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ABSTRACT
A compression ignition engine was fuelled with macro-emulsions of mahua oil,disel and alcohol. Mahua oil is non-edible vegetable oil and is selected for the present investigations in view of its easy availability. Preparation of macro emulsions of this oil was found to be very effective method of reducing its viscosity. The undesired combustion features of mahua oil are found to have been decreased using this technique. Macro-emulsions of varying proportion of mahua oil, diesel and alcohol were prepared, which showed quite similar viscosity, heat content, and density as compared to diesel oil. These emulsions were used to run a small capacity, single cylinder compression ignition engine and significant improvement in engine performance and emission characteristics were observed. The thermal efficiency of the engine improved in one of the test fuel and the brake specific energy consumption reduced with few of macro emulsions as compared to diesel and there was a considerable decrease in the exhaust smoke for every type of macro emulsion. The results of these investigations clearly indicate that the partial substitution of diesel oil by macro-emulsion of vegetable oil can be achieved with similar or better performance and lower emission level. 
CHAPTER 1
INTRODUCTION
More than 100 years ago, a brilliant inventor named Rudolph Diesel designed the original diesel engine to run on vegetable oil. Over time, the diesel engine was modified to run on a cheap, dirty by-product of gasoline production, labeled “diesel fuel.” 

It is easy to look back into the past and review the history of fossil fuel use. For most of history, man’s chief energy source has been wood, which was initially plentiful in supply. However, by 1700 A.D. growing population and deforestation lead to an energy crisis in the developed world, which inspired entrepreneurs to market, and mine coal, which ultimately fuelled the Industrial Revolution. Coal still remains a widely used fuel today with 25% of world primary energy demand being satisfied by coal. However by the mid 19’th century the then perceived dwindling of coal resources-together with a shortage of whale oil for lighting-again led entrepreneurs in the developed world to seek new sources of energy supply.

Many studies have been done involving vegetable oils as a primary source of energy.  Particularly, during the early 1980's, studies were completed that tested the possibility of using unmodified vegetable oils as a replacement for diesel fuel.

There is no question that vegetable oil can be placed in the tank of a diesel-powered vehicle and the engine will continue to run and deliver acceptable performance.  Some vegetable oils have very high viscosity and thus may starve the engine for fuel when operated at 100 percent.  Most studies show that power and fuel economy, when compared to operation on diesel, are proportional to the reduced heat of combustion of the vegetable oil fuel.  

Despite the success when diesel engines are operated on vegetable oil for short-term performance tests, the real measure of success when using vegetable oil as a diesel fuel extender or replacement depends primarily on the performance of vegetable oils in engines over a long period of time.  Thus many researchers have been involved in testing programs designed to evaluate long-term performance characteristics.  Results of these studies indicated that potential hazards such as stuck piston rings; carbon buildup on injectors, fuel system failure, and lubricating oil contamination existed when vegetable oils were used as alternative fuels.   This effect diminishes as the blend of vegetable oil in diesel is decreased.  

   This report is concerned with the problems of developing countries which energy need source to run simple agriculture machinery and irrigation systems, but find difficult to import petroleum oils due to lack of foreign currency and because of difficulty in transportation to remote users. It is hoped that the substitution of locally produced fuel will improve supply reliability, reduce local under-employment problem, and would free foreign currency for other uses.

  The social and economic development of a nation has always been accompanied by an increase in the demand for energy. As more and more nations have emerged as industrialized societies, the accompanying demand for energy has resulted in a continuing tightening of available crude supplies, with a corresponding escalation of energy costs. The Middle East oil embargo in 1973 heightened the awareness in our country that our domestic energy supply is not sufficient to handle the demand. This is particularly true for the energy needed to operate our complex transportation system. The transportation system is the single largest consumer of petroleum-derived energy. Historically liquid hydrocarbons have evolved as the primary transportation fuel because of their high energy content per unit volume and because of the simplicity of liquid fuel handling and distribution systems as opposed to those required for solid and gaseous fuels.  

  With continued innovation and technological advances, such as the development of the internal combustion engine, oil quickly grew into a dominant fuel and today we find oil providing some 40% of world primary energy demand. It is more difficult, of course, to look into the future to predict the exact mix of fossil fuel use in the world economy in the coming decades. 

   Now a day although large-scale hydro or nuclear systems may have their place in the progress of a developing country there is a need for energy sources to run the tractors and irrigation pumps which can transform the food production of underdeveloped areas. Such a source need to be above all else, cheap to buy and reliable to run. This is even more important than efficiency and account fore the continued use of so inefficient an energy converter as the ox despite the availability of small petrol or diesel engines, wind pumps and solar panels. These new technologies are a step into the unknown for people who may be committing all their money to buying such a system and risking starvation if it fails.

   Of these alternatives to a man-or ox-power, the diesel engine has become the widest spread, as it is cheap and fairly reliable. The drawback of the diesel engine is the high cost of the fuel, which has to be imported and transported inland over poor roads. This long-term cost tends to be overlooked because of the lower initial cost of buying a diesel engine. There are two solutions to this long-term cost: either

(1) Encourage the use (by subsidies for example) of low running cost wind or solar                               sources which cannot however power a tractor or run in unfavorable weather, or

    (2) Find a cheap reliable supply of fuel for diesel engines. This report investigates the latter option.

CHAPTER- 2
LITRATURE REVIEW 

2.1 WHAT IS REQUIRED OF THE FUEL

The following properties are the properties of an ideal fuel

(a)   It should be produced locally to cut transport cost and supply difficulty, to free foreign currency for other uses, and to reduce local underemployment 
(b)    It should need only simple production plant to give low capital and cheap    maintenance.
(c)   It should require the minimum alteration to the engine to keep initial cost down and to enable a return to diesel use if the alternative supply fails.

 (d)   It should have minimum harmful effect on the engine to ensure reliability and to reduce the need for skilled maintenance.

2.2     THE FUELS WICH ARE AVAILABLE TO RUN A DIESEL ENGINE
Diesel oil has no unique properties. A diesel engine, with a greater or lesser degree of modification, will run on a wide range of fuels provided that the fuel can be introduced to the cylinder of the engine and will ignite in the heat produced by compressing air in the cylinder.

2.2.1 FUELS, WHICH HAVE BEEN USED, INCLUDE:
(a) Coal dust: The first fuel used in a compression ignition engine by Ackroyd Stuart, before diesel developed the engine. In this crude engine coal, dust was inhaled before the compression stroke and the coal ignited when the air temperature rose high enough. Consequently, the ignition timing was uncontrolled so efficiency was low.  Ash caused lubrication problems.

Anyway very few developing countries had coal reserves to carried out experiments on engines running on coal slurry, which may be injected giving timed ignition. However, lubrication is still a problem. An alternative means of using coal is, to chemically convert it to oil. Nevertheless, the plant is very complex and costly.                                                                                                                                                                                

(b)  Petroleum oil:  The discovery of oil bearing rock in North America in the late 19’th                            century and the development of techniques refining it made abundantly available a                  fuel which runs engines very conveniently. It rapidly displaced coal-fired steam engines in transport and for many years has been considered the only engines.                     However, the post 1973 oil price rise and the realization that the petroleum oil supply is not infinite have spurred the search for feasible alternative energy sources.                     

(c)  Methane Gas: This will run a modified diesel engine but it will not ignite under normal engine compression. Instead a small quantity of diesel oil may be injected into the compressed gas to act as a torch, or the engine may simply be converted to a high compression spark ignition engine by substituting a spark plug and magneto for the injection equipment. (Methane, unlike petrol, will accept high compression without detonation so a converted diesel engine is more appropriate than an engine design for petrol.) Methane has been used to run dual fuel diesel engines in sewage stations in Britain for some years. Being a gas it is of much lower energy content than oils is unsuitable as a vehicle fuel unless liquefied. Liquefaction requires complex equipment and absorbs energy.

(d)   Alcohol:: This is a better fuel for spark ignition engines than for diesel engine where it gives excessive knock. It is used successfully as substitute for petrol in Brazil
 but this has involved a major programme of setting up production plants and modifying vehicle fuel systems .the whole program has cost in excess of £2500M. This scale of expenditure is obviously impossible for most developing countries.

(e)   Vegetable Oils: Rudolph Diesel wrote “The Diesel engine can be fed with vegetable oils and would help considerably in the development of a country which will use it. This may appear a futuristic dream but I can predict with great conviction that this use of diesel engine may in the future be of great importance.” However, the suitability and abundance of petroleum oil ruled out the use of vegetable oils except in view cases where petroleum supply has been restricted. This occurred in Brazil during the Second World War, when diesels were run successfully on cottonseed oil [1]; and in the 1920’s when palm oil was used in Zaire, Gold Coast and other central African countries where the diesel oil price was reported to be as much as four times the palm oil price [1]. Presumably, improvements in the diesel supply or price reductions later reduced this price difference since such use seems to have faded out. Now that petroleum prices have risen again and will continue to rise in the long term it may be that vegetable oils will again be fuels.

2.3  CHOICE OF FUEL FOR INVESTIGATION
  We chose to study vegetable oils as a fuel for the diesel engine because of 

(1) Their suitability for use in a standard diesel engine. This would minimize the cost of the   engine and simplify maintenance important considerations in a developing country.

   (2) The ease with which oil may be extracted from the oilseed. This is a simpler process than  the production of alcohols or the production and liquefaction of methane.
2.4 HISTORY OF VEGETABLE OIL AS A FUEL:

The use vegetable oil in diesel engine is nearly as old as the diesel engine itself. The                           inventor of diesel engine, Rudolf Diesel, reportedly used groundnut oil as a fuel for demonstration purposes in 1900. 

The Southwest Research Institute, Reid et al. (1982), evaluated the chemical and physical properties of 14 vegetable oils.  These injection studies pointed out that the oils behave very differently from petroleum-based fuels.  This change in behavior was attributed to the vegetable oils’ high viscosity.  Engine tests showed that carbon deposits in the engine were reduced if the oil was heated prior to combustion.  It was also noted that carbon deposit levels differed for oils with similar viscosities, indicating that oil composition was also an important factor.

Goering et al. (1981) studied the characteristic properties of eleven vegetable oils to determine which oils would be best suited for use as an alternative fuel source.  Of the eleven oils tested, corn, rapeseed, sesame, cottonseed, and soybean oils had the most favorable fuel properties.

Bruwer et al. (1980) studied the use of sunflower seed oil as a renewable energy source.  When operating tractors with 100% sunflower oil instead of diesel fuel, an 8% power loss occurred after 1000 hours of operation.  The power loss was corrected by replacing the fuel injectors and injector pump.  After 1300 hours of operation, the carbon deposits in the engine were reported to be equivalent to an engine fueled with 100% diesel except for the injector tips, which exhibited excessive carbon build-up.
Tahir et al. (1982) tested sunflower oil as a replacement for diesel fuel in agricultural tractors.  Sunflower oil viscosity was 14% higher than diesel fuel at 37(C.  Engine performance using the sunflower oil was similar to that of diesel fuel, but with a slight decrease in fuel economy.  Oxidation of the sunflower oil left heavy gum and wax deposits on test equipment, which could lead to engine failure.

Bacon et al. (1981) evaluated the use of several vegetable oils as potential fuel sources.  Initial engine performance tests using vegetable oils were found to be acceptable, while noting that the use of these oils caused carbon build up in the combustion chamber.  Continuous running of a diesel engine at part-load and mid-speeds was found to cause rapid carbon deposition rates on the injector tips.  Short 2-hour tests were used to visually compare the effects of using different vegetable oils in place of diesel fuel.  Although short-term engine test results were promising, Bacon recommended long-term engine testing to determine the overall effects of using vegetables oils as a fuel in diesel engines.

Schoedder (1981) used rapeseed oils as a diesel fuel replacement in Germany with mixed results.  Short-term engine tests indicated rapeseed oil had similar energy outputs when compared to diesel fuel.  Initial long-term engine tests showed that difficulties arose in engine operation after 100 hours due to deposits on piston rings, valves, and injectors.  The investigators indicated that further long-term testing was needed to determine if these difficulties could be adverted.

Auld et al. (1982) used rapeseed oil to study the effects of using an alternative fuel in diesel engines.  An analysis of the rapeseed oil showed a relationship between viscosity and fatty acid chain length.  Engine power and torque results using rapeseed oil were similar to that of diesel fuel.  Results of the short-term tests indicated further long-term testing was needed to evaluate engine durability when rapeseed oil was used.

Bettis et al. (1982) evaluated sunflower, safflower, and rapeseed oils were evaluated as possible sources for liquid fuels.  The vegetable oils were found to contain 94% to 95% of the energy content of diesel fuel, and to be approximately 15 times as viscous.  Short-term engine tests indicated that for the vegetable oils power output was nearly equivalent to that of diesel fuel, but long-term durability tests indicated severe problems due to carbonization of the combustion chamber.

Engler et al. (1983) found that engine performance tests using raw sunflower and cottonseed vegetable oils as alternative fuels gave poor results.  Engine performance tests for processed vegetable oils produced results slightly better than similar tests for diesel fuel.  However, carbon deposits and lubricating oil contamination problems were noted, indicating that these oils are acceptable only for short-term use as a fuel source.

