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ABSTRACT

     World is facing severe scarcity of fossil fuels and problem of rising pollution level, among several factors such as industrial pollution and vehicular emissions, splurge in vehicular population is the major factor responsible for it. The increase in CO2, CO, HC, PM and NOx emissions are leading to the problem of global warming, health hazards and depletion in ozone layer etc.. To overcome such problems work is under progress on alternative fuels like non-edible oils, ethanol, CNG, LPG etc. In this report vegetable oils can be converted into biodiesel through transesterification process such as–conventional mechanical stirring method, ultrasonic and hydrodynamic cavitation methods using Tumba (Citrullus Colocynthis) vegetable oil. 

      An integrated, clean, facile and ecologically friendly approach of biodiesel production from Tumba (Citrullus Colocynthis) oil focused on lab scaling up is reported in this study. Transesterification was catalyzed by KOH with methanol (assay 99.0%) for Tumba biodiesel production, maintaining the temperature of solution within the range of 40oC to 45oC. Through conventional mechanical stirring method the optimum yields obtained by using alcohol to oil ratio 4.5:1 in reaction time of 90 minutes at 1% catalyst is 91.32% whereas at 6:1, 93.42% yield is obtained in the same reaction time  using reduced percentage of catalyst (0.75%). By using ultrasonic method optimum results obtained on the experimentation of alcohol to oil ratio 4.5:1 in 40 minutes using 1% catalyst is 92.11% yield whereas at 6:1, 94% methyl ester conversion is obtained in the same reaction time with reduced catalyst  (0.50%). In this work, an experimental test rig based on hydrodynamic cavitation process was developed for production of Tumba biodiesel. The results show that maximum biodiesel, using the molar ratio of 6:1 and 4.5:1, methyl ester conversion of 95.76% and 92.36% can be achieved respectively, within the reaction time of 30 minute, therefore it is industrially viable. The results illustrate that the use of KOH can be minimized in hydrodynamic cavitation. Among all the processes hydrodynamic cavitation method is most efficient and less time consuming. The relatively mild reaction conditions and high yield of methyl esters using this environment friendly method make it viable for practical use in industry.

      An experimental investigation was also conducted to the performance of Tumba oil and its fuel blends with diesel. Performance study was carried out on a single cylinder, direct injection, four stroke, Kirloskar diesel engine connected to eddy current dynamometer unit and data was obtained through the “Engine soft” software whereas controlling of parameters is done by using National Instruments-Data Acquisition Driver (NI-DAQ) software. The experiment covers a wide range of loads at the compression ratio of 17.5 by using pure diesel, B20, B40, B60, B80 and B100 biodiesel blends of Tumba oil to obtain  various parameters such as torque, exhaust temperature, brake thermal efficiency, brake specific energy consumption, mechanical efficiency and  smoke opacity. The maximum brake thermal efficiency achieved with Tumba biodiesel and its blends are in the range of 28% to 29% which are comparable with diesel efficiency. The properties of Tumba biodiesel were comparable to conventional diesel fuel. The comparison of performance parameters show that biodiesel produced from Tumba oil (Citrullus Colcynthis) can be used as an alternative fuel in the automobiles with better performance and lower emissions.
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CHAPTER-1

INTRODUCTION
1.1  Background and Concept of Biofuel

      The concept of bio fuel dates back to 1885 when Dr. Rudolf Diesel built the first diesel engine with the full intention of running it on vegetative source [48]. In 1912 he observed, "…the use of vegetable oils for engine fuels may seem insignificant today. But such oils may in the course of time become as important as petroleum and the coal tar products of present time" [25, 35]. Most of the investigations reported in the literature on the usage of vegetable oil as engine fuels have emphasized modifying the oil to work in existing engine designs. The primary problem associated with using straight vegetable oils as a fuel in a compression ignition engine is the high viscosity [23]. Among the methods that have been investigated was transforming the vegetable oils to their corresponding esters. The fuel characteristics of these esters are much closer to those of diesel fuel than those of the fresh vegetable oils. In the 1970s, it was found that the viscosity of vegetable oils could be decreased through a simple chemical process. The process yields a vegetable oil based fuel that works as efficiently as diesel fuel in modern diesel engines [33].Since then the technical developments have come a long way and the plant oil today has been highly established as bio fuel, equivalent to diesel. Increasing pollution levels and the depletion of the petroleum reserves have lead to the search for alternate fuel sources for internal combustion engines. Usage of vegetable oils poses some challenges like poor spray penetration, valve sticking and clogging of injector nozzles. Most of these problems may be solved by partial substitution of diesel with vegetable oil. In view of the fast depletion of fossil fuels and worsening environmental pollution related to fossil fuel use, the search for alternative fuels for diesel engines has been intensified in the last few decades [35]. Modified maintenance schedule may be adopted to control carbon deposits formed during long-term usage of vegetable oil blends. Technical problems associated with the biodiesel is its susceptibility to oxidation, which can cause the fuel to become acidic and to form insoluble gums and sediments that can plug fuel filters [64]. Esterification is a process, which changes molecular structure of the vegetable oil molecules thus reduces viscosity and unsaturation. A diesel engine can perform satisfactorily on biodiesel blends without any engine hardware modifications [85, 89].
1.2  Definition of Biodiesel

      The search for substitutes for petroleum derivatives resulted in an alternative fuel called "biodiesel". The concept of biodiesel is still under discussion. Technically speaking, biodiesel is the alkyl ester of fatty acids, made by the transesterification of oils or fats, from plants or animals, with short chain alcohols such as methanol and ethanol. Glycerine is, consequently, a by-product from biodiesel production [25]. It is defined as mono-alkyl esters of long chain fatty acids derived from vegetable oils or animal fats [48], which conform to ASTM specifications for use in diesel engines [64].

1.3  Rise of Biodiesel
       Fuel crisis because of dramatic increase in vehicular population and environmental concerns have renewed interest of scientific community to look for alternative fuels of bio-origin such as vegetable oils. As an alternative fuel for compression ignition engines, plant oils are in principle renewable and carbon neutral [56]. Vegetable oils can be produced from forests, vegetable oil crops, and oil bearing biomass materials. Non-edible vegetable oils such as linseed oil, mahua oil, rice bran oil, etc. are potentially effective diesel substitute. Vegetable oils have high-energy content. Besides, vegetable oils naturally fix the solar energy and do not contain sulphur [25].The prospects for large-scale vegetable oil-based fuel production are very attractive for developing countries like India Vegetable oil blends showed performance characteristics close to diesel. Therefore, vegetable oil blends can be used in compression ignition engines in rural areas for agriculture, irrigation and electricity generation. Twenty percent LOME blend was found to be the optimum concentration, which improved the thermal efficiency of the engine, reduced the smoke density and BSEC. Using primary ester of vegetable oil also eliminates the durability problems associated with the vegetable oil thus making it a safe and suitable fuel for long-term usage in IC engine [85].
     Numerous laboratory studies report carbon monoxide, hydrocarbon and particulate matter emission reductions with a slight nitrogen oxides emission increase from engines operating with biodiesel and biodiesel blends as compared to using petroleum diesel. Today it is important to use these techniques to evaluate the effectiveness of new fuels in reducing pollutants in the real-world. The remote sensing system results provided us with an evidence of emission increase, and also guided us in understanding the most probable cause for the failure in reducing PM emissions with this fuel switch. Real world data analysis represents not only an important scientific research tool but also a method to assure the quality of new commercial fuels and the adherence to fuel standards [81].
1.4  Indian Energy Scenario of Biofuels


      Recent environmental (e.g. Kyoto Protocol) and economic concerns have prompted resurgence in the use of biodiesel throughout the world. In 1991, the European Community proposed a 90% tax reduction for the use of bio fuels, including biodiesel. Today 21 countries worldwide produce biodiesel. India is one of the largest petroleum consuming and importing countries. India imports about 70 % of its petroleum demands. The current yearly consumption of diesel oil in India is approximately 40 million tones constituting about 40% of the total petro-product consumption [35]. Diesel estimated requirement of biodiesel pattern in India has not varied much and is around 36x106 tonnes as reported by the Ministry of Petroleum and Natural Gas is shown in table 1.1 [38].
Table 1.1: Estimated biodiesel requirement in India
	Year 
	Diesel requirement MMT 
	Biodiesel requirement blending, MMT 

	
	
	5% 
	10% 
	20% 

	2004-05 
	46.97 
	2.35 
	4.70 
	9.40 

	2006-07 
	52.33 
	2.62 
	5.23 
	9.92 

	2011-12 
	66.90 
	3.35 
	6.69 
	13.38 


     In 2005, India consumed 30 million tons of oil in the transport sector, of which 29% is gasoline and 71% is diesel. The Indian energy demand is expected to grow at an annual rate of 4.8% over the next couple of decades. Many scenarios projected that India will at least double its oil consumption by 2030, which will make India the third largest oil consumer in the world. Biofuel production could potentially play a major role in the country [53].

      Biodiesel can be converted into wide variety of energy carriers (ethanol, methanol, biogas, biodiesel, dimethyl esters, diesel, gasoline, hydrogen) as of recent fossil fuel through conversion technologies and thus have the potential to be significant new sources of energy into the 21st century [2]. Biodiesel, a renewable source of energy seems to be an ideal solution for global energy demands including India as well. In XIth plan, a growth rate of more than 8.0% is envisaged. It could only be achieved by availability of enough energy. As fossil fuels are dwindling, development and application of biodiesel, that too from non-edible oils seems to be a solution [49].

1.5  Resources of  Biodiesel                                                                                

       Many developed countries have active biodiesel programs. Currently biodiesel is produced mainly from field crop oil like rapeseed, sunflower etc. in Europe and soybean in US. Malaysia utilizes palm oil for biodiesel production while in Nicaragua it is jatropha oil. There are several choices for vegetable oil sources. In Brazil, soybean oil is a source that is already scaled up for biodiesel production. Nevertheless, other sources, such as sunflower, peanut, cotton, palm oil, coconut, babassu and, especially, castor oil, may be used in the near future, once their cultivation could achieve an economic up-scaling. The alcohol source in general is methanol. In Brazil, ethanol from sugar cane has a great potential as an alcohol source, since it may ally its non toxicity with a ready availability. But, it is less reactive than methanol and there are some technological problems in its industrial use [25]. 
      The productions of vegetable oil globally and in India are given in Table 1.2 [53]. There are many countries which have large amount of bio-diesel potential because the plants oil are renewable, as the carbon released by the burning of vegetable oils is used when the oil crops undergo photosynthesis [110]. In Table 1.3 [49] top 10 countries biodiesel potential (Liter) and there production cost ($/Liter) is given.
Table 1.2: Global productions of the major vegetable oils [53]
	Oil
	Production    

 (million tons)
	Oil
	Production    

(million tons)
	Oil
	Production    

(million tons)

	Soybean
	27.8
	Palm kernel
	2.9
	Sesame
	0.26

	Rapeseed
	13.7
	Olive
	2.7
	Castor
	0.25

	Cottonseed
	4.0
	Corn
	2.0
	Niger
	0.03

	Sunflower
	8.2
	Castor
	0.5
	Coconut
	0.55

	Peanut
	5.1
	Groundnut
	1.40
	Rice Bran
	0.55

	Coconut
	3.5
	Soya
	0.82
	Linseeds
	0.1

	Linseeds
	0.6
	 Mustard
	1.55
	Cottonseed
	0.44

	Palm
	23.4
	Sunflower
	0.3
	
	

	Total
	86.3
	Total
	12.17
	Total
	2.18


Table 1.3: Top 10 countries in terms of biodiesel potential [49]
	Rank 
	country
	Volume potential (Liter)
	Production cost ($/L)

	1

2

3

4

5

6

7

8

9

10
	Malaysia

Indonesia

Argentina

USA

Brazil

Netherlands

Germany

Philippines

Belgium

Spain 
	14540,000,000

7595,000,000

5255,000,000

3212,000,000

2567,000,000

2496,000,000

2024,000,000

1234,000,000

1213,000,000

1073,000,000
	$ 0.53

$ 0.49

$ 0.62

$ 0.70

$ 0.62

$ 0.75

$ 0.79

$ 0.53

$ 0.78

$ 1.71


      As in this thesis the source used for biodiesel production is Tumba (Citrullus Colocynthis) oil whose sources are discussed in detail is as follows: 

    Colocynthis (tumba) is a multipurpose crop belonging to family Cucurbitaceae. This is known by different name in different states of India,Viz. Ghumba in Punjab, Indark in Gujarat, Makal in Bengal and Kartama in south India. The extensive growth of it’s branches to greater lengths, in sandy undulated plains and sand dunes play an important role in controlling soil erosion in desert areas.

