Glycerol is higher density product 

which can be used in making glycerine, paint and soap. Excess alcohol presence in biodiesel 

can be removed by distillation process, and residual catalyst or soap presence in biodiesel 

removed by washing it with warm water. 
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Fig. 3.3: Esterification reaction (Source: Jerry, 2016) 

3.2.2 Procedure Used to Prepare Biodiesel 

Biodiesel was prepared by crude lab graded Karanja oil in mechanical department’s 

laboratory. Magnetic stirrer of 500 ml capacity, conical flask, thermometer and electronic 

weighing machine were the equipment used. Figure 3.4(a) shows the experimental setup used 

for the esterification and transesterification of the Karanja oil. 250 ml oil was filtered and its 

weight was measured before being poured into conical flask. Then water was taken in an 

aluminium pot and heated to 50
o
C. Conical flask containing oil was then lowered into the 

water slowly. When the temperature of oil also reached 50
o
C, H2SO4 and methanol of 0.5% 

and 13% of oil weight were mixed with it. Flask was then immediately closed with cork after 

putting magnetic stirrer bar inside it. Then mixture was stirred from 500 to 700 rpm with 

maintaining the temperature at 57±2
o
C. Reaction was stopped after 90 minutes. Then solution 

of methanol and Sodium hydroxide called Sodium methoxide was prepared separately by 

shaking with hands till 20 minutes or until catalyst dissolve completely in methanol. 

After that Sodium methoxide was charged in the oil and then flask was closed 

immediately to prevent the vaporization of methanol. Mixture was put in the water again and 

stir for 70 minutes with the temperature maintained at 64±2
o
C. Now, mixture was poured into 

separating funnel and left inside for 24 hours to complete separation of oil. After 24 hours, 

upper layer called biodiesel was separate from lower layer and washed by distilled water and 

then heated again to remove moisture and excess amount of alcohol. Methyl ester or biodiesel 

obtained by above procedure was then contained in separate container. Biodiesel separation in 

separating funnel is shown in fig. 3.4(b). 
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Fig. 3.4(a): Preparation of biodiesel            Fig. 3.4(b): Biodiesel floated up in           

separating funnel 

Weight and volume of Karanja oil, methanol and different catalyst taken in the experiment. 

Volume of Karanja oil taken = 250 ml 

Mass of Karanja oil = 222.8 g 

Mass of methanol taken = 28.96 × 2 = 57.928 g 

Mass of NaOH taken = 2.228 g 

Mass of H2SO4 taken = 1.114 g 

Biodiesel obtained by this process was 90 to 92% of weight of crude Karanja oil used initially. 

Procedure was repeated eight times to obtain approximately 1.8 litre oil. 

3.3 Analysis of Functional Group  

Analysis of Karanja oil methyl ester and comparison with Eucalyptus oil and diesel has 

been done with the help of infrared spectroscopy which is very helpful to predict the 

functional group present in methyl ester. 

3.3.1  Infrared spectroscopy 

Infrared belongs to electromagnetic waves having large wavelength, much bigger than 

the visible wavelength. Infrared light is very beneficial for understanding the structure of 

different chemical compounds specially the structure of different functional groups present in 
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the molecules. Infrared spectroscopy is also known as vibrational spectroscopy. It works on 

the basic principle of behaviour of bonds between different atoms. Bonds between atoms are 

not permanent or fixed they are always involved with different type of motions.  These bonds 

can be starched or dragged towards each other which results in oscillation between the atoms 

and known as stretching effect. There is also another effect which is known as wagging. So a 

chemical compound contains both effects stretching and wagging at on certain specific 

frequency. There is different kind of stretching and wagging for different bonds and functional 

groups. Those variations of frequencies among the chemical compounds gives so many 

verities of data of frequency in the form of wavenumbers which helps to find out the kind of 

chemical compound present in the sample.  

 

Fig. 3.5: Block diagram of infrared spectroscopy setup 

Infrared spectroscopy was done in the laboratory of, department of environmental 

science, College of basic science and humanities. A simple block diagram of infrared 

spectroscopy is shown in fig 3.5. The sample of chemical compound was kept inside the 

chemical compound chamber where the infrared light falling on it. The frequency of infrared 

light was controlled manually. Light beam of different frequency was absorbed or transmitted 

by the compound. Percentage of different frequencies of light was detected on the detector 

which is placed after chemical compound chamber. Detector attached with a computer to plot 

the transmittance of different frequencies in the form of wave number ranging 3997.34 to 

599.907 cm
-1

.  
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3.3.2  Peak analysis 

Transmittance versus wavenumber variation of Karanja oil methyl ester, Eucalyptus oil 

and diesel has been plotted on figures 3.4(a), 3.4(b) and 3.4(c). It represents notable 

differences in wavenumbers of KOME and diesel fuel which is due to the presence of ester 

groups in biodiesel. The ester groups are described as R-COOCH3 in biodiesel. Where, R is 

the representation of hydrocarbon chain which can be easily identified in the range of 2700-

3300 cm
-1

. Wave number ranges of different functional group are shown in table 3.1. 

In the spectroscopy of all three fuels there is presence of a long hydrocarbon chain. 

The main difference can be observed on wave numbers 1742.02 cm
-1

 and 1649.52 cm
-1

 which 

is only present in Karanja oil methyl ester. It signifies the presence of carbonyl group or ester. 

Presence of esters means presence of oxygen, which evident to good combustion of fuel in 

diesel engine. The slight shifting frequency of carbonyl group is because of electron donating 

effect of methyl ester (Naureen et al., 2014). 

 

Fig. 3.6(a): Infrared spectroscopy of Karanja oil methyl ester 
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Fig. 3.6(b): Infrared spectroscopy of Eucalyptus oil 

 

Fig. 3.6(c): Infrared spectroscopy of diesel 
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Table 3.1: Wave number range of functional group (Source – NPTEL 

spectroscopic technique) 

Bond Wave number 

O-H 3650-3200 

C-H 3300-2700 

N-H 3500-3100 

C-N 1350-1000 

C=N 1650-1550 

C=O 1750-1650 

C-O 1250-1050 

 

The sharp peak is not found in Eucalyptus oil and diesel spectrum. Spectra of 

Eucalyptus oil and diesel are almost similar which justifies its use in diesel engine directly. 

Both Eucalyptus oil and methyl ester of Karanja oil contain the peak at 1168 cm
-1

 wave 

number which represent the presence of C–O stretching vibration. The bending vibration of 

methyl group is represented by 1457.97cm
-1

 and 1361.30 cm
-1

 wave numbers in biodiesel.  

3.4  Test Fuel Blends Preparation 

Fuel blends of Karanja oil methyl ester-Eucalyptus oil prepared in different selected 

percentage and terminology used in present study is shown in table 3.2. The pictures of fuel 

blends are shown in fig. 3.7(a) and 3.7(b). It was observed that fuel blends get dark colour by 

adding of KOME in excess amount.   

In the initial stage of work, the fuel blends were kept in the room temperature 30
o
C for 

24 hours for testing of miscibility and stability. Then all the properties of different fuel blends  
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like kinematic viscosity, relative density, calorific value, flash point, fire point, cloud point 

and pour point are measured and plotted. All the properties determined according to Bureau of 

Indian standards.  

3.5 Reference Fuel 

The high-speed diesel marked by Indian Oil Corporation limited (IOCL) in accordance 

with IS: 1460-1974 is taken as reference fuel for comparison of test results. Diesel is a 

hydrocarbon fuel which contains carbon molecule in a number varying from 12 to 25. Diesel 

is mostly a heavy vehicle fuel and it is produced by distillation of crude oil. Diesel is not 

miscible with water and its relative density varies from 0.82 to 0.95. Diesel cetane rating 

varies from 40 to 55. It has negligible amount of oxygen molecule. On burning, diesel 

produces black smoke which is highly toxic in nature. For present study, IOCL marketed 

diesel is obtained from the University’s filling station. 

Table 3.2: Blends prepared for engine 

S. No. KOME Biodiesel (%) Eucalyptus oil (%) Terminology used 

1. 10 90 K10EU90 

2. 20 80 K20EU80 

3. 30 70 K30EU70 

4. 40 60 K40EU60 

5. 50 50 K50EU50 

6. 60 40 K60EU40 

7. 70 30 K70EU30 

8. 80 20 K80EU20 

9. 90 10 K90EU10 
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Fig. 3.7(a): K10EU90, K20EU80, K30EU70 and K40EU60 test fuel blends  

 

 

 

Fig. 3.7(b): K50EU50, K60EU40, K70EU30, K80EU40 and K90EU10 test fuel blends  
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3.6 Fuel Blends Properties 

Fuel blends properties are measured in IC engine lab of mechanical department 

according to Bureau of Indian standards (IS: 1448), New Delhi. Following apparatus are used 

to measure the properties of fuel blends as well as diesel. 