Pryor et al. (1983) conducted short and long-term engine performance tests using 100% soybean oil in a small diesel engine.  Short-term test results indicated the soybean performance was equivalent to that of diesel fuel.  However, long-term engine testing was aborted due to power loss and carbon buildup on the injectors.

Yarbrough et al. (1981) experienced similar results when testing six sunflower oils as diesel fuel replacements.  Raw sunflower oils were found to be unsuitable fuels, while refined sunflower oil was found to be satisfactory.  Degumming and dewaxing the vegetable oils were required to prevent engine failure even if the vegetable oils were blended with diesel fuel.

Over 30 different vegetable oils have been used to operate compression engines since the 1900’s (Quick, 1980).  Initial engine performance suggests that these oil-based fuels have great potential as fuel substitutes.  Extended operation indicated that carbonization of critical engine components resulted from the use of raw vegetable oil fuels, which can lead to premature engine failure.  Blending vegetable oil with diesel fuel was found to be a method to reduce coking and extend engine life.

Pryde (1982) reviewed the reported successes and shortcomings for alternative fuel research.  This article stated that short-term engine tests using vegetable oils as a fuel source was very promising.  However, long-term engine test results showed that durability problems were encountered with vegetable oils because of carbon buildup and lubricating oil contamination.  Thus, it was concluded that vegetable oils must either be chemically altered or blended with diesel fuel to prevent premature engine failure.

Studies involving the use of raw vegetable oils as a replacement fuel for diesel fuel indicate that a diesel engine can be successfully fuel with 100% vegetable oil on a short-term basis.  However, long-term engine durability studies show that fueling diesel engines with 100% vegetable oil causes engine failure due to engine oil contamination, stuck piston rings, and excessive carbon build-up on internal engine components.  Therefore 100% unmodified vegetable oils are not reasonable diesel fuel replacements.

Engelman et al. (1978) presented data for 10% to 50% soybean oil fuel blends
 used in diesel engines.  The initial results were encouraging.  They reported at the conclusion of a 50-hour test that carbon build-up in the combustion chamber was minimal.  For the fuel blends studied, it was generally observed that vegetable oils could be used as a fuel source in low concentrations.  The BSFC and power measurements for the fuel blends only differed slightly from 100% diesel fuel.  Fuel blends containing 60% or higher concentrations of vegetable oil caused the engine to sputter.  Engine sputtering was attributed to fuel filter plugging.  They concluded that waste soybean oil could be used as a diesel fuel extender with no engine modifications.

Studies in New Zealand by Sims et al. (1981) indicated that vegetable oils, particularly rapeseed oil, could be used as a replacement for diesel fuel.  Their initial short-term engine tests showed that a 50% vegetable oil fuel blend had no adverse effects.  While in long-term tests they encountered injector pump failure and cold starting problems.  Carbon deposits on combustion chamber components was found to be approximately the same as that found in engines operated on 100% diesel fuel.  These researchers concluded that rapeseed oil had great potential as a fuel substitute, but that further testing was required.

Caterpillar (Bartholomew, 1981) reported that vegetable oils mixed with diesel fuel in small amounts did not cause engine failure.  Short-term research showed that blends using 50/50 were successful, but that 20% vegetable oil fuel blends were better. 

Deere and Company (Barsic and Humke, 1981) studied the effects of mixing peanut oil and sunflower oil with Number 2 diesel fuel in a single cylinder engine.  The vegetable oil blends were observed to increase the amount of carbon deposits on the combustion side of the injector tip when compared with 100% diesel fuel.  The vegetable oil fuel blends were found to have a lower mass-based heating value than that of diesel fuel.  Fuel filter plugging was noted to be a problem when using crude vegetable oils as diesel fuel extenders.

International Harvester Company (Fort et al. 1982) reported that cottonseed oil, diesel fuel blends behaved like petroleum-based fuels in short-term performance and emissions tests.  The experimental fuels performed reasonably well when standards of judgment were power, fuel consumption, emissions, etc.  However engine durability was an issue during extended use of these fuel blends because of carbon deposits and fueling system problems. 

Other research at International Harvest Company (Baranescu and Lusco, 1982) was done using three blends of sunflower oil and diesel fuel.  Results indicated that the sunflower oil caused premature engine failure due to carbon buildup.  It was noted that cold weather operation caused fuel system malfunctions.

Worgetter (1981) analyzed the effects of using rapeseed oil as a fuel in a 43-kW tractor.  The goal of running the tractor for 1000 hours on a blend of 50% rapeseed oil and 50% diesel was never achieved as the test was aborted at about 400-hours due to unfavorable operating conditions.  The use of rapeseed oil in the fuel resulted in heavy carbon deposits on the injector tips and pistons, which would have caused catastrophic engine failure if the tests had not been aborted.  Upon engine tear down, it was found that the heavy carbon deposits on the pistons was the cause of the noted power loss and not the fuel injectors.

Wagner and Peterson (1982) reported mixed results when using rapeseed oil as a substitute fuel.  Attempts to heat the oil fuel mixture prior to combustion exhibited no measurable improvement in fuel injection.  Severe engine damage was noted during short-term engine testing due to the use of rapeseed oil.  A long-term test using a 70% rapeseed, diesel fuel blend was successful for 850 hours with no apparent signs of wear, contamination of lubricating oil, or loss of power.

Van der Walt and Hugo (1981) examined the long-term effects of using sunflower oil as a diesel fuel replacement in direct and indirect injected diesel engines.  Indirect injected diesel engines were run for over 2000 hours using de-gummed, filtered sunflower oil with no adverse effects.  The direct injected engines were not able to complete even 400 hours of operation on the 20% sunflower oil, 80% diesel fuel mixture without a power loss.  Further analysis of the direct injected engines showed that the power loss was due to severely coked injectors, carbon buildup in the combustion chamber, and stuck piston rings.  Lubricating oil analysis also showed high piston, liner, and bearing wear.

Engine Testing by Ziejewski and Kaufman (1982) at Allis Chalmers using a 50/50 blend of sunflower oil and diesel was unsuccessful.  Carbon buildup on the injectors, intake ports, and piston rings caused engine operating difficulties and eventual catastrophic failure.

Fuls (1983) reported similar findings for indirect and direct injection engines using 20% sunflower oil, diesel fuel blends.  Fuls Emphasized that injector coking was the problem with using sunflower oil in direct injected diesel engines.

Caterpillar Tractor Co. (McCutchen, 1981) compared engine performance of direct injection engines to indirect injection engines when fueled with 30% soybean oil, 70% diesel fuel.  The results showed that indirect injection could be operated on this fuel blend while the direct injection engine could not without catastrophic engine failure occurring.  The direct injection engines showed injector coking and piston ring sticking as a result of using sunflower oil.

An on-farm study using six John Deere and Case tractors by German et al. (1985) averaged 1300-hours of operation.  Carbon deposits on the internal engine components were greater for the tractors fueled with 50/50 sunflower oil/diesel than for those fueled with a 25/75 sunflower oil/diesel fuel blend.  All the test engines had more carbon build-up than normally seen in an engine fueled with diesel fuel.  The results of this study indicated that neither of the fuel blends could be use as a replacement for petroleum based fuels on a permanent basis without shortening engine life.

Peterson et al. (1982) used rapeseed oil as a diesel fuel extender to study the long-term effects of using vegetable oils as a fuel source.  Fuel composed of 70% rapeseed oil and 30% Number 1 diesel fuel was successfully used to operate a small single cylinder engine for 850 hours.  No adverse operating conditions were reported at the conclusion of this engine study.  A short-term performance test using a 100% sunflower oil caused severe piston ring gumming and catastrophic engine failure.  This study highlighted the need for significant long-term engine testing before recommendations of using vegetable oil as a fuel could be made.

Nag et al. (1995) did studies involving the use of seed oils grown natively in India.  Performance tests using fuel blends as great as 50-50 seed oil from the Indian Amulate plant and diesel fuel exhibited no loss of power.  Knock free performance with no observable carbon deposits on the functional parts of the combustion chamber were also observed during these tests.  Although this seed oil was not yet commercially available at the time of this study, it was hoped that it soon would be.

Sapaun et al. (1996) reported that studies in Malaysia, with palm oils as diesel fuel substitutes, exhibited encouraging results.  Performance tests indicated that power outputs were nearly the same for palm oil, blends of palm oil and diesel fuel, and 100% diesel fuel.  Short-term tests using palm oil fuels showed no signs of adverse combustion chamber wear, increase in carbon deposits, or lubricating oil contamination.

Ryan et al. (1984) characterized injection and combustion properties of several vegetable oils.  The atomization and injection characteristics of vegetable oils were significantly different from that of diesel fuel due to the higher viscosity of the vegetable oils.  Engine performance tests showed that power output slightly decreased when using vegetable oil fuel blends.  Injector coking and lubricating oil contamination appeared to be a more dominate problem for oil-based fuels having higher viscosities.

Pestes and Stanislao (1984) used a one to one blend of vegetable oil and diesel fuel to study piston ring deposits.  Premature piston ring sticking and carbon build-up due to the use of the one to one fuel blend caused engine failure.  The severest carbon deposits were located on the major thrust face of the first piston ring.  These investigators suggested that to reduce piston ring deposits a fuel additive or a fuel blend with less vegetable oil was needed.

Other studies by Hofman et al. (1981) and Peterson et al. (1981) indicated that while vegetable oil fuel blends had encouraging results in short term testing, problems occurred in long-term durability tests.  They indicated that carbon build-up, ring sticking, and lubricating oil contamination was the cause of engine failure when vegetable oils were used in high percentages (50% or more) as diesel fuel substitutes.  

Due to engine durability problems encountered using raw vegetable oils as a fuel in the early 1980's, most researchers opted to use chemically modified vegetable fuels more commonly known as biodiesel
 in place of unrefined vegetable oils.  Thus, in recent years there has been little literature concerning the feasibility of using raw vegetable oils as a fuel additive.

McDonnell et al. (2000) studied the use of a semi-refined rapeseed oil as a diesel fuel extender.  Test results indicated that the rapeseed oil could serve as a fuel extender at inclusion rates up to 25%.  As a result of using rapeseed oil as a fuel, injector life was shortened due to carbon buildup.  However, no signs of internal engine wear or lubricating oil contamination were reported 

CHAPTER -3
COMPARISON
3.1      COMPARISON OF CONVENTIONAL DIESEL FUEL AND VEGETABLE OIL
3.1.1  CONVENTIONAL DIESEL FUEL 
Conventional diesel fuel is, like gasoline, obtained from cracking of petroleum. It is obtained from fraction distillation of crude oil, at an initial distillation temperature of 160oC(90 % range of 290-360oC) [3], also termed middle distillates because of its boiling range in the mid range of cracking products.

3.1.1.1  IGNITION QUALITY OF DIESEL FUEL

The ignition quality of diesel fuel is commonly measured by ASTM D613 and reported as the cetane number. Ignition quality is defined by the ignition delay time of the fuel in the engine. The shorter the ignition delay time, higher the cetane number. To rank different compounds on the cetane scale, hexadecane(C 16 H34; also called cetane), which has a short ignition delay, has been assigned a cetane number of 100. At the other end of the scale 2,2,4,4,6,8,8 –heptamethylnonane(HMN; also C16H34), which has poor ignition qualities has been assigned a cetane number of 15. It should be noted that the cetane scale is arbitrary and that compounds with cetane number >100 (although the cetane scale does not provide for compounds with cetane number>100) or cetane number <15 have been identified. The ASTM specification for conventional diesel fuel (ASTM 975) requires a minimum cetane number of 40. 

The cetane number scale clarifies an important aspect of the composition of, or, on a more fundamental level, the molecular structure of the compounds comprising diesel fuel. Long chain, un-branched, saturated hydrocarbons (alkanes) have high cetane number and good ignition quality while branched hydrocarbons (and other materials like aromatics) has low cetane numbers and poor ignition quality.

Since both too high and too low cetane number can cause operational problems. In case of too high cetane number, combustion can occur before the fuel and air are properly mixed, resulting in incomplete combustion and smoke; incase of too low cetane number, engine roughness, misfiring, higher air temperatures, slower engine warm-up and also incomplete combustion occur. Most engine manufacturers designate a range of required cetane number for their engines. In most cases, this range is around cetane number 40-50.

3.1.1.2  CLASSIFICATION OF DIESEL FUELS:

Conventional diesel fuels are classified into different grades by ASTM975. This classification is the following:-

No.1 diesel fuel (DF1) comprises volatile fuel oils from kerosene to intermediate distillates. They are applicable for high-speed engines whose operation involves frequent and relatively wide variations in engine load and speed. Such fuel is required for use at abnormally low temperatures. 

No2 diesel fuel (DF2) includes distillate gas oils of lower volatility. This grade is suitable for use in high-speed engines under relatively high loads and uniform speeds. DF2 can be used in engines not requiring fuel having the greater volatility and other properties specified for No.1 diesel fuel. DF2 is the transportation diesel fuel to which vegetable oil is usually compared. 

No4 diesel fuel (DF4) covers the more viscous distillates and their blends with residual fuel oils. It is usually satisfactory only for low speed and medium speed engines operated under sustained load at nearly constant speed. 