     Tumba is a native of warmer parts of Asia and Africa. It occurs throughout in India and is seen growing wild in the warm arid and sandy tracts of North West, Central and South India and on the sea shores of Coromondal coast, Gujarat and other parts of Western India. It is found in wild form in desert area of Rajasthan, namely Bikaner, Barmer and Jaisalmer and is found growing wild in the district of Jodhpur, Nagaur, Churu and Sikkar. It is annual or  perennial herb with a prostrate and climbing stem, bearing smooth spherical fruits which are mottled green when young and some what yellow when ripe. The fruits are of the size of small orange, 3-4 inches in diameter and contain a soft spongy pulp and numerous ovate compressed, white or brownish seeds. It spreads upto 4-5m, on all sides all over as shown in Figure 1. Its average speed production is 450-600 kg/ha and oil content is 25-27%. The seeds contain 30-34% of pale oil. Citrullus clocynthis plant with fruits and seeds are shown in Figure 1.1(a) and 1.1(b), respectively [117].
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Figure 1.1(a): Citrullus Colocynthis plant                 Figure 1.1(b): Tumba fruit and seeds             
1.6  Chemistry of Biodiesel      
             In the transesterification of different types of oils, triglycerides react with an alcohol, generally methanol or ethanol, to produce esters and glycerin. To make it possible, a catalyst is added to the reaction [23, 38, 39, 50, 54].
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                   |
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  Glycerides
           Alcohol


                Esters

       Glycerin

The overall process is normally a sequence of three consecutive steps, which are reversible reactions. In the first step, from triglycerides diglyceride is obtained, from diglyceride monoglyceride is produced and in the last step, from monoglycerides glycerin is obtained. In all these reactions esters are produced. The stochoimetric relation between alcohol and the oil is 3:1. However, an excess of alcohol is usually more appropriate to improve the reaction towards the desired product [39, 54]:
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1.7  Properties of Biodiesel
     The properties of biodiesel are as follows :
The flash point is defined as the “lowest temperature corrected to a barometric pressure of 101.3 kPa (760 mm Hg), at which application of an ignition source causes the vapors of a specimen to ignite under the specified conditions of test.” This test, in part, is a measure of residual alcohol in the B100. The flash point is also a determinant for flammability classification of materials. B100’s typical flash point is >200°C, classifying it as “non-flammable”. Water and sediment is a test that “determines the volume of free water and sediment in middle distillate fuels having viscosities at 40°C in the range 1.0 to 4.1 mm2/s and densities in the range of 700 to 900 kg/m3.” This test is a measure of cleanliness of the fuel. For B100 it is particularly important because water can react with the esters, making free fatty acids, and can support microbial growth in storage tanks [54]. The flash point values of vegetable oil methyl esters are much lower than those of vegetable oils. An increase in density from 860 to 885 kg/m3 for vegetable oil methyl esters or biodiesels increases the viscosity from 3.59 to 4.63 mm2/s. There is high regression between the density and viscosity values of vegetable oil methyl esters. The relationships between viscosity and flash point for vegetable oil methyl esters are irregular [52].
Kinematic viscosity- The resistance to flow of a fluid under gravity. The kinematic viscosity is a basic design specification for the fuel injectors used in diesel engines. Too high a viscosity, and the injectors do not perform properly [54]. 
Dynamic viscosity – Ratio between applied shear stress and rate of shear of a liquid [54].
Density – The mass per unit volume of a substance at a given temperature [54].

Acid Value-Acid value is defined as milligrams of potassium hydroxide necessary to neutralize fatty acids in 1 g of sample [45]. 
Sulfated ash – The residue remaining after a sample has been carbonized, and the residue subsequently treated with sulfuric acid and heated to a constant weight. This test monitors the mineral ash residual when a fuel is burned. For biodiesel, this test is an important indicator of the quantity of residual metals in the fuel that came from the catalyst used in the esterification process [54].

Copper strip corrosion – Detection of the corrosiveness to copper of fuels and solvents. This test monitors the presence of acids in the fuel. For B100, the most likely source of a test failure would be excessive free fatty acids, which are determined in accordance with an additional specification [54].

Cetane number – A measure of the ignition performance of a diesel fuel obtained by comparing it to reference fuels in a standardized engine test. Cetane for diesel engines is analogous to the octane rating in a spark ignition engine. It is a measure of how the fuel will ignite in the engine. For B100, the cetane number can be very accurately predicted using the ester’s composition. It is unlikely that an individual producer will ever run cetane tests on-site [54]. The cetane number (CN) is based on two compounds, hexadecane, with a CN of 100, and heptamethylnonane, with a CN of 15. The CN is a measure of the ignition quality of diesel fuels, and a high CN implies short ignition delay. The CN of biodiesel is generally higher than conventional diesel. The longer the fatty acid carbon chains and the more saturated the molecules, the higher the CN. The CN of biodiesel from animal fats is higher than those of vegetable oils [52].
Cloud point – The temperature at which a cloud of wax crystals first appears in a liquid when it is cooled down under conditions prescribed in this test method. The cloud point is a critical factor in cold weather performance for all diesel fuels. The chemical composition of some biodiesel feedstocks leads to a B100 that may have higher cloud points than desired. The cloud point, however, is another parameter that can be predicted accurately with knowledge of the esters composition, but producers are advised to be able to perform this test [54]. The CP is the temperature at which wax first becomes visible when the fuel is cooled. Biodiesel has a higher cloud point compared to conventional diesel [52].
Pour Point - The pour point is the temperature at which the amount of wax from a solution is sufficient to gel the fuel; thus it is the lowest temperature at which the fuel can flow. Biodiesel has a higher pour point compared to conventional diesel [52].

Carbon residue – In petroleum products, the part remaining after a sample has been subjected to thermal decomposition. The carbon residue is a measure of how much residual carbon remains after combustion. This is particularly important in diesel engines because of the possibility of carbon residues clogging the fuel injectors. The most common cause of excess carbon residues in B100 is an excessive level of total glycerin. Total glycerin is also measured directly using an additional procedure specified in this Standard [54].

Acid number – The quantity of base, expressed as milligrams of potassium hydroxide per gram of sample, required to titrate a sample to a specified end point. The acid number is a direct measure of free fatty acids in B100. The free fatty acids can lead to corrosion and may be a symptom of water in the fuel [54].

Free glycerin – Glycerin present as molecular form in the fuel. Free glycerin results from incomplete separation of the ester and glycerin products after the esterification reaction. This can be a result of incomplete washing and may be accompanied by incomplete alcohol removal and a lowered flash point. The free glycerin is a source of carbon deposits in the engine because of incomplete combustion[54].

Total glycerin – Sum of free and bonded glycerin. Bonded glycerin – “is the glycerin portion of the mono-, di-, and triglyceride molecules.” Elevated total glycerin values are indicators of incomplete esterification reactions and predictors of excessive carbon deposits in the engine. The terms “glycerin” and “glycerol” are used interchangeably [54].

Phosphorus – This test covers the quantitative determination of barium, calcium, copper, magnesium, phosphorus, sulfur, and zinc in unused lubricating oils and additive packages. In the case of B 100, phosphorus can come from incomplete refining of the vegetable oil and from bone and proteins encountered in the rendering process [54].

Vacuum distillation end-point – This test covers the determination, at reduced pressures, of the range of boiling points for petroleum products that can be partially or completely vaporized at a maximum liquid temperature of 400°C. Petroleum fractions have tens to hundreds of individual compounds mixed together. The distillation curves are used to characterize the broad chemistry of a given crude oil source. In B100 there are at most ten different esters present, and they can be identified using gas or liquid chromatography. The same chromatograph that determines free and total glycerin can determine the esters composition in the B100. This composition allows calculation of the T-90 point for the fuel, without having to perform the testing for every batch of product. The “T-90” point is the temperature at which 90 percent of the liquid volume has been distilled [54].

Storage stability – All fuels are subject to degradation over time when they are stored. This degradation may be due to microbial action, water intrusion, air oxidation, etc. The standard and the test methods for determining storage stability for B100 are still in the development stage within the ASTM process [54]. This is due to the unsaturated fatty acid chains and the presence of the double bond in the molecule, which produce a high level of reactivity with the oxygen, especially when it placed in contact with air. The oxidation of fatty acid chains is a complex process that proceeds by a variety of mechanisms. The various other factors influence the oxidation process of biodiesel includes light, temperature, extraneous materials, peroxides, size of the surface area between biodiesel and air. One of the methods of improving biodiesel oxidative stability includes the deliberate addition of antioxidants or modification of the fatty ester profile [64].
1.8  Motivation                                                             

      The decrease of world petroleum reserves and high energy demand in the power industries and transport sector has necessitated the need for an alternative source of energy. Due to harmful emission and green house gas from fossil fuel, environment is continuously degrading. Therefore there is an also need of alternative fuel which improve the environmental condition. Biodiesel obtained from vegetable oil can be alternative source of energy because its property is similar to petroleum derived diesel oil and produces favourable effects on the environment, such as a decrease in acid rain and greenhouse effect. Due to these factors, the use of biodiesel is considered an advantage to that of fossil fuels.
      This work hoped a positive way towards security of energy in future. The aim of this project to search for suitable and effective method of biodiesel production, and performance in I.C.Engine.

1.9 Objective


       The aim of this thesis is to produce biodiesel by using Tumba (Citrullus Colocynthis) oil through conventional mechanical stirring and cavitation methods, and their comparison. Performance and emission testing of Tumba blends fuel by comparing it from diesel of various parameters. 
1.10 Organization of the Report

      First chapter is introduction which deals with the energy demand over world and need of renewable energy to secure the future demand of energy. This chapter comprises of background and concept of biofuels, definition of biodiesel, need of biodiesel, Indian energy scenario, the resources of biodiesel, biodiesel properties according to the literatures, role of biodiesel produ ction, performance and emission testing.
    Second chapter is literature review in which literatures available on biodiesel production, it’s properties and its performance testing are summarized.

    Third chapter deals with biodiesel production techniques and its feasibility. In this chapter conventional mechanical stirring, ultrasonic and hydrodynamic cavitation methods as well as supercritical methanol technology has been discussed.

    Fourth chapter is biodiesel production through conventional mechanical stirring and ultrasonic cavitation method.

    Fifth chapter includes biodiesel production through hydrodynamic cavitation method. This chapter includes the comparison of hydrodynamic cavitation method with other two methods describe in the fourth chapter. 

    Sixth chapter is performance studies of biodiesel derived from tumba oil using various performance parameters. 

CHAPTER-3
BIODIESEL PRODUCTION TECHNIQUES
3.1  Process overview

       There are severally generally accepted ways to make biodiesel some more common than others e.g. blending and transesterification, and several others that are more recent developments e.g. reaction with supercritical methanol. An overview of these processes is as follows:

1). Direct use and blending, which is the use of pure vegetable oil or the blending with diesel  

      fuel in various ratios,

2). Microemulsions with simple alcohol,

3). Thermal cracking (pyrolysis) with alkanes, alkenes, alkadienes etc.

4). Transesterification (alcoholysis) which consists of several sub categories

     i). Alkali-catalyzed Transesterification
     ii). Acid Catalyzed Pretreatment   

     iii). Lipase as catalyst 
5). Other forms of catalysis

     i). Biocatalyst

     ii). Reaction with supercritical methanol

     iii).Catalyst free

3.1.1 Direct use and blending
         The direct use of vegetable oils in diesel engine is problematic and has many inherent failings. Although some diesel engines can run pure vegetable oils engines, turbocharged direct injection engines such as trucks are prone to many problems. Energy consumption with the use of pure vegetable oils, was found to be similar to that of diesel fuel for short term use ratios of 1:10 to 2:10 oil to diesel have been found to be successful [23].

3.1.2 Microemulsions

        Microemulsions are defined as a colloidal equilibrium dispersions of optical isotropic fluid structures, with dimensions generally in the 1-150 nm range. These are formed spontaneously from two normally immiscible  liquids and one or more ionic or non ionic amphophiles. A microemulsion is designed to tackle the problem of high viscosity of pure vegetable oils by reducing the viscosity of oils with solvents such as simple alcohols. The performances of ionic or non ionic microemulsion were found to be similar to diesel fuel, over short term testing They also achieved short term characteristics. In longer term testing no significant deterioration in performance was observed, however significant injector needle sticking, carbon deposites incomplete combustion and increasing viscosity of lubricating oil [23, 48].

3.1.3 Thermal Cracking  (Pyrolysis)

         Pyrolysis is the conversion of one substance into another by means of applying heat i.e. heating in the absence of air or oxygen with temperatures ranging from 450oC-850oC. In some situating this is with the aid of a catalyst leading to the cleavage of chemical bonds to yield smaller molecules. Unlike direct blending, fats can be pyrolysed successfully to produce many smaller chain compounds. The pyrolysis of fats has been successfully to produce many smaller chain compounds. Typical catalyst that can be employed in pyrolysis are SiO2 and Al2O3.The ratios of light to heavy compounds are temperature and time dependent. The equipment for pyrolysis or thermal cracking is expensive for modest throughout. Although the products are chemically similar to pyrochemically based diesel, oxygen removal from the process decreases the products benefits of being an oxygenated fuel. This decreases its environmental benefits and generally produces more fuel similar in properties of gasoline than diesel, with the addition of some low value materials [23, 48].
 3.1.4  Transesterification

           Refer section 1.6 of chapter-1. Some of the types of transesterification phenomena are discussed below:

(A). Alkali-catalyzed Transesterification

        Figure 3.1 shows a schematic diagram of the processes involved in biodiesel production from feedstocks containing low levels of free fatty acids (FFA). This includes soybean oil, canola (rapeseed) oil, and the higher grades of waste restaurant oils. Alcohol, catalyst, and oil are combined in a reactor and agitated for approximately one hour at 60ºC. Smaller plants often use batch reactors [22] but most larger plants (> 4 million liters/yr) use continuous flow processes involving continuous stirred-tank reactors (CSTR) or plug flow reactors [8]. The reaction is sometimes done in two steps where approximately 80% of the alcohol and catalyst is added to the oil in a first stage CSTR. Then, the product stream from this reactor goes through a glycerol removal step before entering a second CSTR. The remaining 20% of the alcohol and catalyst are added in this second reactor. This system provides a very complete reaction with the potential of using less alcohol than single step systems. Following the reaction, the glycerol is removed from the methyl esters. Due to the low solubility of glycerol in the esters, this separation generally occurs quickly and may be accomplished with either a settling tank or a centrifuge. The excess methanol tends to act as a solubilizer and can slow the separation. However, this excess methanol is usually not removed from the reaction stream until after the glycerol and methyl esters are separated due to concern about reversing the transesterification reaction. Water may be added to the reaction mixture after the transesterification is complete to improve the separation of glycerol [54, 25, 39].
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Figure 3.1: Process Flow Schematic for Biodiesel Production [54]

(B). Acid Catalyzed Pretreatment

       Special processes are required if the oil or fat contains significant amounts of FFAs. Used cooking oils typically contain 2-7% FFAs and animal fats contain from 5-30% FFAs. Some very low quality feedstocks, such as trap grease, can approach 100% FFAs. When an alkali catalyst is added to these feedstocks, the free fatty acids react with the catalyst to form soap and water as shown in the reaction below:
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Up to about 5% FFAs, the reaction can still be catalyzed with an alkali catalyst but additional catalyst must be added to compensate for that lost to soap. The soap created during the reaction is either removed with the glycerol or is washed out during the water wash. When the FFA level is above 5%, the soap inhibits separation of the glycerol from the methyl esters and contributes to emulsion formation during the water wash. For these cases, an acid catalyst such as sulfuric acid can be used to esterify the FFAs to methyl esters in the following reactions [54, 25, 39].

