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ABSTRACT

The widespread use of diesel engines in the farm community coupled with the capability to produce fuel grade Ethanol from farm grains has generated extensive research into the use of ethanol as an alternate diesel fuel. Since ethanol`s basic combustion characteristics and consequent low cetane number make it a poor diesel fuel when directly injected into diesel engines, most studies have emphasized either mixtures of Ethanol and diesel fuel or dual fueling systems such as fumigation of the Ethanol with the inducted air charge.
An unmodified single cylinder, four stroke, direct injection, and water cooled natural aspirated vertical compression ignition, typical to engines used in the agricultural sector (Pumps, tractors)was fuelled with ethanol and diesel blend at different ratios in the current performance and emission studies.

Engine performance and emission characteristics have been investigated and significant improvements were observed in maximum thermal efficiency, in minimum brake specific energy consumption and considerable improvement in smoke opacity was observed compared to that of diesel.
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CHAPTER ONE

INTRODUCTION

Stringent emission legislation all over the world has led to the search for alternative fuels for C. I. Engines. The major pollutants from a diesel engine are oxides of nitrogen (NOx), smoke and particulate matter. Concentration is very much focused on compression ignition engines because they have been recognized as the most ideal power plants in transportation, industrial and agricultural sectors, due to their high fuel efficiency. But their major disadvantage is the production of exhaust particulates which have to face increasingly stringent regulation.

The difficulty in meeting the increasingly stringent limitations on particulate and NOx emissions has stimulated interest in ethanol-fueled compression ignition engines because ethanol diffusion flames produce virtually no soot. Ethanol is a   renewable fuel derived from agricultural crops such as corn, sugarcane, and soybeans, or from biomass resources such as agricultural, wood, animal, and municipal wastes and residues. 
                                   The use of ethanol as a transport fuel traces its roots to the 1880’s when Henry Ford built his first ethanol-fueled automobile, and continued when Ford built the Model-T in 1908 with a carburetor adjustment that allowed farmers to use ethanol as fuel. Rising taxes on ethanol, combined with a decreasing price of petroleum and an aggressive campaign run by large oil producers kept ethanol out of the mainstream. 
                              The use of ethanol as a viable transport fuel was revisited after the oil shortages of the 1970’s sparked interest in domestically produced fuels. Rudolf Diesel designed and built the compression ignition engine or "diesel" engine in the 1890’s. The basic design has changed little over time. By compressing fuel oil in a chamber, the pressure and temperature of the oil rise to such a degree that it combusts spontaneously, driving the engine pistons and moving the vehicle forward. Diesel engines have been favored for use in buses because they provide the power and fuel efficiency to carry heavy loads of passengers over long distances. 
Ethanol can substitute for diesel or be blended with it in order to:

·  Reduce greenhouse gas emissions,
· Help communities improve air and water quality by reducing toxins and air pollutants and reusing waste streams.

· Create revenue for the agriculture sector.

· Reduced dependence on oil imports.
· Support rural economies.

· Increase energy security. 
Unfortunately ethanol does not have suitable ignition properties under typical diesel conditions because the temperatures and pressures characteristic of the diesel engines causes a longer ignition delay while using ethanol. Ethanol simultaneously both increases oxygen content and decreases the cetane number of a fuel. In some cases, the adverse impacts of a lower cetane number outweigh the benefits of an increased oxygenate content.
PROJECT INTRODUCTION

As it has been seen, that, there are a lot of pitfalls complemented with the advantages of using ethanol in Compression Ignition engines. Fortunately, these pitfalls can be overcome with low or no incremental cost. By using certain techniques like Blending, Fumigation, Dual injection, Surface Ignition, ethanol can be used in the Compression Ignition Engines. As it will be seen in this report, before coming to the analysisof this project literatures related to this topic has been studied and advantages and disadvantages, production and experimental procedures for engine performance, exhaust emission have been reviewed.
STRUCTURE OF THE THESIS

After this introductory chapter, nine more chapters are following in which they can clearly show how and in what extent this project has been conducted.
The second chapter deals with the production of ethanol in India viz. other major producers around the world has been discussed and the interest shown in it as automotive fuel and the researches done in India are discussed briefly.
In third chapter the advantages and disadvantages of using ethanol in diesel engines is evaluated. Cost effectiveness and environmental concerns (directly or indirectly) are linked with the plus and minuses.

The fourth and fifth chapter describes the methods of production of ethanol and its physiochemical properties as compared with the standard diesel fuel and the storage and handling techniques.
The sixth chapter deals with the study of various techniques that can be used for ethanol use in diesel engine and the results of each technique have been discussed in brief.

In the seventh chapter Fumigation process has been studied, its advantages over other methods and Multi-zone modeling of a diesel engine and its result have been discussed.

Chapter eight and nine deals with exhaust emissions and health and environmental issues associated with fuel ethanol 
Chapter ten discusses the experimental setup, observation and evaluation of performance characteristics of the engine with various samples.

Chapter eleven and twelve deals with the recent technological advances in this field and what are the challenges lying ahead of us.
CHAPTER TWO

ETHANOL:THE INDIA SCENARIO

India is the second largest producer of sugar cane in the world with a production level of about 280 Million tonnes per annum. Brazil, the number one, produces about 320 Million tonnes of sugar cane in a year. India stands fourth in the world in Ethanol production with a production of about 1.3 Billion liters per annum. Brazil, which produces about 16.1 Billion liters per year, stands at the top of the table. USA is next with 5.75 Billion liters and China with a production level of about 2.83 Billion liters occupies the third place. The installed capacity in India is about 2.7 Billion liters per annum in 278 distilleries; thus we utilize only 50% of our capacity in ethanol production. . On a world wide basis out of the total annual production of 33.3 Billion liters of Ethanol 68% is used as an automotive fuel, 21% is utilized for industrial purposes and the remaining 11% is used for beverages. In India the entire production of Ethanol is used for industrial purposes and for producing beverages. We are yet to decide about utilizing Ethanol as a fuel in the transportation sector. Brazil has promulgated a Federal law which makes it compulsory to use 26% of anhydrous Ethanol
The interest shown in the use of Ethanol as an automotive fuel in India has been rather sporadic in nature and was largely related to crisis management situations. Very early reported work was carried out in Indian Institute of Science, Bangalore in 1950s soon after the Second World War. Substantial interest was shown in this area during the end of 70s and the beginning of 80s on account of steep rise in crude prices. Almost all the National level technical institutions and Technical universities embarked on Research and Development work pertaining to the use of Ethanol in diesel engines used in Agricultural and Transportation sectors. Investigation on fleet tests using two models of SI Engine driven cars available at that point of time (during 1979-1984) were done. C.I. Engines (Diesels) were run on dual fuel mode using a carburetor. It was possible to operate Passenger buses on dual fuel mode with 45% diesel replacement under dual fuel operation. The investigations enabled the collection of valuable data on optimal modifications necessary for converting an existing S.I. Engines for neat ethanol operation. Long duration trials yielded valuable data on material compatibility and lubricating oil requirements for ethanol operation. Emission measurements showed considerable reduction in conventional pollutants like CO, HC, and NOx during ethanol operation. However there was an increase in the Aldehyde emission levels. 
The interest in such investigations dwindled, as there was neither clear-cut Government policy nor a direction for use of Ethanol as a fuel in the transportation sector. In view of this the Automotive and Sugar Industries did not support such developmental works. Nevertheless the data obtained and the experience gained, have been well documented and can be used for future investigations. Of the many important conclusions drawn from such studies the one which is very relevant to the present discussions pertains to development of dedicated Ethanol Vehicles. The Ethanol production and distribution depends on several factors and one should learn from set back witnessed in Brazil’s ALLCOOL Program. When an automobile is running on dedicated mode, that is it can run only with fuel ethanol, it is incumbent on the part of the fuel supplier to ensure unlimited and uninterrupted supply of the fuel. They also have some undesirable properties, which needs to be taken care of. There is a trend to develop Flexible Fuel Vehicles, which can operate on different ratios of Ethanol and Gasoline. It is desirable to discuss about the features of FFVs and look at the possibility of developing such vehicles in India.
The Government, the Automobile Industry, the Sugar Industry, the Ethanol Distillery Industry and the Oil Companies should jointly evolve a strategic plan to launch a viable Ethanol fuel program in India in a phased and sustainable manner so as to keep the regulated emission under control and to minimize the green house gas emissions. The Government and the Industries should encourage technical institutions to participate in joint R&D Programs such as the Ethanol Vehicle Challenge in USA to generate new ideas and to design systems suitable to Indian conditions. In the long run develop a suitable FFV program for utilizing larger percentages of Ethanol in the mixture as it will take a considerable time and effort for establishing a reliable distribution network for Ethanol in India such as the one available in Brazil. The formation of Ethanol Coalition in India will go a long way in bringing together people and enterprises that are interested in implementing a viable program of using a renewable fuel for the transportation sector in India. The possibility of using Ethanol in a dual fuel mode or in conjunction with additives as a mixture of Diesel and Ethanol in Diesel Engines should be explored. However the success of such alternative fuel program in India will depend on our ability to develop mechanisms which will ensure uninterrupted supply of this renewable fuel
CHAPTER THREE
ADVANTAGES AND DISADVANTAGES OF USING ETHANOL .
Ethanol is an attractive alternate liquid fuel source for internal combustion engines. Advantages of Ethanol over Fossil Fuels are as follows:
· Ethanol is a much cleaner fuel than fossil petroleum fuels.
· It is a renewable fuel made from plants.

· It is not a fossil fuel: manufacturing it and burning it does not increase the greenhouse effect.

· It provides high octane at low cost as an alternative to harmful fuel additives compared to the gasoline fuel.

· Ethanol Blends can be used in all engines without modifications.
· Ethanol is biodegradable without harmful effects on the environment.

· It is sulfur free, which leads to very low SO2 emissions 
· Ethanol’s high oxygen content reduces carbon monoxide levels more than any other oxygenate: by 25-30%, according to the US EPA.

· Ethanol blends dramatically reduce emissions of hydrocarbons, a major contributor to the depletion of the ozone layer.

· High-level ethanol blends reduce nitrogen oxide emissions by up to 20%.

· Ethanol can reduce net carbon dioxide emissions by up to 100% on a full lifecycle basis.

High-level ethanol blends can reduce emissions of volatile organic compounds (VOC) by 30% or more VOC are major sources of ground-level. As a transportation fuel, ethanol can be used directly or mixed with ignition improvement additive to be used in diesel engines specially configured for that purpose. 