3.6.1  Kinematic viscosity 

The property of resistance to flow when shear stress is applied between two adjacent 

layers of a liquid is called viscosity. It opposes the relative motion between two surfaces due 

to friction between the molecules of fluid. Ideal or inviscid fluid has zero shear resistance. It 

means different fluids with different viscosity flow at different speed when a force is applied 

on them. Force required to induce movement of fluid will be larger in case of more viscous 

fluid. So viscosity is a key for any process involving fluid flow. Kinematic viscosity is the 

ratio of dynamic viscosity and fluid density and expressed in stokes or centistokes (St or cSt). 

 Viscosity of the fuel is influenced by the temperature. It decreases with increasing the 

temperature of fluid. Viscosity affects the engine performance due to variation in atomization 

of different fuel’s droplets. Higher viscous fuel droplets are poorly atomized which leads to 

incomplete combustion and injector chocking which further reduces the efficiency of engine. 

Engine is also affected by carbon deposit after long run period due to higher viscosity. 

Redwood viscometer is an apparatus which is used to measure the kinematic viscosity 

shown in Fig. 3.8. Measurements were carried out at 40
o
C. This method of measurement is 

accepted for Newtonian fluid, in which shear stress is directly proportional to shear strain and 

possess linear relationship among them. In the experiment 50 ml fuel was collected in glass 

beaker under the virtue of gravity and time is noted between 30 to 2000 seconds. The fuel was 

filled in the cup up to a specific level, which is surrounded by water jacket having an 

immersed heater. Water is heated to 40
o
C by voltage regulator. The silver metal ball used for 

open and close the agate jet, fixed orifice made in an agate piece as per IS: 1448 [P: 25] 1976. 

A 50 ml glass beaker was held below the jet to collect the oil from oil cup and time was noted 

using stopwatch. Accurate Redwood seconds were obtained by repeating the experiment three 

times. Kinematic viscosity in cSt was evaluated by using the following empirical relationship 

(Nakra and Chaudary, 1985). 
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Fig. 3.8: Redwood viscometer 

t

B
 -At   V =  

Where, 

 A and B are constants 

V = Kinematic viscosity in centistokes, cSt 

t = Flow time of 50 ml sample, s 

For Redwood viscometer values of A and B are 0.26 and 172 respectively. 

3.6.2 Relative density and API gravity 

 Density is the measure of compactness of the mass in a substance or object and relative 

density is the density of liquid relative to the density of water. In other words relative density 

is the ratio of density of liquid to the density of water. It also gives the information whether 

one liquid will sink or float in other fluid if they are not miscible. Relative density depends on 

pressure and temperature of fluid.  

 API gravity is part of the most basic test for fuel qualities. It is a great tool for fuel 

diagnostics in industries such as fuel producers as well as fuel stores and stand by generators. 
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API gravity is the inverse of relative density means if one fuel has lower density than other 

then it has higher API gravity. The relative density and API gravity was found according to 

IS: 1448[P: 32]:1992. 

API gravity of fuel blends are calculated by following relation: 

5.131
density Relative

141.5
 gravity  API −=

 

For, water API gravity is 10. This means if API gravity of any fuel is greater than 10 it will 

lighter than water and float on the surface of water. 

Relative density is measured by hydrometer as shown in fig. 3.9. The hydrometer 

works on the Archimedes principle which states that when a body suspended in a fluid, a 

buoyant force is exerted on it which is equal to the weight of the fluid displaced by the 

submerged part of the body. Fix weight of hydrometer displaced the fluid which is equal to the 

weight of hydrometer. 

 To measure relative density of fuel it was filled inside 100 ml clean measuring 

cylinder. Then hydrometer of fuel gravity range has been selected. Hydrometer was put inside 

the measuring cylinder by holding it top. Just before it let go, it was twisted slowly spin to 

ensure that no bubbles cling to the hydrometer and dropped, if bubbles do happen to be a 

problem in test sample just pours the sample back and forth between the test cylinder and 

another sanitized container until the bubble dissipates. 

It should be make sure that the test cylinder is in level so the hydrometer does not 

touch the sides of measuring cylinder. The surface of the liquid will be concave which is 

called meniscus. Take the reading by keeping eye horizontal to the bottom of the meniscus. 
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Fig. 3.9: Hydrometer of different ranges 

3.6.3  Gross calorific value or heating value 

 Amount of heat produced (J or kJ) by complete burning of 1 g or 1 kg fuel is called 

calorific value. It is an important property in the engine operation to calculate the heat 

produced inside the engine by complete combustion of fuel in presence of oxygen to do useful 

work. Calorific value of fuel is determined by bomb calorimeter as per IS: 1448[P: 6]: 1984. 

Photographic view of bomb calorimeter is given in fig. 3.10.  

Fuel sample of 1 g was taken in a crucible to measure its calorific value. Then wire of 

nickel-chromium (0.16 mm to 0.20 mm in diameter) fastened between the two electrodes. 

Crucible contained fuel sample placed between the electrode loops and tag a thread at the 

center of wire which should touch the surface of fuel. Then electrode loop head slide in 

cylinder slowly. Head cap of cylinder set and turned down to close it properly. After that, 

bomb pressurized with excess oxygen by oxygen cylinder. Then pressurized bomb is placed 

inside the distilled water. Stirrer fitted on the top of the closed system switched on after 

constant temperature shown by Beckmann thermometer. Then sample was ignited 

electronically. Heat flow by the burning of fuel sample increases the temperature of 

surrounding water jacket which was shown on the screen of thermometer. 
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Fig 3.10: Bomb calorimeter 

  

 Heating value is calculated by following relation 

T  
M

W
  H

s

c
c ∆×=

 

Where,  

Hc = Heat of combustion of the fuel samples, Cal/g 

Wc= Water equivalent of the calorimeter, Cal/ 
°
C (2172.5 Cal/

°
C) 

∆T = Rise in temperature, °C 

Ms = Mass of sample burnt, g 

Water equivalent of calorimeter was calculated by repeating the above procedure for 

benzoic acid as fuel. 
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3.6.4  Flash point and fire point 

 Flash point is the lowest temperature of fuel at which vapour of fuel will ignite but 

vapour produced might not be sufficient to fire the fuel. Fire point is the temperature of fuel at 

which vapour of the fuel continuously burn after ignited by some source. So, the fire point is 

higher than flash point. The vapour pressure of liquid is the function of the temperature of 

liquid. Vapour pressure increases by increasing the temperature which leads to increase in 

concentration of combustible fuel particles in air. 

 The sample was poured into cup which is on the top of apparatus to measure its flash 

point and fire point. Fuel should be filled to a specified level of cup and stirred at a constant 

speed. After that turn on heater and heat the air. A thermocouple placed inside the cup which 

indicates the rise in temperature of oil (should be 5
o
C per minute).  A flame was passed over 

the surface of oil continuously at sufficient height. A spontaneous flame was generated at 

certain temperature (123
o
C for biodiesel and 56

o
C for Eucalyptus oil) which was the flash 

point of the oil. After 5 to 10
o
C rise in the temperature, the fuel was ignited and continuously 

burn, which is known as fire point. Cleaveland open cup flash point and fire point apparatus 

shown in the fig. 3.11. Flash point and fire point measured as per IS: 1448[P: 32]: 1992. 

 

Fig. 3.11: Flash point and fire point apparatus 
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3.6.5  Cloud point and pour point 

Cloud point and pour points both are low temperature phenomena. Cloud point is the 

temperature below which wax appears in the fuel called biowax in the case of biodiesel. Wax 

formation in fuel indicates the starting of solidification and cloud formation of fuel at the 

particular temperature. Wax formation in fuel leads to clogging of injector and fuel filter of 

diesel engine because oil thickness increases. The pour point is the temperature at which fuel 

completely solidifies and loss its flow characteristics. These cold flow properties are 

determined as per IS: 1448 [P: 10]: 1970. Apparatus used to determine the cloud and pour 

point is given in fig. 3.12. 

 There are two tubes of specific dimensions are contained inside the apparatus of cloud 

point and pour point measurement which are covered with air jacket. The air jacket was filled 

with smashed ice and Sodium chloride which is called the freezing mixture.  

 

Fig. 3.12: Cloud point and pour point apparatus 

Fuel sample was filled inside the tubes and kept inside ice and was recorded every 1
o
C fall in 

the temperature until cloud appear. Temperature noted at which fog or cloud was seen. For 

pour point fuel is heated to 48
o
C and then cooled to 35

o
C. Cooled samples are laid inside 

apparatus and withdrawn to record every 1
o
C fall in temperature. 
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3.7 Performance of Engine 

 Engine performance test was carried out in the internal combustion engine laboratory 

after studying the physical and chemical properties of fuel blends. Comparison of different 

fuel blends with diesel fuel is also done. Diesel fuel also called a reference fuel in this study. 

 4.4 kW, single cylinder, 4-stroke diesel engine made by Kirloskar was used as an 

experimental engine setup which is shown in Fig. 3.13. Engine consist fuel consumption 

measurement unit and eddy current dynamometer for loading which is connected with an 

electronic controller. Detail specification of engine is given in table 3.3. 