Besides the just discussed characteristics of conventional diesel fuel, other properties such as heat of combustion, pour point, cloud point, and viscosity are of great significance. These properties also play very important roles in the use of vegetable oil.

3.1.1.3  CHARACTERISTICS OF CONVENTIONAL DIESEL FUEL:

(a)  CLOUD POINT:

The temperature at which oil starts to solidify is known as the cloud point. Solid triglyceride particles in flowing oil will get caught in a fuel filter and will eventually block (wax) it. When the temperature drops to the oils melt point the oil will become solid and no longer flow and block any fuel system components in which it lies.  When operating an engine at temperatures below an oils cloud point fuel heating will be necessary in or upstream of the fuel filter to avoid waxing.  In temperatures below melt point the entire fuel system including all fuel lines and fuel tank will need to be heated.

(b)   POUR POINT:

       The pour point indicates the lowest temperature at which an oil stops flowing to the pump, bearings or cylinder walls. It is particularly important for immediate oil circulation in respect of starting of engines in very cold climates with gravity lubricating systems, as the fluidity is a factor of pour point and viscosity of the cold oil. Pour point depressants may be added to wax containing oils to lower the pour points instead of dewaxing the oil.

(c)  FLASH POINT:

The flash point of oil is the minimum temperature at which sufficient flammable vapour is driven off to flash when brought into contact with a flame.
(d)  FIRE POINT:

The fire point is the minimum temperature at which the inflammable vapour will continue to form and steadily to burn once ignited. Flash and Fire point may vary with the nature of the original crude oil, the viscosity and the method of refining. For the same viscosities and degree of refinement, the paraffin oils have higher flash and fire points than napthenic oils.

(e)  VISCOSITY

The thickness of oil, Viscosity is determined by measuring the amount of time taken for a given measure of oil to pass through an orifice of a given size
 (f)  IODINE VALUE (IV)

Many vegetable oils and some animal oils are described as ‘drying’ or ‘semi-drying’.  These oils gradually react with oxygen in air and polymerise into a plastic like solid, for this reason these oils are used as a base for paints.  This reaction is increased inside an engine and can lead to quick formation of deposits. 

“Iodine Value (IV) is a value of the amount of iodine, measured in grams, absorbed by 100ml of a given oil.  The higher the IV the greater potential the oil has to polymerise.”   

(g)  DENSITY

Determined by weighing a given quantity of oil.  Oils that are denser will contain more energy.  For example petrol and diesel fuel give comparable energy by weight but diesel is denser and gives more energy per litre. 

(h)  CALORIFIC VALUE 
Calorific value of a fuel is the thermal energy released per unit quantity of the fuel when the fuel is burned completely and the products of the combustion are cooled back to initial temperature of the combustible mixture. 

(i)    HIGHER CALORIFIC VALUE

When the products of combustion re cooled to 25oC practically all the water vapour resulting from the combustion process is condensed. The heating value so obtained is called the higher calorific value or gross calorific value of the fuel.

(ii)   LOWER CALORIFIC VALUE

It is the heat released when water vapour in the products of combustion is not condensed and remains in the vapour form. It is also called net calorific value.

3.1.2   VEGETABLE OILS
Fats and oils are primarily water- insoluble, hydrophobic substance in the plant and animal kingdom composed primarily of fatty esters of glycerol, commonly referred as “Triglycerides”. Structurally, a triglyceride is the reaction product of one molecule of glycerol with three fatty acid molecules to yield three molecules of water and one molecules of triglyceride.(Fig 1).
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H -  C- OH  HOO-C-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH2-----CH3
                                                                Stearic Acid

H  - C- OH  HOO-C-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH=CHCH2-CH2-CH2-CH2-CH2-------CH3
                                                                Oleic Acid             

H -  C-OH   HOO-C-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH=CH-CH2-CH=CH-CH2-CH2-------CH3
                                                                Linoleic Acid

       H

Glycerol                                          3 Fatty Acid Molecules

                    Glycerol + Three Fatty Acids = A Fat Molecule (Triglyceride).

                    Linoleic Acid polyunsaturated:  Two Double Bonds in the Molecule.

                    Stearic Acid Saturated : All Single Bond Between Atoms of Carbon.

                    Oleic Acid Mono- unsaturated : One Double Bond Between Carbons 9 & 10.

                    H2O (H-OH) Formed When Fatty Acid Bonds to each Carbon of Glycerol.

                 FIG  1 :  STRUCTURE OF A VEGETABLE OIL MOLECULE


Triglyceride molecules have molecular weights between 800 and 900 and are thus nearly four times larger than typical diesel fuel molecule. Natural vegetable oils and animal fats are extracted or pressed to obtain crude oil or fat and usually contain free faty acids, phospholipids, sterols, water, odorants and other impurities.

Selected physical properties of vegetable oils and fats as they relate to their use as diesel fuels are listed in table 3. For esters these properties are given in table 4. Also listed in table 3 the ranges of iodine values (centigrams iodine absorbed per gram of sample) of these oils and fats. The higher the iodine value, the more unsaturation is these present in the fat or oil.

CHAPTER-4

PROBLEMS AND THEIR SOLUTIONS
4.1 PROBLEMS ASSOCIATED WITH VEGETABLE OILS AS A DIESEL         FUEL:
The viscosity of vegetable oils is approximately one order of magnitude greater than that of conventional diesel fuel. The high viscosity with resulting poor atomization, large droplets, and high spray jet penetration. With high viscosities the jet tends to be a solid stream instead of a spray of small droplets [10]. Therefore, the fuel is not distributed in or mixed with the air required for burning. This results in poor combustion, accompanied by loss of power and economy. In small engines, the fuel spray may impinge upon the cylinder walls, washing away the lubricant oil film and causing dilution of the crankcase oil. Such a condition contributes to excessive wear and tear. Therefore, neat oils have been largely abandoned as alternative diesel fuels.

        4.2    HOW TO HANDLE THESE PROBLEMS
         These problems can be handled broadly in two ways.

    (1)     ENGINE OPTIMIZATION 

(a)  Dual fuelling

(b)  Injection system modification
(c)  Heated fuel lines

 (2)    FUEL MODIFICATIONS 
(a) The most common applied solution to this problem is the preparation of methyl Esters by transesterfication. 

(c)    Emulsification or (Co-solvency) 

(d)   Pyrolysis.

             4.2.1     ENGINE OPTIMIZATION

Work has been done with altering existing diesel engines to improve the combustion characteristics with vegetable oil.

            (a)        INJECTORS

 Injectors are designed to give optimum performance in a given engine running on a given fuel. The design of the injector will affect its suitability to run vegetable oil

.          The design of the nozzles can aid combustion and affect both power and fuel consumption Elsbett conversion kits include replacement nozzles. 

Increasing the injectors opening pressure has been found to improve the spray pattern of the injector with higher viscosity fuels (suggested pressure increase between 10-20 bar). An Elsbett conversion involves increasing the opening pressure by 5bar 

An Indian study found that lowering the injector pressure on an engine with a fixed load running at 1500rpm gave better fuel economy 

Studies have shown that moving the injector into a higher position in the combustion chamber can reduce Nitrous Oxide (NOX) emissions. Moving it above a certain amount increases other emissions and greatly reduces performance. Altering the timing of the injector pump to give a later fuel delivery also decreases NOX emissions. These effects have been combined to reduce NOX emissions by 75%. By doing this a power loss of up to 17% can be expected at higher engine speeds. 

           (b)     COMBUSTION CHAMBER

Another study used a ceramic insulating layer attached to the piston of a DI engine and found that combustion chamber deposits were reduced to an acceptable level. It was found that combustion chamber surfaces would vaporize vegetable oil at temperatures above 500 0C. The surface of the insulated combustion chamber would reach this temperature. The engine however used more fuel due to energy lost due to heat transfer to the combustion chamber walls 

          (c)      INJECTOR PUMP
          Vegetable oil use has lead to injector pump malfunctions. Rotary type injector pumps have been found to be particularly vulnerable. These failures have been generally attributed to the extra stresses pumping a more viscous fuel and impurities in waste oil. 

 Adding an additional pump to aid the transfer of oil from the fuel tank to the injector pump and altering the tolerances within the injector pump to provide operating pressures similar to that with diesel has given good results. 

           (d)      GLOW PLUGS
Some vehicles glow plugs have an after glow function where the glow plugs stay on after starting for a few minutes to smooth cold running. This function will greatly help when starting on vegetable oil fuels with a cold engine. 

Upgrade kits are available for some vehicles from both Bosch and Buru. The plugs are heavy duty to withstand the extended heating times. Buru plugs are marked GV for Vorglueh (pre-glow) or GN for Nachglueh (post-glow).

Engine modifications, such as duel fueling and injection system alterations are expensive in terms of money and time for vegetable oil specific systems owing to large number of engines already in use.

            4.2.2     FUEL OPTIMIZATION 

            4.2.2.1  EMULSIFICATION    

       The formation of emulsion (co-solvency) is one of the four potential solutions for solving the problem of vegetable oil viscosity. Emulsification – based fuels are sometimes also called “hybrid fuels”, although blends of conventional diesel fuel with vegetable oils have also been called “hybrid fuels”. Some of these fuels were tested in engines including the 200-hr EMA test. A emulsified fuel containing soybean oil, methanol, 2-octanol, and a cetane enhancer was the cheapest vegetable oil – based alternative diesel fuel ever to pass the EMA test.

              The components of the emulsions can be conventional diesel fuel, vegetable oil, an   alcohol, a surfactant, and a cetane improver. Water (from aqueous ethanol) may also be present in order to use lower-proof ethanol, thus increasing water tolerance of the emulsions is important.

               4.2.2.2. CLASSIFICATION OF EMULSIONS:

  Emulsions are classified as non – ionic or ionic, depending on the surfactant present. 

  (a) Ionic emulsions – Emulsions containing for example, a basic nitrogen compound are termed ionic emulsions. They are also termed as micro-emulsions Micro-emulsions are defined as “transparent, thermodynamically colloidal dispersions in which the diameter of the dispersed – phase particles is less than one – fourth the wavelength of visible light.” They are stable in nature. 
  (b) Non-ionic emulsions - Those consisting, for example, only of a vegetable oil, aqueous    ethanol, and other alcohol, such as 1–butenol, are termed non – ionic. Non – ionic emulsions are often referred to as detergentless emulsions, indicating the absence of a surfactant. They are also called macro-emulsions. They do not form thermodynamically colloidal dispersions, and their faces separated, after some time of their forming, hence they are unstable in nature. 

   In this study macro-emulsions were used for the investigation as they are easy to formulate and their cost dose not include the cost of surfactant. Moreover these can be prepared even by a person having very little or no technical knowledge and thus can be used widely in rural areas.

  Viscosity, lowering additives were usually with C1-3  alcohols length while  longer chain alcohols and alkylamines served as surfactants. n- Butanol (CN42) was claimed to be the alcohol most suitable for microemulsions, giving microemulsions more stable and lower in viscosity than those made with methanol or ethanol [14]. Microemulsion with hexanol and an ionic surfactant had no major effect on gaseous emissions or efficiency. Emulsions were reported to be suitable as diesels fuels with viscosities close to that of neat DF.

  Physical property studies of mixtures of triglycerides with aqueous ethanol and 1-butenol showed that they form detergentless microemulsions. Mixture of hexadecane, 1-butenol, and 95% ethanol were shown detergentless microemulsions. 

   Solubilization and microemulsification studies on triglycerides, especially triolein, with methanol in the presence of several even numbered, n – alcohols as surfactants showed that 1- octanol produced the microemulsions with the best water tolerance. Among the octanols, 1 - and 4 – octanol were superior to the 2 – and 3 – isomers. 1 –butanol and 1-tetradecanol gave micro-emulsions with the least water tolerance. The formation of molecular dispersions seemed more likely than the formation of non-aqueous microemulsions, but the addition of water produced systems that exhibited microemulsion properties. Studies on micellar Solubilization of methanol with triglycerides and 2-octanol as co-surfactant gave the following sequence for water tolerance of three surfactant systems: tetradecyldimethylammonium linoleate > bis (2 – ethylhexyl) sodium sulfosuccinate > triethylammonium linoleate. A non-aqueous microemulsion formed from triolein / oleyl alcohol (9(Z)octadecane – 1 –ol) /methanol.

    When studying different unsaturated fatty alcohols, it was reported that the viscosity is nearly independent of the configuration of the double bond in the tailgroup structure. However, with increasing unsaturation in the tail group, viscosity decreased at a constant methanol concentration. Generally, adding long chain fatty alcohols substantially increased methanol solubility in non aqueous triolein / unsaturated long – chain fatty alcohol / methanol solutions under most conditions. Physical property data were consistent with those for systems exhibiting co – solvent phenomena. However, for solutions with methanol concentration exceeding 0.444-vol. fraction, the results showed that Solubilization of methanol within large aggregates were feasible. Mixed amphiphile systems investigating four unsaturated C18 fatty alcohols and five C4 – C 12 alkanols showed that large methanol - in - amphiphile aggregates resembling a microemulsion were feasible under limited conditions. These binary systems strongly affect miscibility between methanol and TG. Critical micelle concentration (CMC) studies showed that degree of unsaturation and double bond configuration significantly affected aggregation when using six unsaturated C18 fatty alcohols as amphiphiles. These compounds form large and polydisperse aggregates in methanol. The effect of solubilized soybean oil was studied. Viscosity results were consistent with those for microemulsions. Presumably, soyabean oil is solubilized by incorporation into large soybean oil – in – fatty alcohol aggregates in methanol solvent, resembling a non-aqueous detergentless microemulsion.