(C). Lipase as catalyst
        Lipases are enzymes used to catalyze some reaction such as hydrolysis of glycerol, alcoholysis and acidolysis, but it has been discovered that they can be used as catalyst for tranesterification and esterification reactions too. Biocompatibility, biodegradability and environmental acceptability of the biotechnical procedure are the desired properties in agricultural and medical applications. The extra cellular and the intracellular lipases are also able to catalyze the transesterification of triglycerides effectively [39].

 3.2   Conventional Mechanical Stirring Method
3.2.1  Principle 

         Conventional mechanical stirring machine consist of temperature controller to control temperature within the range of 0-100oC and speed controller is for controlling speed of stirrer in terms of revolution per minute (rpm). In this machine hot plate functions as a heating source to maintain the temperature of the solution. The beaker is placed on the hot plate then vegetable oil as per the requirement was poured into it at the beginning. The reaction started when a quantitative amount of methanol liquor dissolved in catalyst was poured into the beaker and than immediately drop the magnetic stirrer so that through it’s stirring action at a particular rpm, dilution of mixture can take place by switching the button on.

3.2.2  General reviews 
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Figure 3.2: Scheme of the reactor used in the transesterification experiments. [1. Stirrer engine. 2. Stirrer steel bar. 3. Coupling device. 4. Stirrer lubricant reservoir. 5. Glass stirrer. 6. Funnel. 7. Thermocouple. 8. Water condenser. 9. Glass tank reactor. 10. Heating mantle. 11. PID temperature controller.]

       In a 2 litre glass reactor (see Fig. 3.2) equipped with a glass anchor-shaped stirrer, a type K thermocouple, a water condenser and funnel, and surrounded by a heating mantle controlled by a proportional integral derivative (PID) temperature controller device, 873 ml (702 g, 0.80 mol) of used frying oil and 244 ml (6 mol) of methanol were placed. The temperature was raised to 60oC and the mixture was stirred at 600 rpm. When this temperature was reached, sodium methoxide (7 g, 0.13 mol, 1% w/w of oil, prepared recently from sodium metal and anhydrous methanol) was added; the temperature increased by two to three degrees, decreasing later to 60oC by the action of the PID controller. Samples of 10 ml (8 g) were taken from the reaction mixture at regular intervals, typically 10 min, neutralized, and analysed by gas chromatography. When the conversion of the oil was quantitative, as determined by the GC, the heating mantle was switched on. The mixture was then allowed to cool in the reactor and was neutralized with the stoichiometric amount of concentrated hydrochloric acid (11.5 ml, 35% w/w), appearing as two distinct phases after switching of the stirrer. These two phases were decanted using the bottom outlet of the reactor. The excess methanol in both phases was evaporated at vacuum, and 580 g of biodiesel, 17 g of glycerine and water interface and 200 ml of methanol were recovered. The interface was composed of glycerine, water and sodium chloride. Biodiesel, used without further purification, was a clear, light yellow liquid [1].

         Cotton oil soapstock that was used in this study contains 85.3% free fatty acid. Before the transesterification, cotton oil soapstock was filtered and dried for removing water and impurities at 100oC. Transestrification process was carried out in a 1000 ml reaction vessel equipped with reflux condenser, magnetic stirrer and thermometer. At this reaction, sulfuric acid was used as catalyst. 500 grams of cotton oil soapstock, 100 g of methyl alcohol and 25 g of sulfuric acid were mixed. The mixture was heated to

75oC and held at this temperature with stirring for 2 hours. Eight hours after the reaction, water, catalyst and glycerine (brown and sticky) settled at the bottom of the reaction vessel and were separated by separation funnel. And then, this mixture was washed with the solution of sodium bicarbonate in order to remove

suspended glycerol, unreacted methanol and catalyst. Sodium bicarbonate is alkali, and therefore it reduced acid value of crude biodiesel (methyl ester). Crude biodiesel was distillated for obtaining pure methyl ester by means of batch distillation apparatus. Flow diagram of cotton oil soapstock biodiesel production process is shown in Figure 3.3.
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Figure 3.3: Flow diagram of cotton oil soapstock biodiesel production process [3]

3.3  Cavitation Methods 
       Cavitation can be in general defined as the generation, subsequent growth and collapse of cavities resulting in very high energy densities of the order of 1 to 1018 kW/m3. Cavitation can occur at millions of locations in a reactor simultaneously and generate conditions of very high temperatures and pressures (few thousand atmospheres pressure and few thousand Kelvin temperature) locally, with the overall environment being that of ambient conditions. Thus, chemical reactions requiring stringent conditions

can be effectively carried out using cavitation at ambient conditions. Moreover, free radicals are generated in the process due to the dissociation of vapours trapped in the cavitating bubbles, which results in either intensification of the chemical reactions or in the propagation of certain unexpected reactions. Cavitation also results in the generation of local turbulence and liquid micro-circulation (acoustic streaming) in the reactor, enhancing the rates of transport processes. The four principle types of cavitation and their causes can be summarized as follows [17]:

1). Acoustic cavitation- In this case, pressure variations in the liquid are effected using sound waves,  usually ultrasound (16 kHz–100 MHz). The chemical changes associated with the cavitation induced by the passage of sound waves are commonly termed as sonochemistry.
2). Hydrodynamic cavitation- Cavitation is produced by pressure variations, which is obtained using the geometry of the system creating velocity variation. For example, based on the geometry of the system, the interchange of pressure and kinetic energy can be achieved resulting in the generation of cavities as in the case of flow through orifice, venturi, etc.
3). Optic cavitation- This is produced by photons of high intensity light (laser) rupturing the liquid continuum.
4). Particle cavitation- This is produced by a beam of elementary particles, e.g. a neutron beam rupturing a liquid, as in the case of a bubble chamber. 
3.3.1   Ultrasonic Cavitation Method

 3.3.1.1  Principle
     Principal of ultrasonic cavitation method is the process of creating cavities  by the irradiation of power ultrasonic with sufficient energy in immiscible liquid (oil and alcohol are not miscible with each other) as a result micro fine bubbles are formed and these bubbles are collapsing at various place of the reactor and disturb the phase boundary between two immiscible liquid and resulted emulsification of mixture. In the cavitation process small bubbles are formed in liquids at mechanically weak points, usually at phase boundaries, as a result of intense sonication. These bubbles increase in size due to resonance in areas of under pressure. Small gas bubbles present in the liquid initiate the process. This process is directly related to oscillatory velocity which is directly related to vibration amplitude at given frequency [15]. More the oscillatory velocity the reaction time will be short. On the other hand oscillating velocity of ultrasonic transducer is insufficient for the sonochemical reaction in the mixture so acoustic rod horn connected to the transducer are used to amplify the vibration amplitude this rod permit achieving higher velocity and less reaction time. Low frequency ultrasonic irradiation is a useful tool for emulsification of immiscible liquids. The collapse of the cavitation bubbles disrupts the phase boundary and causes emulsification, by ultrasonic jets that impinge one liquid to another.

3.3.1.2 General reviews
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Figure 3.4: Schematic representation                    Figure 3.5: Schematic representation of and             
                   of ultrasonic horn[17]                                               ultrasonic bath [17]
        A schematic diagram of these standard configurations has been depicted in Figure 3.4 and 3.5. The horn operates at a frequency of 22.7 kHz and a rated power dissipation of 240 W. Two different tips (irradiating surface area of 3.46 and 4.91 cm2) can be used so as to change the operating intensity of irradiation (defined as power dissipated per unit area of the horn). The capacity of the reactor generally ranges from 10 to 200 ml. Ultrasonic horn-type of configurations are generally suitable for laboratory scale characterization/ feasibility experiments, as they provide intense but local cavitation. The ultrasonic bath has a fixed operating frequency of 22 kHz (one can get these at different operating frequencies) with a rated output power of 120 W (again variable power dissipation is possible). Three transducers are placed at the bottom of the reactor in a triangular pitch. The maximum operating capacity of the ultrasonic bath is about 3 litre, but in general baths with higher capacity (up to 1000 litre) can be used with some modification in terms of larger number of transducers in different configurations. Again, ultrasonic bath-type of reactors are suitable for laboratory to pilot-scale operations, as there is a limitation on the number of transducers that can be incorporated in the system for a large-scale operation [17].
         By using ultrasounds the reaction time is much shorter (10–40 min) than for mechanical stirring. The quantity of required catalyst is 2 or 3 times lower. The molar ratio of alcohol/oil used is only 6:1. Normal chain alcohols react fast, while secondary and tertiary alcohols show some or no conversion after 60 min of reaction. Surprisingly, 40 kHz ultrasounds are much more effective in the reduction of the reaction time (10–20 min). Twenty eight kilohertz give slightly better yields (98–99%), but longer reaction time, while higher frequencies are not useful at all for the transesterification of fatty acids [9].
       The biodiesel production through transesterification of triolein with various alcohols such as methanol, ethanol, propanol, butanol, hexanol, octanol and decanol was investigated at molar ratio 6:1 (alcohol: triolein) and 25oC in the presence of base catalysts (NaOH and KOH) under ultrasonic irradiation (40 kHz) and mechanical stirring (1800 rot/min) conditions.  
3.3.2   Hydrodynamic Cavitation Method 
 3.3.2.1   Principle 
           The principle of hydrodynamic cavitation machine resembles the ultrasonic cavitational method as the fundamental of working is cavitation phenomena. In the cavitation process small bubbles are formed in liquids at mechanically weak points, usually at phase boundaries, as a result of intense sonication. These bubbles increase in size due to resonance in areas of under pressure. Small gas bubbles present in the liquid initiate the process. This process is directly related to oscillatory velocity which is directly related to vibration amplitude at given frequency. The series of working is bubble formation, growth and when it collapses, due to the rapid kinetic motions of molecules due to high generation of pressure inside. Using cavitation as an alternative technique for the synthesis of biodiesel results in conditions of very high local temperatures and pressures at the same time releasing free radicals which intensifies many chemical reactions [17, 12].  

3.3.2.2  General reviews
            Esterification of Fatty acid (FA) with methanol in the presence of concentrated H2SO4 as a catalyst has been studied in hydrodynamic cavitation reactor as well as in the sonochemical reactor. The hydrodynamic cavitation reactor consists of a reservoir or a collecting tank with (10 lit) capacity that is connected to the multistage centrifugal pump with power rating of 1.5 kW. A schematic representation of the setup has been shown in the Figure 3.6(a) and 3.6(b). The pipe connected to the discharge side of the pump branches into main and bypass lines. The main line has the facility to incorporate different orifice plate to generate cavitation of different intensities and characteristics. The main line and bypass line having the throttling valves and pressure gauges for the adjusting the pressure. 
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Figure 3.6(a): Schematic representation of the               Figure 3.6(b): Schematic diagram of           

experimental setup for hydrodynamic cavitation           hydrodynamic cavitation system setup. 

 reactor [12]                                                                     1–tank; water; 2 – cold, 3 –pump; 
                                                                                         4 – orifice plate [16]
The operating temperature of the reactor was maintained by circulating water within the jacket surrounding the tank as the energy dissipated by the pump can increase the temperature of the mixture [16]. The sonochemical reactor is a conventional cleaning tank type reactor equipped with 3 transducers at the bottom of the tank in triangular pitch and operates at an irradiating frequency of 20 kHz and power dissipation of 120 kW. Few experiments have also been carried out with other acid/alcohol combination viz. coconut fatty acids with methanol and ethanol and FA odour cut with fatty alcohols with an aim of investigating the efficacy of cavitation for giving the desired yields and also to quantify the degree of process intensification that can be achieved using the same [12].
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Figure 3.9: Test rig for biodiesel production by hydrodynamic cavitation
        The schematic diagram of the test rig developed at Delhi Technological University is shown in Figure 3.7. The setup consists of a closed loop circuit comprising a feed tank, centrifugal pump (2.2 kW), control valve and a coupling to accommodate the orifice plate. The suction side of the pump is connected to the bottom of the feed tank. Discharge from the pump branches into two lines, which help in the control of inlet pressure and inlet flow rate into the main line housing and the orifice with the help of valves V1 and V2. The main line consists of a coupling to accommodate the orifice plate (single or multiple holes with different configurations). Four orifice plates with the numbers of holes 1, 3, 5 and 7 are used during experimentation. The diameter of each hole was 3 mm. 

       The vegetable Thumba oil of (3.5–5.5 kg) is filtered to remove impurities. It is heated up to 110oC in order to remove water content of oil to avoid soap formation and allowed to cool upto room temperature. As given in 0.63 kg methyl alcohol (CH3OH) with a molar ratio of 1:4.5 and 0.038kg sodium hydroxide (1% by weight of oil), are mixed and stirred till sodium hydroxide is dissolve in alcohol. This liquid mixture is mixed with vegetable oil and supplied to the feed tank of hydrodynamic cavitation reactor test rig. The pump of hydrodynamic cavitation reactor is started and whole mixture is allowed to pass through orifice hole to generate the favourable cavitation conditions. During the reaction the temperature of mixture is kept between 45 and 55oC. The temperature of mixture is controlled by circulation of cooling water in the jacket of the reactor. After 10 min the first sample of 100 ml was collected from the bottom of the feed tank. Samples were further collected after an interval of five minutes. After 45 min the process is stopped and the mixture is collected in a bucket. The glycerin is allowed to settle down in the mixture as it has higher density than methyl esters. A layer of glycerin and methyl esters will be visible in 10 min of settling while complete settling takes place in 2–3 h. After the separation of the glycerin and methyl esters, the methyl esters have been washed for all samples to remove residual catalyst or soaps. For washing, first methyl esters are kept in a separating funnel and water up to 30% of methyl esters (at a temperature of 40oC) is mixed and the mixture is stirred for one minute and then left for settling of water with impurities. After complete settling of water with impurities at the bottom of separating funnel, the same is removed by opening the tab provided at the bottom of separating funnel.
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Figure 3.8: Amount of biodiesel yield v/s time for 1:4.5 molar ratio of oil to alcohol [21]
     The biodiesel yield obtained for 1:4.5 molar ratio is shown in Figure 3.8, for different orifice plates are shown in Figure 3.8. It can be observed that for all the orifice plates, around 80% yield is obtained within 30 min. The yield increases with increase in the number of holes and afterwards it remains more or less constant for all type of orifice plates [21].