Relatively less work has been done on the use of ethanol in compression ignition engine, due to its certain disadvantages. Some of the disadvantages of Ethanol are as follows:
· There are many disadvantages to using ethanol. Although ethanol when used near their stoichiometric air-fuel ratios, produce more power, a larger quantity of fuel is required to produce a specified power output. For example, in an automobile, more fuel is required for each mile driven.

· The relatively low boiling points and high vapor pressure of ethanol indicate that vapor lock could be a serious problem, particularly at high altitudes on warm summer days.

· The relatively high latent heats of ethanol cause problems in mixing ethanol with air and transporting them through the intake manifold of the engine. Heating the intake manifold may be necessary in cold weathers or before the engine reaches the operating conditions. Without external heat to more completely vaporize the fuel, the engine may be difficult to start and sluggish for a considerable time after starting.
· Ethanol is water soluble. Less engine power is produced as the water content of an Ethanol increases. Further, vapor lock, fuel mixing and starting problems increase with water.

· It absorbs water and will cause phase separation in mixtures if water comes into the distribution, storage or vehicle fuel system.
· Ethanol are very difficult to burn by compression-ignition, because of their low ignition quality, usually designated by a low `cetane number'.
· The lubricity of ethanol is unacceptable for high-pressure injection pumps in diesel engines.
3.1.OPERATING AND EQUIPMENT CONSTRAINTS FOR OPTIMAL    ETHANOL-IN-DIESEL PERFORMANCE

OVER-SIZED FUEL INJECTORS - The volumetric heating value of ethanol is less than diesel  and so, injectors must deliver more of an ethanol-in-diesel solution to achieve the same power (as compared to the volume of neat diesel that must be delivered). For some engines, the injectors may have excess capacity that can be utilized; however, if this excess fuel delivery capacity is not provided a reduction in engine power will typically result. Ideally, new engines should be designed with excess fuel delivery capacity based on the anticipation of cleaner-burning lower-heating-value fuels such as ethanol-in-diesel solutions. If a larger fuel injector is required, this can impact fuel performance and may diminish the advantages of adding ethanol to diesel. Cetane Number Correction - For typical application rates, ethanol will reduce the cetane number of diesel -7 points for every 10% ethanol in diesel. If this reduction in cetane number results in a fuel cetane < 40, the fuel is no longer within specifications and the engine may not be able to properly change injection timing to compensate for the increased ignition delay time. As a result, more fuel can accumulate prior to ignition leading to a high-temperature premix combustion that produces excess NOx emissions. The best way to correct this problem is to add cetane improver fuel to the extent necessary to bring the fuel within specifications.

VAPOR LOCK AND CAVITATION - The vapor pressure of an ethanol-in-diesel fuel is considerably greater than that of neat diesel. In addition, the viscosity is lower — the lower viscosity results in a lower static pressure in the fuel delivery system. As a result of these combined traits, ethanol-in-diesel has a significantly greater tendency to evaporate and form erratic locations of vapor lock in the fuel delivery system. This vapor lock will happen at the locations of lowest static pressure, such as the fuel intake of the injector, resulting in too little fuel being delivered to the injector and subsequent cavitation inside the injector. Both the vapor lock and cavitation can be detrimental to fuel performance. To prevent the vapor lock and subsequent cavitation, the static pressure of the fuel delivery system must be increased. This can be achieved by either (1) reducing the size of the restrictive orifice on the diesel fuel return line or (2) introducing a backpressure regulator to the diesel fuel return line. The good performances of ethanol-in-diesel fuels were achieved only after vapor lock problems were corrected. 

VAPOR PRESSURE & SAFETY – Ethanol’s high polarity and tendency toward hydrogen bonding cause ethanol to have a high activity in diesel (fig.1). This high activity leads to both limited miscibility and high vapor pressures. In ethanol-gasoline blends (< 20% ethanol), the activity of ethanol reaches a maximum of-0.5 at -4% ethanol in gasoline (based on data published in Owen and Coley, 1995)--the activity remains at this level at 2%-20% ethanol in gasoline. Since ethanol has an even higher activity in diesel it would typically have activities between about 0.7 and 0.9 at diesel blending ratios. These activity estimates allow the flash point temperature of ethanol blends in diesel to be estimated as summarized in Table 1.

[image: image2.emf]


Table 1: Flash points of gasoline, diesel, ethanol, and ethanol blends.
The ethanol-in-diesel blends have flash point temperatures estimated to be slightly below typical ambient temperatures; this translates to fuel tanks having ignitable mixtures of fuel and air during most operating conditions. By comparison, vapor spaces of diesel storage tanks are typically too fuel lean for ignition while vapor spaces over gasoline and E85 are typically too fuel rich for ignition.

    [image: image3.emf]
Figure 1. Flammability limits of Ethanol in diesel.
 This is a safety issue that should be addressed for both ethanol-in-diesel solutions and ethanol-in-diesel emulsions. One method for solving potential vapor pressure problems of ethanol-in-diesel solutions is to add an additional volatile component to the system so as to increase the vapor pressure into a fuel-rich regime that is outside ignition limits--candidate blend stocks include hexane, pentane, naphtha, and diethyl ether.

LIQUID PHASE STABILITY -Based on the phase behavior  of ethanol in diesel, diesel grades (volatility and aromaticity) and ethanol contents can be selected that lead to homogeneous fuel solutions; however, this homogeneous phase behavior can and will change when the fuel contacts water. When ethanol-hydrocarbon solutions are initially introduced into a system accustomed to handling gasoline or diesel, the presence of water can cause problems. However, once the free water is removed from these systems, the ethanol-hydrocarbon fuels have increased solubilities for water and can continuously dissolve small amounts of water, carrying the water through the engine without difficulty. And so, while water can cause problems with ethanol-hydrocarbon fuels, the continuous use of these solutions in a system tends to minimize the likelihood that sufficient water will accumulate to cause problems. When proper quality control measures are taken, ethanol-in-diesel solutions can be continually used without incident; however, proactive/preventative measures can be of significant value. Such proactive measures are more important in diesel than in gasoline since phase separation in diesel will lead to an ethanol-rich hydrophilic phase that will stall the diesel engine. Two proactive approaches that can lead to avoiding incidents of stalled diesel engines due to phase separation problems include 
· Use of hydrophilic cetane improvers that would migrate to a hydrophilic phase (if formed) and boost the cetane to allow the ethanol phase to continue to power the diesel engine.

· Use of emulsifiers that would emulsify a hydrophilic phase formed if water contacts the system. 
Of these, the emulsifier approach is the most viable since several emulsifiers have been demonstrated and are available for forming ethanol-in-diesel emulsions. With proactive emulsifier approaches, the application rate can be much lower than is required with typical emulsions. In general  the higher the emulsifier application rate the more water tolerable (toward avoiding engine stalling) the ethanol-in-diesel solution. Emulsifier application rates that provide the proper balance of 
· Lower cost with lower application rates. 

· Increased protection with higher application rates.
 An ethanol-in diesel solution that contains an optimal amount of emulsifier would have considerably lower emulsifier costs than ethanol-in-diesel emulsions. As a result of these lower emulsifier costs, the cost of using the fuel would be less and a greater fraction of the cash flow is routed to the ethanol industry. 
CHAPTER FOUR

FUEL DESCRIPTION

Ethanol is an Ethanol with high octane but low cetane characteristics. An ethanol fueled compression ignition engine requires special injectors and ignition improvers to make the ethanol ignite. When Rudolph Diesel first demonstrated his compression ignition engine in 1898, he used peanut oil as fuel. Producers continued the use of vegetable oils in diesel engines, but eventually made a transition to conventional petroleum diesel because of its relatively lower price, availability, and efficiency. 
PRODUCTION OF ETHANOL
Raw-materials/processes for ethanol production could be classified as follows:

1. Production of ethanol from corn, sugar beat or cane or other sugar rich crops by fermentation using yeast followed by distillation is a well-known and simple process. This is suitable method in countries with sub-tropic climate keeping the costs of raw-material low enough for fuel-grade ethanol. 

2. Production of ethanol from starch containing raw-materials like potatoes and grain, requires a mild hydrolysis of starch into sugar before fermentation. Starched-based Ethanol is produced by fermenting and distilling starch crops that have been converted into simple sugars. In the United States, ethanol is most often derived from corn that is dedicated specifically for ethanol production or from the biowaste of corn grown for commercial use. Co-products including high protein animal feeds are developed in this process. 
[image: image4.emf]
Figure 2. Schematic Figure on production of ethanol from starch.
3. Production of ethanol from cellulose and hemicellulose-containing raw materials like straw, softwood, hardwood, waste paper and municipal refuse are cheap raw materials. The production of ethanol from these cellulosic materials is more complex and expensive than hydrolysis from starch. Enzymatic and acid based hydrolyses are the most studied processes for ethanol production from these materials. Also modified yeasts and drying by molecular-membranes are intensively studied. In theory, all kind of cellulose and hemi-cellulose can be converted into sugar.
                                                                               Cellulosic ethanol is the same as starch based ethanol except that it is derived from renewable, essentially inexhaustible resources because it utilizes the cellulose that is found in all plant matter. Cellulosic ethanol can be derived from fast growing energy crops like willow trees and switch grass or from waste products like sugar cane bagasse, rice hulls, orchard prumings, wheat straw, and forest thinnings, municipal wastes like as waste paper and yard wastes, and industrial wastes such as pulp/paper and sludge. As with starch-based ethanol, cellulosic ethanol can be blended or used as a pure fuel.


[image: image5.emf]
     Figure 3. Schematic Figure on production of ethanol from cellulose biomass.
 Synthetic ethanol can be produced e.g. from syngas via acetic acid or ethylen. There has also been research on the fermentation process of synthesis gas into usable products. Synthesis gas contains hydrogen (~50%), carbon monoxide (~25%), and carbon dioxide (~25%), and it can be produced from biomass by gasification or from natural gas. Traditionally syngas has been used for production of methanol, but also ethanol can be produced using inorganic heterogeneous catalysts or fermentation 

[image: image6.emf]
    Figure 4. Schematic Figure on production of ethanol from lingo-cellulose based on    enzymatic hydrolysis.
Ethanol is a flammable, colorless liquid like clear water with a faint alcohol odor. The Physio-chemical properties of pure ethanol are described in the Table 2.
	                 Property 


	

Ethanol

  

	Density
	0.79 gm/cc.

	Latent Heat of Vaporization
	216 kcal/kg

	Lower Calorific Value
	6400 kcal/kg

	Mixture Heating Value
	711 kcal/kg-air

	Stoichiometric Air Requirement
	9.0 kg-air/kg-fuel

	Ignition Limits(Air-fuel ratio)
	3.5-17.0 kg-air/kg-fuel

	Self Ignition Temperature
	420*C

	Research Octane Number
	>110

	Motor Octane Number
	89

	Cetane Number
	8


                       Table 2. Properties of pure Ethanol.
In general, the use of pure ethanol is not advisable in the internal combustion engines due to the following drawbacks;-

· A  large quantity of fuel is required to produce a specified power output.