               4.2.2.3 EMULSION CONTAINING CONVENTIONAL DIESEL FUEL 
     In an emulsion with ethanol, such a fuel burned faster with a higher level of premixed burning due to longer ignition delays and lower levels of diffusion flame burning than diesel fuel, resulting in higher brake thermal efficiencies, cylinder pressures, and rates of pressure rise. NOX and CO emissions increased with these fuels, while smoke and unburned hydrocarbons decreased. A emulsion consisting of 50 vol-% DF, 25 vol% degummed, alkali-refined soybean oil, 5 vol-% 95% aqueous ethanol and 20 vol-% 1-butenol was studied by the 200 hr EMA (Engine Manufacturers Association) test. The engine running on this fuel completed the EMA test without difficulty. The emulsified fuel caused less engine wear than conventional DF but produced greater amounts of carbon and lacquer on the injector tips intake valves and tops of the cylinder liners besides the observation that engine performance degraded 5% at the end of the test. 

    Another report on blends of alcohols with vegetable oils and conventional DF (the 40:40:20 and 30:40:30 DF/ degummed, dewaxed soybean oil/ ethanol blends used in this study were not fully miscible and no surfactant system was used) confirmed that the performance of such fuels was comparable to conventional DF but the test were too short term to determine potential problem of carbon buildup, etc.

    Emulsions for blending with alcohols with diesel fuel employed unsaturated fatty acids. Saturated fatty acids were unsatisfactory because crystalline phases separated upon refrigeration. Addition of N, N – dimethylamino ethanol (DMAE) gave microemulsions with satisfactory viscosity. This improved brake thermal efficiency and lower exhausts temperatures. The detergentless emulsion (macro-emulsion) was superior to the ionic (micro-emulsion) one in those SAE properties relevant to good engine performance. On the other hand, fundamental studies on properties of emulsions such as rheology, density, water tolerance, and critical solution temperatures showed that the water tolerance of ionic systems were greater than those of the 1- butanol system (non-ionic). The relative viscosity of the detergentless microemulsion varied directly with the volume percent of dispersed water phase while for the ionic system the relative viscosities varies with increasing volume percent of dispersed water by value greater than those predicted by theory.

4.2.2.4  EMULSIONS WITHOUT CONVENTIONAL DIESEL FUEL:

    Emulsions with vegetable oils and without conventional diesel fuel are the most widely studied. A microemulsion comprising a vegetable oil, a lower (C1 – C3) alcohol, water, and a surfactant system consisting of tryalkylamine or the reaction product of a trialkylamine with a long - chain fatty compound was reported. Addition of 1– butanol to the surfactant system was optional. These fuels had acceptable quality compared to the DF2 in terms of engine performance.

    Another fuel composition consisted of a vegetable oil, methanol or ethanol, a straight – chain isomer of octanol, and optionally water, which again has properties such as high water tolerance, acceptable viscosity, and performance properties comparable to DF2. Another report says that the formation of microemulsion with vegetable oil (preferably degummed; mainly rapeseed oil), water, and a surfactant such as an alkaline soap or a potassium salt of fatty acids. Another microemulsion composition was fatty esters, aqueous alcohol, and small amount of alkali metal soap with subsequent separation of the aqueous layer from the microemulsion.

4.2.2.5  ENGINE TESTS WITH EMULSIONS:

Engine tests were performed on several emulsions. A non-ionic emulsion comprising alkali – refined, winterized sunflower oil (53.3 vol -%), 95 % aqueous ethanol (13.3 vol %) and 1 – butanol (33.4 vol -%) encountered incomplete combustion at low engine operation as major problem. Lubricating oil dilution was observed, followed by an abnormal increase in viscosity. Heavier carbon residues on the piston lands, in the piston ring grooves and in the intake ports were noted. Furthermore premature injection – nozzle deterioration (needle sticking) was experienced. The tested macro-emulsion was not recommended for long term use in a DI engine, but further modification in formulation might produce acceptable macro-emulsions.

    Two other hybrid fuels were tested. One was non – ionic consisting of 53.3 vol-% soybean oil, 13.3 vol -% 95% aqueous ethanol and 33.4 vol -% 1 – butanol, and the other was ionic composed of 52.3 vol -% soyabean oil, 17.4 - vol% 95%aqueous ethanol, 20.5 vol -% 1 butanol, 6.54 vol -%linoleic acid, and 3.7 vol -%triethylamine. Generally, these fuels performed nearly as well as DF2 despite their lower CNs and less energy content, producing nearly as much engine power, but the injections contained 6% less energy than those of DF2. There was a 6% gain in thermal efficiency.

    In some other experiments, emulsions of palm oil with diesel fuel and 5 – 10% water were tested to determine engine performance and wear characteristics on an IDI diesel engine under steady- state conditions and 20 hr endurance tests. Engine performance and fuel consumption were comparable to conventional DF. Wear metal debris accumulation in the crankcase oil was lower than with conventional DF.

4.2.2.6    PYROLYSIS

“Pyrolysis refers to a chemical change brought about by the action of heat”. Cracking is generally defined as breaking up into simpler compounds, usually as a result of heating. Industrially, the terms of Pyrolysis and cracking are use interchangeably. The hydrocarbons of C16 and higher are solids at room temperature. Upon heating these hydrocarbons to 300 – 400OC, the long chains are reduced into fragment mixtures of various sizes. The viscosity of the hydrocarbons depends on the length of the carbon chain. After Pyrolysis or thermal cracking, the chain length, and thus the viscosity are reduced.
4.2.2.7 DILUTION OF VEGETABLE OILS WITH CONVENTIONAL  DIESEL  FUEL

    Dilution is an additional possible solution to the viscosity problem of vegetable oils as discussed above. Results with this technology have been mixed and engine problems similar to those found with neat vegetable oil fuels were observed here also. A model on vegetable oil atomization showed that blends of DF2 with vegetable oil should contain from 0 to 34% vegetable oil if proper atomization was to be achieved.

    A 75:25 (vol-%) petrodiesel/ sunflower oil blend had a viscosity of 4.88 mm2/s at 40OC, exceeding the ASTM maximum value of 4.0. The blend was not recommended for long – term use in DI diesel engine. A 75:25 (vol-%) petrodiesel/ high – oleic safflower oil blend with a viscosity of 4.92 mm2/s passed the 200 hr EMA test. The different results were attributed to the degree of un-stauration of the respective vegetable oil. The more unsaturated oil (sunflower) that accumulates in crankcase and hot engine parts tends to oxidize and polymerize due to its reactivity. Accumulation of such products in the lube oil could lead to lubricant thickening. A lube oil change is called for by the EMA test after 100 hr and at that time the viscosity of the lube oils had not varied greatly in either test.

   Other reports include successfully using a 70:30 winter rapeseed oil/ DF1 mixture or blends of ≤ 15% rapeseed oil with DF2, and an 80:20 DF2/safflower oil blend with reduced CO and hydrocarbons emissions. A 75:25 DF/crude sunflower oil blend produced greatest solids contamination in the lubricating oil. In early studies on sunflower oil, 80:20 DF/sunflower oil blends were run for prolonged period of time before exhaust smoke increase due to carbon build - up or power loss ensued.    

    The CP of a 50:50 DF2/high – oleic safflower oil was  –13OC and the PP was –15OC, and similar blends with high – linoleic safflower oil had CP –13OC and PP –15OC or winter rapeseed oil had CP –11OC and PP –18OC.

CHAPTER-5
GROWTH AND PRODUCTION of VEGETABLE OILS
          5.1    GROWTH AND PRODUCTION: 

          In a developed country, the price of land is generally high, as are labour costs. In order that the production of vegetable oils may be made financially realistic large quantities must be produced. In a developed country this would require vast amounts of capital in terms of land and equipment. However in a developing country land prices are low and labour costs are almost negligible, so the growth and production of vegetable oils would not have to be so efficiently carried out – mechanization could be minimal. The possible exception of this is North America where the center of this large-scale agriculture and sophisticated mechanization reduces the amount o labour required and hence reduces labour costs.

    Similar arguments apply to the refining equipment. In a developing country a simple screw press is all that is necessary. The percentage of oil extracted is lower (75 – 80%) but the residue is high in protein content and may be used as cattle fodder. On a larger scale the residue is less likely to be used and oil must be removed more effectively. This is done by solvent extraction, which removes 90 – 95% of the oil present.

           5.1.1   LARGE SCALE AGRICULTURE AND FUEL FARMS:

    The United States of America has approximately six million acres put down to sunflowers in an intense manner – this figure is still increasing but more slowly than previously. It is expected to reach ten million acres eventually.

    The seeds are sown using modern drilling equipment (about 85,000 plants/acre). After about four months, the seeds are ready for harvesting using a normal combine harvester. The only adaptation required is the addition of trays to catch the falling seeds as the stalks are cut. 

    The yields possible from this method of cultivation are up to 1200 kg/acre with an average of about 600 kg/acre. The moisture content of the seed at this point is about 10% before long term storage is considered. This drying is carried out artificially. The seeds are than crusted to crack the hulls, pressed to remove much of the oil (about 75%) and finally processed by solvent extraction to remove a higher percentage of the oil present – approximately 95% can be removed by this method. The crude oil is then filtered well and according to the proposed use, it may be refined by cracking or degumming. The crude meal residue is very high in protein content, 38 – 40%. If the seeds are shelled first and the shells discarded, the percentage is increased to 40 – 42% and is fit for human consumption.

            5.1.2   SMALL SCALE CULTIVATION:

    Although, most of the vegetable is currently produced by large-scale methods, small-scale cultivation is still significant. If the oil was used as a fuel rather than for export as cooking oils small scale cultivation may well increase to keep transports costs down.

    Sunflowers are just as suitable for small-scale growth as for large-scale production. The seed may either be sown ‘broadcast’ or using a crude drilling machine. When farmed by peasants the plant is hand cut, dried and the seeds rubbed out by hand, this is obviously time consuming. Drying is carried out as a standing crop or stoked. The crop is best harvested just before the seeds are quite ripe to prevent loss by shedding. It can be exposed face up between the rows to finish the drying process. 

   The seeds can than be dehulled after a natural drying process and crushed using a simple press on the farm. This will operate on cold seed with no pretreatment of any    kind – the breaking and heating being carried out by the integrated press. This gives a residue containing approximately 14% oil that is removal of 75% of the total oil present. This can b improved to 80% if the meal is pressed for a second time. Filtering (to a particle size of about four microns) is necessary after settling before the oil is ready for use in diesel engine.

5.2  OIL PREPARATION:

    Before an oil may be used in a diesel engine, it must be extracted from the seeds and filtered and passes through the various processes. There are a number of methods of extraction and filtration and other preparing processes.
    5.2.1  OIL EXTRACTION

(1)    The main method of oil extraction is the use of screw press -

    The harvested seeds are fed into a screw press, which compress the seeds, breaks the kernel and squeezes out the oil. Oil produced by this method has a large quantity of suspended particles in it, which must be removed by filtering. A small scale screw press suitable for on the farm or village use is the mini 40 which has a through – put of 40 kg seed/hr and leaves 12% residual oil in the cake. The cake produced is rich in proteins and can be ground and used as animal feed or as a fertilizer.

   (2)    For oil seeds with low oil contents, solvent extraction is used. In solvent extraction, the seeds are first flaked and then mix with an organic solvent (Hexane is often used) and the resulting liquid is drained off. The solvent is then retained leaving the vegetable oil behind. Typically 90 – 95% of the oil content can be removed by this method, but the plant is not suitable for small-scale use.

        5.2.2  FILTERING

   Filtering an oil will remove contaminates. Heating oil will allow quicker filtration but also allow oil components with a higher melt point through the filter.  

    Filtration through a number of increasingly fine filters may well be required depending on contaminate levels.  Using a mesh to catch the largest contaminates, followed by a course filter and finally a fine filter equal to or greater than the rating of the engine diesel fuel filter will provide a fuel with acceptable levels of contaminates.  Various methods could be used to suit requirements. 

    Filterpress may be used for the final filtering and these involve forcing the oils through a filter cloth at pressure up to 7 kg/cm2  .The plants for this tends to be large (A 59 lit/hr rapeseed processing plant weighs almost a tone) but are made for small-scale use.

                5.2.2.1   FILTER RATINGS

    Filters are often rated in microns (one millionth of a meter, or micro-meter).  This is a rating of what sized particles will not pass through a filter medium.  This is however quite an inconsistent rating as there is no standard test. Different types of contaminate will pass through different filter materials at different rates in different operating conditions.  

    A new rating, the beta (β) ratio is being slowly introduced this is a more complete assessment of a filter that is carried out to a strict procedure (thus it is slow uptake) giving comparable results.  A number of different β ratios are given, a β20 ratio of 2 means that one of every two particles above 20 microns is let through, a β5  of 4 means one of every 4 particles above 5 microns and so on. B ratios only go up to 75(giving the filter 98.67% efficiency) because of the way the test is preformed.  A filter would stop larger particles altogether.