 3.4   Suprcritical & Co-solvent Method  
3.4.1  Principle 
         There are two methods of transesterification reaction. One is the method using a catalyst and the other is without the help of a catalyst. However, there are at least two problems associated with the former process; the process is relatively time consuming and purification of the product for catalyst and saponified products are necessary. The first problem due to the two phase nature of vegetable oil/methanol mixture requires vigorous stirring to proceed in the transesterification reaction. To resolve it the use of a simple ether such as tetrahydrofuran can make this two phase nature into one phase of its mixture and that methyl esters can be produced in less than 15 min depending on the catalyst concentration. Yet, the catalyst problem cannot be solved for purification. Therefore, this conventional process still requires a high production cost and energy. The overall process, thus, includes transesterification reaction, recovery of unreacted methanol, purification of methyl esters from catalyst and separation of glycerin as a co-product from saponified products.

      The latter method involves uncatalyzed transesterification of vegetable oil in supercritical methanol. The supercritical state of methanol is believed to solve the two phase nature of oil/ methanol mixture to form a single phase due to a decrease in dielectric constant of methanol in supercritical state. As a result, the reaction was found to be complete in a very short time within 2±4 min, as described in their previous work. In addition, because of non-catalytic process, the purification of products after transesterification reaction is much simpler and environmentally friendly, compared with the conventional commercial method in which all the catalyst and saponified products have to be removed for biodiesel fuel [22].
3.4.2 General reviews
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Figure 3.9: Effect of the molar ratios of             Figure 3.10: Effect the reaction temperature 
methanol to rapeseed oil in transesterification       on  methyl esters formation [22]

reaction on  producing methyl esters, as 
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Figure 3.11: Unmethyl esters content in rapeseed oil during transesterification reaction [27]
         To determine the effect of temperature on methyl esters formation, transesterification reactions of rapeseed oil were carried out with a fixed molar ratio of 42 in methanol, the best condition found in Figure 3.9, at various temperatures ranging from 200 to 500oC. the content of methyl esters obtained is shown in Figure 3.10, in which the obtained experimental data are shown by the symbols, whereas the simulated curves are shown by the lines Figure 3.11 shows the correlation between the content of unmethyl esterified compounds and reaction times. As mentioned previously, unmethyl esterified compounds are defined as other compounds obtained from the upper portion excluding five types of methyl esters, such as methyl palmitate, methyl oleate, methyl stearate, methyl linoleate and methyl linolenate. The straight line was determined to it the data in order to adopt the first order rate equation.

         A highly efficient transesterification process has been described and the proposed kinetics in transesterification of rapeseed oil has been proven to it very well with those of experimental data. A reaction temperature of 350oC with the molar ratio of methanol being 42 were considered as the best condition for a free-catalyst process of biodiesel fuel production. The supercritical methanol method, therefore, offers a potentially low cost method with simpler technology for producing an alternative fuel for compression ignition engines. The considerable yield of methyl esters by the environmentally friendly method renders this technique ideally suited for industrialization [22].
       A set of experiments was carried out to study the effect of reaction temperature, reaction pressure and molar ratio of methanol to triglycerides in the methyl esters formation. The results revealed that the supercritical treatment of 350oC, 30 MPa and 240 sec with molar ratio of 42 in methanol is the best condition for transesterification of rapeseed oil to biodiesel fuel [24].
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Figure 3.12: Supercritical continuous reaction device [27]. [1, 2. high-pressure pump; 3, 4, 10, 12, 15, 16. valve; 5. preheater; 6. blender; 7. tube reactor; 8. thermometer; 9. manometer; 11. condenser; 13. pressure regulator; 14. separatory funnel]
         As depicted in Figure 3.12, the reaction of transesterification was carried out in a 75 ml tube reactor, equipped with a preheater, blender, condenser and separatory funnel. An electric thermostat was used to control the temperature of the reactor. First, the preheater (50–400oC) and reactor (200–400oC) were preheated at a designated temperature respectively. Then calculated amounts of soybean oil and methanol (the molar ratio of methanol to oil was taken at 6:1– 80:1) were synchronously pumped into the tube preheater by high pressure pump and heated to the predetermined temperature. At the blender, the soybean oil and methanol were mixed at a constant stirring rate. And then the reaction mixture was pumped into the tube reactor. The residence time (12.5–50 min) of reactants in the reactor could be regulated by adjusting the flux of the high-pressure pump (0.10–9.99 ml/min). The reaction temperature (240– 340oC) and pressure (10–40 MPa) inside the tube reactor could be adjusted by an electric thermostat and pressure regulator, respectively. Through the condenser, the product was cooled to the normal temperature, and then the crude methyl esters could be obtained in the separatory funnel. The methyl ester concentration was quantified using a Hewlett–Packard 6890 gas chromatograph equipped with a HP-INNOWAX capillary column (30 m, 0.15 mm) and a flame ionization detector. 4l litre of crude ester layer was dissolved in 300 ll n-hexane and 100 litre internal standards (heptadecanoic acid methyl ester) for GC analysis. Samples (1 litre) were injected by a sampler at an oven temperature of 220oC. After an isothermal period of 4 min, the GC oven was heated at 10oC/min to 230oC, and held for 7.5 min. Nitrogen was used as carrier gas at a flow rate of 2 ml/min measured at 20oC. The detector make up gas was used at a flow rate of 30 ml/min. The inlet pressure was 96.4 kPa. The split ratio was 10:1 and the injector and detector temperatures were 300oC and 320oC, respectively. The methyl ester yield of oil in each experiment was calculated [27].
CHAPTER-4

BIODIESEL PRODUCTION THROUGH ULTRASONIC HORN TYPE & COVENTIONAL STIRRING METHOD

      In this report biodiesel is produced from hydrodynamic cavitation, ultrasonic cavitation and conventional magnetic stirring method. This chapter contains the details of biodiesel production by using Tumba (citrullus colocynthis) oil, emphasizing on ultrasonic cavitation and conventional magnetic stirring method  and results of these methods are relatively compared.

 4.1 Ultrasonic Cavitation

       The principle of ultrasonic cavitation is discussed in chapter 3. The development of experimental set up, reagents and material used, procedure and collection of experimental datas is discussed below.

 4.1.1 Experimental Set-up
         The transesterification reactions were carried out in an ultrasonic reactor. Schematic diagram of it’s front view, side view and photograph of ultrasonic horn type processor is shown in figure 4.1(a), 4.1(b) and 4.2, respectively. In horn type reactor, horn is attached with the transducer which produce ultrasonic irradiation in the mixture. Horn type reactor has been used for this experiment. The ultrasonic cavitation generates ultrasonic processor frequency ranging from 25 kHz to 30 kHz for a time limit ranging from 3 min to 30 min. There is an integrated arrangement for supporting the beaker (100 ml) so that the transducer horn should be dipped at the separating boundary. The horn of the transducer was submerged 2 cm in the reactive mixture of methanol and vegetable oil. The temperature of the reaction mixture was controlled by a water bath.  Heated fatty acid oil (50 g) was poured into the reactor at the beginning. The reaction started when a quantitative amount of methanol liquor dissolved in KOH was poured into the heated reactor. The reaction is carried out by ultrasonic irradiation produced by ultrasonic generator through the transducer incorporated with acoustic rod horn. There is a temperature measurement device which indicates the temperature of mixture and provides a measure to control it.  
[image: image16.png]On/Off Indicator-

Time setter
(3-30min)

A.C.Suppl,

e O

BICE

Push Start Button

Frequency Variation Button (0-28 kHz)
Transducer Hom

Beaker
Reaction of mixture

Supporting Tray
(sliding motion)




Figure 4.1(a): Schematic diagram of ultrasonic horn type reactor
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Figure 4.1(b): Side view of the Horn type Processor
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               Figure 4.2: Photograph of ultrasonic horn type processor (TU-50)

4.1.2 Reagents and Materials used
1. Tumba originated from the Tumba seeds, 50g/sample for preparing experimental biodiesel sample.

2. Methyl alcohol (CH3OH) (99% pure) for removing the free fatty acid from the oil.
3. Base catalyst (KOH or NaOH) (85% pure) for accelerating the reaction mixture.

4.1.3 Procedure
        This experiment has been performed to evaluate performance of ultrasonic cavitation method for biodiesel production in terms of yield (%) and time. Same amount of sample (50g) has been taken of raw vegetable oil for both ultrasonic cavitation method and conventional method to facilitate comparison. Experiment has been performed with the following steps:
1. Tumba oil (50g) is taken in a 100 ml beaker and filtered it to remove impurities. Than it is heated through a heating device up to 110oC measured by an alcoholic column thermometer in order to remove water content of oil to avoid soap formation as shown figure 4.3(a). This oil is allowed to cool up to 50oC temperature so as to reaction can take place.
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Figure 4.3(a): Heating of raw vegetable oil
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                Figure 4.3(b): Methanol and KOH                    Figure 4.3(c): Weighing machine

2. Now methyl alcohol (CH3OH) is taken with a molar ratio of (1:4.5 & 1:6) and catalyst (KOH) is     taken as 0.5%, 0.75% and 1% by weight of oil as shown in Figures 4.3(b) and 4.3(c). Then mixer of methyl alcohol and KOH is stirred until KOH dissolve in methyl alcohol. 

3. This liquid mixture is mixed with vegetable oil. Initially the methanol is immiscible with the oil. 
4. The mixture of oil, methanol and catalyst come in contact with ultrasonic processor transducer (model TU-50) which is shown in Figure 4.3(d).









Figure 4.3(d): Transesterification, Separation of Layers, Washing processes
6. Test is performed for the ultrasonic frequency (28.5 kHz). During the reaction the temperature of mixture is kept between 40-55oC.
7. When reaction is completed the beaker is kept for the separation of glycerol and biodiesel. Glycerol has higher specific weight therefore it will settle at bottom as shown in Figure 4.3(d). Separation of methyl ester and glycerol will takes 2 to 3 hr duration.

8. After complete separation bio-diesel (Methyl Ester) is visible in the upper layer and glycerol.

9. Bio-diesel is separated and collected for purification process. 
10. To remove the catalyst, water should be 33% wt. of biodiesel at around 40-45oC is mixed with the methyl ester and left for settling down will take 12-24 hrs. Water due to its higher specific gravity collected at bottom. This is shown in Figure 4.3(d). 
11. Excess methanol present in biodiesel has been removed by distillation process. This methanol can be again used for transesterification process.
12. Finally separated biodiesel is heated to remove moisture present in it due to washing.

4.1.4 Experiment Data

         Weighing uncertainity occurs in weighing machine in terms of fixed error of weighing machine, confidence limit that is probable measurement error (Pe), relative uncertainty (Ur)   are 0.01g, + 0.005g, + 8.0645 X 10-5 ( ie. + 0.0081%), respectively. Thermometer  uncertainity occurs in thermometer in terms of fixed error of the scale,  confidence limit that is probable measurement error (Pe),  relative uncertainty (Ur) are 1oC ,  + 0.5oC, + 4.5 X 10-3( ie.+ 0.45%),

respectively. The detail calculations of these terms and yield percentage is shown in Appendix-I. The remaining required calculations are shown below.
(A). Materials
       The experiments are performed with alcohol to oil molar ratio as 6:1 and 4.5:1. The amount of oil, alcohol and catalyst taken is shown in Table 4.1.
Table 4.1: Oil, alcohol and catalyst during the experimentation

	Molar ratio

(alcohol/oil)
	Quantity of non-edible oil (g)
	Quantity of methanol (g)
	      Catalyst (KOH)

	
	
	
	0.5%
	0.75%
	1.0%

	6:1
	50 g
	11 g
	0.25 g
	0.375 g
	0.5 g

	4.5:1
	50 g
	8.28 g
	0.25 g
	0.375 g
	0.5 g


(B). Calculations

(i). For calculation of molar ratio following data are used

Molecular weight of triglycerides from vegetable oil = 870


Molecular weight of methanol = 32


Hence, 1 gm mole of vegetable oil = 870 gm


1 gm mole of methanol = 32 gm


Catalyst (KOH) = 0.5%, 0.75% and 1% by weight of oil
(ii). Amount of methanol for 50 g of vegetable oil 
           For 1:6 molar ratio = (32 / 870) ×50 × 6 = 11 g

          1:4.5 molar ratio = (32 / 870) ×50 × 4.5  = 8.28 g
(iii). Total energy consumed by ultrasonic processor power consumption/sample
Power of motor used = 50 W

Time of experiment = 20 minutes = 1200 s
Total energy consumed = 50 W × 1200 s



  = 60 kW-hr

(C). Time and yield (%) produced from Tumba oil

      Experiments have been performed to prepare biodiesel from Tumba oil by ultrasonic cavitation method and conventional magnetic stirring method. Main aim of this experiment to calculate time, catalyst percentage and molar ratio (alcohol/oil) for biodiesel production with maximum yield and comparison  with the conventional method. Our main emphasis on this project is to reduce the use of catalyst (KOH) and alcohol because catalyst (KOH) is pollutant for the water and land. If biodiesel produced on industrial scale, large amount of catalyst will be discharged in river or land and this will be harmful for environment and local area. The results obtained from experiment are shown below in tabular form.

(D). Experimental Data for Ultrasonic Cavitation Method

      Here data is generated by performing ultrasonic cavitation on the sample which is a mixture of vegetable oil (Tumba oil), methanol (CH3OH) and catalyst (KOH). For every sample reaction time required for biodiesel production and yield of methyl ester is calculated. Time and yield for every sample is shown in tabular form given below.