· The relatively low boiling points and high vapor pressure of ethanol indicate that vapor lock could be a serious problem, particularly at high altitudes on warm summer days.

· The relatively high latent heats of ethanol cause problems in mixing ethanol with air and transporting them through the intake manifold of the engine. 

· Heating the intake manifold may be necessary in cold weathers or before the engine reaches the operating conditions.
· Less engine power is produced as the water content of an ethanol increases. Further, vapor lock, fuel mixing and starting problems increases with water.

Therefore it is difficult to use ethanol more than 15% in internal combustion engines. The properties of mixtures and pure diesel are given in table


[image: image7.emf]


    Table3:  Test fuels physicochemical properties.
Oxygen content of ethanol (C2H5OH) is 35%. The oxygen content of a fuel influences the stoichiometric air to fuel ratio, which is 9 kg air/kg fuel for ethanol and 14.6 kg/kg for gasoline. With fixed fuel calibration the oxygen in the fuel leads to leaner and more effective combustion up to a certain limit. Cars with a closed-loop fuel control system can compensate the leaning effect at least up to some 3.5% oxygen content
Density of ethanol is 0.79 kg/l. The energy content of ethanol is lower than for diesel. The lower heating value of ethanol is 26.8 MJ/kg, whereas 42.5 MJ/kg of typical diesel fuel. The lower energy content is seen directly as higher volumetric fuel consumption with ethanol.
Octane number of Ethanol is high, and thus they can be used as octane boosters. However, Ethanol tends to increase Research Octane Number (RON) more than Motor Octane Number (MON), of which the latter is decisive for knocking under high-load conditions. The difference between RON and MON is called sensitivity. 

Heat of vaporization (Hv) is significantly higher for Ethanol. If Hv is high, and especially if also the boiling point is high, this causes problems to start up the engine and to run the cold engine. Fuels with high Hv cool the air/fuel mixture. In a cold engine this leads to incomplete fuel vaporization, poor fuel/air mixing and poor combustion. Hv and boiling point combine so that the start-ability limit on 100 % Ethanol is around +12 degree Celsius for ethanol.
Blending vapor pressures for Ethanol are significantly higher than their true vapor pressures. The higher the oxygen content of Ethanol, the higher the non-ideality of blending vapor pressure  
Flame temperatures for Ethanol are lower than for e.g. aromatics. Thus NOx emissions could be lower using Ethanol fuels. However, using oxygenates as low-level blends NOx emissions tend to increase as a result of the enleanment effect that raises combustion temperature. 
Both hydrated and anhydrous ethanol grades are produced. Hydrated ethanol contains 95% ethanol and some 5% water after distillation. Dehydration produces an anhydrous grade with an ethanol content of 99.5%. 

CHAPTER FIVE
STORAGE AND HANDLING
There is a lot of data on storage and stability of ethanol and diesel blends. Ethanol is liquid fuels, which mean good energy density, easy re-fuelling and storage. In the case of diesel/ethanol blends the distribution system needs special attention to avoid problems caused by water, as blends are very sensitive to moisture. In practice, e.g. in U.S., the ethanol is blended into the diesel at a product terminal just before it is delivered to retail or end-user due to water-solubility of ethanol. Ethanol has been transported via pipelines, which is the cheapest method. However, the following actions should be taken: 
· Frequent dewatering of mainlines.
· Closed floater storage tanks to prevent rainwater ingestion.
· Commitment to dry storage tanks.
· Inline corrosion monitoring.
· Filtration system monitoring.
· Ethanol quality oversight program.
· Materials compatibility review.
· Updated safety documentation.
 Anyway, it is technically difficult to transport ethanol in the pipelines. In addition to water-related problems, quantities large enough for transportation through pipelines are difficult to find (ethanol plants are too small). Railroads also face problems with unloading facilities. 

In the US, there are documented storage and handling procedures for low-concentration ethanol blends, e.g. for tanks, piping, fittings, pumps and dispensers. Some materials used in the storage systems may be unsuitable for ethanol, e.g. some single-walled fibre glass reinforced plastic tanks, some gaskets, sealants, adhesives and other materials. The higher the ethanol content, the greater the amount of water absorbed by the fuel without phase separation. Ethanol is water-soluble and hygroscopic, and thus it carries moisture into the fuel system. In general it is important to ensure that water contamination does not occur in the distribution and storage with ethanol blends. 
One discussion item in conjunction with ethanol has been the risk of ground water contamination. However, these statements of groundwater risks with ethanol have not been proven, and it has been stated that the traveling distance would not be as long as with MTBE.

 INFRASTRUCTURAL REQUIREMENTS

Regarding transport and storage of ethanol, its propensity to absorb water has been an issue as well as problems with corrosion. Generally no special storage and dispensing equipment is required at ethanol refueling facilities as dry ethanol is compatible with plain steel. Only certain fiberglass tanks and some tank liners may not be compatible. Current fuel distribution and storage systems are not watertight, and water tends to carry impurities with it. Ethanol will not be significantly degraded by small amounts of clean water, though the addition of water dilutes its value as a fuel. Partly for this reason the primary use of ethanol in the transportation sector is expected to be as a fuel additive to conventional fuels. Fuel dispensers must have appropriate elastomers for ethanol and must not use plain aluminum components.
CHAPTER SIX

TECHNIQUES FOR USE OF ETHANOL  IN DIESEL ENGINES

Ethanol-in-diesel solutions provide an effective approach to reducing particulate matter emissions in diesel engines, and ethanol may be the most cost effective oxygenate for this application. However, unlike most fuel additives and blend stocks, the benefits of ethanol-in-diesel may not be realized by simply adding ethanol to the diesel for use in an unmodified diesel engine. A multitude of pitfalls exist with the use of ethanol in diesel solutions. Fortunately, these pitfalls can be overcome with low or no incremental cost. To avoid miscibility problems, anhydrous ethanol must be used and its application rate should be determined based on the volatility and aromatic content of the diesel blend stock as well as the ambient temperatures where the fuel is to be used. The diesel fuel delivery system should be modified to provide increased fuel pressures at the injector pump inlet--this often translates to placing a smaller restrictive orifice or a backpressure regulator at the diesel fuel return. Cetane improvers should be added as necessary to keep the cetane number >40 and emulsifiers should be added as a proactive measure for preventing phase separation if the fuel inadvertently contacts water. Over-sized fuel injectors may also be necessary to compensate for the lower heating value of the ethanol blend so as to avoid reduced maximum power abilities of the engine. Operators should be aware that the ethanol blends may have reduced flash points that can increase fire and explosion hazards--additional blend stocks can be added to avoid this potential problem.

Neat ethanol as such will not ignite in conventional diesel engine. The main research in diesel-Ethanol technology was to find ways and means to force Ethanol to ignite by compression in the diesel engine.
 There are many techniques by which ethanol can be used as a fuel in compression ignition engines. The techniques are:
· Solution 

· Fumigation 

· Dual Injection 

· Spark Ignition 

· Ignition Improvers 

· Surface Ignition 

The easiest method by which ethanol could be used is in the form of solutions. But ethanol has limited solubility in diesel, hence ethanol/diesel solutions are restricted to small percentages (typically 20%). 
ETHANOL-IN-DIESEL PHASE BEHAVIOR

The phase behavior of the ethanol-diesel system is a strong function of ethanol content and temperature. Most petroleum-based diesel fuels will exhibit the indicated phase behavior. Increasing volatility and increasing aromatic contents will tend to decrease the two-phase region by lowering the curve up to 15 °C illustrated by figure 5.  Trace amounts of water will sharply increase the two phase region.

 [image: image8.emf]
Figure5 : Typical ethanol/diesel phase behavior.
Based on these trends, the following observations can be made on performance, limitations and the best application opportunities:
• Lower ethanol concentrations have reduced tendencies toward immiscibility problems,

• At about 5% ethanol (- <0.005% water) in diesel, the low-temperature miscibility limitations are substantially similar to those of the pure diesel, and 

• Reduced low-temperature miscibility limits can be achieved by using a diesel with a lower cloud point.
By following these guidelines, two-phase regions can be avoided leading to stable ethanol-in-diesel solutions. The primary advantage of solutions over emulsions is the elimination or reduction of costs associated with emulsifiers.
Whereas the problem of limited solubility has been overcome by emulsions which have the capability of accommodating larger displacement of diesel upto 40% by volume. But the major drawbacks of emulsions are the cost of emulsifiers and poor low temperature physical properties.

Fumigation is a method by which ethanol is introduced into the engine by carbureting or vaporizing the ethanol into the intake air stream and about 50% of the fuel energy can be derived from ethanol under road load conditions. This method requires addition of a carburetor or a vaporizer along with a separate fuel tank, lines and controls. Also the distribution of ethanol would be uneven as the diesel intake manifolds are not designed to handle two phase flows.

Dual injection is a method by which nearly 90% displacement of diesel by ethanol is possible. The drawbacks of this method include the complexity and expense of a second injection system and a second fuel tank and system. Fuel injection pumps and injectors to handle neat ethanol have not yet been developed. Also converting to dual injection requires, space in the combustion chamber be available for a second injector at a location where the injector can be effective.

Spark ignition of neat ethanol in diesel engine provides a way of displacing 100% of diesel. A spark plug and the associated ignition system components must be added to the engine. Room must be available for spark plugs in the cylinder head and its location is also important for proper plug cooling.

Another method of using neat ethanol is to increase their cetane numbers sufficiently with ignition-improving additives to ensure that compression ignition will occur. This method saves the expense and complexity of engine component changes, but adds in fuel cost.

Surface ignition is another method of using 100% ethanol in diesel engines. Surface ignition occurs when the temperature of the air-fuel mixture adjacent to a hot surface exceeds its self ignition limit.

6.1.  DUAL-FUEL MODE
In the dual fuel mode in a conventional diesel engine the energy release by combustion comes about partly from the combustion of either carbureted or manifold injected alternative fuel, while the diesel fuel continues to provide throughout, through timed cylinder injection, the remaining part of the energy release. Ideally, in relation to the alternative supply there is a need for optimum variation in the diesel fuel quantity used any time so as to provide the best performance over the whole load range desired. The main aim is to minimize the use of diesel fuel due to environmental reasons and maximize its replacement by alternative fuel throughout the load and speed ranges. The dual fuel engine is an ideal multi-fuel engine that can operate effectively on a wide range of fuels with the flexibility of operating it as a conventional diesel engine.