    An alternative of filtration is the use of a settling tank which although very slow, but is cheap and possibly more suitable for farm use.

          5.2.3   CENTRIFUGE 

    A centrifuge utilises centrifugal force to separate out impurities in oil.  Denser impurities are thrown to the outside of the centrifuge leaving clean oil in the centre.  Centrifuges for cleaning lubricating oil are available which remove all but very small contaminates.

           5.2.4   WINTERISING OILS

   Oils are often winterised so that they will not cloud when they are cooled, as this characteristic has proved unpopular with consumers.  The winterisation process involves slowly bringing the oil down to the lowest temperature at which it will be used.  It is then allowed to stand undisturbed at that temperature for a long period to allow the solidified triglycerides to separate from the liquid oil.  The oil is then filtered to remove the solidified material.

          5.2.5  DEGUMMING OILS

    Raw oil is often degummed.  This process is common with oils that contain high levels of phospholipids.  The degumming process removes gummy substances and other impurities from the oil.

    The degumming process can be carried out by use of a number of different methods.  Adding 2-3% water, heating the mixture to 50 0C and agitating the mixture then allowing the hydrated phospholipids to settle is the simplest method.  More ensured results are obtained by using phosphoric or citric acid instead of water, and it is this process that is preferred on a commercial scale.  The use of citric acid gives more acceptable effluent.   

CHAPTER-6
COMBUSTION AND EMISSIONS
6.1  COMBUSTION CHEMISTRY

    Emissions from any kind of engine are the result of the preceding combustion within the engine. The combustion process, in relation to the properties of the fuel, and its completeness are responsible for any problems associated with the use of vegetable oils, such as formation of deposits, etc. To understand the formation of emissions and deposits, and possibly direct the combustion to suppress undesirable emissions and deposits, it is essential to study the combustion of the fuel.

    Ideally, the products of complete combustion of hydrocarbons are carbon dioxide (CO2) and water according to the equation (shown for alkanes (saturated hydrocarbons)):

              CnH2n+2    +   (1.5n  + 0.5) O2                         nCO2  +  (n+1) H2O

    Combustion in a diesel engine occurs mainly through a diffusion flame and is therefore incomplete. This causes the formation of partially oxidized materials such as carbon monoxide (CO), other oxygenated species (aldehydes etc.), and hydrocarbons.

    In the case of vegetable oil, liberation of CO2  (decarboxylation), as indicated above, from the ester moiety of triglyceride or methyl ester occurs besides combustion formation of CO2 from the hydrocarbon portion of vegetable oil. The formation of CO2, an incombustible compound despite its high oxygen content (although mistakenly assumed by some that it can serve as a combustion enhancer because of its high oxygen content), shows that one has to be judicious in choosing oxygenated compound as combustion enhancers because the combustion - enhancing properties will depend upon the nature of the oxygen (bonding etc.) in those compounds. Therefore, the higher oxygen content of vegetable oil does not necessarily imply improved combustion compared to conventional diesel fuel because of removal of this oxygen from the combustion process by decarboxylation, but CO2 may contribute to combustion in other ways.

6.2    EMISSIONS:

     Exhaust emissions observed in the combustion of conventional diesel fuel and  vegetable oils, are smoke, particulates (particulate matter), poly aromatic hydrocarbons (PAHs), hydrocarbons, CO, and oxides of nitrogen(NOX; also referred to as nitrous oxide, or nitrogen oxides). An important difference is sulfur – containing emissions which are not formed from vegetable oils due to its lack of sulfur. Note that rapeseed contains low amounts of sulfur but variations such as canola have not only lower erucic acid content but also reduced sulfur.

     The composition of particulate has been studied for conventional diesel fuels.  Particulates from conventional diesel fuel have high carbon to oxygen ratio of approximately 10:1.[17]. Thus, particulates are mainly carbon in form of crystallites. As temperatures decreases below 500OC, the particles are coated with absorbed and condensed species, which include unburned hydrocarbons, PAHs and nitrogen dioxide (in case of conventional DF, also sulfur containing species). With rapeseed methyl ester as fuel in DI engines, particulate matter showed large amounts of volatile and extractable compounds absorbed on the soot, which cause the particulate emission to be higher than the conventional DF.

      PAHs are compound composed of fused aromatic rings that may carry alkyl substituents such as a methyl group. They are of concern because many of them are known carcinogens.

     Hydrocarbons represent a broad category of compounds including hydrocarbons and oxygenated species such as aldehydes, ketones, ethers, etc.

      Nitrogen oxides (NOx) arise by the reaction of nitrogen and oxygen from air at an early stage in the combustion process. NOx emissions are difficult to control because such techniques may increase other emissions or fuel consumption.

CHAPTER-7
ECONOMICS AND VITAL ISSUES
7.1  ECONOMICS AND REGULATORY ISSUES:

       The purpose of investigating the economics of vegetable oils is to ascertain whether or not the substitution of diesel fuel by vegetable oils would be an economically viable proposition in the near future.

      The economics of any alternative transport fuel depend not only on its production costs but also on any additional costs associated with its distribution and use. Production costs depend on the cost and availability of the raw material from which the fuel is to be produced and the complexity of the technology used in the production process.

       Economic reasons have been one of the major obstacles in the use of vegetable oils. Diesel fuel (DF) derived from vegetable oils is more expensive than petroleum based DF. The feedstock for vegetable oils is already more expensive than conventional DF. For example, in the United States, a gallon of soybean oil costs approximately two to three times as much as gallon of conventional DF. However, in the case of conversion of vegetables oils or fats to their esters, the resulting glycerol co – product, which has a potential market of its own.

       In most European countries, however, transportation fuels are so heavily taxed that tax incentives can be applied to encourage the use of vegetable oils in the form of lower or no taxes on the biofuel and higher taxes on the petroleum - based fuels. This subsidy artificially cheapens the vegetable oils to make it competitive. In many developing countries, the overriding concern is to become independent of the imported commodity petroleum. In the United States, the tax mechanism is inapplicable because of the comparatively low taxes on transportation fuels. Artificially regulating the demands for fuels from specific sources by means of taxation is currently politically not feasible.

       Nevertheless, is attractive for other reasons. Besides being a renewable resource and therefore creating independence from the imported commodity petroleum and nit depleting natural resources, health and environmental concerns are the driving forces overriding the economic aspects in some cases. These concerns are manifested in various regulatory mandates of pollutants, particularly CAAA (Clean Air Act Amendments of 1990) and EPACT (Energy Policy Act of1992) in the United States, which present opportunities for alternative fuels such as vegetable oils. A life – cycle analysis of vegetable oils has shown that it is competitive with other alternative fuels such as compressed natural gas (CNG) and methanol in the urban transit bus market.

       For palm oil, the costs of plantation establishment harvest, and oil extraction are all reasonably well known, and the technology to convert palm oil to methyl esters is well established. Distribution costs for palm oil esters are inherently no more than for diesel fuel; if identical, storage, and metering equipment is used, however, it may be necessary to determine compatibility with various seals, washers, hoses, diaphragms, and the like. Similar considerations apply to compatibility with diesel engine components. The increased polarity of the esters may cause swelling and failure of non-metallic parts that does not occur with petroleum hydrocarbons.

       E.G.Shay has reported the costs associated with the processing of various vegetable oils. [18]. The economics of extracting and processing sunflower and rapeseed oils for fuel use in the United States by the manufacturer of sunflower methyl esters for diesel fuel has been prepared covering plant sizes ranging from 36,000 to 360,000 /day of sunflower oil capacity. Capital investments cost range from $2,447,000 for the smaller plant to  $ 6,132,000 for the larger. Processing costs ranged from $ 0.18/lit for the smaller plant to $ to 0.07/lit for the larger. After crediting the market value of the crude glycerin produced as a by – product, the smaller plant had a net processing cost of $ 0.09/ lit. The larger plant had a net processing credit of about $ 0.02/ lit.

       From 1988 to late 1992, Malaysian palm oil has ranged from $ 300 to $ 400/ton and is currently about $ 380/ton. Diesel fuel (fob New York) is currently about  $220/ton.

       A Canadian engineering firm has prepared design and engineering specifications for a plant to produce diesel fuel, methyl laurate, glycerin, and soap stock from coconut oil. Approximate input and output from this proposed plant is as follows:


                                  Feedstock                                       Tons/year

                                Raw coconut oil                                 35,600

                                Methanol                                               5000

                                Water, caustic, etc.                                1200


                                  Products

                                Soap stock                                             5000

                                Glycerin                                                 4500

                                Methyllauret 


        16,300                                                                            

                               Diesel fuel (C8 – C10 and                     16,600

                               C14 + methyl esters)


       In this scheme, methyl esters boiling higher and lower than methyl laurate are diverted for fuel use. When this fuel was blended with standard diesel fuel at 30:70 ratio, performance in a six cylinder automobile diesel engine was indistinguishable from 100% diesel fuel. Using the ester blend at this 30% level, reduced smoke levels by about two –thirds and particulates by almost one – half.

       In addition to their food use, fats and oils are an important source of raw materials for the chemical industry. Almost 14% of the world’s natural fat and oil production (about 10 million tons) are used in chemical industry. One problem in the use of these materials is how to determine the best combination of final products to optimize return. In the continuum of the world commodities, in terms of unit cost and volume of production, pharmaceuticals probably have the highest unit cost and the lowest production volume. Fuels are near the other end of the spectrum, with tremendous volumes produced at relatively low unit costs. Foods and chemicals are somewhere between.

       The marketing of vegetable oil is an especially intriguing case since fuel, food, pharmaceuticals, and chemical derivatives are possible. If all vegetable oil can be sold as food, it seems inappropriate to spend time and money to convert it to less valuable diesel fuel. There is, however, the opportunity to produce pharmaceuticals derivatives such as tocopherols as part of the production of methyl esters. These methyl esters, in turn, can be used to substitute for diesel fuel but also can serve as valuable chemical intermediates for fatty alcohols, surface-active agents, and other products.

       Crude palm oil contains about 1% of various minor components including tocopherols, carotenoids, sterols, terpenes and other impurities. Carotenes (about 0.1%) impart the distinctive orange - red color to palm oil and, together with the tocopherols, contribute to the stability and nutritional value of the oil.

       Carotenes are the precursors of vitamin A. If an economic extraction process could be developed, the value of carotene for vitamin A would be close to that of oil. At present the carotenes are destroyed in the balancing step. Tocopherols (0.05 – 0.1%) are important antioxidants, which also function as vitamin E. Tocopherols can accumulate in methyl esters distillates At 0.8% or higher, presenting an opportunity for their extraction.

        a greater It seems likely that some judicious combination of these various derivatives could provide overall return and more diversified markets for palm oil producers.

7.2  JOB CREATION:

       Studies have shown biofuel production would lead to the creation of 16-26 new jobs for each thousand tons of mineral oil fuel replaced per year. That is 50 times more employment than with the production of mineral oil fuels. Replacing 1% of EU fossil fuels with biofuels would create between 45,000 and 75,000 new jobs.

7.3  OTHER PRODUCTS FROM VEGETABLE OILS :

      Producers of palm oil and coconut oil are clear in an opportune position to manufacture soap at the same time. Soaps derived from lauric and steric acids perform quite well in soft water but when calcium and magnesium salts are present, the foam and detergency of these soaps decrease sharply. 

       Surfactants that as lime soap dispersants counter this effect. Among the best lime soap dispersants are α –sulpho methyl esters. Their derivatives used in the formulation of soap – based powdered and, liquid laundry detergents have been demonstrated. Low or no phosphates in these formulations and the ready degradability of the soaps and esters are environmental advantages for these applications. A recent review of the soap and detergent market suggests that producers are less concerned about getting their hands on lower cost raw materials than they are about securing materials that are environmentally sound.

       These α – sulpho methyl esters are prepared by the sulphonation of methyl esters with SO3. The α – sulpho methyl laurate is commercially available. 

       Thus, an extraordinarily broad range of options is available for producers of vegetable oils in evaluating fuel production. Given the information now available, however, it is possible to determine whether research on or production of diesel substitutes is even marginally attractive economically. Some of the economic aspects are relatively straightforward. Others particularly where environmental considerations are involved, are much more difficult to quantify.

7.4  FOOD VERSUS FUEL: 

       In case of edible oil as a fuel it can be argued that when developing countries are not producing enough food for their inhabitants is it right to suggest using their food supplies as fuel? Can the world supply enough raw materials for human food and a surplus for fuel? 

       Question as if these raise doubts as to the suitability of vegetable oil as alternative to diesel fuels. However at present 45% of total cereal grains, excluding rice, are fed to cattle. The production of oil from oil seeds results in large quantities of meals, which have high protein content, which are fed mainly to animals. It may be made fit for human consumption and fed on the meal could be increased thus making up the deficit in human food by using the seeds for oil extraction.