 The engine is basically used in agriculture to supply torque to irrigation pumps, 

stationary and milling power source as a prime mover. Some other applications are following. 

1. Diesel generator to generate electricity 

2. Bus and truck application 

3. Construction equipments 

4. As a power source in industries 

Table 3.3 Engine specifications 

Parameters Specifications 

Made  Kirloskar 

Model  TAFI  

Rated BP (bhp/kW)  6/4.4  

Rated Speed (rpm)  1500  

Number of Cylinder  1  

Bore x Stroke (mm)  87.5 x 110  

Displacement volume (cc)  662  

Compression Ratio  17.5:1  

Cooling System Air Cooled 

Starting System  Manual hand start (with handle) 
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3.8 Engine Performance Test 

 The engine performance tests were conducted on 4.4 kW single cylinder 4-stroke 

diesel engine shown in fig 3.13, as per IS: 10000 [P: 8]: 1980. Following engine parameters 

were measured during performance test. 

1. Brake power, (kW) 

2. Fuel consumption, (l/h) 

3. Brake specific fuel consumption, (kg/kW-h) 

4. Brake thermal efficiency, (%) 

5. Exhaust gas temperature, (°C) 

 

 

Fig. 3.13: Diesel engine with eddy current dynamometer 
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3.8.1  Brake power 

 Brake power is the power which is developed by the engine on crankshaft. It is directly 

proportional to the engine speed and torque. Brake power was measured for different fuel 

blends of Karanja-Eucalyptus oil biodiesel and diesel on different loading conditions. Engine 

was initially run to 20 minutes under no load condition for stabilization and smooth 

operations. Speed of engine is measured with the help of non-contact digital laser tachometer 

which displayed speed in rpm. Speed was measured on different load such as no load, 25%, 

50%, 75% and 100% of the rated load. Brake power is calculated by following relation. 

60000

T  N  2
  (kW)power  Brake

××
=

π

 

Where,     

 T = Torque, N-m 

 N = Engine speed, rpm 

3.8.2 Fuel consumption 

 Fuel consumption measurement unit has a fuel tank and graduated glass burette of 50 

ml capacity. The fuel blend sample was filled in 50 ml burette and allowed to pass in the 

engine. The total time required to consume 50 ml fuel is noted. Same procedure is repeated for 

different loading condition to find out the fuel consumption at every load.  

The hourly consumption calculated using following equation. 

C  
t

V
  f cc

c ×=
 

Where, 

fc = Fuel consumption, l/h 

Vcc = Volume of the fuel consumed, ml 

T = Time, s 

C = Unit constant, 3.6 
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3.8.3 Brake specific fuel consumption 

The brake specific fuel consumption was calculated using the following relationship. 

bsfc    =
bp

p   f
  

t bp

3.6 p  V
  

power Brake

raten consumptio Fuel ccc ×
=

×

××
=  

Where, 

bsfc =    Brake specific fuel consumption, kg/kW-h 

Vcc =     Volume of fuel consumed, 50 cc 

ρ    = Density of fuel, g/cc 

 bp =  Brake power, kW 

 t   =    Time taken to consume 50 ml fuel, s 

3.8.4 Brake thermal efficiency 

 The brake thermal efficiency of the engine at the different load was determined by 

using the equation as given below. 

100  
HV  bsfc

K
  

power Fuel

power Brake
  s

th ×
×

==η  

Where,  

ηth         =       Brake thermal efficiency,  % 

Ks          =       Unit constant, 3600 

HV        =       Gross heating value, kJ/kg  

bsfc        =       Brake specific fuel consumption, kg/kW-h 

3.9 Exhaust Gas Emission Test 

 The measurement of various exhaust gas emission parameters such as exhaust gas 

temperature, smoke density and absorption coefficient of all blends were measured at different 

brake load ranging from no load condition to full load conditions. 
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3.9.1 Exhaust gas temperature 

 Exhaust gas temperature (EGT) was measured by connecting a thermocouple wire in 

the exhaust gas pipe. Thermocouple wire connected to a digital temperature scanner shows 

temperature in degree Celsius. Exhaust gas temperature was measured for different fuel blends 

as well as for pure diesel fuel. 

3.9.2 Smoke density and absorption coefficient 

Smoke density and absorption coefficient is the estimation of the thickness of smoke 

created by the engine. A thick cloud of smoke is delivered because fuel is pushed from the 

engine without totally consumed, and afterward leaves dark ash which is called black soot. 

The smoke thickness is the quantity of smoke molecules introduced in per unit volume of gas. 

It is also called "Light absorption coefficient" and communicated in term of m
-1

. Another unit 

to express smoke density is Bosh, Hartridge smoke unit which shows smoke opacity in 

percentage.  

 

Fig. 3.14: Photographic view of Exhaust gas monitor 
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Automotive exhaust gas monitor is shown in fig. 3.14. Automotive exhaust gas 

monitor model OMS 101 manufactured by INDUS scientific is used in present work which 

measure smoke opacity by following the test standard of SAE J255a for diesel engine. 

Technical data of automotive exhaust gas monitor are given in table 3.4. This system consist 

two units. One is smoke chamber where exhaust gas is passed to measurement zone and 

another unit processed analog signal and display it on the screen and proceed to print under the 

control of software. Smoke chamber consist a smoke tube at the centre which has a light 

source and detector placed in opposite sides. It measures the visible opacity by using light 

transmission technique. Light intensity decreases due to presence of any smoke particle in 

exhaust gas which is detected by detector and displayed on screen.  

Table 3.4 Technical data of automotive exhaust monitor     

Principle of operation Attenuation of light beam 

Measurement Smoke density in Hartridge smoke unit 

(HSU) / Absorption coefficient (K) 

Range 0 to 100% opacity in HSU and 0 to ∞ 

absorption in m
-1

 

Light source Halogen bulb, 12 V DC/20W 

Colour temperature 3050 K 

Detector Photocell with filters 

Display Backlit LCD display, 16 digit 

a) Light Absorption coefficient (K) in m
-1

 

b) Temperature (
0
C) 

Keyboard Membrane keypad with 18 keys 

Stabilization 30 min 

Time constant a) Physical: 0 to 1 second 

b) Electrical:< 1m second 
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Temperature sensor 1. RTD, PT100 for smoke column 

temperature 

2. ‘J’ Type Thermocouple for oil 

temperature 

Printer 24 column dot matrix, paper of 56mm 

Probe A probe with synthetic rubber connecting 

hose (4 m) 

Calibration Using calibration filter of known intensity 

Cabinet Power coated MS enclosure 

Measuring unit 650 x 285 x245 mm, 20 kg 

Control unit 340 x240 x130 mm, 4 kg 

Operating temperature 0 to 50
0
C 

Power supply 190-250V AC/11-12 V DC 

Power consumption 500 W (overall equipment) 

Smoke column temperature 70-100
0
C 

Heating time 20 min 

Software version INDUS DiesX 

 

 This system has built-in heating facilities and the temperature at the time of 

measurement was approximately 80
o
C. The equipment can be used to check and measure 

emission of all kinds of diesel vehicles and measure the opacity and absorption coefficient 

from the vehicle being tested for approval. 
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RESULTS AND DISCUSSION 

Karanja oil methyl ester and Eucalyptus oil in different percentage were mixed in IC 

engine laboratory and prepared fuel blends such as K10EU90, K20EU80, K30EU70, 

K40EU60, K50EU50, K60EU40, K70EU30, K80EU20 and K90EU10. Different percentage 

of fuels in the blends changes the engine performance and emission characteristics under 

different loading conditions. So it is important to discuss about the properties of fuel blends 

before using it in the engine for proper explanation of various characteristics. 

In this chapter different properties of different fuel blends such as kinematic viscosity, 

relative density, API gravity, Calorific value, fire point, flash point, cloud point and pour point 

are analysed and compared with the properties of diesel which taken as reference fuel. The 

experimental results of diesel engine performance characteristics such as brake torque, brake 

specific fuel consumption, brake thermal efficiency and emission characteristics such as 

smoke emission test and exhaust gas temperature measurement also presented and analysed in 

this chapter. The performance and emission tests were carried out as per IS:10000[P:8]:1980 

and SAE J255a respectively.  

4.1  Stability Test 

 Stability test was carried out at room temperature 25
o
C to 30

o
C. 10 ml sample of each 

blend was prepared and kept at room temperature for 30 days. Stability was analyzed by 

observation of phase separation after a period of 24 hours regularly till 30 days. All fuel blends 

are stable and no phase separation was found in 30 days at room temperature (from 25
o
C to 

30
o
C). 

4.2 Properties of Test Fuel Blends 

 Properties of Karanja oil biodiesel and Eucalyptus oil blends which influence the engine 

performance and emission characteristics are given below. 