The use of Ethanol in compression ignition engines in the dual fuel mode has been successfully demonstrated in the past. This is particularly so in countries where the diesel fleet constitutes a large fraction of the total population.

Some of the distinct advantages associated with dual fuel operation are longer engine life, potential cleaner operation and long lasting lubricants with fewer filter changes. However, dual fuel operation also has certain limitations like the requirement of simultaneous availability of two or more fuels which can bring about increased complexity in controls and additional cost. Moreover, a serious problem associated with dual fuel engine is the relatively poor light load and idling performance associated with low efficiency and inferior emission characteristics. The principle of injecting a small quantity of diesel fuel is to auto-ignite the diesel vapor, so that flames produced by diesel-air mixture burns the lean homogeneous charge available in the rest of the combustion chamber. This behavior of the engine affects the performance of dual fuel engines at light loads adversely.

The introduction of the fuel with the inlet air, even in very small quantities, can also have a significant effect on the cylinder charge during compression, affecting markedly the processes of pre-ignition and subsequent combustion of the pilot and the cylinder charge. This deterioration in performance to a large extent depends on the pilot quantity injected, the fumigated fuel being used, operating conditions and the engine employed. In some cases even idling or light load operation becomes totally impaired, with certain fuels and engines.

In addition to the above problems, the problem of knock is encountered when very high outputs are desired. Thus, a serious practical barrier is set for the maximum load that can be achieved for any engine with any fuel.

The literature on the use of ethanol in the dual fuel mode shows the following observations when compared to diesel:

· Brake thermal efficiency increases at high loads. 

· Carbon monoxide and hydrocarbon formation increases. 

· No significant effect on carbon monoxide and hydrocarbons with water content and type of Ethanol used. 

· NOx and particulate matter reduces. 

· NOx emissions decreases with higher water content in ethanol. 

· Ignition delay increases at all operating conditions. 

· Higher water content of ethanol lengthens delay period. 

· Maximum displacement of diesel is only 80% of the total fuel energy in conventional engines and 85% in the LHR engine. 

6.2.  IGNITION IMPROVERS
Ethanol has too low an ignition quality for use in a diesel engine. The step towards "   adapting the fuel to the engine " is to increase the ignition quality of ethanol such that it is sufficient for all operating conditions. This is done by adding ignition improvers to ethanol or by the introduction of ignition improvers that have very low self ignition temperatures, into the intake manifold.

Most of the effective ignition improvers that are added to improve the cetane rating are nitrogen based compounds, which can aggravate NOx emissions. Isoamyl nitrate, Ethyl nitrate, Butyl nitrate, Di-Ethylene Glycol Di-Nitrate (DEGDN), Tri-Ethylene Glycol Di-Nitrate (TEGDN) and Kerobrisol are some good ignition improvers. With the addition of upto 25 % by volume it is possible to increase the cetane number of ethanol to about 60.

Other ignition improvers like Di-Methyl ether (DME) and Di-Ethyl ether (DEE) that have very low self ignition temperatures and wider flammability limits are introduced in a small quantity into the intake manifold, that mixes with the combustion air. This mixture would begin a slow combustion in the compression stroke forming a pool of species and raising the temperature and pressure inside the engine cylinder. This would create an ideal environment for igniting the subsequently injected ethanol.

The summary of observations made on using ignition improved ethanol fuels in diesel engines is as follows:

· The concentration of DEE required for stable combustion of ethanol  varies from 59% by mass at no load to less than 1% at full load. 

· Fuel injection system modified to accommodate extra volume of fuel. Compared to normal diesel operation the following observations are made: 

· Thermal efficiency is higher. 

· Unburnt hydrocarbon emissions are higher. 

· Carbon monoxide emissions remain unchanged. 

· NOx emissions are lower. 

· No soot formation. 

· Ignition delay longer. 

· Aldehyde emissions doubled with ethanol. 
6.3.  SURFACE IGNITION
The hot surface assisted ignition concept is commonly applied to overcome the low temperature starting problem in diesel engines. Introducing extremely low cetane fuels like ethanol, require an extended application of the hot surface as continuous ignition assistance. The function of the hot surface is to provide favourable local ignition condition, followed by flame propagating through the fuel air mixture to establish a stable diffusion flame.

Surface ignition occurs when the temperature of the air-fuel mixture adjacent to the hot surface exceeds its self ignition limit. The minimum surface temperature needed for this kind of ignition depends on both physical and chemical properties of the fuel to be ignited and the operating conditions prevailing inside the combustion chamber as well. 

The hot surface may be provided by concentrating/accumulating the heat of combustion at a position on the piston top or by supplying external energy to the heating elements inside the combustion chamber. Hot surface ignition making use of glow plugs is not a new concept as it is being used in IDI diesel engines to overcome cold starting problems.
CONCEPT OF SURFACE IGNITION ENGINE

A slab of insulator material, wound with a few strands of heating wire is fixed in the combustion chamber with the wire running on the face exposed to the gases. The fuel injector is located such that a part of the spray impinges on this surface. Ignition is thus initiated. The combustion chamber is made relatively narrow so that combustion spreads quickly to the rest of the space, since a part of the fuel burns on the insulator surface and since the heat losses from the plate are low, the surface, after some minutes of operation reaches a temperature sufficient to initiate ignition without the aid of external electrical supply.
The best results were obtained when the heated surface was flat, with the coil temperature about 1000 degree Celsius. And with the fuel sprayed from pintle nozzle of cone angle less than 15 degree ( in the open). There has to be an optimum interaction between the periphery of the expanding spray and the heated surface. Both excessive interference and too little interference between the surface and the spray will lead to failure of ignition. The combustion is more complete when the burning mixture is confined by a tube immediately after the heated surface.
Following are the observations made on using Ethanol in hot surface ignition engine:

· Ignition characteristics of ethanol affected by fuel amount, injection timing, position and length of glow plug, glow plug temperature and water content in ethanol. 

· Engine speed, fuel injection timing and position of the glow plugs have a strong effect on the ignition characteristics. 

· Combustion difficulties appear as the load decreases, making idling impossible. 

· Glow plug surface temperature for proper ignition is around 850oC. 

· Brake thermal efficiency is comparable to that of diesel. 

· Higher carbon monoxide and hydrocarbon emissions. 

· Larger reduction in NOx emissions. 

· Soot free combustion. 

· Quieter operation. 

· Longer ignition delay. 

6.4.  SPARK IGNITION
For smooth operation of an engine, combustion must spread smoothly throughout the combustion chamber. This is accomplished in a gasoline engine by having a homogeneous mixture in the cylinder ignited by means of a spark. On the other hand, the heterogeneous mixture in a diesel engine, when using high cetane fuels, combustion depends upon simultaneous auto ignition at different locations rather than a flame propagation. However, when using low cetane fuels like ethanol in a diesel engine with spark ignition, the flame propagate from the flame nucleus fast enough to achieve smooth combustion and rapidly induce auto ignition in the rest of the mixture. Thus, for spark assisted diesel, smooth operation depends upon the formation of air vapor mixture through which the flame can propagate.

Ignition and initial flame kernel development away from spark gap along the peripheral, near stoichiometric region of the fuel plume closest to the spark gap, Initial flame propagation along adjacent fuel spray plumes, and Continued flame propagation along fuel spray plumes followed by compression ignition occurring in the peripheral regions of the fuel spray plumes not yet in contact with the flame which results in multipoint ignition and rapid heat release. 

The literature survey made on spark plug assisted ethanol operation shows the following points as made compared to diesel operation:

· Proper timing of both injection and ignition is vital for ignition of ethanol fuel. 

· Injection timing to be advanced. 

· Higher efficiency at full load. 

· More un-burnt hydrocarbons. 

· Reduced NOx and noise. 

· Shorter ignition delay. 

· Lower maximum pressure, temperature and rate of pressure rise. 

6.5.  CATALYTIC COMBUSTION
The possibility of using a combustion catalyst on the surface of the glow plug could also be of great significance to the use of ethanol in diesel engines. Catalysts coating not only increases the rate at which chemical reactions take place but at the same time decrease the minimum temperatures needed for the reactions to take place. Therefore if the glow plug surface can be used as a catalyst for ignition, lower temperatures would be required thereby reducing the energy requirements for proper operation and also increase the lifetime of the glow plugs. Also the presence of a catalyst in the combustion chamber could affect emissions as well.

Normally, catalytic ignition occurs at temperatures several hundred degrees Celsius lower than the gas phase ignition temperature for the same combustible mixture. The overall reaction rate for a catalytic combustion process is a function of temperature. At low temperatures the reaction rate is controlled by surface kinetics with the reaction rate increasing exponentially with catalyst temperature. As temperature increases, the reaction rate becomes so high that the reaction is limited by the mass transfer between the gas and the surface. This is called the mass diffusion controlled region and the heterogeneous kinetics play a secondary role in determining the reaction rate. Finally further increase in temperature results in gas phase reactions in which catalytic reactions occur simultaneously with heterogeneous reactions.

To obtain maximum performance from a catalytic combustion system, the materials should ideally have the following properties :

The catalyst coating should be capable of igniting fuel/air mixtures at the lowest possible temperature i.e., low "light off " temperatures. 

The catalyst coating should be able to operate at temperatures in excess of 1750 K without thermal degradation or complexing of the materials. 

6.5.1 Selection of Catalyst Materials
There are two classes of catalyst coating materials available, one is metal oxides and the other one is noble metals. Metal oxide catalysts are made from the oxides of the transition metals. Among the metal oxides, only those with refractory properties have potential combustion applications. Noble metal catalysts appear to be more promising for combustion applications because, metal oxides have lower activities, higher light off temperatures are more prone to thermal sintering and sulphur poisoning. But the disadvantages of noble metals for actual engine applications are their exclusively high cost and limited high temperature durability.

However, since the catalysts activity is not necessarily a limiting factor under the expected mass transport limited conditions the effectiveness of metal oxide catalysts could be as great as that of noble metals. 
The summary of observations made on the utilization of ethanol in diesel engines with catalyst coated glow plug is given below:

· Platinum and palladium are used as coating materials on glow plugs. 

· Reduction in glow plug temperature of 1000 K using platinum and 150 K using palladium. 

· Palladium has better combustion characteristics than platinum. 

· NOx emissions are slightly higher for platinum and slightly lower for palladium compared to diesel. 

· Lesser aldehyde emissions in the case of platinum and palladium compared to diesel. 

· Platinum and palladium catalyst coating on exhaust valves reduces glow plug temperatures by approximately 400 K. 