       It is also suggested that previously un-farmed land could be utilized for the growth of oil crops rather than converting land at present uses for food. This would of course be advantageous. Brazil has maintained its level of export of sugar even though a large quantity is now used in the production of ethanol for use in spark ignition engines. The determination of the use made of land must obviously be made in the countries concerned and cannot be decided here. Certainly vegetable oil production could be increased and used to power diesel engines to increase food production. In the United States of America it has been shown that the oil produced on 1-hectare of land by growing sunflowers is sufficient if used in diesel engine, to grow a further 10-hectare of sunflower.

7.5  ENVIRONMENTAL ASPECTS

       When biofuels are used in low concentrations in conventional fuels, they provide only limited improvements in terms of emissions. Table below provides a qualitative summary of the effects. In most cases, a beneficial effect on one pollutant is accompanied by a negative effect on another.

       Consequently, the use of ethanol or ETBE contributes to a reduction in the emissions of CO and hydrocarbons, but it results in a higher output of acetaldehydes; also, the use of rapeseed ester in significant amounts result in a reduction in particulates, but it is accompanied by a greater output of oxides of nitrogen (NOx).

    Environmental “ strengths and weaknesses” of oxygenated fuels*
	     Pollutant
	     MTBE
	    Ethanol
	      ETBE
	      RME

	CO
	       +
	       +
	       +
	       0 (+)

	HC
	       +
	       +
	       +
	       0 (+)

	NOx
	       0 (-)
	       0 (-)
	       0 (-) 
	       -

	Evaporatives
	       0
	       -
	       +
	

	Formaldehyde
	        -
	
	
	       0 (-)

	Acetaldehyde
	
	       -
	       -
	

	Benzene
	       +
	       +
	      +
	

	PAHs
	
	
	
	       0 (+)

	Particulates
	
	
	
	       +

	CO2
	       0
	       +
	       +
	       +


*  The “+” indicates an advantage; the “-”indicates a disadvantage; the “0” indicates  no  significant effect.

      The use of biofuels at high concentrations in conventional fuels, or in its pure state, helps to amplify the previous trends with highly contrasted results (notable reduction in a given pollutant, but a measurable increase in another.). In such away that it is very difficult to definitively state that there is a general improvement.

       With respect to greenhouse gases, the use of biofuels provides, in all cases, a significant improvement. In fact, in the cases described above, the CO2 that is emitted during engine combustion should not be included in the green house gases, because it will be reused in the photochemical synthesis of vegetation. However, the emissions resulting from the production and harvesting of the biomass, and those resulting from its transformation into motor fuel must be included.

       Here are some estimates:

       For an addition of 10% ethanol to a gasoline, either directly or as ETBE, the  emission of greenhouse gases would be reduced by 5% to 7%, when the gases are weighted according to their relative contributions (CO, CO2, Hydrocarbons). When oleaginous products are used, the indirect effects on greenhouse gases are beneficial. In any case, their cultivation must be controlled and carried out without the use of massive amounts of nitrogen fertilizers, which would cause nitrogen dioxide (N2O) emissions. It is known that N2O has a significant and direct effect on greenhouse gases (approximately 300 times higher than that of CO2).

       In any case, it is estimated that within the framework of an “ecological” agriculture, RME100 (pure methyl ester) would provide a reduction in the production of greenhouse gases that would be on the order of 70% less than those resulting from diesel fuel. However, even if such an action were undertaken in local areas of the globe, its result on a global scale would be insignificantly small. A concerted effort to control the consumption of fossil fuels and the development of natural gas instead of petroleum would have a much greater effect.

       Based on the above analysis, it appears that the unquestionable environmental advantages will never have sufficient leverage to justify widespread global use of biofuels. From a local standpoint however, the biofuels route can provide significant progress, but it must compete with other solutions: gaseous fuels, electric cars, and new low pollution engines.

7.6    TRANSPORT: 

     Transport is worldwide becoming increasingly expensive, especially since the agreement of mineral oil prices through OPEC. In developing countries transport is not only prohibitive in price but is often hazardous and unreliable too. This is because in developing countries communication systems are unsophisticated and susceptible to the extreme weather conditions that are experienced. The distances involved are very great, so again the cost of transport once inside the country becomes astronomical.

     These factors make up higher prices at the point of use and an unreliable supply of fuel, which makes the use of vegetable oils, which may be grown on a local basis, a much more attractive proposition.

7.7     STORAGE STABILITY
     The use of vegetable oil is advantageous compared to conventional diesel fuel from the aspect of handling and storage safety because of the higher flash point of both vegetable oils and their methyl esters.

     Generally, the stability of fatty compounds is influenced by factors such as presence of air, heat, traces of metal, peroxides, light, or structural features of the compounds themselves, mainly the presence of double bonds. The more conjugated or methylene –interrupted double bonds in a fatty molecule; the more susceptible the material is to oxidation and degradation.

      Early storage tests by Du Plessis, L.M. [19], gave the following decreasing order of stability for different refinement grades of various vegetable oils: soyabean oil >> degummed soyabean oil > refined soyabean oil = refined sunflower oil > degummed sunflower oil = crude sunflower oil. The stability of the crude and degummed oils was significantly improved by the addition of the diesel fuel (in 1:1 mixture) but this did not improve the stability of refined oils. The storage stability of 1:1 mixtures were in the decreasing order of crude soyabean oil ≥ crude sunflower oil > degummed soyabean oil > degummed sunflower oil >> refined soyabean oil > refined sunflower oil. A degummed oil/diesel blend with better stability characteristics than that of a refined oil/diesel blend could be prepared. Additionally, the purity of the degummed oils was sufficiently improved by the addition of diesel fuel to meet the required fuel specification.

     Two parameters, namely temperature and the nature of the storage container, were claimed to have the greatest influence on the storage stability. Samples stored in the presence of iron behaved differently than those stored in glass. Higher temperature favored degradation of the hydroperoxide at a faster ate than when it was stored at room temperature. Secondary oxidation products were formed in greater amounts in the presence of iron (from the primary peroxides) while in glass the concentration of primary oxidation products is higher. Acidity values were also monitored in this work. Even for samples stored at 40OC, the increase in free acids was within the limits of technical specifications. The free acids need to be controlled because they are mainly responsible for corrosion.

CHAPTER- 8
EXPERIMENTAL PROCEDURES

8.1     EXPERIMENTAL PROCEDURE – 

           The blend of Mahua oil were prepared using butanol and ethanol in the varying proportions from 5% to 20%. These were prepared by using a high speed blender The various properties of fuel e.g., viscosity, density, calorific values, etc. were evaluated for the prepared blends, which are mentioned below. 

8.2      FUEL PROPERTIES 

(a) VISCOSITY – The viscosity measurement was done by using a setavis kinametic   viscometer of capillary type by setting the temperature at 40oC. A fixed quantity of the test fuel is allowed to pass through the capillary tube of known diameter. The time elapsed to pass this fixed quantity was measured with the help of stopwatch. Now by multiplying this time to the tube constant (a calibrated constant provided by the manufacturer) we get the viscosity. The viscosities of various blends are tabulated below. 

	  FUEL  
	%OF Diesel
	%OF 

Mahua oil
	       % OF 

   Butanol
	VISCOSITY 

AT 40OC (cst)

	B1
	50
	45
	       5
	16.48

	B2
	50
	40
	       10
	15.99

	B3
	50
	35
	       15
	15.61

	B4
	50
	30
	       20
	14.54

	  FUEL  
	%OF Diesel
	%OF 

Mahua oil
	%OF Ethanol
	VISCOSITY 

AT 40OC (cst)

	E1
	50
	45
	       5
	14.87

	E2
	50
	40
	       10
	14.01

	E3
	50
	35
	       15
	13.89

	E4
	50
	30
	       20
	12.02


 (b) DENSITY- Density was being measured by taking a fix quantity of blend (in a 25-ml glass bottle) and then measuring the weight of this bottle filled with the blend. The densities of various blends are tabulated below.
	  FUEL  
	%OF Diesel
	           %OF 

      Mahua oil
	       % OF 

   Butanol
	Density(kg/m3)

	B1
	50
	            45
	       5
	917.38

	B2
	50
	            40
	       10
	915.86

	B3
	50
	           35
	       15
	914.99

	B4
	50
	           30
	       20
	912.64

	  FUEL  
	%OF Diesel
	%OF 

Mahua oil
	%OF Ethanol
	Density(kg/m3)

	E1
	50
	           45
	       5
	922.8

	E2
	50
	           40
	       10
	921.95

	E3
	50
	           35
	       15
	920.74

	E4
	50
	           30
	       20
	918.62


(c)      CALORIFIC VALUE - Calorific value is being evaluated by Bomb Calorimeter. In this a small quantity (generally 2gm – 3gm) of fuel was taken in a crucible and put this crucible in the bomb calorimeter. Then the fuel was ignited by passing the current through it in the atmosphere of oxygen (which supports combustion). Now the temperature of the fuel starts increasing. When the steady state reaches (the temperature stops increasing) the temperature was noted. This temperature shows that how much temperature has increased since the start of the combustion (temperature difference between initial state and final state). This value is then put into the formulae for measuring the calorific value. Calorific values for test fuels are tabulated on the next page.

	  FUEL  
	%OF Diesel
	           %OF 

      Mahua oil
	       % OF 

   Butanol
	 CALORIFIC VALUE      (KJ/kg)    

	B1
	50
	            45
	       5
	         41894.84

	B2
	50
	            40
	       10
	         39650.98

	B3
	50
	           35
	       15
	            38828.75

	B4
	50
	           30
	       20
	         38007.52

	  FUEL  
	%OF Diesel
	%OF 

Mahua oil
	%OF Ethanol
	CALORIFIC VALUE      (KJ/kg)    

	E1
	50
	           45
	       5
	          40416.52

	E2
	50
	           40
	       10
	         39540.83

	E3
	50
	           35
	       15
	         38664.76

	E4
	50
	           30
	       20
	         37788.42
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(d)    FLASH POINT AND FIRE POINT  - The flash and fire point of the test fuels were measured by heating the fuel in a cup by connecting it to a heating source and allow the temperature to increase. Temperature was measured by inserting a thermocouple in the fuel which was connected to a digital thermometer. A pilot flame was ignited above the cup, containing test fuel. By heating the fuel, forming of vapours starts which were collected inside the cup. When these vapours caught fire without the aid of external source the temperature was noted down, this temperature is flash point of the fuel, and when there is a continuous flame formed, that temperature was also noted down, this temperature is the fire point of the fuel. Flash and fire points are tabulated below.
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	  FUEL  
	%OF Diesel
	           %OF 

      Mahua oil
	       % OF 

   Butanol
	FLASH POINT (OC)
	   FIRE POINT      (OC)

	B1
	50
	            45
	       5
	      42.8
	  50.8

	B2
	50
	            40
	       10
	      41.9
	  49.9

	B3
	50
	           35
	       15
	        41.1
	   49.1

	B4
	50
	           30
	       20
	      40.2
	  48.2

	  FUEL  
	%OF Diesel
	%OF 

Mahua oil
	%OF Ethanol
	FLASH POINT

       (OC)
	   FIRE POINT       (OC)

	E1
	50
	           45
	       5
	         43
	         51

	E2
	50
	           40
	       10
	        42.8
	     50.8

	E3
	50
	           35
	       15
	        41.9
	     49.9

	E4
	50
	           30
	       20
	         41.2
	    49.2


8.3   EVALUATION OF THE TEST FUEL - The test fuel should be evaluated based on its performance on the diesel engine viz a viz its economics aspect wrt. the vegetable oil, and diesel. For this purpose, a flow chart is being developed which is shown on the next page. 
 EXPERIMENTAL SET UP - The experimental set up for the engine experimentation is   as  shown in the figure below
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8.5   SPECIFICATIONS OF THE ENGINE USED

      The test engine used in this project has the following specifications –


8.6     ENGINE EXPERIMENTATION  -  

8.6.1    STARTING – 

            Starting the engine on the diesel fuel removes any cold start problems. The diesel fuel consumption test provides a reference for comparison with the vegetable oil and gives a continuous indication of the state of the engine

8.6.2    ENGINE SPEED – 
            The variable engine speed control was set to give a speed of 1300 RPM.

(1) If the performance in the diesel test drops significantly, the engine should be examined for gumming, coking or wear.

8.6.2 LOADING OF THE ENGINE –

       The thermal efficiency of the engine increases with load until maximum load is    reached. Consequently, the thermal efficiency was measured for loads between no load condition (0 kW) to the maximum load condition (3.2466 kW) within the constraints of the power-handling limit of the generator and the load bank.

       The fuel consumption of the engine was measured by timing the consumption of 5ml of fuel. In this way, the mass flow rate of the fuel is also being known to us. The power output of the engine is converted into electric current by the dynamometer. The output voltage and current are measured, and hence the power output is calculated and hence the brake specific fuel consumption (BSFC), brake specific energy consumption (BSEC) and brake thermal efficiency (ηbth) is also evaluated.