Table 4.2: Ultrasonic horn type method at 28 kHz (molar ratio 4.5:1)

	Quantity

of Tumba 

oil
	Quantity

of methanol
	    Catalyst used

          KOH
	Yield obtained

	
	
	
	            20min
	         30 min
	          40 min

	   (in gm)
	    (in gm)
	(in gm)
	 (in %)
	 (in gm)
	 (in %)
	(in gm)
	 (in %)
	 (in gm)
	 (in %)

	      50
	      8.28
	   0.25
	   0.50
	   40.50
	     81
	  42.50
	
 85
	   42.80
	  85.60

	      50
	      8.28
	   0.375
	   0.75
	   43.21
	  86.42
	  44.74
	   89.48
	      46
	     92

	      50
	      8.28
	   0.50
	   1.00
	   44.44
	  88.88
	  45.05
	   90.12
	   46.11
	  92.11


Table 4.3:  Ultrasonic horn type method at 28 kHz (molar  ratio 6:1)

	Quantity

of Tumba 

oil
	Quantity

of

methanol
	Catalyst used

KOH
	Yield obtained

	
	
	
	10min
	         20min
	         30 min
	         40 min

	 (in gm)
	  (in gm)
	(in gm)
	(in %)
	(in gm)
	(in %)
	(in gm)
	(in %)
	(in gm)
	(in %)
	(in gm)
	(in %)

	     50
	      11
	  0.25
	 0.50
	  44.5
	   89
	 44.86
	89.72
	    45
	   90
	    47
	   94

	     50
	      11
	  0.375
	 0.75
	  44
	   88
	 43.68
	87.36
	    44
	   88
	 44.91
	 89.82

	     50
	      11
	  0.50
	 1.00
	  43.5
	   87
	 43.29
	86.58
	 42.37
	84.74
	    43
	 83.60
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 Figure 4.4(a): Yield(%) Vs reaction time in       Figure 4.4(b): Yield(%) Vs reaction time in                                         
                         minute for molar ratio of 4.5:1                              minute  for molar ratio of 6:1                                   

Using data from Tables 4.2 and 4.3 are plotted in the graphical form in Figures 4.4(a) and 4.4(b), which  shows that  for molar ratio 4.5:1, percentage conversion of methyl ester increases with respect to time and  catalyst (0.50%, 0.75%, 1%) too whereas for molar ratio 6:1, percentage conversion of methyl esters increases proportionally with time for catalyst using 0.50% and 0.75%, but for catalyst 1% ,there is sudden drop in yield percentage is observed as the time increases.

4.2 Conventional Mechanical Stirring Method
4.2.1 Experimantal Set-up

           The transesterification reactions were carried out in an conventional mechanical stirring method, photograph is shown in Figure 4.5. Conventional mechanical stirring machine consist of temperature controller to control temperature within the range of 0-100oC and speed controller is for controlling speed of stirrer. In this machine hot plate functions as a heating source to maintain the temperature of the solution. The beaker (100 ml) is placed on the hot plate and Tumba oil (50 g) was poured into it at the beginning. The reaction started when a quantitative amount of methanol dissolved with KOH was poured into the beaker. The magnetic stirrer due to it’s stirring action enhances the transesterification reaction.
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                                       Figure 4.5: Conventional mechanical stirring method
4.2.2  Ragents and Material used

          Same as given in section 4.1.2.

4.2.3  Procedure
1. Do the same steps from 1 to 3 as given in section 4.1.2.

2. The mixture of oil, methanol and catalyst come in contact due to stirring action as shown in Figure 4.5.

3. During the reaction the temperature of mixture is kept between 40-55oC and controlling the motion of capsule shaped magnetic stirrer by speed controller.

4. Repeat the same steps from 7 to 11 as given in section 4.1.2.

4.2.4  Experimental Data
        The calculations will remain same as given in the section 4.2.4. For the comparison purpose similar experiment has also been performed in magnetic stirrer using the same amount of sample. Time and yield of methyl ester for Tumba oil and catalyst (%) of oil is shown in tables 4.4 and 4.5 for molar ratio 4.5:1 and 6:1 is given below.  

Table 4.4: Conventional mechanical stirring method (molar  ratio 4.5:1)
	Quantity

of Tumba

 oil
	Quantity

of 

methanol
	Catalyst used

KOH
	Yield obtained



	
	
	
	45 min
	60 min
	      75 min
	90 min

	(in gm)
	(in gm)
	(in gm)
	(in %)
	(in gm)
	(in  %)
	(in gm)
	(in  %)
	(in gm)
	(in  %)
	(in gm)
	(in  %)

	50
	8.28
	0.35
	0.70
	42.31
	84.62
	37.07
	74.14
	35.63
	71.26
	34
	68

	50
	8.28
	0.375
	0.75
	43.6
	87.2
	40.96
	81.92
	38.72
	77.44
	38.7
	77.41

	50
	8.28
	0.50
	1.00
	45.66
	91.32
	41.7
	83.4
	39.37
	78.74
	38.83
	77.66


Table 4.5: Conventional mechanical stirring method (molar  ratio 6:1)

	Quantity

of Tumba

 oil
	Quantity

of 

methanol
	Catalyst used

KOH
	Yield obtained



	
	
	
	45 min
	60 min
	      75 min
	90 min

	(in gm)
	(in gm)
	(in gm)
	(in %)
	(in gm)
	(in  %)
	(in gm)
	(in  %)
	(in gm)
	(in  %)
	(in gm)
	(in  %)

	50
	11
	0.325
	0.65
	41.11
	82.22
	38.2
	76.4
	38.05
	90
	45.05
	90.1

	50
	11
	0.35
	0.70
	44.63
	89.26
	45.35
	90.6
	46.1
	92.2
	46.17
	92.34

	50
	11
	0.375
	0.75
	45.05
	90.1
	46.5
	93
	46.55
	93.1
	46.71
	93.42

	50
	11
	0.50
	1.00
	44.62
	89.24
	44
	88
	44.75
	84.74
	45.02
	90.04


        From above Tables 4.4 and 4.5, Figures 4.6(a) and 4.6(b) are shown below  for mechanical stirring process of two different molar ratios 4.5:1 and 6:1 in terms of percentage conversion of methyl esters Vs time in minute:
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Figure 4.6(a): Yield(%) Vs reaction time in minute for the molar ratio 4.5:1 from the data   

                        Table 4.4
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Figure 4.6(b): Yield(%) Vs reaction time in minute for the molar ratio 6:1 from the data 

                        Table 4.5

      Figures 4.4(a) and 4.4(b) shows that  for molar ratio 4.5:1, percentage conversion of methyl ester declined with respect to time and  catalyst (0.50%, 0.75%, 1%) and the optimum yield of 91.32% in 45 minutes is achieved. The lower value of catalyst percent at which conversion of methyl esters takes place is 0.70%. In litratures[1,3,6,7] by using 4.5:1(alcohol:oil ratio) the yield increases proportionally with respect to  reaction time and catalyst both but through this experimentation the yield decreases. It happens because of volatility of methanol. Using molar ratio 6:1, percentage conversion of methyl esters increases proportionally with respect to time for catalyst using 0.65%, 0.70% and 0.75%, but for catalyst 1%, there is sudden drop in yield percentage is observed as the time increases. So we can conclude that as 6:1 molar ratio can produce yield at least value of catalyst is 0.65% whereas 4.5:1 can produce yield at least value of catalyst is 0.70%, which shows 6:1 molar ratio is more efficient value for biodiesel production.

4.3 Results & Discussion 
    On the basis of data collected for methods ultrasonic cavitation and conventional magnetic stirring method. The main emphasis of this work is to evaluate the performance of ultrasonic cavitation over conventional method for different oils.

    From the above mentioned table graphs have been plotted to compare between biodiesel production  methods and various parameters (reaction time, % conversion of methyl ester, catalyst %, molar ratio). Comparisons of ultrasonic and magnetic stirrer methods for Tumba oil is plotted here. 

(A) Comparison of ultrasonic and mechanical stirring methods at optimum catalyst & 
        molar ratio
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Figure 4.7(a): Comparison of methods                    Figure 4.7(b): Comparison of methods through yield (%) Vs reaction   time in                     through yield (%) Vs reaction time in

minute for catalyst 0.75% at molar ratio 4.5:1          minute 1% at molar ratio 4.5:1
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Figure 4.7(c): Comparison of methods                     Figure 4.7(d): Comparison of methods through  yield (%) Vs reaction time  in                       through yield (%) Vs reaction time in

minute for catalyst 0.75% at molar ratio 6:1               minute for catalyst 1% at molar ratio 6:1

 Figure 4.7(a) shows in ultrasonic method for catalyst 0.75% and molar ratio of 4.5:1, least reaction timing is 20 minute but by using molar ratio of 6:1 the least reaction timing is 10 minute as shown in figure 4.7(c) which proves that using molar ratio 6:1 instead of 4.5:1 is more beneficial for ultrasonic cavitation method to obtain yield. However, in figure 4.7(b) and 4.7(d) shows that in conventional mechanical stirring method the percentage of yield declined as the reaction time increase for 4.5:1 molar ratio because of volatile property of the methanol

as the reaction time increases and catalyst of 1% but in ultrasonic method using catalyst 1% and molar ratio the yield percent increases as shown in figure 4.7(b).
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Figure 4.7(e): Comparison of methods through          Figure 4.7(f): Comparison of methods yield (%) Vs reaction time in minute for                     through yield (%) Vs reaction time in

catalyst   0.65%  for MS & 0.50% for U                       minute for catalyst 0.70%  for MS &

at molar ratio 6:1                                                            0.50% for U at molar ratio 4.5:1                     

Figure 4.7(e) shows in ultrasonic method for catalyst 0.65% the least reaction timing is 10 minute by using molar ratio of 6:1 whereas the least reaction timing for mechanical stirring method is 45 minute as at catalyst percent of 0.50. Figure 4.7(f) shows that in conventional mechanical stirring method the percentage of yield declined as the reaction time increases for 4.5:1 molar ratio and catalyst of 0.70% but in ultrasonic method using catalyst 0.50% the yield percent increases. Hence, we can conclude that ultrasonic method is more efficient, less time consuming using reduced percentage of catalyst as compare to conventional mechanical stirring method.

CHAPTER-5
DEVELOPMENT OF A BIODIESEL PRODUCTION TEST RIG BASED ON HYDRODYNAMIC CAVITATION

        This chapter contains the detail work of biodiesel produced from hydrodynamic cavitation methodology. The existing model of hydrodynamic cavitation machine present in the Biodiesel Lab of Delhi Technological University can achieve the pressure of 10 bar, which lead to achieve high yield of biodiesel production at large scale and comparison of all the biodiesel production techniques are  discussed here.

5.1   Working and Constructions
        The developed set up of  hydrodynamic cavitation machine consist of an A.C. induction motor, pressure pumps, flow meter, nozzle spray gun, pressure gauge, temperature indicator, control valves, throttle valve, couplings, provided with water cooling jacket. 

        In this experiment we have used orifice plate made of stainless steel 304, containing one hole of 1.90 mm diameter fixed in a nozzle spray gun. An A.C. induction motor  is a single phase motor of 1 horse power(hp) having voltage of 220 V and ampere of 8A with a specified value of speed 1440 rpm (revolution per minute). Reciprocating pressure pump of model AV3 PS 18 is being used in modeling of hydrodynamic cavitation machine with plunger diameter 3*18 mm, working pressure 15.25 kgcm2   required  motor  of range 5 to 1.5 hp having speed range 800 to 1000 rpm. It’s weight is 7 kg. A rotameter is fitted in between two couplings to measure fluid in terms of LPM (litre per minute) which ranges from 0 to 20. The Pressure gauge is attached at the top of the model to control the pressure inside the cylindrical tank of range 0 to 350 Psi or 0 to 20 bar. The model consist of one temperature indicator too, to maintain the temperature of the mixture (catalyzed alcohol and Tumba oil) which ranges from 0 to 150oC. The cylindrical tank is prepared by rolling process using 304 SS having the capacity of 10 litres. And its joints are welded using gas welding. It consists of two coaxial cylinders. Inner cylinder is for holding mixture of vegetable oil and methanol and outer cylinder for cooling water circulation. The coupling is made by turning process on lath machine. After that the entire component (pressure gauge, valve, pump, tank and coupling) are assembled using 304 SS pipe of 1.5” and 1” diameter.

        The cavitating conditions are generated just after the orifice plates and hence the intensity of the cavitating conditions strongly depends on the geometry of the orifice plate. The pressures in the main line before the orifice plate and after the orifice plate at vena contracta are measured with the help of pressure gauge p1 and p2. The holding tank is provided with a cooling jacket to control the temperature of the circulating liquid.
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Figure 5.1(a): Hydrodynamic cavitation setup
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Figure 5.1(b): Front view of the experimental set up
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Figure 5.2: Schematic diagram of hydrodynamic cavitation machine
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Figure 5.3: Nozzle spray gun
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Figure 5.4: Schematic diagram of Cylindrical Pipe
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Figure 5.5(a): Top view of Base supporting frame
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Figure 5.5(b): Schematic diagram of Base supporting frame

5.2  Reagents and Materials used

1. Tumba originated from the Tumba seeds.
2. Methyl alcohol (CH3OH) (99% pure) for removing the free fatty acid from the oil. 

3. Base catalyst (KOH or NaOH) (85% pure) for accelerating the reaction mixture.

5.3 Procedure

1. Tumba oil (2000g) is taken in a 2000 ml beaker and filtered it to remove impurities. Than it is heated through a heating device up to 110oC measured by an alcoholic column thermometer in order to remove water content of oil to avoid soap formation as shown figure 5.6(a). This oil is allowed to cool up to 50oC temperature so as to reaction can take place.  
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Figure 5.6(a): Heating of raw vegetable oil
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    Figure 5.6 (b): Methanol and KOH                 Figure 5.6 (c): Weighing machine

2. Now methyl alcohol (CH3OH) is taken with a molar ratio of (1:4.5 & 1:6) and catalyst (KOH) is     taken as 0.75% by weight of oil as shown in Figures 5.6(b) and 5.6(c). Then mixer of methyl alcohol and KOH is stirred until KOH dissolve in methyl alcohol. 