4.2.1  Kinematic viscosity 

 Kinematic viscosity of fuel affects injector holes, fuel pipes and nozzle of the engine at 

specific temperature. According to American standard, ASTM D 6751 kinematic viscosity for 

biodiesel should be between the ranges of 1.9-6 mm
2
/s while, 3.5-5.0 mm

2
/s range was 

Chapter 4 
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recommended in European standard EN 14214:2012. Kinematic viscosity of diesel was found 

2.067cSt in present experiment, whereas it was 6.1 and 2.16 cSt obtained for Karanja oil methyl 

ester and Eucalyptus oil respectively. All the values of kinematic viscosity for different fuel 

blends were obtained at 40
o
C. Tüccar et al. (2014) reported that kinematic viscosity of diesel as 

2.37 cSt at 40
o
C. Srivastava and Verma (2007) stated that, kinematic viscosity of Karanja oil 

methyl ester as 5.72 cSt. Experimental results of Srinivas et al. (2016) show that the kinematic 

viscosity of Eucalyptus oil is 2.024 cSt. Kinematic viscosity of KOME and Eucalyptus oil and 

its blends are shown in fig. 4.1, which increase with increase in percentage of KOME. 

 

Fig. 4.1: Variation in Kinematic viscosity of different fuel blends 

4.2.2 Relative density and API gravity 
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packed air. A higher estimation of relative density, as well as viscosity, drives poor efficiency 

of combustion in the engine.   

Relative density of diesel was obtained 0.846 experimentally, which is less than that of 

fuel blends as well as neat blends constituents. According to Devan and Mahalakshmi (2009) 

density of Eucalyptus oil and diesel is 0.8955 and 0.84 respectively. Srivastava and Verma 

(2007) prepared Karanja oil methyl ester by crude Karanja oil and obtained the value of 

relative density of Karanja oil methyl ester is 0.885. Figure 4.2(a) represents the variation in 

relative density of the different fuel blends. It increases with increase in the percentage of 

KOME in test fuel blends. 

 

Fig. 4.2(a): Variation in relative density of different fuel blends 

API gravity of diesel, Eucalyptus oil and Karanja oil methyl ester calculated as 35.75
o
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Karanja oil methyl ester in blends. Figure 4.2(b) shows variation in API gravity of different 

blends of fuels. 

 

Fig. 4.2(b): Variation in API gravity of different fuel blends 

4.2.3 Gross calorific value 

 Gross calorific value of different selected fuel blends is shown in fig 4.3. Gross calorific 

value of diesel was calculated as 44.567 MJ/kg in this work which is 2.67% higher than 

Eucalyptus oil and 19.47% higher than Karanja oil methyl ester. Gross calorific value of 

different fuel blends was found decreasing with increasing percentage of KOME. Devan and 

Mahalakshmi (2009) found the calorific value of diesel and Eucalyptus oil is 42.7 and 43.27 

MJ/kg respectively. Senthil et al. (2016) and Srinivas et al. (2007) also found the same values. 

Dhar and Agarwal (2014) calculated the heating value for KOME which is equal to 37.98 

MJ/kg. According to ASTM D 6751-02, minimum value of calorific value should be 37 MJ/kg. 
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Biodiesel prepared by mixing of Karanja oil methyl ester and Eucalyptus oil having calorific 

value fully satisfied the ASTM standard. 

Fig. 4.3: Variation in gross calorific value of different fuel blends 

4.2.4 Flash point and fire point 

The combustibility of the material is given by flash point and fire point. These are 

important properties of a fuel for safety during storage and handling.  
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1460 [P: 10]: 1974). Velappan et al. (2015) obtained flash point of diesel was 65°C. Flash point 
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temperatures were found rising with increasing the percentage of KOME due to higher flash 

point of KOME.  

 

Fig. 4.4: Variation of flash point and fire point of different fuel blends 

4.2.5 Cloud point and pour point 

 Cloud point and pour point of different fuel blends Karanja oil methyl ester and 

Eucalyptus oil have been shown in fig 4.5, which are compared with neat diesel too. Cloud point 

and pour point of KOME were found 19
o
C and 11.4

o
C respectively, obtained higher than neat 

diesel and show poor cold flow behavior. It is because of 51.59% oleic acid (C18H34O2) presence 

in KOME. It is a fatty acid which is also a reason for higher density (Mehar et al., 2004). 

Therefore, use of pure KOME is not suitable for cold places.  

 Cloud and pour point of Eucalyptus oil is -4
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C and -9

o
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flow behaviour of KOME, as shown in fig. 4.5. According to Srivastava and Verma (2007) 

cloud point and pour point of diesel are -10
o
C and -16

o
C respectively. Devan and 

Mahalakshmi (2009) found the value of pour point of Eucalyptus oil as -5
o
C. According to 

Mehar et al. (2004) cloud point and pour point for KOME were 22
o
C and 15.8

o
C. 

 

Fig. 4.5: Variation of cloud point and pour point of different fuel blends 
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 Engine brake power was calculated by measuring the engine speed at variable loads 

as 0, 25%, 50%, 75% and 100% which is further used for calculation of brake specific fuel 

consumption of selected fuel blends. The variation of engine brake power found 

approximately same for all the fuel blends as well as diesel fuel at specific load because the 

work is performed on constant speed CI engine. Although, slight speed variation has been 

observed from 1510 to 1435 rpm at no load to full load condition but it can be considered 

negligible. It was also observed that increases in the braking load increases the braking power, 

for all selected fuels, because the brake power is directly proportional to the brake load. The 

engine developed maximum braking power of 4.258 kW with K30EU70 as fuel blend, at full 

load condition and 1458 rpm. 

4.3.1 Fuel consumption 

 Fuel consumption in l/hr of 4.4 kW diesel engine using selected fuel blends and diesel 

under different loading condition is shown in fig 4.6(a), 4.6(b) and 4.7. The fuel consumption of 

engine gradually increases with increasing brake load and was observed maximum at full load 

condition for all selected fuel blends and pure diesel. 

Fuels containing rich quantity of KOME than Eucalyptus such as K60EU40, K70EU30, 

K80EU20 and K90EU10 show continuously increasing trend and maximum fuel consumption 

shown by K90EU10 that was 1.978 l/h at full load condition, which is because of lower energy 

content and higher viscosity of KOME than Eucalyptus oil as well as diesel. Minimum fuel 

consumption was found during use of K40EU60 blend as 1.552 l/h at full load condition, which 

is 1.7% less than diesel fuel. K30EU70 blend and diesel show approximately same fuel 

consumption per hour. 

Fuel consumption increased for K10EU90 and K20EU80 blends because less oxygen 

content present in these fuel blends, which may be responsible for improper combustion of fuel.  
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Fig. 4.6(a): Load v/s fuel consumption of K10EU90, K20EU80, K30EU70, K40EU60 

and diesel 

 

Fig. 4.6(b): Load v/s fuel consumption of K60EU40, K70EU30, K80EU20, K90EU10 

and diesel 
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Fig. 4.7: Fuel consumption of all selected fuel blends 

4.3.2 Brake specific fuel consumption (BSFC) 

 Brake specific fuel consumption is calculated using dividing fuel consumption by brake 

power. So, it is fuel consumption per unit brake power. Figures 4.8(a), 4.8(b) and 4.9 show the 

variation in BSFC at different loads. BSFC was found decrease with increasing the load and get 

it minimum value at 75% load approximately.  

 BSFC of fuel blends decreased as the concentration of Karanja oil methyl ester increase 

from 10% to 30% at all loading conditions. Decrement was observed from 0.347 kg/kW-h to 

0.326 kg/kW-h. This reduction in BSFC is because of high calorific value of Eucalyptus oil and 

rich oxygen content present in KOME. K40EU60 and diesel showed approximately equal BSFC 

at full load. It has 41.947 MJ/kg gross calorific value and 2.947 cSt viscosity, which are 

optimum values. BSFC increased continuously at all loads from K40EU60 to K90EU10 due to 

low heating value and high viscosity of KOME. This leads to atomization and vaporization 

problems, so high fuel quantity is required to complete the combustion. 
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Fig. 4.8(a): Load v/s BSFC of K10EU90, K20EU80, K30EU70, K40EU60 and diesel 

 

Fig. 4.8(b): Load v/s BSFC of K50EU50, K60EU40, K70EU30, K80EU20, K90EU10 

and diesel 
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Fig. 4.9: BSFC of all selected fuel blends 

From the fig. 4.9 it is observed that BSFC of all fuel blends is higher than diesel fuel 

under all the loading conditions. This may due to the fact that fuel consumption of all fuel 

blends (except K30EU70 and K40EU60 fuel blends) is higher than diesel fuel due to lower 

calorific value than diesel. BSFC of K30EU70 and K40EU60 fuel blends was also observed 

higher than diesel because of higher density and small variation in brake power compared to 

neat diesel. This difference in BSFC is very small and negligible. Therefore, K30EU70 and 

K40EU60 fuel blends can fully replace diesel fuel with a negligible compromise in BSFC.  This 

was also shown that, any increase in braking load will result a small increase in braking power. 