8.7       ENGINE CHECKS –

(1)  Crank-Case Pressure – The vacuum in the crank case was monitored with due to the  manometer, as an increase of crank case pressure indicates sticking of the piston   rings combustion deposits leading to combustion products blowing past the piston  and manometer, as an increase of crank case pressure indicates sticking of the piston rings

(2)    Exhaust Temperature – The temperature of the exhaust gases is a good indication of the thermal loads imposed on the engine and valve gear and whilst using non   conventional fuels it was important to know their loads

8.8      EVALUATION OF THE ENGINE - The evaluation of the compression ignition engine on account of its suitability for the vegetable oil as a fuel, and various parameters such as power, BSFC, BSEC and thermal efficiency etc. The engine flow chart is shown below.
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KIRLOSKER ENGINE FLOW DIAGRAM
CHAPTER 9
RESULTS AND DISCUSSION
CALCULATIONS
Mass Flow Rate of the Fuel - By knowing the volume flow rate (for the 5 ml.) of the fuel and multiplying it by the density of the fuel we get the mass flow rate of the fuel.

               Mass flow rate (m)       =     volume flow rate (v)  x  density (ρ)  x 3600  

              Where     m – mass flow rate in kg/hr    

                             v  - volume flow rate in m3/sec

                             ρ  - density in kg/m3 

Power – Power output of the engine can be calculated by the brake drum dynamometer. By knowing the torque on the shaft of the engine we get the power output of the engine by the following relationship –

                                          Power (P)    =   2(NT/60

Where                               N -   speed in RPM

                                          T-  Torque in N-m= (Load applied - spring coefficint) x                   

                                                                              diameter of drum/2                               

Brake Specific Fuel Consumption – Brake specific fuel is the fuel consumed by the engine per unit of power produced. 

                           BSFC (kg/kW-hr)        =        fuel consumed per unit time  (kg/hr)   

                                                                                        Power (kW)

Brake Specific Energy Consumption  - Brake specific energy consumption is the energy used by the engine to produce unit power. It is calculated by the following relationship – 

                  BSEC (kJ/kW-hr)       =    BSFC (kg/kW-hr)     x    Calorific Value (kJ/kg)

Brake Thermal Efficiency – Brake thermal efficiency is the ratio of the power output of the engine to the rate of heat liberated by the fuel during the combustion. 

Brake thermal efficiency (ηbth %)    =          Power output of the engine                   x   100
                                                               Mass flow rate of fuel  x  Calorific Value

Brake Mean Effective Pressure – It is the average pressure inside the cylinder of an                             internal combustion engine based on the measured power output

                                       Bmep (k Pa)         =       60,000   x   B.P
                                                                                   L A n K

Where,     B.P    =       Brake Power  (kW)

                           L        =       Length of  Stroke  (m),  A = Cross Sectional Area of the

                                              Cylinder

                           n        =       N/2  for 4-Stroke Engine, and  N for 2-Stroke Engine                     

                           N          =     Engine Speed  (RPM)

                      K          =     No of Cylinders

RESULTS   - The results based on the previous calculations for various test fuels are tabulated here  -

(1)  For test fuel contains B-1 Diesel 50% + Mahua oil 45% + Butanol 5%,             

OBSERVED VALUES
	S.No
	Speed
	      Fuel Consumption
	Manometer

   Reading
	Effective Load
	Smoke meter
	Exhaust Temp.
	     Time

	
	 RPM
	          ml
	     cm.
	kg
	 %
	   OC
	     Sec

	  1
	  1500
	        20
	      2.5
	1.35
	   26
	   174      
	  114

	  2
	  1500
	        20
	      2.5
	  2.25
	   45
	   220
	   106.2

	  3
	  1500
	        20
	      2.5
	  4.05
	   69
	   260
	   86

	  4
	  1500
	        20
	      2.5
	 8.55
	   88
	   352
	   70.6

	  5
	 1500
	        20
	      2.5
	 17.55
	   88
	   475
	   48.85


CALCULATED VALUES

	S.No
	   Effective Load
	Power
	      Fuel Consumption
	Bmep
	    BSFC
	  BSEC
	Brake Thermal

Efficiency

	
	kg
	   kW
	      Kg/hr
	 Bar
	 Kg/kW-hr
	kJ/kW-hr
	        %

	   1
	1.35
	 0.360
	   0.579
	0.4415
	      1.608
	 63366.9  
	        5.34

	   2
	  2.25
	0.601      
	0.622
	0.7359
	   1.035
	  43361.16
	      8.3

	   3
	  4.05
	1.082
	   0.768
	1.3246
	   0.7098
	  29736.9
	     12.1

	   4
	 8.55
	2.285
	   0.935
	2.7965
	   0.409
	  171359
	     21

	   5
	 17.55
	4.692
	   1.352
	5.7402
	   0.292
	  12233.3
	     29.8


(2) For test fuel B-2 contains Diesel 50% + Mahua oil 40% + Butanol 10%

OBSERVED VALUES

	S.No
	Speed
	      Fuel Consumption
	Manometer

   Reading
	Effective Load
	Smoke meter
	Exhaust Temp.
	     Time

	
	 RPM
	          ml
	     cm.
	kg
	 %
	   OC
	     Sec

	  1
	  1500
	        20
	      2.5
	1.35
	   26
	   175     
	  114.9

	  2
	  1500
	        20
	      2.5
	  2.25
	   45
	   220
	   106.4

	  3
	  1500
	        20
	      2.5
	  4.05
	   69
	   263
	   90.7

	  4
	  1500
	        20
	      2.5
	 8.55
	   88
	   353
	   68.7

	  5
	 1500
	        20
	      2.5
	 17.55
	   88
	   478
	   46.4


CALCULATED VALUES          

	S.No
	   Effective Load
	Power
	      Fuel Consumption
	Bmep
	    BSFC
	  BSEC
	Brake Thermal

Efficiency

	
	kg
	   kW
	      Kg/hr
	 Bar
	 Kg/kW-hr
	kJ/kW-hr
	        %

	   1
	1.35
	 0.360
	   0.574
	0.4415
	      1.594
	 63221.28
	        5.69

	   2
	  2.25
	0.601      
	0.62
	0.7359
	   1.031
	  40904.5
	      8.8

	   3
	  4.05
	1.082
	   0.727
	1.3246
	   0.672
	  26641.6
	     13.5

	   4
	 8.55
	2.285
	   0.96
	2.7965
	   0.42
	  16658.6
	     21.6

	   5
	 17.55
	4.692
	   1.42
	5.7402
	   0.302
	  12000.1
	     30


(3) For test fuel B-3 contains  Diesel 50% + Mahua oil 35% + Butanol 15%   

OBSERVED VALUES
	S.No
	Speed
	      Fuel Consumption
	Manometer

   Reading
	Effective Load
	Smoke meter
	Exhaust Temp.
	     Time

	
	 RPM
	          ml
	     cm.
	kg
	 %
	   OC
	     Sec

	  1
	  1500
	        20
	      2.5
	1.35
	   26
	   175     
	  117

	  2
	  1500
	        20
	      2.5
	  2.25
	   45
	   220
	   115.8

	  3
	  1500
	        20
	      2.5
	  4.05
	   69
	   263
	   108.4

	  4
	  1500
	        20
	      2.5
	 8.55
	   88
	   353
	   71.5

	  5
	 1500
	        20
	      2.5
	 17.55
	   88
	   478
	   45.9


CALCULATED VALUE

	S.No
	   Effective Load
	Power
	      Fuel Consumption
	Bmep
	    BSFC
	  BSEC
	Brake Thermal

Efficiency

	
	kg
	   kW
	      Kg/hr
	 Bar
	 Kg/kW-hr
	kJ/kW-hr
	        %

	   1
	1.35
	 0.360
	   0.563
	0.4415
	      1.5639
	 60723.8
	     5.92

	   2
	  2.25
	0.601      
	0.568
	0.7359
	   0.945
	  36696.7
	      9.9

	   3
	  4.05
	1.082
	   0.608
	1.3246
	   0.563
	  21818.7
	     16.5

	   4
	 8.55
	2.285
	   0.921
	2.7965
	   0.403
	  15650.4
	     23

	   5
	 17.55
	4.692
	   1.435
	5.7402
	   0.305
	  11875.3
	     30.3


          (4)  For test fuel B4 contains Diesel 50% + Mahua oil 30% + Butanol 20% 
OBSERVED VALUES

	S.No
	Speed
	      Fuel Consumption
	Manometer

   Reading
	Effective Load
	Smoke meter
	Exhaust Temp.
	     Time

	
	 RPM
	          ml
	     cm.
	kg
	 %
	   OC
	     Sec

	  1
	  1500
	        20
	      2.5
	1.35
	   26
	   175     
	  100.2

	  2
	  1500
	        20
	      2.5
	  2.25
	   45
	   220
	   98.07

	  3
	  1500
	        20
	      2.5
	  4.05
	   69
	   263
	   80.82

	  4
	  1500
	        20
	      2.5
	 8.55
	   88
	   353
	   64.36

	  5
	 1500
	        20
	      2.5
	 17.55
	   88
	   478
	   44.37


CALCULATED VALUES

	S.No
	   Effective Load
	Power
	      Fuel Consumption
	Bmep
	    BSFC
	  BSEC
	Brake Thermal

Efficiency

	
	kg
	   kW
	      Kg/hr
	 Bar
	 Kg/kW-hr
	kJ/kW-hr
	        %

	   1
	1.35
	 0.360
	   0.656
	0.4415
	      1.822
	 69258.14
	     5.2

	   2
	  2.25
	0.601      
	0.67
	0.7359
	   1.1148
	  42371.1
	      8.5

	   3
	  4.05
	1.082
	   0.813
	1.3246
	   0.7513
	  28558.3
	     12.6

	   4
	 8.55
	2.285
	   1.021
	2.7965
	   0.4468
	  16982.79
	     21.2

	   5
	 17.55
	4.692
	   1.481
	5.7402
	   0.3156
	  11996.83
	     30


        (5) For test fuel E-1 contains Diesel 50% + Mahua oil 45% + Ethanol 5%
OBSERVED VALUES

	S.No
	Speed
	      Fuel Consumption
	Manometer

   Reading
	Effective Load
	Smoke meter
	Exhaust Temp.
	     Time

	
	 RPM
	          ml
	     cm.
	kg
	 %
	   OC
	     Sec

	  1
	  1500
	        20
	      2.5
	1.35
	   26
	   175     
	  105.6

	  2
	  1500
	        20
	      2.5
	  2.25
	   45
	   220
	   110.6

	  3
	  1500
	        20
	      2.5
	  4.05
	   69
	   263
	   93.8

	  4
	  1500
	        20
	      2.5
	 8.55
	   88
	   353
	   69.8

	  5
	 1500
	        20
	      2.5
	 17.55
	   88
	   478
	   46.427


CALCULATED VALUES

	S.No
	   Effective Load
	Power
	      Fuel Consumption
	Bmep
	    BSFC
	  BSEC
	Brake Thermal

Efficiency

	
	kg
	   kW
	      Kg/hr
	 Bar
	 Kg/kW-hr
	kJ/kW-hr
	        %

	   1
	1.35
	 0.360
	   0.656
	0.4415
	      1.747
	 70732.7
	     5.1

	   2
	  2.25
	0.601      
	0.67
	0.7359
	   1.011
	  40954.4
	      8.9

	   3
	  4.05
	1.082
	   0.813
	1.3246
	   0.654
	  26489.77
	     13.6

	   4
	 8.55
	2.285
	   1.021
	2.7965
	   0.4168
	  16850.48
	     21.4

	   5
	 17.55
	4.692
	   1.481
	5.7402
	   0.305
	  12349.37
	     29.2


       (6)  For test fuel E-2 contains  Diesel 50% + Mahua oil 30% + Ethanol – 10%

OBSERVED VALUES

	S.No
	Speed
	      Fuel Consumption
	Manometer

   Reading
	Effective Load
	Smoke meter
	Exhaust Temp.
	     Time

	
	 RPM
	          ml
	     cm.
	kg
	 %
	   OC
	     Sec

	  1
	  1500
	        20
	      2.5
	1.35
	   26
	   175     
	  105.7

	  2
	  1500
	        20
	      2.5
	  2.25
	   45
	   220
	   143.1

	  3
	  1500
	        20
	      2.5
	  4.05
	   69
	   263
	   112.51

	  4
	  1500
	        20
	      2.5
	 8.55
	   88
	   353
	   75

	  5
	 1500
	        20
	      2.5
	 17.55
	   88
	   478
	   46.78


CALCULATED VALUES

	S.No
	   Effective Load
	Power
	      Fuel Consumption
	Bmep
	    BSFC
	  BSEC
	Brake Thermal

Efficiency

	
	kg
	   kW
	      Kg/hr
	 Bar
	 Kg/kW-hr
	kJ/kW-hr
	        %

	   1
	1.35
	 0.360
	   0.628
	0.4415
	      1.744
	 68976.8
	     5.22

	   2
	  2.25
	0.601      
	0.464
	0.7359
	   0.722
	  30527.3
	      11.8

	   3
	  4.05
	1.082
	   0.59
	1.3246
	   0.5452
	  21561.08
	     16.6

	   4
	 8.55
	2.285
	  0.885
	2.7965
	   0.3873
	  15314.5
	     23.5

	   5
	 17.55
	4.692
	   1.419
	5.7402
	   0.3024
	  11958.3
	     30.1


           (7)    For test fuel E-3 contains  Diesel 50% + Mahua oil 35% + Ethanol 15%
      OBSERVED VALUES