3. This liquid mixture is mixed with vegetable oil. Initially the methanol is immiscible with the oil. 

4. Open fully bypass valve (as shown in Figure 5.7) before starting.
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Figure 5.7: Throttle valve and plungers

5. Check out that all the line valves should be open and drain valve should be closed.

6. Pour the solution prepared in section 5.1.2 through inlet manifold as shown in Figure 5.8.
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Figure 5.8: Mixture inlet manifold

7. Switch on the plug for voltage supply.

8. Maintain the pressure upto 10 bar in the pressure gauge and flow rate 12 lpm (litre per

minute) in the rotameter as shown in the Figure 5.9 and 5.10, respectively. Reciprocating pressure pump(Figure 5.11) is responsible to generate high pressure inside the chamber.
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      Figure 5.9: Pressure gauge and spray gun                        Figure 5.10: Rotameter
[image: image44.png]



               
Figure 5.11: Reciprocating pressure pump

5.4 Experimental Data   
Table 5.1: Yield observed at various reaction time for molar ratio of 6:1

	Tumba oil

(kg)
	Methanol

Consumed (gm)
	Catalyst

consumed
	Reaction time

(in min)
	Yield

(%)

	2
	440
	0.75 w/w%

(i.e.15 gm)
	5
	83

	
	
	
	10
	88.3

	
	
	
	15
	91.8

	
	
	
	30
	95.76

	
	
	
	45
	95.74

	
	
	
	60
	95.69

	
	
	
	75
	95.67

	
	
	
	90
	95.65

	
	
	
	105
	95.65

	
	
	
	120
	95.60


Table 5.2: Yield observed at various reaction time for molar ratio of 4.5:1

	Tumba oil

(kg)
	Methanol

Consumed (gm)
	Catalyst

consumed
	Reaction time

(in min)
	Yield

(%)

	2
	331.2
	0.75 w/w%

(i.e.15 gm)
	5
	76

	
	
	
	10
	80.4

	
	
	
	15
	86

	
	
	
	30
	92.36

	
	
	
	45
	92.33

	
	
	
	60
	92.18

	
	
	
	75
	92

	
	
	
	90
	91.98

	
	
	
	105
	91.97

	
	
	
	120
	91.97


Experimental datas obtained in Table 5.1 and 5.2 is presented in graphical form shown below:
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Figure 5.12(a): Yield% Vs Reaction time (min) for 6:1 molar ratio

Figure 5.12(a) shows that the optimum yield obtained at 6:1 alcohol:oil ratio is 95.76% by using catalyst of 0.75% within the reaction time of 30 minutes where as 83% of yield is obtained in very little time of range within the reaction time of 5 minutes.
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Figure 5.12(b): Yield% Vs Reaction time (min) for 4.5:1 molar ratio

Figure 5.12(b) shows that the optimum yield obtained at 4.5:1 alcohol:oil ratio is 92.36% by using catalyst of 0.75% within the reaction time of 30 minutes where as 76% of yield is obtained in very little time of range within the reaction time of 5 minutes.

5.5 Results and Discussion
(A) Comparison of molar ratio
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Figure 5.13: Comparison of molar ratios of hydrodynamic cavitation method

      In Figure 5.13, we can observe the variations in obtaining yield using same catalyst 0.75% for both 6:1 and 4.5:1 molar ratio. In both the conditions the optimum yield obtained at the reaction time of 30 minutes with the difference of 3.40%. At the reaction time of 5 minutes lowest yield is obtained for both the conditions with the yield difference of 7%. The highest yield productivity is obtained by using the molar ratio of 6:1.

(B) Comparison of hydrodynamic and ultrasonic cavitation method with respect to conventional mechanical stirring method
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Figure 5.14(a): Comparison of methods for 0.75% catalyst by hydrodynamic, ultrasonic & 
                          stirring method 6:1
      At molar ratio 6:1 using catalyst of 0.75%, the optimum yields obtained through hydrodynamic(HC) and ultrasonic(US) cavitation method is compared with the conventional mechanical stirring(MS) method. The highest yield obtained in hydrodynamic and ultrasonic cavitation, and conventional mechanical stirring method for the same condition is 95.76% within 30 minutes, 94% within 40 minutes and 93.42% within 90 minutes, respectively. In HC the yield is higher than MS by 2.34% whereas in US, it is 0.58%. This data proves that hydrodynamic and ultrasonic cavitation methods are efficient than the conventional mechanical stirring method. Among all the methods hydrodynamic cavitation method is the most efficient, less time consuming and catalyst reducing method.
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Figure 5.14(b): Comparison of methods for 0.75% catalyst by hydrodynamic, ultrasonic & 

                           stirring method 4.5:1
    At molar ratio 4.5:1 using catalyst of 0.75%, the optimum yields obtained through hydrodynamic(HC) and ultrasonic(US) cavitation method is compared with the conventional mechanical stirring(MS) method. The highest yield obtained in hydrodynamic and ultrasonic cavitation, and conventional mechanical stirring method for the same condition is 92.36% within 30 minutes, 92% within 40 minutes and 87.22% within 45 minutes, respectively. In HC the yield is higher than MS by 5.14% whereas in US, it is 4.78%. This data proves that hydrodynamic and ultrasonic cavitation methods are efficient than the conventional mechanical stirring method. Among all the methods hydrodynamic cavitation method is the most efficient, less time consuming and catalyst reducing method.

CHAPTER-6

PERFORMANCE AND EMISSION TESTING

      This chapter contains the performance and emission testing of biodiesel extracted from Tumba (Citrullus Colcynthis) oil by applying various biodiesel production techniques, as discussed in the previous chapters 4 and 5. The chapter consist of engine details, procedure

followed by various performance and emission parameters.
                     6.1 Engine Test Setup
     The engine test setup consists of one cylinder, four stroke, diesel engine connected to eddy current type dynamometer for loading, facilitated with water cooling jacket. It is provided with necessary instruments (Table 6.1) for combustion pressure and crank-angle measurements. These signals are interfaced to computer through engine indicator for P-θ and P-V diagrams. Provision is also made for interfacing airflow, fuel flow, temperatures and load measurement. The set up has stand-alone panel box consisting of air box, fuel tank, manometer, fuel measuring unit, transmitters for air and fuel flow measurements, load  and speed display. Rotameters are provided for cooling water and calorimeter for water flow measurement. Smoke meter is also attached with the engine set up to measure the smoke opacity of the engine on a particular fuel being used to run it.
     The setup enables study of engine performance for brake power, indicated power, frictional power, brake mean effective pressure, indicated mean effective pressure, brake thermal efficiency, indicated thermal efficiency, mechanical efficiency and brake specific fuel consumption. Windows based Engine Performance Analysis software package “Engine soft” is provided for on line performance evaluation. The detailed specifications of various components are given in Table 6.1. The main aim of this experiment is to investigate the effects on performance of blending of biodiesel with gasoline diesel fuel in a Kirloskar diesel engine for wide range of operating parameters.
     The photographs of specified engine set-up for performance and emission testing is shown in Figure 6.1and schematic diagram in Figure 6.1(c). 
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Figure 6.1(a): Actual experimental set-up of Kirloskar diesel engine
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Figure 6.1(b): Rear view of the Kirloskar diesel engine
[image: image52.emf]
Figure 6.1(c): Schematic Diagram of the Experimental set-up
Table 6.1: Specifications of component used
	Component
	Specifications



	Product




	Kirloskar engine test setup 1 cylinder, 4 stroke, Diesel (Computerized)

	Product code
	234

	Engine
	Make Kirloskar, Type 1 cylinder, 4 stroke Diesel, water cooled, power 3.5 kW at 1500 rpm, stroke 110 mm, bore 87.5 mm. 661 cc, CR 17.5

	Dynamometer
	Type eddy current, water cooled, with loading unit

	Propeller shaft
	With universal joints

	Air box

 
	M S fabricated with orifice meter and manometer

	Fuel tank


	Capacity 15 L with glass fuel metering column

	Calorimeter


 
	Type Pipe in pipe

	Piezo sensor



	Range 5000 PSI, with low noise cable

	Crank angle sensor




	Resolution 1 Deg, Speed 5500 RPM with TDC pulse

	Data acquisition device



	NI USB-6210, 16-bit, 250kS/s

	Piezo powering unit
	Make-Cuadra, Model AX-409

	Digital milivolTOMEter
	Range 0-200mV, panel mounted

	Temperature sensor

	Type RTD, PT100 and Thermocouple, Type K

	Temperature transmitter


	Type two wire, Input RTD PT100, Range 0–1000C, Output 4–20 mA and Type two wire, Input Thermocouple, Range 0–1200 0C, Output 4–20 mA

	Load indicator


	Digital, Range 0-50 Kg, Supply 230 VAC

	Load sensor




	Load cell, type strain gauge, range 0-50 Kg


	Fuel flow transmitter



	DP transmitter, Range 0-500 mm WC

	Air flow transmitter


	Pressure transmitter, Range (-) 250 mm WC

	Software
	“Enginesoft” Engine performance analysis software

	Rotameter


	Engine cooling 40-400 LPH; Calorimeter 25-250 LPH

	Pump
	Type Monoblock





	Overall dimensions
	W 2000 x D 2500 x H 1500 mm





	Optional
	Computerized Diesel injection pressure measurement

	Shipping details
	Gross volume 1.33m3, Gross weight 619kg, Net weight 543kg

	Electric supply
	Provide 230 +/- 10 VAC, 50 Hz, single phase electric supply with proper earthing. (Neutral – Earth voltage less than 5 VAC) 5A, three pin socket with switch (2 Nos.)

	Water supply
	Continuous, clean and soft water Supply @ 1000 LPH, at 10 m. head. Provide tap with 1” BSP size

connection

	Computer
	IBM compatible with standard configuration (with free PCI slot on motherboard)

	Space
	3300Lx3200Wx1700H in mm

	Drain
	Provide suitable drain arrangement

(Drain pipe 65 NB/2.5” size)

	Exhaust
	Provide suitable exhaust arrangement

(Exhaust pipe 32 NB/1.25” size)

	Fuel, oil
	Diesel@10 lit.

Oil @ 3.5 lit. (20W40)


Smokemeters

There are two basic types of smoke meters which are used to measure smoke density:
(i) Filter darkening type
(ii) Light extinction type
The light extinction type of meters can measure both white and black smoke whereas the filter paper darkening type meters can give only black smoke. The light extinction meter can be used for continuous measurements while the filter type can be used only under steady state conditions.
AVL smoker meter
AVL smoker meter works on the light extinction principle, shown in Figure 6.1(d). A continuously taken exhaust sample is passed through a tube of about 46 cm length which has a light source at one end and photocell or solar cell at the other end. The amount of light passed through this smoke column is used as an indication of smoke level. This smoke density is defined as the ratio of electric output from the photocell or solar cell when sample is passed through this smoke column to the electric output when clean air is passed through it. The fraction of the light transmitted through the smoke (T) and the length of the light path (L) are related by the Beer-Lambert law.

T = e –KL
K = n A θ
Where K is the optional absorption coefficient of the obscuring matter per unit length, n the number of soot particles per unit volume; ‘A’ is the average projected area for each particles; and ‘θ’ is the specific absorbance per particle.
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Figure 6.1(d): AVL smoke meter
6.2  Preparation of biodiesel blends

       Five different Tumba blends B20 (20 % biodiesel + 80 % diesel v/v), B40 (40 % biodiesel + 60 % diesel v/v), B60 (60 % biodiesel + 40 % diesel v/v), B80 (80 % biodiesel + 20 % diesel v/v) and B100 (100 % biodiesel + 0 % diesel v/v) were prepared. The total quantity of each Tumba blend is equal to one litre. These blends were prepared for Tumba biodiesel.
                 Calorific value of petroleum diesel [10] = 43000 kJ/kg.

                 Calorific value of biodiesel = 38550 kJ/kg.

                 Density of petroleum diesel = 821 kg/m3.