· Palladium catalyst produce more carbon monoxide, lower hydrocarbons and less NOx than platinum. 
CHAPTER SEVEN

FUMIGATION : A DETAILED REPORT
BACKGROUND - Ethanol fumigation was first investigated as a means of reducing the smoke emissions from diesel engines. The results of the early work pointed out the potentials of this relatively simple method of adapting the Ethanol to use in diesel engines.
There are significant agreement on the advantages of this method -- about 10-15 per cent boost of power because of better air utilization and improved charge efficiency arising out of the inflow of cooler charge, increased thermal efficiency and lower smoke density only in certain ranges of load and speed. 

More significantly, absolute or anhydrous ethanol is not required for fumigation, in contrast to the blending practice for petrol engines. Anhydrous ethanol is expensive. Rectified spirit as it is could be used for diesel engines. Water, indeed, proved a blessing in disguise as the much-blamed nitric oxide emissions characteristic of diesel engine reduced because of water in the ethanol and the low combustion temperatures caused by high latent heat of ethanol. 

Vehicle diesel engines are variable-speed engines and, to reap maximum advantage of fumigation, the ethanol must only be fumigated into the induction system in a controlled way after ascertaining the load and speed at which low smoke; high volumetric and thermal efficiencies were possible.
 In 1980, researchers at IIT Madras embarked on a collaborative project with the erstwhile Standard Motor Company and Carburetors Ltd on the vehicular application of ethanol in diesel vehicle by fumigation and conduct the road trials. This Ethanol-diesel powered vehicle (Standard 20 microbus) was demonstrated at the exhibition held at Pragati Maidan, New Delhi. The results are briefly summarized below. 

The heart of the technique was a special air-Ethanol inductor, designed after extensive tests on a laboratory dynamometer. The novelty of this gadget is that under starting and idling conditions, the throttle of the single jet carburetor is closed and there is no flow of Ethanol and the vehicle works on neat diesel oil. The throttle in the air arm is fully open when the throttle in the carburetor arm is fully closed. They are complementarily ganged. Together, they are linked by a flexible coaxial cable to the control lever of the diesel injection system which, in turn, is linked to the accelerator pedal. 

The relative sizes of the venturi and the carburetor jet, and its position relative to the venturi, are designed such that the jet does not allow any Ethanol till the predetermined speed compatible to efficiency and smoke number (as determined by the static dynamometer tests) is reached. At speeds higher than this, there is automatic controlled flow of pre-determined Ethanol flow conducive to the fuel efficiency and low smoke number. This technique permits complete working on diesel fuel in case of disruption in the supply of ethanol. 

Road trials with the retrofitted diesel vehicle indicated that unto 45 per cent of diesel oil substitution was possible under transient conditions of driving on our roads. Bi-fuel systems can be introduced without major changes in the vehicle hardware excepting that two tanks are needed. Material compatibility with Ethanol fuels has already been solved, just as in the case of petrol engines. 

This system, while admirably suited to stationary engines, works on maximum Ethanol substitution on diesel locomotives, which run at high speeds and constant load for long distances. Rectified spirit instead of anhydrous Ethanol can be used. Fueling for fleet vehicles can be done without major changes in fuel supply and distribution infrastructure.
Heinsy and lestz tested a single cylinder air cooled diesel engine with 200, 180, 160 and 140  proof ethanol. The ethanol was injected with a single continuous air atomizing nozzle mounted in the intake manifold. Tests were run at three rack settings 1/3, 2/3 and full travel, at 2800, 2400 and 1800rpm, using diesel fuel. When ethanol was fumigated, the total energy flow rate of diesel and ethanol was held constant. Ethanol was fumigated in increasing amounts at each rack setting until the misfire limit was reached.







They reported that the thermal efficiency, CO emission levels, and the rate of pressure rise were not affected by lower ethanol proofs .The ignition delay was longer with lower proofs, especially at higher flow rates. NO emission levels were reduced with lower proof ethanol. Similar results were also reported by Shropshire and Goering and Chen, Gussert, and Gao.
Baranescu used 200 and 160 proof ethanol as fumigants in a turbocharged six cylinder diesel engine. A, single, continuous spray, high pressure ethanol injector was mounted after the compressor in the cross over pipe. They used aheat exchanger mounted after the injector in the crossover pipe to increase the temperature of the ethanol and air mixture. Tests were conducted at bmeps of 841, 551 and 246 kpa at speeds of 2500, 1800 and 1200rpm. The flow rate of fumigant was increased at each load until the knock of misfire limit was reached. 


They found that 160 proof ethanol gave lower rates of pressure rise at low and medium loads with little difference at high loads. The thermal efficiency was slightly worse with 160 proof than with pure ethanol. 160 proof ethanol produced higher levels of HC and CO emissions. NO emissions were equal to or lower than the diesel levels as ethanol flow rates were increased with 160 proof ethanol. The NO levels were higher with pure ethanol than with 160 proof ethanol.  

Valdmanis and Wulfhorst studied pure water induction into the intake air of a diesel engine. This is of interest to determine the effect of the water in lower ethanol proofs. They used a singlr cylinder, diesel engine, with a single, continuous, air atomizing injector mounted in the intake manifold for water addition. Tests were conducted at full loads at 1800 and 2600 rpm. The maximum amount of water that was injected was 60% of the total diesel and water mass flow rate.



They indicated that NO levels decreased substantially with water. The smoke level was also reduced. The HC emissions increased slightly and there was no noticeable trend in CO emissions. The ignition delay increased as the water was added. 

7.1 ADVANTAGES OF FUMIGATION TECHNIQUE
Fumigation offers several advantages over the methods discussed above, they are:-
· It requires a minimum of modifications to the engine.

· Ethanol fuel injection system is separate from the diesel system and the engine can quickly be converted back to the diesel operation.
· The engine will not be derated  by the lower heating values of ethanol whereas in other methods engine derating will occur due to the constraints imposed by volume capacity of the existing injection system.

· 10-15 per cent boost of power because of better air utilization and improved charge efficiency.
· Absolute or anhydrous ethanol (which is costly) is not required for fumigation.
· Nitric oxide emissions characteristic of diesel engine reduced because of water in the ethanol and the low combustion temperatures caused by high latent heat of ethanol.
7.2 FUMIGATION SYSTEM
A Fumigation nozzle can be used to prevent unequal distribution of the ethanol which could lead to severe over-fuelling of some of the cylinders of the engine. This is especially important in diesel engines since the intake manifolds are designed only for even distribution of air and not for the fuel entrained in the air as with spark-ignition engines. An air assist atomizer can be used. The conventional pressure regulator can be modified such that the fuel pressure is referenced to intake manifold pressure. This can be done by allowing the manifold pressure to communicate with the backside of the regulator diaphragm. Thus, as turbocharger boost varied in response to changing engine conditions the fuel pressure would also change such that the pressure drop across the needle valve remained constant. By fixing the pressure drop across the valve , volumetric flow rate becomes a function of only the number of turns of the valve and is not subject to the variations in the manifold pressures.
7.3 MULTIZONE MODELLING
The models developed in the studies of Fumigation can be classified as :

1. Multidimensional Model – These models are based on numerical solution of the fundamental differential equations that govern fluid motion and combustion. These models are capable of providing detailed information in both space and time. The governing equations are developed and solved for the combustion chamber, which is divided into a fine geometric mesh. Such models require large amounts of computer time compared to phenomenological models.
2. Phenomenological Model – These models are based on empirical relations to describe or quantify the individual process that occur in an engine. Although they lack the detailed spatial resolution that can be provided by the multidimensional models, pheneomenological models are capable of providing sufficient detail for general engine development with significantly less computational time.

Phenomenological models can be further classified as single-zone, two-zone , three zone and multizone models. Single-zone models attempt to develop empirical relationship between the rate of injection and the rate of fuel burning or heat release that is based on the actual engine data. These require knowledge of injection rate and have not been tried on sufficient number of engines to confirm their capability to predict the engine performance. Two-zone and three-zone are improvements over the single-zone models.
Despite the fact that several models have been reported in the literature for fumigated diesel engines, there is a scarcity of models that use the multizone approach necessary for accurate emission modeling. During the development of the model presented here , the need to develop the model on a fundamental basis with a clear description of thye underlying physical principles was emphasized.

DESCRIPTION OF THE MODEL
The model provides the instantaneous values of important physical quantities such as : cylinder pressure, spatial resolved temperature, bulk cylinder temperature, cumulative heat transfer, cumulative work output and nitric oxide in the cylinder.

THERMODYNAMIC CALCULATIONS – The cylinder is divided into a number of smaller zones and the overall shape of each zone follows the geometry of the fuel spray. Each zone is considered as a separate control volume with homogenous properties.



Under constant speed operation of the engine , consider the rate form of the first law energy equation for a control volume written in terms of crank position. Assuming that the pressure remains the same throughout the engine cylinder, the work term, 
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, can be expressed as a product of the instantaneous cylinder pressure, p, and the rate of change in cylinder volume, 
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. The change in cylinder volume is obtained by differentiating the volume equation for the cylinder crank mechanism. The total mass of each control volume changes with the crank angle 
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, according to the mass conservation equation. By noting that the total internal energy, U, can be expressed as the product of the specific internal energy and mass, ignoring the kinetic and potential energy effects, and applying the mass conservation principle, the first-law energy equation becomes
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The contents of each individual zone or control volume are considered to behave as a mixture of ideal gases. The derivative of the ideal gas equation with respect to the crank position is
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When the engine operates with ethanol fumigation the individual zones contain a mixture of diesel fuel, ethanol, water, and air. The chemical reaction for the combustion of diesel fuel, ethanol, water vapor, and dry air on the basis of one mole of dry air can be expressed as
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>(equilibrium products of combustion)

where 
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, and 
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  are the moles of diesel fuel, ethanol and water involved in the reaction per mole of dry air. The diesel fuel used for the engine tests has been analyzed as equivalent to C13.78H24.26. The moles of diesel fuel, ethanol, water vapor and dry air involved in the reaction were calculated from their measured flow rates and the measured concentration of pure ethanol in the ethanol-water mixture.
The cylinder is assumed to contain two types of zone: unburned zones that are too rich or too lean to burn, and burned zones that contain equilibrium products of combustion. The unburned zones are composed of gaseous mixture of diesel fuel, ethanol, water vapor and dry air. For both the unburned and burned zones, thermodynamic properties such as specific gas constant, R, and the specific internal energy, u, are dependent on the temperature, pressure and the mole fractions of the individual constituents present in each control volume.