Since the engine produces the maximum energy at full load, which required more fuel energy 

thus, more fuel consumption will occur at high loads, resulting in a slight increase in brake fuel 

consumption also shown at full load comparing to 75% load. 

Devan and Mahalakshmi (2009) found an optimum blend Me50-Eu50 regarding BSFC 

of methyl ester of Paradise-Eucalyptus oil fuel blends, given in fig. 4.10. They also concluded 

that atomization, vaporization and combustion are improved due to reduction in viscosity and 

better air entrainment of fuel blend. 

0.3

0.35

0.4

0.45

0.5

0.55

0.6

0.65

0.7

B
S

F
C

 (
k

g
/k

W
-h

)

25% Load 50% Load 75% Load 100% Load



Results and discussion............� 

 

 

Fig. 4.10: Variation of BSFC with brake load using methyl ester of paradise and 

Eucalyptus oil biodiesel, given by Devan and Mahalakshmi (2009) 

Vijayabaskar et al. (2015) found lower value of BSFC with 25% Karanja oil methyl 

ester and 75% pine oil blend and concluded that higher value of viscosity and lower calorific 

value of Karanja oil methyl ester were compensated by pine oil. BSFC was observed higher than 

diesel for K75P25 and K100 blends due to lower heating value of Karanja oil methyl ester 

which leads to higher amount of fuel consumption than diesel to produce same amount of power 

output.        

4.3.3 Brake thermal efficiency  

 Brake thermal efficiency of selected fuel blends and diesel are shown in figures 4.11(a) 

and 4.11(b). These Figures are showing the relationship between brake thermal efficiency and 

brake load. It is observed that BTE is inversely proportional to BSFC and fuel consumption.  

BTE found increase with increasing the load for all fuel blends as well as diesel fuel 

(except at full load). There was drastically increased fuel consumption was observed Beyond 
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similar BTE at full load and 75% load for both cases i.e. neat diesel and biodiesels blend. It may 

be due to the high fuel consumption rate at full load. 

 

Fig. 4.11(a): Load v/s brake thermal efficiency of K10EU90, K20EU80, K30EU70, 

K40EU60 and diesel 

BTE increased with increasing the load for all loading (except full load). BTE of high 

concentrated Eucalyptus oil fuel blends such as K10EU90 and K20EU80 found lower than 

diesel at all the loading condition. 

It was shown by Verma et al. (2016) that brake thermal efficiency decreased with 

increasing the percentage of Eucalyptus oil in diesel. It is due the presence of low amount of 

oxygen content presence in Eucalyptus oil tends to improper combustion compared to other fuel 

blends. Lower calorific value compared to pure diesel also increased fuel consumption rate to 

generate same brake power and leads to lower BTE than neat diesel.  

BTE was improved for K30EU70 and K40EU60 blends due to higher oxygen content 

and comparable calorific value of fuel blends with diesel. It is 0.52% and 1.02% more than 
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diesel but rich oxygen content in fuel take part in combustion and compensated the fuel 

consumption rate. K50EU50 shows approximately same variation as mineral diesel at full load. 

All blends from K50EU50 to K70EU30 shows lower brake thermal efficiency at lower engine 

loads but it improves at higher loads such as 75% and 100% loads. This is because of higher 

viscosity of blends than diesel which leads to poor fuel combustion and higher consumption rate 

of fuel. But at higher load brake thermal efficiency of these fuel blends was comparable to diesel 

because of higher turbulence of fuel at higher load. BTE of K80EU20 and K90EU10 decreased 

by 1.56% and 2.7% respectively comparing to diesel because higher viscosity of KOME results 

in poor atomization of fuel which leads to poor combustion so high amount of fuel was 

consumed by the engine to perform same work output. Moreover, calorific value of KOME is 

lower so, rich air-fuel mixture required to produce same brake power. Figure 4.12 shows the 

comparison of brake thermal efficiency between fuel blends and diesel.  

 

Fig. 4.11(b): Load v/s brake thermal efficiency of K50EU50, K60EU40, K70EU30, 

K80EU20, K90EU10 and diesel 
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Fig. 4.12: Brake thermal efficiency of all selected fuel blends 

 

Fig. 4.13: Brake thermal efficiency with brake power using different fuel blends of 

Annona-Eucalyptus oil, given by Senthil et al. (2016) 
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Senthil et al. (2016) performed an experiment on diesel engine using Annona biodiesel 

with Eucalyptus oil, dual fuel blends. They obtained higher brake thermal efficiency using A50-

EU50 fuel blend than other fuel blends as well as diesel. This is because of equal quantity of 

biodiesel and Eucalyptus oil contains optimum amount of oxygen for proper combustion fuel. 

Figure 4.13 shows the variation of brake thermal efficiency with load given by Senthil et al. 

(2016). Dhar and Agarwal (2014) also reported that the higher Karanja oil biodiesel blended 

diesel shows lower BTE at lower load. Srivastava and Verma (2008) found 5.72% decrease in 

thermal efficiency with Karanja oil biodiesel and diesel blends compared to neat diesel at full 

load condition.  

4.4 Emission Characteristics 

 Exhaust emission characteristics such as smoke density and exhaust gas temperature of 

diesel engine were found using selected fuel blends of Karanja oil methyl ester and Eucalyptus 

oil at different loading conditions. 

4.4.1 Smoke opacity 

In general, the smoke density characteristics of diesel engine are the least and highest for 

vegetable oils. This is due to the lower viscosity and higher volatility that contributes to forming 

a good mixture for complete combustion. However, in the case of vegetable oil mixtures, low 

viscosity and high volatility lead to poor combustion due to incorrect atomization of the fuel.  

Light beam absorption and scattering phenomena which are optical properties base to 

detect the smoke particle in smoke detector unit. Different values of smoke for different fuel 

blends as well as diesel were obtained at no load to full load condition and plotted in Figures 

4.14(a) and 4.14(b). Comparison of smoke density of different fuel blends and diesel is shown in 

fig 4.15. Smoke emission for all the biodiesel blends is lower than diesel except K80EU20 and 

K90EU10 at higher load (greater than 50% load).  

Diesel fuel is a non-oxygenated fuel. It contains very less amount of oxygen. Thus it 

shows higher smoke emission than biodiesel at part load as well as full load. Smoke opacity of 

K10EU90 blends also was found close to diesel because of lower oxygen presence in 

Eucalyptus oil than KOME. It decreased continuously from K10EU90 to K50EU50. 
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Fig. 4.14(a): Load v/s smoke density of K10EU90, K20EU80, K30EU70, K40EU60 

and diesel 

Fuels blend K50EU50 produced minimum value of smoke density as 32.1 HSU which is 

22.06% lower than smoke produced by diesel fuel. This was because of higher oxygen content 

presence in the fuel which leads to proper combustion of fuel. Although, K70EU30 to K90EU10 

contain enough oxygen content for proper burning of fuel but the viscosity of these fuel blends 

is higher so they cannot properly be atomized, which results in fuel drops remain unburnt and 

black smoke particles produced in exhaust emission. 

Anand et al. (2011) also found the lower smoke opacity than diesel by methanol and 

Karanja oil biodiesel blends. They also concluded that smoke emission and carbon monoxide 

emission from diesel engine follow similar trends for the given fuel. 

Figure 4.16 shows the variation of smoke power in different engine brake power given 

by Vijayabaskar et al. (2015). They found the minimum emission by the combination of 75% 

Pine oil and 25% Pongamia methyl ester blend at all loading condition or brake power, due to 

proper combustion leading lower unburnt particles of fuel, so resulted in less soot formation in 

exhaust. 
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Fig. 4.14(b): Load v/s smoke density of K50EU50, K60EU40, K70EU30, K80EU20,       

K90EU10 and diesel 

 

Fig. 4.15: Smoke density of all selected fuel blends 
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B50P50 fuel blends emits same smoke as emitted by neat diesel at lower loading because 

the properties of B50P50 such as viscosity, density, calorific values are close to diesel. B75P25 

blends show maximum soot formation, may be due the poor atomization because of higher 

viscosity of pongamia pinnata methyl ester or Karanja oil biodiesel.  

 

Fig. 4.16: Variation of smoke density with brake power using different blends of 

pongamia pinnata-pine oil, given by Vijayabaskar et al. (2015) 

4.4.2 Exhaust gas temperature 

The relationship between the exhaust gas temperature (EGT) and load with the 

combination of various selected fuel and diesel fuel is shown in figures 4.17(a) and 4.17(b). 