                 Density of biodiesel = 870 kg/m3 [tested in laboratory] 

Calculation for the values of blends of Tumba biodiesel with diesel is given in Appendix III. The calorific value and densities of biodiesel blends have been calculated by volume fraction and are shown in Table 6.2.
Table 6.2: Description of different blends of biodiesel
	Type of blend
	Amount of biodiesel 
(ml)
	Amount of diesel
(ml)
	Resultant calorific value (kJ/kg)
	Resultant density (kg/m3)

	Diesel
	0
	1000
	43000
	821

	B-20
	200
	800
	42067.78
	830.8

	B-40
	400
	600
	41157.74
	840.6

	B-60
	600
	400
	40268.46
	850.4

	B-80
	800
	200
	39399.42
	860.2

	B-100
	1000
	0
	38550
	870


6.3 Performance Evaluation
       A single cylinder diesel engine was used for the experimental analysis. Fuel was supplied to the engine from an outside tank. All runs started with a 5-min warm-up period prior to data collection. The gap of 3 to 4 minutes was provided between the two consecutive runs. The data measured during the tests included engine speed, brake power, torque, and fuel consumption. During the test engine load was varied from 0 to 12 kg by adjusting the load knob provided on the control panel of the test rig while maintaining a constant engine speed of about 1550 rpm. The tests were performed with pure diesel fuel and biodiesel blends (B20, B40, B60, B80, B100). 
Formulation used for calculation of various parameters incorporated in software are described below:
Torque (Nm) = Load × Arm length

Brake power (kW) = (2 × π × Speed × Torque × 9.81) / (60 × 1000) 

Brake Thermal Efficiency (%) =  Brake power (kW)    X    3600     X    100

                                                      Fuel flow(kg/h) X Calorific value(kJ/kg)
Specific fuel consumption (Kg/kWh) =    Fuel flow (kg/hr)
                                                                Brake power (kW)
Brake specific energy consumption (MJ/kWh)= BSFC (kg/kW-h) X Calorific value(kJ/kg)

                                                                                                       1000

Percentage change (%) = Biodiesel – Diesel  X 100

                                                   Diesel

Mechanical Efficiency (%) = Brake power (kW) X 100
                                                Indicated power (kW)

6.4 Performance data of load test
    Experimental data from performance study is categorized on the basis of diesel and Tumba blends fuels are discussed below:

6.4.1 Pure diesel
         Engine performance parameters obtained from performance testing in 4 cylinder CI engine against different speeds for pure diesel are given below in Table 6.3.  
Table 6.3: Performance parameters for pure diesel V speed

	SPEED (rpm)
	TORQUE (Nm)
	BP 

(kw)
	FP 

(kw)
	IP 

(kw)
	BThE 

(%)
	IThE

(%)
	MechE 

(%)
	SFC

(kg/kwhr)
	BSEC

(MJ/kW-h)
	Opacity

	1596
	0
	0
	1.92
	1.92
	0.10
	42.35
	0.23
	5.10
	219.3
	8.2

	1567
	3.21
	0.5
	2.06
	2.58
	10.31
	50.59
	20.38
	0.81
	34.83
	13.5

	1558
	6.25
	1
	1.84
	2.86
	15.84
	44.38
	35.69
	0.53
	22.79
	19.2

	1537
	9.54
	1.5
	1.81
	3.35
	20.03
	43.70
	45.83
	0.42
	18.06
	26.2

	1530
	12.38
	2
	1.68
	3.66
	23.44
	43.25
	54.21
	0.36
	16.48
	31.1

	1520
	15.78
	2.5
	1.54
	4.05
	26.42
	45.79
	62.07
	0.29
	12.47
	39.5

	1509
	18.71
	3
	1.44
	4.40
	27.84
	41.46
	67.14
	0.30
	12.90
	54.6

	1499
	22.21
	3.5
	1.33
	4.80
	29.56
	40.89
	72.29
	0.28
	12.04
	74.5


6.4.2 Biodiesel blends from Tumba Oil
          Table 6.4 to 6.9 shows the observations for load test for B20, B40, B60, B80 and B100 blends of Tumba biodiesel. The speed is maintained almost constant during all the readings; it is varying in very narrow range of 1596 to 1499 rpm. The exhaust gas temperature is increasing from 150oC at minimum load to 220oC  at maximum load. As expected mass flow rate is also increasing with increase in load in case of all fuel blends. Water flow rate to engine and to calorimeter were maintained at almost constant value of 200 lph and 75 lph respectively. The performance parameters observed for various blends are as follows:

Table 6.4: Performance parameters for B20 V speed
	SPEED (rpm)
	TORQUE (Nm)
	BP 

(kW)
	FP 

(kW)
	IP 

(kW)
	BThE 

(%)
	IThE

(%)
	MechE 

(%)
	SFC

(kg/kWhr)
	BSEC

(MJ/kW-h)
	Opacity

	1575
	-0.02
	0
	2.67
	2.66
	0.15
	52.60
	-0.13
	4.95
	208.24
	9

	1563
	3.03
	0.50
	2.56
	3.05
	8.16
	50.32
	16.23
	1.05
	44.17
	12.9

	1548
	6.26
	1.00
	2.50
	3.52
	14.25
	49.38
	28.85
	0.60
	25.24
	16.7

	1539
	9.32
	1.50
	2.39
	3.89
	19.25
	49.86
	38.60
	0.44
	18.51
	21.9

	1523
	12.55
	2.00
	2.33
	4.33
	22.24
	48.16
	46.19
	0.38
	15.99
	27.6

	1512
	15.79
	2.50
	2.24
	4.74
	24.82
	47.07
	52.73
	0.34
	14.30
	37.7

	1504
	19.04
	3.00
	2.08
	5.08
	26.44
	44.80
	59.01
	0.32
	13.46
	42.3

	1495
	22.13
	3.50
	1.74
	5.21
	28.14
	42.31
	66.51
	0.30
	12.62
	56.6


Table 6.5: Performance parameters for B40 V speed
	SPEED (rpm)
	TORQUE (Nm)
	BP 

(kW)
	FP 

(kW)
	IP 

(kW)
	BThE 

(%)
	IThE

(%)
	MechE 

(%)
	SFC

(kg/kWhr)
	BSEC

(MJ/kW-h)
	Opacity

	1587
	-0.02
	-0.00
	2.39
	2.39
	0.02
	51.63
	-0.11
	4.87
	200.44
	9.5

	1563
	3.04
	0.50
	2.24
	2.74
	8.84
	48.62
	18.18
	0.99
	40.75
	13.9

	1552
	6.08
	0.99
	2.09
	3.08
	15.19
	47.37
	32.06
	0.58
	23.87
	15.7

	1537
	9.31
	1.50
	2.03
	3.53
	20.44
	48.11
	42.49
	0.43
	17.70
	23.9

	1523
	12.39
	1.98
	2.00
	3.97
	22.83
	45.93
	49.71
	0.38
	15.64
	28.6

	1515
	15.81
	2.51
	1.83
	4.34
	25.66
	44.39
	57.80
	0.34
	13.99
	36.7

	1503
	18.90
	2.97
	1.65
	4.62
	27.22
	42.27
	64.39
	0.32
	13.17
	44.3

	1489
	22.17
	3.46
	1.48
	4.94
	28.59
	40.87
	69.96
	0.31
	12.75
	56.6


Table 6.6: Performance parameters for B60 V speed
	SPEED (rpm)
	TORQUE (Nm)
	BP 

(kW)
	FP 

(kW)
	IP 

(kW)
	BThE 

(%)
	IThE

(%)
	MechE 

(%)
	SFC

(kg/kWhr)
	BSEC

(MJ/kW-h)
	Opacity

	1576
	0.01
	0.00
	2.00
	2.01
	0.03
	44.23
	0.07
	4.32
	173.96
	8.9

	1575
	3.04
	0.50
	1.86
	2.36
	9.12
	43.45
	21.00
	0.98
	39.46
	12.5

	1557
	6.25
	1.01
	1.78
	2.79
	15.72
	43.42
	36.21
	0.57
	22.95
	15.7

	1547
	9.33
	1.50
	1.71
	3.20
	19.95
	42.66
	46.76
	0.45
	18.12
	20.9

	1534
	12.38
	1.97
	1.61
	3.58
	23.12
	42.00
	55.04
	0.39
	15.70
	27.2

	1522
	15.69
	2.49
	1.57
	4.06
	25.74
	41.98
	61.31
	0.35
	14.09
	34.9

	1505
	19.17
	3.02
	1.48
	4.50
	27.69
	41.24
	67.15
	0.32
	12.89
	40.9

	1488
	22.69
	3.54
	1.41
	4.94
	29.12
	40.72
	71.52
	0.31
	12.48
	45.6


Table 6.7: Performance parameters for B80 V speed
	SPEED (rpm)
	TORQUE (Nm)
	BP 

(kW)
	FP 

(kW)
	IP 

(kW)
	BThE 

(%)
	IThE

(%)
	MechE 

(%)
	SFC

(kg/kWhr)
	BSEC

(MJ/kW-h)
	Opacity

	1563
	0.01
	0.00
	1.95
	1.95
	0.04
	44.06
	0.10
	4.28
	168.63
	9.8

	1555
	2.88
	0.47
	1.86
	2.33
	8.73
	43.39
	20.11
	1.05
	41.37
	13.6

	1544
	6.23
	1.01
	1.82
	2.83
	15.64
	43.90
	35.62
	0.58
	22.85
	16.5

	1531
	9.15
	1.47
	1.72
	3.18
	19.76
	42.86
	46.11
	0.46
	18.12
	20.3

	1521
	12.93
	2.06
	1.64
	3.70
	23.66
	42.50
	55.68
	0.39
	15.36
	29.4

	1561
	15.81
	2.51
	1.58
	4.09
	25.97
	42.26
	61.44
	0.35
	13.79
	38.7

	1507
	19.07
	3.01
	1.48
	4.49
	27.74
	41.36
	67.08
	0.33
	13.00
	43.3

	1491
	22.32
	3.48
	1.49
	4.98
	29.01
	41.43
	70.02
	0.31
	12.21
	55.2


Table 6.8: Performance parameters for B100 V speed

	SPEED (rpm)
	TORQUE (Nm)
	BP 

(kW)
	FP 

(kW)
	IP 

(kW)
	BThE 

(%)
	IThE

(%)
	MechE 

(%)
	SFC

(kg/kWhr)
	BSEC

(MJ/kW-h)
	Opacity

	1567
	0.01
	0.00
	2.01
	2.01
	0.05
	45.17
	0.11
	4.20
	161.91
	10.5

	1555
	3.24
	0.53
	1.84
	2.37
	9.57
	42.94
	22.29
	0.98
	37.78
	13.2

	1547
	5.97
	0.97
	1.72
	2.69
	15.32
	42.63
	35.95
	0.61
	23.52
	14.7

	1528
	9.52
	1.52
	1.69
	3.22
	20.11
	42.47
	47.35
	0.46
	17.73
	22.7

	1524
	12.58
	2.01
	1.66
	3.67
	23.34
	42.69
	54.67
	0.40
	15.42
	29.6

	1514
	15.63
	2.48
	1.62
	4.09
	25.56
	42.23
	60.52
	0.37
	14.26
	35.8

	1506
	19.24
	3.03
	1.56
	4.59
	27.84
	42.13
	66.07
	0.34
	13.12
	49.5

	1488
	22.34
	3.48
	1.50
	4.98
	
28.92
	41.34
	69.95
	0.32
	12.34
	66.6


Table 6.9: Observation data of exhaust temperature (Ex. Temp.) and air/fuel (A/F) ratio
	LOAD
	DIESEL
	B20
	B40
	B60
	B80
	B100

	
	Ex.Te-mp.
(oC)
	A/F

ratio
	Ex.Te-mp.
(oC)
	A/F

ratio
	Ex.Te-mp.
(oC)
	A/F

ratio
	Ex.Te-mp.
(oC)
	A/F

ratio
	Ex.Te-mp.
(oC)
	A/F

ratio
	Ex.Te-mp.
(oC)
	A/F

ratio

	0
	158.12
	81.16
	162.23
	68.02
	157.98
	74.28
	164.02
	76.53
	164.03
	72.81
	155.06
	70.71

	0.5
	184.49
	68.32
	183.21
	54.28
	180.02
	61.72
	178.76
	62.51
	175.76
	58.05
	172.68
	54.36

	1
	203.24
	55.33
	209.94
	47.36
	203.13
	49.13
	200.16
	50.17
	198.85
	49.64
	192.08
	48.05

	1.5
	231.85
	46.78
	231.96
	44.84
	228.94
	45.95
	224.32
	41.98
	222.55
	41.58
	222.56
	40.16

	2
	252.70
	40.68
	259.06
	36.75
	254.89
	36.21
	246.49
	36.79
	254.12
	35.79
	249.33
	36.13

	2.5
	281.10
	39.51
	288.48
	31.52
	283.43
	33.40
	279.26
	31.26
	278.02
	32.07
	277.02
	30.87

	3
	306.63
	30.43
	321.51
	27.42
	314.08
	30.19
	309.30
	27.35
	306.01
	28.43
	309.49
	27.06

	3.5
	339.43
	28.44
	351.53
	25.16
	344.94
	25.51
	339.07
	24.47
	336.18
	25.29
	338.48
	23.19


6.5 Results and Discussion 

         The data from Table 6.3 to 6.9 are used to plot graphs for various performance parameters to understand the performance characteristics of Tumba biodiesel blends are discussed below:

6.5.1 Brake thermal efficiency (BThE) V Brake Power 

         Brake thermal efficiency of the blends fuel such as B20, B40, B60, B80 and B100 observed at various brake power with respect to diesel are shown from the Figures 6.2(a) to 6.2(e).  
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Figure 6.2(a): BThE (%) V brake power for B20                 Figure 6.2(b): BThE (%) V brake power for B40 
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  Figure 6.2(c): BThE (%) V brake power for B60               Figure 6.2(d): BThE (%) V brake power for B80
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Figure 6.2(e): BThE (%) V brake power for B100
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Figure 6.3: Comparison of BThE(%) V brake power for B20, B40, B60, B80, B100 from

                      diesel
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Figure 6.4: Percentage Change of various Tumba biodiesel blends BThE V brake power  

       B20, B40, B80 and B100 blends of Tumba biodiesel shows that the maximum brake thermal efficiency achieved is 28.14%, 28.59%, 29.12%, 29.01% and 28.92%, respectively which are slightly lower than the pure diesel’s maximum value 29.56%. The BThE increases proportionally with increase in brake power. Above Figure 6.3 also shows that the curves obtained by B20, B40, B60, B80 and B100 are very similar to the pure diesel performed on the same engine.

        The percentage change of biodiesel blends with respect to diesel using BThE parameter is calculated shown in the Table 6.10. Figure 6.4 shows the percentage change of biodiesel  for  BThE at various loads.