The derivatives of R and u with respect to the crank position, 
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 , can be expressed as :
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For a specified engine operating condition , the composition of the ethanol and water mixture injected into the intake manifold of the engine is fixed. In, addition, the mixture of vaporized ethanol and water is assumed to be distributed uniformly throughout the engine cylinder. Hence the values of the mass ratios of ethanol to air and water are constant at any spatial location in the cylinder throughout the engine cycle, and the derivative  
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Substituting Eq. 2, Eq. 4 and Eq. 5 into Eq. 1 to replace 
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 results in the following differential equation :
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where
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Eq. 6 gives the differential rate of change of volume for a control volume undergoing compression or expansion during the valve-closed portion of the engine cycle. For the cylinder containing n zones, n such equations can be written, using the subscript i to denote an individual control volume. By summing up the corresponding terms of the separate equation written for the n zones, a single equation can be obtained for the cylinder as a whole.



For a cylinder containing n zones, an additional equation is obtained by noting that the sum of the individual zone volumes must equal the total cylinder volume. Applying this volume constraint and rearranging the terms in the single equation for the entire cylinder,
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The volume change in any individual change is given by solving Eq. 6 for 
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Annand’s heat transfer correlation is used with appropriate steady state temperature values for the walls and a bulk cylinder gas temperature to calculate the heat transfer rate. The instantaneous total heat transfer rate out of the cylinder, Qcyl, is apportioned to each individual zone on a mass and temperature weighted basis. In this analysis it is assumed that there is no heat transfer between the zones.
The instantaneous temperature of each zone is obtained from the ideal gas equation using the overall cylinder pressure and the individual zone volume. The instantaneous value of pcyl and Vi are obtained by solving the set of coupled differential equation described above.
The thermodynamic properties such as 
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 are obtained from the thermodynamic property routines for unburned mixtures and for burned equilibrium products of combustion depending on the state of the zone
The instantaneous mass of each zone mi and the instantaneous rate of mass transfer into and out of the zones, 
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 are required to solve the set of differential equations developed. Also, 
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 the specific enthalpies of the mass entering and leaving a zone , are to be evaluated in order to solve the set of equations. A separate sub-model has been developed to provide the instantaneous values of masses in the zones, the masses transferred, the physical composition of the contents transferred into or out of each zone. Mass flow calculations were performed by using a transient spray model that includes wall impingement. 
TRANSIENT SPRAY REPRESENTATION  
The zone mass information required by the thermodynamic equation is obtained by modeling the development of the fuel spray and the resulting mixing between the diesel fuel and the mixture of ethanol, water and air surrounding the injected diesel fuel. In the present spray analysis the diesel spray plumes contains no diesel fuel and is too lean to ignite. 


The zone boundaries corresponds to lines of constant equivalence ratio. At ignition the lean limit of combustion is used to define the outermost boundary of spray plumes. The mass of diesel fuel contained outside the lean equivalence ratio boundary is very small and doesnot participate in combustion until the entire mass in lean zone is mixed with the spray plume, close to the end of the expansion stroke. Less than 1% of the total diesel fuel injected is contained in the lean zone and ignoring this fuel for the initial part of combustion does not introduce significant errors in the results of the cycle simulation. A lean equivalence ratio limit of 0.6 and a rich limit of 3.0 were used.
INITIAL CONDITIONS OF THE MODEL
For mixing in the intake manifold, the intake pipe was assumed to be an open control volume. Equilibrium between the liquid and vapor states of ethanol and water was assumed all the times. The mixture was modeled as an ideal gas at a constant pressure equal to the measured boost pressure. The temperature of the mixture was evaluated iteratively by solving the first law energy equation and the mass conservation equation. The high volatility of ethanol indicates that all  the ethanol will vaporize before the mixture enters the engine cylinder. The temperature at the end of the intake process was obtained by a second iterative process. The mass of ethanol, water and air trapped in the cylinder was input from the measured flow rates. The cylinder pressure is evaluated by using the ideal gas equation, an assumed cylinder temperature, and the total cylinder volume at bottom dead center. The actual cylinder temperature at the end of intake process is obtained by iterating an assumed temperature until the cylinder pressure equaled the measured boost pressure in the intake manifold. Liquid water, if present in the cylinder, is assumed to be in equilibrium with water in the vapor phase. It is assumed that the chemical reactions are incapable of occurring during this process. The instantaneous cylinder pressure and temperature are obtained by simultaneously solving the differential form of the first law energy equation and the mass conservation equation.
The set of differential equations were integrated simultaneously. The cylinder pressure and temperature at the start of injection are the inputs to the multizone spray.

NITRIC OXIDE SUB MODEL
 A Nitric Oxide submodel has been incorporated to obtain the instantaneous concentration of NOx in the individual zones. The NOx formation and destruction in the individual zone is based on the assumption of partial equilibrium. The individual species such as O2, N2, O, N, H and OH are assumed to follow equilibrium concentrations corresponding to the instantaneous value of cylinder pressure, zone temperatures, and zone composition but the NOx concentration in the zone is kinetically controlled. The equilibrium concentrations of the O2, N2, O, N, H and OH are obtained from a computer program that calculates the composition of the products of combustion on the basis of instantaneous zone condition.


The kinetics of NO in the engine cylinder have been modeled by other researchers using simplified schemes. Thermal NO is known to form by a set of three coupled reactions called the extended Zeldovich mechanism.
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The instantaneous concentrations of O2, N2, O, N, H and OH can be expressed in terms of chemical reaction rates and the concentration of other species by combining the expressions for instantaneous concentration of the individual species and assuming that the concentration of O2, N2, O, N, H and OH in each zone are at their at equilibrium values. The rate of change of NO concentration with crank position for an individual zone at constant zone volume is given by 
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where kf and kb are the temperature dependent reaction rates for the reaction 1 to 3 above. In an actual engine, the volume of the individual zones changes with crank position, and hence the instantaneous NO concentration in each zone is a function of both the zone volume and the reaction rates. The rate of change of NO concentration in any zone is given by 
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 is the rate of change of zone volume with crank position.
The instantaneous concentration of NO in the cylinder is obtained by combining the instantaneous NO individual concentrations in the individual zones. The amount of NO in the cylinder corresponding to the exhaust valve opening is compared with the experimentally obtained exhaust NO level.
The spray impinges on the wall and the previously burned zones from the spray plume are transferred to the wall zones. The burned zones transferred to wall zone contain oxides of nitrogen as a result of combustion. If a burned zone is completely transferred to wall zone the entire nitric oxide is added to the walls of nitric oxide present in wall zone prior to the instantaneous mass transferred process. If only a part of burned zones is transferred to wall zone a corresponding mass weighted fraction of the nitric oxide is added to the walls of nitric oxide present in wall zone 
RESULTS
1. EFFECT OF SPEED AND LOAD 
· The IMEP decreased with the loads as expected.
· The measured indicated thermal efficiency decreases as the load increases.
· An increase in engine efficiency with ethanol fumigation has been observed.
· The exhaust temperature with ethanol fumigation are lower as compared to those of diesel only operation.
· The measured No concentration increased with load for ethanol fumigation as for diesel only operation, but to a lesser extent as in the case of diesel only operation.

2. EFFECT OF PERCENT TORQUE REPLACEMENT
· The IMEP decreased with the load.
· The measured indicated thermal efficiency decreases as the load increases.
· The measured NO emissions decreases with increasing torque replacement by the fumigated ethanol and water mixture .

3. EFFECT OF ETHANOL PROOF
· The IMEP and measured indicated thermal efficiency do not show appreciable change from the corresponding diesel only values.
· The exhaust temperature is higher with ethanol proof at full and 50% of the full load.

· The NO emissions increased with ethanol proof both at full and half loads.

This multi-zone model was used to simulate 150 different operating conditions and the model predictions were compared with the experimental data. In general the agreement in IMEP between experiments and the model is best at higher loads with ethanol fumigation the model prediction matched closely with experimental data at higher proofs. The same trends apply to the indicated thermal efficiency. The results are summarized as:-
· The model accurately predicts the IMEP for both diesel only and ethanol fumigated operation. Over the entire test matrix the model predicted IMEP values are within 11% lower to 12% higher than experimental values.

· The model does not predict changes in the indicated the thermal efficiency with load. This is caused by the inability of the model to simulate longer combustion duration at higher loads.

· The model correctly predicts trends in exhaust temperature with changes in the engine speed and load, and ethanol proof, for both diesel and ethanol fumigated operation.
· The trends of exhaust NO are clearly predicted by the model. The NO level is predicted to increase with load.

CHAPTER EIGHT

EXHAUST EMISSIONS OF ETHANOL-IN-DIESEL FUELS
Interest in emissions from motor vehicles derives from their direct human health impacts, their contribution to secondary pollutant formation, and their contribution to greenhouse gas emissions. The results of experimental studies and the overall representation of those results suggest that the use of E10 would lead to lower emissions of CO, HC, and air toxic emissions with the exception of acetaldehyde which increases in the exhaust of vehicles using ethanol. 

The diesel engine and diesel fuel combustion within a diesel engine are very complex processes, and as such, relating changes in exhaust emissions to changes in fuel properties is less than straight-forward. The evaluation of fuel performance becomes even more complex when attempting to compare the best possible performance of a diesel fuel with and without ethanol blend stock. Recognizing these disclaimers, the first step to evaluating the performance of ethanol-in-diesel solutions is the definition of how performance is to be determined. Regulations for diesel engines are based primarily on particulate matter (PM) and NOx emissions per amount of work performed by the diesel engine (g/bhp/hr). In the U.S., hydrocarbon emissions are considered cumulative with NOx emissions. However, the NOx emissions are typically much greater than hydrocarbon emissions, and hydrocarbon emissions can be effectively reduced with catalytic converters. Thus, the relative performance of a diesel fuel can be quantified for most applications based on reductions in PM without an increase in NOx or a reduction in NOx without an increase in PM.

Oxygenates tend to impact PM and NOx as follows:  Oxygenates, including ethanol, generally have the capacity to reduce PM emissions. This is normally observed during engine tests and is fundamentally corroborated by the fact that the chemically-bound oxygen in fuels reduce the amount of diatomic oxygen that needs to diffuse to the fuel droplets for complete combustion. In practice, PM emissions depend considerably both on the fuel properties and engine operation.  

Table 4 summarizes ethanol-in-diesel engine particulate matter and some opacity emissions. Oxygenates typically do not have a large impact on NOx emissions. Unlike PM emissions, engine operation including injector timing tends to have a greater impact on NOx emissions than the fuel. The exception to this rule is when the cetane number of the fuel is low.
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Table 4: Emissions data for ethanol-in-diesel fuels and ethanol in Fischer-Tropsch liquid (FTL) fuels.
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     Figure6 : Performance curve of improved diesel fuel.
 Engine operating parameters such as injector timing and exhaust gas recirculation (EGR) can 
· Decrease PM at the expense of increasing NOx 
· Decrease NOx at the expense of increasing PM. 
Figure illustrates how engine parameters such as injector timing or EGR can be used to generate a performance curve relative to meeting EPA regulated PM and NOx emissions. The arrows indicate the type of reductions in emissions that can be achieved based on a change in fuel. When evaluating the potential of ethanol in diesel, the specific changes in emissions (represented by different arrows) are not as important as the new performance curve of the improved fuel (diesel with oxygenate). When properly used, ethanol improves the performance curve of a diesel fuel. To realize this improved performance curve without compromising other aspects of performance or safety, several operating and equipment constraints must be followed.