The results show that EGT gradually increased with increasing load for all selected fuel 

mixtures and diesel. Increase in EGT may be due to the heating of fuel inside the engine by 

engine cylinder heat and increasing the pressure of combustion chamber which results 

advanced fuel burning at warmed up condition of engine. It is obtained from fig. 4.17(a) and 

4.17(b) that fuel blends contained rich amount of Eucalyptus oil having higher calorific value 

and less viscosity which results complete or proper combustion and increased the in-cylinder 

0

10

20

30

40

50

60

70

80

90

1 1.5 2 2.5 3 3.5 4 4.5 5

S
m

o
k

e 
(H

S
U

)

Brake Power (kW)

B25P75

B50P50

B75P25

B100

DIESEL



Results and discussion............� 

 

pressure and temperature. Moreover, Eucalyptus oil has low cetane number which results 

higher ignition delay which also affected the in-cylinder temperature (Verma et al., 2015). 

Therefore, EGT of rich Eucalyptus contained fuel is higher than diesel. Except this, rich 

amount of Karanja oil methyl ester fuel blends energy conversion to work is not proper due to 

incomplete combustion of highly viscous and poorly atomized molecules of KOME. Thus, 

increase in EGT with respect to diesel also observed during analysis.  

 

 Fig. 4.17(a): Load v/s EGT of K10EU90, K20EU80, K30EU70, K40EU60 and diesel 

Figure 4.18 shows the comparison of exhaust gas temperature of different fuel blends 

as well as diesel. EGT with all fuel blends found higher than diesel at all load except 

K50EU50 fuel blend. It is observed that EGT with K50EU50 fuel blend is very close to diesel 

than other fuel blends. It is 255
o
C at part load and 385

o
C at full load condition, which is 2.29% 

lower at lower load and 0.78% higher at higher load, as compared with diesel respectively. 

K90EU10 blend shows highest exhaust gas temperature among all the fuel blends and diesel 

too, which is 7.6% higher than diesel fuel. It is obtained from fig 4.18 that exhaust gas 

temperature was found increased for those fuel blends which has lower or decreasing brake 

thermal efficiency because less energy input was might be converted to work by those fuel 

blends. 
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Fig. 4.17(b): Load v/s EGT of K50EU50, K60EU40, K70EU30, K80EU20, K90EU10 

and diesel 

 

Fig. 4.18: EGT of all selected fuel blends 
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Fig. 4.19: Load v/s EGT for different blends of diesel and Jatropha curcas oil 

given by Pramanik (2003) 

 

Pramanik (2003) obtained different values of exhaust gas emission using Jatropha 

curcas biodiesel, diesel and mixture of both at different brake power. Figure 4.19 shows Load 

v/s EGT for different blends of diesel and Jatropha curcas oil. He mixed Jatropha oil biodiesel 

with diesel in different percentage such as 20%, 30%, 40%, 50%, 60% and 70%. Results 

shown by him revealed that EGT increase with increasing brake power. EGT deviation of all 

blends is higher at higher loads. EGT increased with increasing the percentage of Jatropha 

biodiesel in fuel blends and attain its maximum value using neat Jatropha biodiesel which is 

due to poor combustion of Jatropha because of higher viscosity than diesel. He also concluded 

that, on 20% Jetropha biodiesel engine shows minimum exhaust gas temperature which is 

closer to diesel comparing other fuel blends.  

    

 

0

100

200

300

400

500

600

0 0.5 1 1.5 2 2.5 3 3.5 4

E
G

T
 (

o
C

)

Brake Power (kW)

20:80J/D

30:70J/D

40:60J/D

50:50J/D

60:40J/D

70:30J/D

Jatropha

Diesel



 

 

Summary                 
and                 

Conclusions 



Summary and Conclusion............� 

 

SUMMARY AND CONCLUSIONS 

5.1  Summary and Conclusions 

Experimental investigation of performance and emission characteristics of 4.4 kW 

diesel engine using different blends of Karanja oil methyl ester and Eucalyptus oil has been 

conducted. Before experimental analysis stability on the basis of phase separation of fuel 

blends was checked at room temperature and selected for engine performance and emission 

testing. Physical and chemical properties of fuel blends were also obtained experimentally, 

which were seem to be improved after transesterification of crude Karanja oil. The extraction 

of biodiesel was carried out successfully in two steps named as esterification and 

transesterification in which H2SO4 in 0.1% and KOH in 1% of crude Karanja oil weight was 

used as catalyst. Reaction was carried out with 13% methanol by oil weight in first step and 

second step. 

Performance and emission investigation were done using K10EU90, K20EU80, 

K30EU70, K40EU60, K50EU50, K60EU40, K70EU30, K80EU20, K90EU10 and diesel fuel. 

Different parameters of engine such as brake power, fuel consumption, brake specific fuel 

consumption, brake thermal efficiency, smoke density and exhaust gas temperature were 

tested and summarized. Performance characteristics of diesel engine were checked as per IS: 

10000[P: 8]: 1980. Moreover, SAE: J255a standard was used for the testing of engine 

emission characteristics. 

Based on current analysis the following conclusions are drawn: 

1. First the crude Karanja oil was successfully converted into Karanja oil biodiesel 

with reduced viscosity, density and enhanced properties like calorific value, 

volatility, flash point and fire point. 

2. All selected fuel samples were found suitable for testing in engine without any 

phase separation at room temperature. 

3. Kinematic viscosity and density was increased but calorific value decreased with 

increasing the percentage of Karanja oil methyl ester in test fuel blends. 

Chapter 5 
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4. Kinematic viscosity of most of the fuel blends such as K40EU60, K50EU50 

K60EU40, K70EU30, K80EU20 and K90EU10 were found to be higher than 

diesel fuel but in ASTM range, thus it can be used in diesel engine. 

5. Gross calorific value of diesel was calculated as 44.567 MJ/kg in this work which 

is 2.67% higher than Eucalyptus oil and 19.47% higher than Karanja oil methyl 

ester. Gross calorific value of different fuel blends were found decreasing with the 

increased proportion of KOME. This is because of higher density of KOME 

compared to diesel, which cause more fuel consumption for generating same heat 

as generated by diesel. GCV of all fuel blends was obtained as per IS: 1448[P: 6]: 

1984. 

6. Flash point and fire point of KOME was 59.32
o
C higher than diesel because of its 

low volatile nature than diesel. Simultaneously it is 6.38
o
C lower than diesel for 

Eucalyptus oil, which results in easy storage and handling of fuel blends. 

7. Cold flow properties such as cloud point and pour point of KOME is higher than 

eucalyptus oil and diesel fuel which may restrict its direct use in cold weather 

places. But mixing of eucalyptus oil with KOME decreases the cloud point and 

pour point to optimum ranges and results in smooth use in any climate. 

8. The performance of engine was found satisfactory under the fuel consumption 

testing of engine using selected fuel blends of Karanja oil methyl ester and 

Eucalyptus oil. Fuel consumption of K30EU70 and K40EU60 fuel blends are 

similar to diesel fuel, but fuel consumption using other fuel blends was higher than 

diesel.  

9. Brake power of diesel engine on selected fuel blends was found to be similar and 

close to diesel. 

10. BSFC of fuel blends was found to decrease as the concentration of Karanja oil 

methyl ester was increased from 10% to 30% at all loading conditions. K40EU60 

and diesel show approximately equal BSFC at full load which increases 

continuously at all loads with increasing concentration of KOME. Thus it can be 

concluded that K30EU70 and K40EU60 are best fuel blends among all selected 

fuel blends to obtain BSFC closer to diesel fuel.  
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11. BTE was found to increase with increasing load for all fuel blends as well as diesel 

fuel (except at full load). BTE of high concentrated Eucalyptus oil fuel blends such 

as K10EU90 and K20EU80 was found lower than diesel at all loading conditions. 

K30EU70 and K40EU60 fuel blends shows 0.52% and 1.02% higher BTE than 

diesel. 

12. Smoke density was found to be lower than diesel for all fuel blends except 

K80EU20 and K90EU10 blends. K50EU50 fuel blend produced minimum smoke 

emission which is 22.06% lower than smoke produced by diesel fuel.  

The above discussions show that the behaviour of Eucalyptus oil is similar as diesel in 

test fuel blends. Karanja oil methyl ester is highly viscous and dense biodiesel than eucalyptus 

oil as well as diesel fuel. So the mixture of Karanja oil methyl ester and Eucalyptus oil can be 

a full replacement of diesel fuel and an optimum mixture to run diesel engine without any 

modification in engine. Moreover, results concluded that K30EU70 and K40EU60 fuel blends 

are optimum mixtures for better performance and lower smoke emission of engine. Although, 

brake specific fuel consumption of these fuel blends is higher than diesel but brake thermal 

efficiency is comparable to diesel. 

Hence K30EU70, K40EU60 fuel blends can be recommended as diesel engine fuel 

with better performance and emission characteristics without any engine modification.  

5.2  Recommendations for Future Work 

 The present work leaves a wide scope for future investigators. Some recommendations 

for future research are: 

1. The performance and emission characteristics of these fuels blends can be investigated 

in variable compression ratio (VCR) engine.  

2. Possible use of oxygenated additives, such as Isopropyl ether, Dimethyl carbonate, 

Diethyl carbonate, Dimethoxy methane etc with fuel blends to reduce the exhaust 

emission levels.  