	S.No
	Speed
	      Fuel Consumption
	Manometer

   Reading
	Effective Load
	Smoke meter
	Exhaust Temp.
	     Time

	
	 RPM
	          ml
	     cm.
	kg
	 %
	   OC
	     Sec

	  1
	  1500
	        20
	      2.5
	1.35
	   26
	   175     
	  96.92

	  2
	  1500
	        20
	      2.5
	  2.25
	   45
	   220
	   105.56

	  3
	  1500
	        20
	      2.5
	  4.05
	   69
	   263
	   89.46

	  4
	  1500
	        20
	      2.5
	 8.55
	   88
	   353
	   66.69

	  5
	 1500
	        20
	      2.5
	 17.55
	   88
	   478
	   44.3


CALCULATED VALUES

	S.No
	   Effective Load
	Power
	      Fuel Consumption
	Bmep
	    BSFC
	  BSEC
	Brake Thermal

Efficiency

	
	kg
	   kW
	      Kg/hr
	 Bar
	 Kg/kW-hr
	kJ/kW-hr
	        %

	   1
	1.35
	 0.360
	   0.684
	0.4415
	      1.9
	 73463
	     4.9

	   2
	  2.25
	0.601      
	0.628
	0.7359
	   1.04
	  40401.78
	      8.9

	   3
	  4.05
	1.082
	   0.741
	1.3246
	   0.685
	  26479.3
	     13.6

	   4
	 8.55
	2.285
	   1.994
	2.7965
	   0.435
	  16819.59
	     21.4

	   5
	 17.55
	4.692
	   1.496
	5.7402
	   0.3188
	  12327.89
	     29.2


  (8) For test fuel E-4 contains  Diesel 50% + Mahua oil 30% + Ethanol – 20%

     OBSERVED VALUES

	S.No
	Speed
	      Fuel Consumption
	Manometer

   Reading
	Effective Load
	Smoke meter
	Exhaust Temp.
	     Time

	
	 RPM
	          ml
	     cm.
	kg
	 %
	   OC
	     Sec

	  1
	  1500
	        20
	      2.5
	1.35
	   26
	   175     
	  92.57

	  2
	  1500
	        20
	      2.5
	  2.25
	   45
	   220
	   98.19

	  3
	  1500
	        20
	      2.5
	  4.05
	   69
	   263
	   79.56

	  4
	  1500
	        20
	      2.5
	 8.55
	   88
	   353
	   67.45

	  5
	 1500
	        20
	      2.5
	 17.55
	   88
	   478
	   42.91


CALCULATED VALUES

	S.No
	   Effective Load
	Power
	      Fuel Consumption
	Bmep
	    BSFC
	  BSEC
	Brake Thermal

Efficiency

	
	kg
	   kW
	      Kg/hr
	 Bar
	 Kg/kW-hr
	kJ/kW-hr
	        %

	   1
	1.35
	 0.360
	   0.7145
	0.4415
	      1.984
	 74999.5
	     4.8

	   2
	  2.25
	0.601      
	0.6736
	0.7359
	   1.1208
	  42353.2
	      8.5

	   3
	  4.05
	1.082
	   0.8313
	1.3246
	   0.7683
	  29032.8
	     12.4

	   4
	 8.55
	2.285
	   0.9805
	2.7965
	   0.4291
	  16215.11
	     22.2

	   5
	 17.55
	4.692
	   1.5413
	5.7402
	   0.3284
	  12413.32
	     29


GRAPHS and THEIR ANALYSIS: Various graphs have been plotted, (as shown in next few pages) based upon the results obtained just before, for various blends of test fuels in varying composition for the comparison of their performance relative to each other and in comparison to the neat diesel, as a fuel in the compression ignition engine.
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B-1 Diesel 50% + Mahua oil 45% + Butanol 5%,          B-2 Diesel 50% + Mahua oil 40% + Butanol 10%

B-3 Diesel 50% + Mahua oil 35% + Butanol 15%,          B-4 Diesel 50% + Mahua oil 30% + Butanol 20% 

DISCUSSION:

The graph plotted above shows that at low loads, the neat diesel has least BSFC compare to the macro emulsions of diesel, Mahua oil and Butanol. This implies that at low loads for the same Bmep the fuel consumption is least with the diesel fuel which may be due to high calorific value of diesel. Test fuels containing mahua oil 30% has the higher BSFC compare to other fuel macro emulsions and neat diesel fuel. As the load increases, the BSFC starts decreasing for all the fuels, which implies that at higher loads compression ignition engines run more efficiently than at part loads. At the full load condition all the fuels have almost same BSFC
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    E-1  Diesel 50% + Mahua oil 45% + Ethanol 5%,       E-2  Diesel 50% + Mahua oil 40% + Ethanol 10%

    E-3  Diesel 50% + Mahua oil 35% + Ethanol 15%,      E-4  Diesel 50% + Mahua oil 30% + Ethanol 20% 

DISCUSSION:

The behaviour of BSFC wrt Bmep for the macro emulsions of diesel, Mahua oil and ethanol is almost same as compare to the blends containing butanol. The only difference is that here the maximum value of BSFC is little bit higher at low loads, and value of BSFC for diesel is, in between the varying concentrations of various test macro emulsions.                         
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B-1 Diesel 50% + Mahua oil 45% + Butanol 5%,          B-2 Diesel 50% + Mahua oil 40% + Butanol 10%

B-3 Diesel 50% + Mahua oil 35% + Butanol 15%,          B-4 Diesel 50% + Mahua oil 30% + Butanol 20%

DISCUSSION:

As Bsfc does not give the exact information about the comparison of various test fuels, it is more appropriate to compare these fuels on the basis of BSES. The graph above shows the behaviour of BSEC wrt Bmep for the macro emulsions of diesel fuel, Mahua oil and Butanol in comparison to the neat diesel. It shows that at low loads, macro emulsions of mahua oil having 30% concentration has much more BSEC in comparison to the other macro emulsions and neat diesel. macro emulsions of mahua oil having 35% concentration has the least BSEC in comparison to the other macro emulsions and neat diesel. As the load increases BSEC decreases, and the difference between BSEC for various macro emulsions also decreases, but the pattern remain same and at full load there is very little difference between the values of BSEC for the macro emulsions and neat diesel. In short, this graph shows that whatever be the fuel the C.I engines perform better at full load rather than at part load.
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    E-1  Diesel 50% + Mahua oil 45% + Ethanol 5%,       E-2  Diesel 50% + Mahua oil 40% + Ethanol 10%

    E-3  Diesel 50% + Mahua oil 35% + Ethanol 15%,      E-4  Diesel 50% + Mahua oil 30% + Ethanol 20% 

DISCUSSION:

The behaviour of BSEC wrt Bmep for the blends of diesel, Mahua oil and ethanol is 

almost same as compare to the macro emulsions containing butanol. The macro emulsions E-3 has less BSEC as compared to neat diesel and other macro emulsions.
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B-1 Diesel 50% + Mahua oil 45% + Butanol 5%,          B-2 Diesel 50% + Mahua oil 40% + Butanol 10%

B-3 Diesel 50% + Mahua oil 35% + Butanol 15%,          B-4 Diesel 50% + Mahua oil 30% + Butanol 20%

DISCUSSION:

By the above graph, we can see that, the thermal efficiency increases as the load increases. This is because at low loads, the BSFC is more due to the lower power output for the same mass flow rate. As the load increases the power output also increases because of more complete combustion at higher loads, hence the efficiency is higher at higher loads. Thermal efficiency of fuel B-3 is highest in comparison to the other macro emulsions and neat diesel.
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    E-1  Diesel 50% + Mahua oil 45% + Ethanol 5%,       E-2  Diesel 50% + Mahua oil 40% + Ethanol 10%

    E-3  Diesel 50% + Mahua oil 35% + Ethanol 15%,      E-4  Diesel 50% + Mahua oil 30% + Ethanol 20% 

   DISCUSSION:

This graph also shows the same pattern as that of previous graph, but here the efficiency of fuel E-2 is highest. By comparing this graph and previous graph we find that the butanol based fuels have higher efficiency than the ethanol based fuels. This is because for the same power output, and for the mass flow rate, ethanol based fuel consumes more energy than the butanol based fuels.
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B-1 Diesel 50% + Mahua oil 45% + Butanol 5%,          B-2 Diesel 50% + Mahua oil 40% + Butanol 10%

B-3 Diesel 50% + Mahua oil 35% + Butanol 15%,          B-4 Diesel 50% + Mahua oil 30% + Butanol 20%

DISCUSSION:

By the above graph, we can say that the smoke density has reduced with the use of macro-emulsions of Mahua oils in a compression ignition engine, in comparison to neat diesel. As the load increases the smoke density also increases. Among the various macro emulsions, we find that, macro emulsions B-3 has the lowest smoke density. At the full load macro emulsions B-4 has the lowest smoke density.. However, diesel maintains its position of having higher smoke density than the other macro emulsions, over the entire range. Hence, it can be said that in terms of smoke density C.I. engine performs better with the macro-emulsion of vegetable oils in comparison to neat diesel.
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E-1 Diesel 50% + Mahua oil 45% + Ethanol 5%,       E-2  Diesel 50% + Mahua oil 40% + Ethanol 10%

E-3 Diesel 50% + Mahua oil 35% + Ethanol 15%,    E-4  Diesel 50% + Mahua oil 30% + Ethanol 20%

DISCUSSION:

Here also, the trend is same for smoke density as in the case of butanol based macro-emulsion of vegetable oil, but the difference is that, here the smoke density among the blends of vegetable oil is some what reduced as the load increases in comparison to butanol based emulsions. Among the various macro emulsions, we find that, macro emulsions E-3 has the lowest smoke density.

CHAPTER 9
CONCLUSIONS AND RECOMMENDATIONS
9.1 CONCLUSIONS :  

     The main conclusion of the present investigation and project work is that macro-emulsion of vegetable oil (with up to 10% concentration of alcohol) can substitute diesel fuel partially, for the existing conventional compression ignition engine without major modifications require in the engine hardware. The important conclusions derived from this project work are:

(a) The macro-emulsion of vegetable oils had higher density, kinamatic viscosity, and have flash and fire point almost in the range of neat diesel.

(b) The macro-emulsion of mahua oil, when blended up to 10 % of alcohol gave satisfactory performance and engine ran smoothly and there was no noise etc .

(c) When engine fuelled with B-3 or E-2, it gives highest thermal efficiency (higher than that of neat diesel) and when fuelled with B-4 or E-4 it gives lowest thermal efficiency (lower than that of neat diesel).

(d) In case of butanol base emulsion, B-3 gives lower BSEC than neat diesel. While in the case of ethanol based emulsion at low loads E-2 gives lower BSEC and at full load all the test fuels and diesel have almost same BSEC.

(e)  At low loads, neat diesel has the least BSFC and all the other test fuels have higher BSFC than that of neat diesel.

(f) In view of exhaust smoke density, the macro-emulsions of vegetable oil gives excellent performance in comparison to diesel i.e. all the test fuels have lower exhaust smoke density than that of neat diesel at all loads. Test fuel B-3 and E-3 gives lowest smoke density.

(g) On the basis of experiment conducted, finally it can be concluded that B-3 or E-2 can successfully utilized in conventional diesel engine. It has shown the best results in terms of performance and emission characteristics. 

SCOPE FOR FUTURE RESEARCH :

Given the data collected in this project, further research, testing and analysis in the following areas are highly recommended.

(1) When we invent new fuel we must not only evaluate the characteristics of the fuel and performance of the engine based on the fuel, but must also check the health of the engine i.e. must conduct long-term performance and endurance test to evaluate the durability of the engine with prolong operation on the new fuel. So long-term performance and endurance test should be conducted on these macro-emulsions.

(2) Due to some constraints only exhaust smoke density could be measured and the emission of nitrogen oxides (NOx), particulate matter (PM), and unburned hydrocarbons could not be measured in present work. As regulations of NOx and PM from diesel engines have become stricter in recent years, experimental evaluation of these emissions should also be carried out.
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Orifice meter





Fuel tank





(1)  Model                       -            Kirloskar





(2) No of cylinder           -            one





(3) Engine type                -            4-stroke





(4)  Bore                          -            87.5 mm.





(5)  Stroke                        -           110.0 mm





(6)  Rated power               -         5.2 kW@


                                                    1500 RPM                 


                                                   


(7)  Compression Ratio     -          17.5:1





(8) Inlet Valve Opens        -          4.5( Before TDC





(9)  Inlet Valve Close        -         35.5(After BDC





(10) Fuel Injection            -         23( Before TDC





(11) Exhaust Valve opens -        35.5( Before BDC


    


(12) Exhaust Valve opens -         4.5( After TDC





(13) Orifice Diameter          -           20 mm





(14) Drum Brake Diameter  -           347 mm





(15) Pan Weight                  -          1.5 kg  






























































�Vegetable oil fuel blends of varying percentages refer to fuels of which raw vegetable oils have been mixed at the indicated percentage with #2 diesel on a volume basis.


�Biodiesel is defined as the mono alkyl esters of long chain fatty acids derived from vegetable oils or animal fats, for use in compression ignition (diesel) engines.
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