	


CHAPTER NINE

HEALTH AND ENVIRONMENTAL ISSUES ASSOCIATED WITH FUEL ETHANOL
The CO, NOx, HC, and particulate matter (PM) emissions in the exhaust of internal combustion engines are of direct concern from a human health perspective. In addition, evaporative emissions of hydrocarbons and other volatile components of fuels have gained in relative importance as the exhaust emissions have been reduced by emission control technology. While these emissions are present with all fuels used in vehicles, the relative emission rates and their composition can change significantly from one fuel to another. Ethanol’s introduction as a clean alternative fuel is mostly related to the reductions in CO and exhaust HC that can be realized. Ethanol has higher volatility than diesel so that it will tend to increase evaporative emissions when blended with diesel unless the composition of the diesel itself is changed to counteract this increase in volatility. This can be done by reducing the fraction of lighter hydrocarbons like butane in the diesel. On the other hand evaporative emissions of ethanol itself are not of particular concern at the ambient concentration that are encountered. 

In terms of individual HC and other volatile compounds, attention has focused on the following list of compounds in the “Air Toxics” group, so named because they are known or suspected to be hazardous to human health. benzene ,1,3 butadiene, formaldehyde, acetaldehyde, acrolein, MTBE (methyl tertiary butyl ether) Formaldehyde and acetaldehyde are of particular interest from an Ethanol fuel perspective as these compounds form directly from the combustion of the Ethanol (formaldehyde from methanol, acetaldehyde from ethanol), resulting in higher emissions, while the emissions of the others are generally reduced relative to diesel. The CO2 emitted from the combustion of ethanol fuel is not a direct human health hazard but like all other emissions of CO2, contribute to global climate change effects. As indicated above, the use of ethanol from biomass (e.g. corn) can reduce the amount of CO2 emitted per unit energy derived from the fuel. 
CHAPTER TEN

EXPERIMENTAL SETUP, OBSERVATION AND

EVALUATION OF PERFORMANCE

CHARACTERISTIC

INTRODUCTION

The aim of the present work is to study the outcomes of the experiment using Diesel-ethanol blends with conventional diesel fuel, by evaluating the performance, combustion and exhaust emission characteristics of a diesel fueled C.I. engine. It was also aimed to ascertain whether there was any specific combustion related problem of ethanol with unmodified C.I. engine. The various stages of experimentation were planned out as follows.

The experiment initially supposed under the performance characteristics and emission test was to analyze the following engine performance and emission characteristics properties:

· Heat released rate.

· Brake specific fuel consumption.

· Brake thermal efficiency.

· Exhaust gas temperature.

· Pressure crank angle diagram.
· Emission.

· Smoke.

But unfortunately with lack of apparatus and some material related with this experiment, I have managed to perform the test with the following experimental method.

· To evaluate the relevant performance parameters such as power developed, fuel consumption rate, brake specific fuel consumption (BSFC) , brake specific energy consumption (BSEC), thermal efficiency, and brake mean effective pressure (BMEP) at different load conditions.

· To find out the optimal amount of ethanol to be blended based on the performance characteristics of the engine.

· To measure smoke density experimentally and compare with pure diesel operation.

· To analyze the experimental data from ethanol and diesel fueled CI engine and comparative evaluation of performance and emission characteristics.

To achieve above mentioned goals 100% conventional diesel fuels and ethanol by fumigation were subjected to emission and performance test on the CI engine running at 1500 rpm. The testing was done in the I.C.Engine lab, in the wind tunnel building, Mechanical Engineering Department, at Delhi College of Engineering, Bawana road, Delhi – 42. Engine performance and exhaust emission data were recorded and relevant parameters like Brake Power (Bp), brake specific fuel consumption(BSFC) , brake specific energy consumption (BSEC), thermal efficiency, and brake mean effective pressure (BMEP) etc. were calculated. Based on these parameters, various curves were drawn and compared to base line diesel curve in order to asses the performance on the engine.
ENGINE SYSTEM

As it is known the most engine users in the country are the rural people, in which they used this engine for the cultivation of their agricultural farms utilizing the engine as a tractor for ploughing their land and as a pump in irrigating their farm lands. Therefore we have to select an engine so that it is suitable for rural area. It is a double cylinder, Four stroke, direct injection, and water cooled natural aspirated vertical diesel engine. Kirloskar India Limited has manufactured the engine, and & it develops 7.35 KW power output at the rated speed of 1500 rpm /hr. This engine is a typical engine of our requirement.
Below are the specifications of Kirloskar AV2 water cooled diesel engine where the experiment were conducted.

	No. of Cylinders
	2

	No. of strokes
	4

	Fuel
	H.S. Diesel

	Rated power
	7.35 KW@1500 rpm

	Cylinder diameter
	87.5 mm

	Stroke length
	110 mm

	Compression Ratio
	17.5:1

	Orifice diameter
	20 mm

	Inlet Valve Opens
	4.5 degree before TDC

	Inlet Valve Closes
	35.5 degree after BDC

	Fuel Injection
	23 degree before TDC

	Exhaust Valve opens
	35.5 degree before BDC

	Exhaust Valve Closes
	4.5 degree after TDC


Table 5. Test Engine Description
ENGINE PERFORMANCE CHARACTERISTICS
 TEST PROCEDURES 
Step 1
The engine was started at no load by pressing the inlet with decompression valve lever and it was released suddenly when the engine was hand cranked at sufficient speed.
Step 2
Feed controlled was adjusted to obtain the engine rated speed and it was allowed to run for about 30 minutes till the steady state conditions reached. To assess the present condition of the engine, a constant speed test with diesel as a fuel was carried out and base line data were generated. Test results with ethanol-diesel blend and pure diesel were compared with base line data to evaluate the performance of the engine.
Step 3
In the flow measurement portion, with the help of fuel measuring device and stopwatch, the time elapsed for consumption of 20ml of fuel, RPM, the applied load and the spring load in order to determine the effective load, smoke density, exhaust gas temperature were also measured.
Step 4
The engine was loaded gradually keeping the rated speed within variation of permissible range and the observations of various parameter were recorded. Short-term performance test were carried out on the engine with various samples
OBSERVATION AND EVALUATED TEST RESULT
Sample Name : D100

Density = 836.2 Kg/m3
LVC (Calorific Value) = 46432.28 KJ/Kg  

	S.No.
	Load (Kg)
	Time Taken for 20 ml of fuel Consumption(Seconds)
	T3 (exhaust Gas Temperature

 ( C )
	Smoke Opacity %
	Speed 

rpm

	1
	0
	108
	170
	2.6
	1584

	2
	2
	100
	179
	3
	1567

	3
	3
	98
	189
	3
	1567

	4
	4
	93
	196
	4
	1561

	5
	5
	90
	206
	8.2
	1556

	6
	6
	88
	215
	9.2
	1551


Table 6. Observed values from Engine Performance Test

	Brake Power

Bp

Kw
	Brake Mean Effective Pressure

bmep

Bar
	Mass Flow Rate M Kg/hr
	Brake specific fuel consumption BSFC Kg/Kw-hr
	Brake specific Energy Consumption BSEC KJ/Kw-hr
	Brake Thermal efficiency

%

	0.8
	0.44
	0.54
	1.35
	62870.36
	5.74

	0.87
	0.99
	0.58
	0.66
	30756.84
	11.76

	1.12
	1.32
	0.59
	0.51
	26345.32
	15.69

	1.30
	1.49
	0.62
	0.48
	23458.85
	16.89

	1.49
	1.71
	0.64
	0.43
	19645.28
	17.99

	1.68
	1.95
	0.66
	0.39
	17865.65
	19.26


Table 7. Evaluated values

Sample Name : D95E5

Density = 835 Kg/m3
LVC (Calorific Value) = 41302.55 KJ/Kg  

	S.No.
	Load (Kg)_
	Time Taken for 20 ml of fuel Consumption(Seconds)
	T3 (exhaust Gas Temperature

 ( C )
	Smoke Opacity %
	Speed 

rpm

	1
	0
	120
	150
	2.3
	1580

	2
	2
	108
	165
	3.2
	1567

	3
	3
	104
	190
	3.5
	1563

	4
	4
	99
	206
	3.6
	1558

	5
	5
	91
	219
	4.6
	1558

	6
	6
	81
	228
	7.5
	1550


Table8.  Observed values from Engine Performance Test

	Brake Power

Bp

Kw
	Brake Mean Effective Pressure

bmep

Bar
	Mass Flow Rate M Kg/hr
	Brake specific fuel consumption BSFC Kg/Kw-hr
	Brake specific Energy Consumption BSEC KJ/Kw-hr
	Brake Thermal efficiency

%

	0.39
	0.45
	0.49
	1.15
	48659.12
	7.38

	0.89
	1.06
	0.52
	0.59
	13859.54
	15.56

	1.16
	1.33
	0.54
	0.48
	19485.54
	18.36

	1.29
	1.54
	0.59
	0.42
	17864.96
	19.99

	1.60
	1.80
	0.62
	0.41
	16849.01
	21.56

	1.70
	2.02
	0.69
	0.40
	16948.61
	21.48


Table 9. Evaluated values

Sample Name : D90E10

Density = 833 Kg/m3
LVC (Calorific Value) = 42562.50 KJ/Kg  

	S.No.
	Load (Kg)_
	Time Taken for 20 ml of fuel Consumption(Seconds)
	T3 (exhaust Gas Temperature

 ( C )
	Smoke Opacity %
	Speed 

rpm

	1
	0
	98
	176
	3.3
	1582

	2
	2
	92
	184
	3.5
	1570

	3
	3
	90
	188
	3.9
	1563

	4
	4
	88
	195
	3.5
	1559

	5
	5
	86
	207
	4.8
	1554

	6
	6
	76
	226
	11.01
	1549


Table 10. Observed values from Engine Performance Test

	Brake Power

Bp

Kw
	Brake Mean Effective Pressure

bmep

Bar
	Mass Flow Rate M Kg/hr
	Brake specific fuel consumption BSFC Kg/Kw-hr
	Brake specific Energy Consumption BSEC KJ/Kw-hr
	Brake Thermal efficiency