3. Tests can also be conducted such as calculation of cetane number, to resolve the effect 

of low cetane number fuel (Eucalyptus oil). 
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4. Investigation of optimum fuel blends can be performed using the response surface 

methodology (RSM). 

5. Analysis of engine characteristics with model simulation using MATLAB and ANSYS 

software for a comparative study which can be a good future plan of work. 
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Appendix A-1 Different measured fuel properties of selected fuel types 
 

 

Sl. No. 
Fuel 

Type 

Kinematic 

Viscosity 

(cSt) 

Relative 

Density 

Calorific 

Value (MJ/kg) 

Flash 

Point(
o
C) 

Fire Point 

(
o
C) 

Cloud Point 

(°C) 
Pour Point (

o
C) 

1 Diesel 2.067 0.846 44.567 62.5 65.78 -4 -10 

2 K100 6.1 0.898 35.89 121 125.1 19 11.4 

3 EU100 2.16 0.875 43.374 54.4 59.4 -4 -9 

4 K10EU90 2.121 0.879 43.366 55 59.9 -4 -7.3 

5 K20EU80 2.2014 0.88 42.609 58.2 62 -2 -5 

6 K30EU70 2.512 0.88 42.173 58.78 61.11 -1 -4 

7 K40EU60 2.947 0.881 41.947 63.12 73 -0.4 -2.1 

8 K50EU50 3.451 0.882 40.642 70.32 77.7 2.8 -1 

9 K60EU40 3.78 0.883 39.345 79.4 83.78 6 3 

10 K70EU30 4.582 0.886 38.257 86.36 91.47 9.5 8 

11 K80EU20 5.35 0.892 37.308 95 101.21 14 8 

12 K90EU10 5.429 0.895 37.283 110.9 119 16 10 



 

 

Appendix A-2 Experimental results of the engine operating on diesel 
 

Brake 

Load 

(%) 

Engine 

Speed 

(rpm) 

Brake 

Power 

(kW) 

50ml fuel 

consumption 

time (sec) 

Fuel 

Consumption 

(l/h) 

BSFC 

(kg/Kw-h) 

Brake 

Thermal 

Efficiency 

(%) 

Exhaust Gas 

Temperature 

(°C) 

Smoke Density 

(HSU) 

No load 1505 0 6.83 0.439 1.400 0.00 187 3.20 

25 1491 1.090 4.47 0.672 0.520 15.53 223 10.20 

50 1485 2.157 3.25 0.923 0.359 22.51 261 11.30 

75 1460 3.209 2.53 1.184 0.312 25.87 307 19.45 

100 1447 4.244 1.90 1.579 0.315 25.64 382 41.47 

 

 

 

 

Appendix A-3 Experimental results of the engine operating on K10EU90 
 

Brake 

Load 

(%) 

Engine 

Speed 

(rpm) 

Brake 

Power 

(kW) 

50ml fuel 

consumption 

time (sec) 

Fuel 

Consumption 

(l/h) 

BSFC 

(kg/Kw-h) 

Brake 

Thermal 

Efficiency 

(%) 

Exhaust Gas 

Temperature 

(°C) 

Smoke Density 

(HSU) 

No load 1510 0.000 6.80 0.441 1.200 0.00 200 2.56 

25 1496 1.096 4.23 0.709 0.568 14.61 245 7.20 

50 1484 2.175 3.10 0.968 0.391 21.22 285 11.23 

75 1456 3.200 2.33 1.286 0.353 23.51 330 18.40 

100 1440 4.220 1.80 1.667 0.347 23.91 399 39.60 



 

Appendix A-4 Experimental results of the engine operating on K20EU80 
 

Brake 

Load 

(%) 

Engine 

Speed 

(rpm) 

Brake 

Power 

(kW) 

50ml fuel 

consumption 

time (sec) 

Fuel 

Consumption 

(l/h) 

BSFC 

(kg/Kw-h) 

Brake 

Thermal 

Efficiency 

(%) 

Exhaust Gas 

Temperature 

(°C) 

Smoke Density 

(HSU) 

No load 1504 0 6.83 0.439 1.400 0.00 196 2.84 

25 1497 1.097 4.25 0.706 0.566 14.92 238 7.90 

50 1490 2.183 3.13 0.957 0.386 21.89 278 9.60 

75 1463 3.216 2.43 1.233 0.337 25.04 322 17.48 

100 1442 4.226 1.82 1.651 0.344 24.57 397 37.64 

 

 

 

 

 

Appendix A-5 Experimental results of the engine operating on K30EU70 
 

Brake 

Load 

(%) 

Engine 

Speed 

(rpm) 

Brake 

Power 

(kW) 

50ml fuel 

consumption 

time (sec) 

Fuel 

Consumption 

(l/h) 

BSFC 

(kg/Kw-h) 

Brake 

Thermal 

Efficiency 

(%) 

Exhaust Gas 

Temperature 

(°C) 

Smoke Density 

(HSU) 

No load 1498 0 6.98 0.430 1.400 0.00 192 2.93 

25 1491 1.092 4.55 0.659 0.531 16.07 235 6.60 

50 1488 2.180 3.23 0.928 0.374 22.80 272 8.69 

75 1469 3.229 2.53 1.184 0.323 26.45 320 15.40 

100 1453 4.258 1.90 1.565 0.326 26.16 391 36.90 

 



Appendix A-6 Experimental results of the engine operating on K40EU60 
 

Brake 

Load 

(%) 

Engine 

Speed 

(rpm) 

Brake 

Power 

(kW) 

50ml fuel 

consumption 

time (sec) 

Fuel 

Consumption 

(l/h) 

BSFC 

(kg/Kw-h) 

Brake 

Thermal 

Efficiency 

(%) 

Exhaust Gas 

Temperature 

(°C) 

Smoke Density 

(HSU) 

No load 1505 0 6.80 0.441 1.500 0.00 185 2.60 

25 1498 1.098 4.42 0.679 0.545 15.74 228 5.87 

50 1486 2.177 3.20 0.938 0.379 22.63 265 8.60 

75 1465 3.220 2.58 1.161 0.318 27.01 315 14.70 

100 1449 4.247 1.93 1.552 0.322 26.66 381 33.12 

 

 

 

 

 

Appendix A-7 Experimental results of the engine operating on K50EU50 
 

Brake 

Load 

(%) 

Engine 

Speed 

(rpm) 

Brake 

Power 

(kW) 

50ml fuel 

consumption 

time (sec) 

Fuel 

Consumption 

(l/h) 

BSFC 

(kg/Kw-h) 

Brake 

Thermal 

Efficiency 

(%) 

Exhaust Gas 

Temperature 

(°C) 

Smoke Density 

(HSU) 

No load 1500 0 6.33 0.474 1.600 0.00 183 1.21 

25 1494 1.095 4.05 0.741 0.597 14.84 218 6.65 

50 1481 2.170 2.98 1.006 0.409 21.67 255 7.78 

75 1468 3.227 2.38 1.259 0.344 25.74 313 13.10 

100 1446 4.238 1.78 1.682 0.350 25.30 385 32.10 

 

 



 

 Appendix A-8 Experimental results of the engine operating on K60EU40 
 

Brake 

Load 

(%) 

Engine 

Speed 

(rpm) 

Brake 

Power 

(kW) 

50ml fuel 

consumption 

time (sec) 

Fuel 

Consumption 

(l/h) 

BSFC 

(kg/Kw-h) 

Brake 

Thermal 

Efficiency 

(%) 

Exhaust Gas 

Temperature 

(°C) 

Smoke Density 

(HSU) 

No load 1505 0.00 6.68 0.449 1.700 0.00 190 2.30 

25 1498 1.098 3.75 0.800 0.644 14.22 228 6.90 

50 1488 2.180 2.80 1.071 0.434 21.09 267 8.12 

75 1465 3.220 2.25 1.333 0.366 25.03 318 16.45 

100 1442 4.226 1.68 1.782 0.372 24.57 389 36.25 

 

 

 

 

 

Appendix A-9 Experimental results of the engine operating on K70EU30 
 

Brake 

Load 

(%) 

Engine 

Speed 

(rpm) 

Brake 

Power 

(kW) 

50ml fuel 

consumption 

time (sec) 

Fuel 

Consumption 

(l/h) 

BSFC 

(kg/Kw-h) 

Brake 

Thermal 

Efficiency 

(%) 

Exhaust Gas 

Temperature 

(°C) 

Smoke Density 

(HSU) 

No load 1491 0 6.63 0.452 1.800 0.00 190 2.15 

25 1486 1.089 4.05 0.741 0.603 15.61 232 7.85 

50 1480 2.169 2.80 1.071 0.438 21.50 270 8.56 

75 1456 3.200 2.23 1.343 0.372 25.30 328 20.21 

100 1438 4.214 1.63 1.837 0.386 24.37 396 38.21 

 



 

Appendix A-10 Experimental results of the engine operating on K80EU20 
 

Brake 

Load 

(%) 

Engine 

Speed 

(rpm) 

Brake 

Power 

(kW) 

50ml fuel 

consumption 

time (sec) 

Fuel 

Consumption 

(l/h) 

BSFC 

(kg/Kw-h) 

Brake 

Thermal 

Efficiency 

(%) 

Exhaust Gas 

Temperature 

(°C) 

Smoke Density 

(HSU) 

No load 1502 0 6.92 0.434 1.800 0.00 201 2.14 

25 1493 1.094 3.83 0.783 0.638 15.12 245 9.78 

50 1478 2.151 2.75 1.091 0.449 21.48 278 10.78 

75 1461 3.211 2.10 1.429 0.397 24.32 333 20.36 

100 1439 4.217 1.58 1.895 0.401 24.08 402 42.64 

 

 

 

 

 

Appendix A-11 Experimental results of the engine operating on K90EU10 
 

Brake 

Load 

(%) 

Engine 

Speed 

(rpm) 

Brake 

Power 

(kW) 

50ml fuel 

consumption 

time (sec) 

Fuel 

Consumption 

(l/h) 

BSFC 

(kg/Kw-h) 

Brake 

Thermal 

Efficiency 

(%) 

Exhaust Gas 

Temperature 

(°C) 

Smoke Density 

(HSU) 

No load 1500 0 7.00 0.429 1.900 0.00 206 2.11 

25 1483 1.087 3.67 0.818 0.674 14.33 251 10.10 

50 1475 2.142 2.65 1.132 0.469 20.60 289 11.35 

75 1453 3.194 2.02 1.488 0.417 23.16 346 22.12 

100 1435 4.206 1.52 1.978 0.421 22.94 411 44.90 
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Advisor : Dr. Pramod Chandra Tewari 
 

Demand of liquid fuel is very high in industrial and transportation sectors which 

results rise in price rapidly. In order to meet sustainable future demand of energy and reduce 

dependency on foreign oil, an environment friendly biofuels are gaining importance in recent 

years. So the biodiesel is seriously considered as an alternative fuel for diesel engine. In the 

present study, different blends of Karanja oil methyl ester and eucalyptus oil are used as an 

alternative fuel for diesel engine. Although, these fuels are used in diesel engine separately as 

well as blending with diesel in past studies but it is necessary to replace diesel completely 

from diesel engine by biodiesel because of increasing diesel fuel crises. Karanja oil and 

Eucalyptus oil are non-edible forest based oils, which is produced from karanja and 

eucalyptus seeds by mechanical expeller. The Karanja oil is converted into biodiesel by using 

esterification and transesterification reaction for enhancing its various properties. Methanol 

(13% by weight) is used as an alcohol in the presence of H2SO4 (0.1%) and NaOH (1% by 

weight) as a catalyst. 92% biodiesel yield is obtained by using esterification and 

transesterification reaction. Engine performance and emission characteristics of a 4.4 kW, 

single cylinder, four stroke diesel engine operating on duel fuel blends are investigated. 

Karanja oil percentage is varied from 10% to 90% (on volume basis). Eucalyptus oil is low 

cetane biofuel and combustion process in diesel engine depends upon cetane number and 

availability of oxygen. Karanja oil is added to increase cetane number of dual fuel blends and 

increasing the oxygen content. Experimental tests have been conducted at a fixed engine 

speed of 1500 rpm and at 0%, 25%, 50%, 75% and 100% load.  

The engine performance parameters such as brake power, brake specific fuel 

consumption, brake thermal efficiency, smoke density, absorption coefficient and exhaust 

temperature have been measured and the optimum blends which gave the best results of these 

parameters are investigated. K30EU70 and K40EU60 blends are obtained as best fuel blends 

for diesel engine. The results of the experiment have been analyzed and compared with 

standard diesel. It is observed that there is slight improvement in the performance and 

emission characteristics of engine by using some blends. It is also concluded that biodiesel 

and its all blends show approximately similar properties to that of diesel fuel, thus they 

provided satisfactory results on the engine. The exhaust gas emissions of fuel blends are also 

found better than that of diesel fuel. Therefore, all these blends can be effectively and 

efficiently used as an engine fuel without any modifications in engine. 
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iznizniznizn’’’’kZu o mRlTkZu fokZu o mRlTkZu fokZu o mRlTkZu fokZu o mRlTkZu fo’’’’ksksksks""""krk;sakrk;sakrk;sakrk;sa    
lykgdkjlykgdkjlykgdkjlykgdkj %%%% MkW- izeksn panz frokjh 

A 

औ�ोिगक और प
रवहन �े�� म� तरल ईधंन क� मांग बह�त अिधक है िजसके प
रणाम "व#प इनक� क�मत� बह�त तेज़ी 

से बढ़ रही हAै उजा) क� सतत भिव+य क� माँग को परूा करने और िवदशेी तेल पर िनभ)रता को कम करने के िलए हाल के वष3 मे 
पया)वरण अनकूुल जैव ईधंन मह5व 6ा7 कर रह ेह8A वत)मान अ9ययन म� करांजा तेल के िमथाइल ए"टेर और यकेूिल<टस के तेल के 
िविभ=न िम>ण डीजल इजंन के िलए वैकि@पक ईधंन के #प मे उपयोग िकए गय ेह8A ;|fi िपछले कुछ अ9ययन� मे इन तेल� का 
6योग डीजल इजंन म� अलग अलग और  डीजल के साथ िमि>त करके िकया गया हAै परंतु डीजल इजंन से डीजल को 
बायोडीजल Bारा पणू)#प से बदलन े क� अित-आवEयकता ह ै Fय�िक डीजल का मू@य िनरंतर बढ़ रहा हAै करांजा तेल एवं 
यकेूिल<टस तेल गैर- खा� वन आधा
रत तेल ह ैजो यांि�क ऐFसपेलर Bारा कारांजा ओर यकेूिल<टस के बीज� से शोिधत िकये 

जाते ह8A करांजा तेल क� िविभ=न िवशेषताओ ं को Mhty batu ds अन#ुप करने के िलये एि"J
रिफकेशन और 
Jांसए"ट
रिफकेशन 6ितिLया का उपयोग करके बायोडीजल मे प
रवित)त िकया गयाA अ@कोहल के #प म� मेथनॉल (वजन से 
13%) एवं उ56रेक के #प म� H2SO4 (वजन से 0.1%) और NaOH (वजन से 1%)  6योग िकया गयाA  एि"J
रिफकेशन और 
Jांस"टे
रिफकेशन 6ितिLया का उपयोग करके 92% बायोडीजल उपज 6ा7 क� गयीA 4.4 िकलोवाट, िसगंल िसल�डर एवं चार 
"Jोक डीजल इजंन के 6दश)न और उ5सज)न िवशेषताओ ंक� जाचँ क� गयी जो िक दो ईधंन� के िम>ण� पर चलाया गयाA djkatk 
तेल का 6ितशत 10% से 90% (आयतन के आधार पर) तक िलया गयाA यकेूिल<टस का तेल कम िसटेन जैव ईधंन ह ैऔर 
डीजल इंजन म� दहन 6िLया िसटेन सं_या और ऑFसीजन क� उपलaधता पर िनभ)र करती ह।ै करांजा तेल को ईधंन िम>ण� के 
िसटेन सं_या और ऑFसीजन सामcी म� विृe करने के िलए िमलाया गयाA 1500 आरपीएम क� िनिgत गित तथा 0%, 25%, 
50%, 75% और 100% भार पर 6ायोिगक परी�ण िकए गयेA  

iेक पावर, iेक िविशj ईधंन खपत, iेक थरम्ल द�ता, धआँु घन5व और िनकास तापमान जैस े इजंन 6दश)न व 
उ5सज)न मानक� को मापा गया और इjतम िम>ण जो इन मानक� के सवmnम प
रणाम 6दान करते ह8, क� जाचं क� गयीA 
K30EU70 और K40EU60 िम>ण डीजल इजंन के िलए सबसे अsछे ईधंन िम>ण के #प म� 6ा7 िकए गयेA 6योग के 
प
रणाम� का िवtेषण िकया गया और इसक� तुलना मानक डीजल के साथ क� गयी। यह देखा गया ह ै िक कुछ िम>ण� का 
उपयोग करके इजंन के 6दश)न और उ5सज)न िवशेषताओ ंम� मामूली सधुार ह�आ । यह भी िन+कष) िनकाला गया िक बायोडीजल 
और इसके सभी िम>ण डीजल ईधंन के लगभग समान गणु िदखाते ह8A इस 6कार उ=ह�ने इजंन पर संतोषजनक प
रणाम 6दान 
िकएA ईधंन िम>ण� के िनकास गसै उ5सज)न डीजल ईधंन क� तुलना म� बेहतर पाए गये, इसिलए इन सभी िम>ण� को इजंन म� 
िकसी भी संशोधन के िबना 6भावी #प से और कुशलता से इजंन ईधंन के #प म� उपयोग िकया जा सकता हAै 

 