%

	0.4
	0.44
	0.58
	1.50
	63870.34
	5.70

	0.97
	0.99
	0.62
	0.76
	30456.54
	11.69

	1.02
	1.27
	0.64
	0.55
	24347.32
	14.60

	1.20
	1.51
	0.65
	0.46
	21459.65
	16.79

	1.49
	1.74
	0.66
	0.42
	19354.29
	18.54

	1.68
	1.95
	0.69
	0.40
	19335.70
	18.89


Table 11.  Evaluated values

Sample Name : D85E15

Density = 831.5 Kg/m3
LVC (Calorific Value) = 42705.74 KJ/Kg  

	S.No.
	Load (Kg)_
	Time Taken for 20 ml of fuel Consumption(Seconds)
	T3 (exhaust Gas Temperature

 ( C )
	Smoke Opacity %
	Speed 

rpm

	1
	0
	118
	158
	2.8
	1570

	2
	2
	109
	179
	2.9
	1563

	3
	3
	100
	189
	2.8
	1560

	4
	4
	93
	199
	4.0
	1558

	5
	5
	90
	210
	4.2
	1556

	6
	6
	87
	215
	7.2
	1550


Table 12. Observed values from Engine Performance Test

	Brake Power

Bp

Kw
	Brake Mean Effective Pressure

bmep

Bar
	Mass Flow Rate M Kg/hr
	Brake specific fuel consumption BSFC Kg/Kw-hr
	Brake specific Energy Consumption BSEC KJ/Kw-hr
	Brake Thermal efficiency

%

	0.36
	0.43
	0.47
	1.25
	54626.91
	6.5

	0.82
	0.96
	0.58
	0.66
	26743.59
	13.50

	1.12
	1.32
	0.59
	0.49
	20893.82
	17.89

	1.36
	1.49
	0.62
	0.48
	19202.20
	18.69

	1.50
	1.81
	0.64
	0.43
	17849.93
	20.10

	1.71
	2.02
	0.68
	0.39
	16807.44
	21.56


Table 13.  Evaluated values

COMPARISON OF PERFORMANCE PARAMETERS BY USING CHARTS

1. BRAKE MEAN EFFECTIVE PRESSURE (BMEP) VS BRAKE POWER (Bp)
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2. BRAKE MEAN EFFECTIVE PRESSURE (BMEP) VS BRAKE SPECIFIC FUEL CONSUMPTION (BSFC)
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Discussion on Brake Mean Effective Pressure (BMEP) versus Brake Specific Fuel Consumption (BSFC) Charts

As it can be seen from both charts ,the brake specific fuel consumption decreases as it goes from the low load to full load for all samples. This indicates that the compression ignition engine we have used for this experiment is more efficient at full load. At full load condition both samples brake specific fuel consumption converges to same point. As we can see from both charts, they resemble in all test conditions as far as this brake specific fuel consumption is concerned.
3. BRAKE MEAN EFFECTIVE PRESSURE (BMEP) VS MASS FLOW RATE (
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Discussion on Brake Mean Effective pressure (BMEP) Vs Mass Flow Rate (
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) Charts.
These charts shows a pre mature data in which they give us the way for fuel flow rate at different engine load condition. As we can see from the chart, fuel flow rate of conventional diesel fuel(D100) is lower at full load and higher at no load conditions compared to rest samples, while fuel flow rate is generally greater than all test fuels at all the conditions.
4. BRAKE MEAN EFFECTIVE PRESSURE (BMEP) VS BRAKE SPECIFIC ENERGY CONSUMPTION ( BSEC )
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Discussion on Brake Mean Effective Pressure (BMEP) vs Brake Specific Energy Consumption (BSEC) chart.
Similar to the Brake Specific Fuel Consumption Charts, these charts also show that as the load increases the Brake Specific Energy Consumption decreases. In addition to this the b Brake Specific Fuel Consumption of conventional diesel fuel (D100) and that of (D85E15) are higher than all samples. At low loads the gap between the conventional diesel fuel D100’s BSEC and other samples is greater and at the full load the difference becomes very small.
5.BRAKE MEAN EFFECTIVE PRESSURE (BMEP) VS BRAKE THERMAL EFFICIENCY(
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Discussion on Brake Mean Effective Pressure (BMEP) vs Brake Thermal Efficiency (
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) chart.

The efficiency of all samples increases while the load increases to full load. This is because at low load the Brake Mean Fuel Consumption is higher but the power output is lower. Therefore efficiency is lower at the low load. The Brake Power output increases as the load increases as a result there is a definite increase in efficiency, for all samples as the load increases. When we come to the individual samples,  the D100 and D85E15 exhibits lower efficiency than all samples in all load conditions. The sample D85E15 exhibits wide gap in the full load condition and comparatively all other samples exhibit same mode. 
6.BRAKE MEAN EFFECTIVE PRESSURE (BMEP) VS SMOKE OPACITY(%)
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Discussion on Brake Mean Effective Pressure (BMEP) vs Smoke Opacity (%) chart.

As can be seen from the chart all samples brake Mean effective Pressure Vs smoke opacity has been compared with that of the conventional diesel fuel D100. From the result at the beginning the smoke opacity of all samples seems to be similar to that of the conventional diesel fuel. But as the load increases difference become so clear. D90E10 and D95E5, D85E15 shows lower smoke opacity at al over the test. 
7. BRAKE MEAN EFFECTIVE PRESSURE (BMEP) VS EXHAUST GAS TEMPERATURE(C)
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Discussion on Brake Mean Effective Pressure (BMEP) vs Exhaust Gas Temperature ( C )chart.

As we can see from the chart the maximum exhaust gas temperature has been seen with the sample D90E10 and that of the minimum temperature has been seen with the D95E5. Generally this exhaust gas temperature is associated with the emission of nitrogen oxide.
8. MAXIMUM BRAKE THERMAL EFFICIENCY VS SAMPLES
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Discussion on the Maximum Brake Thermal Efficiency Vs Sample Chart.

As it can be seen from the chart there are new minima and maxima points. These points are maximum brake thermal efficiency of D85E15. As the result indicate there is an increase in the maximum brake thermal efficiency of D85E15 compared to that of D100. 
9. MINIMUM BRAKE SPECIFIC ENERGY CONSUMPTION VS SAMPLES.
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Discussion on the Minimum Brake specific Energy Consumption Vs Samples Chart.
As it can be seen from the chart, there is a clear gap between the maxima and minima of the MBSEC. Though all the samples’ minimum specific energy consumption is less than the conventional diesel except the D90E10.
CHAPTER ELEVEN

ETHANOL-DIESEL TECHNOLOGY: RECENT ADVANCES
IIT Madras is credited with research on the use of Ethanol as a sole fuel. Ignition of Ethanol on catalytically activated surfaces in the combustion chamber has enabled its use as a sole fuel. Many results of collaborative work of IIT Madras and Santa Clara University as well as the Technical University at Aachen, Germany have become an important source of reference for research. Detroit diesel engines, working on two-stroke principle, used another novel method for force-igniting methanol by hot exhaust gases held back and trapped by partially closing the gate of the turbocharger (recently, this method was also extended to ignite CNG in the diesel engine). 

MAN diesel buses were tried on neat methanol by hot surface ignition -- a method favoured by researchers at IIT, Madras. Prof R. K. Pefley, director of Ethanol Energy System, Inc, invited the Indian team to exchange their experiences with the US efforts. The Indian Institute of Petroleum (IIP), Dehradun, took a leading role in exchange of Ethanol fuel technology in several workshops conducted by them in collaboration with IIT Madras and the Santa Clara University. 

Making emulsions of ethanol in diesel fuel by the use of surfactants is an accepted practice in Sweden. Ethanol with ignition improvers has now become an established bus fuel. The Swedish company, Sekab, works in these areas and manufactures this fuel, called Etamax-D, as a sole fuel. Blends of 85 per cent diesel and 15 per cent ethanol under the proprietary name Etamix-D are also made. 

In sum, ethanol fuels and ethanol blends are environmentally clean fuels derived from renewable sources such as sugar-cane, molasses and cellulose from bagasse. India can well start diesel-Ethanol programmes on fleet buses, locomotives and stationary engines using the skills and potential of the IITs, IIP and the universities. Expertise developed in India is already being used in other parts of the world! 
CHAPTER TWELVE
CHALLENGES
In India the entire production of Ethanol is used for industrial purposes and for producing beverages. We are yet to decide about utilizing Ethanol as a fuel in the transportation sector. The interest shown in the use of Ethanol as an automotive fuel in India has been rather sporadic in nature and was largely related to crisis management situations.
In the United States, "the current size of the ethanol industry depends significantly on federal laws and regulations that promote its use for air quality and energy security purposes, as well as tax incentives that lessen its cost to consumers. Without these, it is likely that the industry would shrink substantially in the near future. However, if fuel ethanol process costs can be decreased, or if gasoline prices increased, ethanol could increase its role in U.S. fuel consumption".

The experience in Brazil has shown that prices compared to conventional fuels, as well as the reliability of supply play a major role in consumer acceptance and hence market penetration.

In order to efficiently utilize ethanol's potential to cause low greenhouse gas emissions, production methods should be designed to minimize energy expenditure. According to, "because the major consumer of energy in the ethanol chain is the ethanol processing plant, emissions from the use of ethanol could be improved significantly if there were scope for reducing fossil energy consumption on the plant."
CONCLUSIONS

Due to depletion of fossil fuels and environmental concerns, alcohol (especially ethanol) is believed to be a potential replacement of Diesel. Ethanol has its advantages as well as disadvantages to be used in the diesel engine. However, unlike most fuel additives and blend stocks, the benefits of ethanol-in-diesel may not be realized by simply adding ethanol to the diesel for use in an unmodified diesel engine. The most common methods for utilizing ethanol in compression ignition engines are Fumigation, direct injection and spark ignition conversions. Of these methods, Fumigation offers several advantages. 
The economics of the product is controlled by the availability of raw materials. The important conclusions are as follows:-

· Fumigation system requires minimum modification of the engine, no derating of engine occurs and the system can be quickly converted to diesel-only operation. 
· The presence of oxygen in the molecular structure of ethanol intensifies the complete combustion phenomenon.
· The samples show better and higher brake thermal efficiency compared to conventional diesel.
· All samples minimum specific energy consumption are less than conventional diesel fuel except D90E10.
· The smoke opacity of there samples seems to be comparable with considerably less for D85E15.
· The use of Ethanol would lead to lower emissions of CO, HC, and air toxic emissions with the exception of acetaldehyde which increases in the exhaust of vehicles using ethanol. 

· Ethanol proof does not have a significant effect on HC and CO emissions.
· Ethanol as a Fuel in Transportation Sector reduces both Green House emissions (CO2) and fossil energy use.
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