Table 6.10: Percentage change of biodiesel with respect to diesel using BThE parameter
	BRAKE POWER (kW)
	B20
	B40
	B60
	B80
	B100

	IDLING
	50
	-80
	-70
	-60
	-50

	0.5
	-20.8535
	-14.258
	-11.5422
	-15.3249
	-7.1775

	1
	-10.0379
	-4.10354
	-0.75758
	-1.26263
	-3.28283

	1.5
	-3.89416
	2.04693
	-0.3994
	-1.34798
	0.399401

	2
	-5.11945
	-2.60239
	-1.36519
	0.938567
	-0.42662

	2.5
	-6.05602
	-2.87661
	-2.57381
	-1.70326
	-3.25511

	3
	-5.02874
	-2.22701
	-0.53879
	-0.3592
	0

	3.5
	-4.80379
	-3.28146
	-1.4885
	-1.86062
	-2.16509


      For the loads ranging 1kW to 3.5 kW, percentage change of biodiesel blends for brake thermal efficiency is +5% where as for 0.5 kW its +5 to 21% the variation may be explained by the higher density, higher viscosity and better combustion. In the test operations the performance of the blends can attributed to the promoted combustion due to the oxygen content present in  blends. Since the engine is operated under constant injection advance and TOME has a smaller ignition delay, combustion is initiated much before TDC is reached. This increases compression work and more heat loss and thus reduces the brake thermal efficiency of the engine. This can also be explained by the fact that maximum efficiency is obtained when most of the heat is released close to TDC. The start of heat release much before TDC for TOME and its blends results in larger deviation from the ideal cycle and hence lower thermal efficiency is recorded. Also it is noticed from the Figure 6.8, that the decrease in BThE is not proportional to the increase in % TOME in the fuel. This variation is due to better lubricating properties of TOME as compared to diesel.
6.5.2 Brake specific fuel consumption (BSFC) V Brake Power

        Specific fuel consumption of the blends fuel such as B20, B40, B60, B80 and B100 observed at various brake power in compared to diesel are shown from the Figures 6.2(a) to 6.2(e).  
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Figure 6.5(a):  BSFC V Brake power for B20                            Figure 6.5(b): BSFC V Brake power for B40
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Figure 6.5(c): BSFC V Brake power for B60                        Figure 6.5(d): BSFC V Brake power for B80
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Figure 6.5(e): BSFC V Brake power for B100
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Figure 6.6: Comparison of BSFC V Brake power for B 20, B 40, B 60, B 80, B100 from

                         diesel
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Figure 6.7: Percentage change of biodiesel V brake power for BSFC

        The brake specific fuel consumption for B20, B40, B80 and B100 blends of Tumba biodiesel at maximum brake power 3.5 kW is 0.30, 0.31, 0.31, 0.31 and 0.32 in kg/kW-h, respectively which are slightly higher than the pure diesel’s value 0.28 kg/kW-h. As Figure 6.6 shows that as BSFC decreases sharply upto 0.5kW and with further decrease in brake power, slightly reduces the BSFC value. Above Figure 6.6 also shows that the curves obtained by B20, B40, B60, B80 and B100 are very similar to the pure diesel performed on the same engine.

        The percentage change of biodiesel with respect to diesel using BSFC parameter is calculated shown in the Table 6.11. Figure 6.7 shows the percentage difference of biodiesel  for BSFC at various loads.

Table 6.11: Percentage change of biodiesel with respect to diesel using SFC parameter
	Brake power (kW)
	B 20
	B 40
	B 60
	B 80
	B 100

	IDLING
	-2.94118
	-4.5098
	-15.2941
	-16.0784
	-17.6471

	0.5
	29.62963
	22.22222
	20.98765
	29.62963
	20.98765

	1
	13.20755
	9.433962
	7.54717
	9.433962
	15.09434

	1.5
	4.761905
	2.380952
	7.142857
	9.52381
	9.52381

	2
	5.555556
	5.555556
	8.333333
	8.333333
	11.11111

	2.5
	17.24138
	17.24138
	20.68966
	20.68966
	27.58621

	3
	6.666667
	6.666667
	6.666667
	10
	13.33333

	3.5
	7.142857
	10.71429
	10.71429
	10.71429
	14.28571


Among the fuels tested the lowest BSFC values are obtain with diesel fuel due to low fuel consumption rate and high brake power.  There are significant increases in BSFC when the engine is fuelled with blends because of higher fuel consumption rates and reductions in brake power. TOME has lower calorific value than that of diesel. Hence the BSFC is slightly higher than that of diesel for TOME  blends.

6.5.3 Brake Specific Energy Consumption (BSEC) V Brake Power

        Brake specific energy consumption of the blends fuel such as B20, B40, B60, B80 and B100 observed at various brake power in compared to diesel are shown from the Figures 6.8(a) to 6.8(e).  
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Figure 6.8(a): BSEC V Brake power for B20                      Figure 6.8(b): BSEC V Brake power for B40
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Figure 6.8(c): BSEC V Brake power for B60                          Figure 6.8(d): BSEC V Brake power for B80
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Figure 6.8(e): BSEC V Brake power for B100
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Figure 6.9: Comparison of BSEC V Brake power for B 20, B 40, B 60, B 80, B100 from 

                       diesel
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Figure 6.10: Percentage change of biodiesel V brake power for BSEC

       The  brake specific energy consumption for B20, B40, B80 and B100 blends of Tumba biodiesel at maximum brake power 3.5kW is 12.62, 12.75, 12.48, 12.21 and 12.34 in MJ/kW-h, respectively which are slightly higher than the pure diesel value of 12.04 kg/kW-h. Figure 6.6 also shows that the curves obtained by B20, B40, B60, B80 and B100 are very similar to the pure diesel performed on the same engine.

        The percentage change of biodiesel with respect to diesel using BSEC parameter is calculated shown in the Table 6.12. Figure 6.10 shows the percentage change of biodiesel for BSEC at various loads.

Table 6.12: Percentage change of biodiesel with respect to diesel using BSEC parameter
	Brake Power (kW)
	B20
	B40
	B60
	B80
	B100

	IDLING
	-5.04332
	-8.60009
	-20.6749
	-23.1053
	-26.1696

	0.5
	26.81596
	16.99684
	13.29314
	18.77692
	8.46971

	1
	10.75033
	4.738921
	0.702062
	0.263273
	3.203159

	1.5
	2.491694
	-1.99336
	0.332226
	0.332226
	-1.82724

	2
	-2.9733
	-5.09709
	-4.73301
	-6.79612
	-6.43204

	2.5
	14.67522
	12.18925
	12.99118
	10.5854
	14.35445

	3
	4.341085
	2.093023
	-0.07752
	0.775194
	1.705426

	3.5
	4.817276
	5.89701
	3.654485
	1.41196
	2.491694


6.5.4 Air/Fuel Ratio (A/F Ratio)

        Air/Fuel ratio of the blends fuel such as B20, B40, B60, B80 and B100 observed at various brake power compared to diesel are shown from the Figures 6.11(a) to 6.11(e). The A/F Ratio for B20, B40, B80 and B100 blends of Tumba biodiesel at maximum brake power 3.5 kW achieved is 25.16, 25.51, 24.47, 25.29 and 23.19, respectively which are slightly lower than the pure diesel’s maximum value 28.44. From Figure 6.12 shows that as the brake power increases the A/F Ratio decreases. Above Figure 6.12 also shows that the trends obtained for B20, B40, B60, B80 and B100 are similar to the pure diesel performed on the same engine, but with a lower magnitude of a given power output. 
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Figure 6.11(a): A/F Ratio V brake power for B 20           Figure 6.11(b): A/F Ratio V brake power for B 40
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Figure 6.11(c): A/F Ratio V Brake power for B 60            Figure 6.11(d): A/F Ratio V Brake power for B 80



Figure 6.11(d): A/F Ratio V Brake power for B 100
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Figure 6.12: Comparison of Air/Fuel Ratio V Brake power for B20, B40, B60, B80, B100 

                       from diesel
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Figure 6.13: Percentage change of biodiesel V brake power for A/F Ratio

              The percentage change of biodiesel with respect to diesel using BSEC parameter is calculated shown in the Table 6.13. Figure 6.13 shows the percentage change of Tumba biodiesel for BSEC at various loads. The maximum reduction in A/F ratio is assumed -20%.

Table 6.13: Percentage change of biodiesel with respect to diesel using A/F Ratio parameter

	Brake Power (kW)
	B20
	B40
	B60
	B80
	B100

	IDLING
	-16.1902
	-8.47708
	-5.70478
	-10.2883
	-12.8758

	0.5
	-20.5504
	-9.66042
	-8.5041
	-15.0322
	-20.4333

	1
	-14.4045
	-11.2055
	-9.32586
	-10.2838
	-13.1574

	1.5
	-4.14707
	-1.77426
	-10.2608
	-11.1159
	-14.1513

	2
	-9.66077
	-10.9882
	-9.56244
	-12.0206
	-11.1849

	2.5
	-20.2227
	-15.4644
	-20.8808
	-18.8307
	-21.8679

	3
	-9.89155
	-0.7887
	-10.1216
	-6.57246
	-11.0746

	3.5
	-11.5331
	-10.3024
	-13.9592
	-11.0759
	-18.4599


6.5.5 Exhaust Temperature (Ex. Temp.) V Brake Power

         Exhaust Temperature of the blends fuel such as B20, B40, B60, B80 and B100 observed at various brake power compared to diesel are shown from the Figures 6.14(a) to 6.14(e). The Ex. Temp.  for B20, B40, B80 and B100 blends of Tumba biodiesel at maximum brake power 3.5 kW achieved is 351.53, 344.94, 339.07, 336.18 and 338.48oC, respectively which are slightly higher than the pure diesel’s value 339.43oC. Figure 6.12 shows that as the brake power increases the Ex. Temp. decreases. Figure 6.12 also shows that the curves obtained by B20, B40, B60, B80 and B100 are very similar to the pure diesel performed on the same engine.

        The percentage change of biodiesel with respect to diesel using Ex. Temp. parameter is calculated shown in the Table 6.14. Figure 6.16 shows the percentage difference of biodiesel  for Ex. Temp. at various loads. The maximum variation in Ext. Temp. is +6% for entire range of brake power.
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Figure 6.14(a): Ex. Temp. V Brake Power for B20         Figure 6.14(b): Ex. Temp. V Brake Power for B40
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Figure 6.14(c): Ex. Temp.V Brake Power for B60             Figure 6.14(d): Ex. Temp.  V Brake Power for B80
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Figure 6.14(e): Ex. Temp.  V Brake Power for B100
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Figure 6.15: Comparison of Ex. Temp.  V Brake Power for B20, B 40, B 60, B 80, B100 

from  diesel
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Figure 6.16: Percentage change of biodiesel for Ex. Temp. V brake power
Table 6.14: Percentage change of biodiesel with respect to diesel using Ex. Temp. parameter

	Brake Power (kW)
	B20
	B40
	B60
	B80
	B100

	IDLING
	2.599292
	-0.08854
	3.731343
	3.733668
	-1.93524

	0.5
	-0.6938
	-2.4229
	-3.10586
	-4.73196
	-6.40143

	1
	3.296595
	-0.05412
	-1.51545
	-2.16001
	-5.49105

	1.5
	0.047444
	-1.25512
	-3.24779
	-4.01121
	-4.0069

	2
	2.516818
	0.86664
	-2.45749
	0.561931
	-1.3336

	2.5
	2.6254
	0.828887
	-0.65457
	-1.0957
	-1.45144

	3
	4.852754
	2.429638
	0.870756
	-0.2022
	0.93272

	3.5
	3.5648
	1.62331
	-0.10606
	-0.95749
	-0.27988


      At various load there is sudden drop occurs more than 5% of Tumba biodiesel blends because as the performance must be attributed to the higher exhaust temperature which increases losses  and also low cylinder liner temperature which increases the emissions due to incomplete combustion. The exhaust gas temperatures with the blends are usually lower than that of diesel fuel. This may be attributed to the lower energy content of the blends as a result of the oxygen content and their lower cetane number. Having oxygen and a lower energy content, oxygenated fuels usually cause lower combustion temperature. The highest decrease in the Ex. Temp.  was observed with the blends of B20 which has lowest energy content among the fuels tested. It is observed that the exhaust gas temperature increases with load because more fuel is burnt at higher loads to meet the power requirement. It is also observed that the exhaust gas temperature increases with percentage of TOME in the test fuel for all the loads. This may be due to the oxygen content of the TOME, which improves combustion and thus may increase the exhaust gas temperature.

6.5.6 Smoke Opacity V Brake Power

         Smoke opacity of the blends fuel such as B20, B40, B60, B80 and B100 observed at various brake power with respect to diesel are shown from the Figures 6.21(a) to 6.21(e).       The smoke opacity for B20, B40, B80 and B100 blends of Tumba biodiesel at maximum brake power 3.5 kW achieved is 26, 27.5, 25.57, 29 and 30, respectively which are slightly lower than the pure diesel’s value 27.5. From Figure 6.22 shows that as the brake power increases the smoke opacity have fluctuating curve for B20 and B40 but optimum smoke opacity is obtained for B60, and then sudden rise in the curve is observed for B80 and B100. Above Figure 6.22 also shows that the curves obtained by B20, B40, B60, B80 and B100 are similar to the pure diesel performed on the same engine.
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Figure 6.21(a): Smoke Opacity V BP for B20                     Figure 6.21(b): Smoke Opacity V BP for B40
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Figure 6.21(c): Smoke Opacity V BP for B60                       Figure 6.21(d): Smoke Opacity V BP for B80
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                                   Figure 6.21(e): Smoke Opacity V Brake power for B100
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Figure 6.22: Comparison of Smoke Opacity V Brake power for B20, B40, B60, B100 from 

                      diesel

[image: image97.png]Percentage Change (Smoke Opacity)

T

IDLING 0.5

15 2

Brake Power (kW)

2.5

3.5

mB20
mB40
EB60
mB80
mB100





Figure 6.23: Percentage change V brake power for smoke opacity
        The percentage change of biodiesel with respect to diesel using smoke opacity parameter is calculated shown in the Table 6.16. Figure 6.23 shows the percentage change of biodiesel for smoke opacity at various loads.

Table 6.16: Percentage change of biodiesel from diesel in terms of smoke opacity

	Brake Power(kW)
	B20
	B40
	B60
	B80
	B100

	IDLING
	-16.6667
	-16.6667
	-25
	0
	16.66667

	0.5
	-17.1429
	-28.5714
	-28.5714
	-2.85714
	8.571429

	1
	-6.09756
	-2.43902
	-3.65854
	-2.43902
	-2.43902

	1.5
	-2.11268
	-0.70423
	-2.8169
	-0.70423
	1.408451

	2
	-3.31126
	0.662252
	-2.64901
	-0.66225
	2.649007

	2.5
	-4.57143
	-6.28571
	-6.28571
	1.714286
	2.857143

	3
	-5.75221
	-0.44248
	-13.7168
	8.40708
	9.734513

	3.5
	-5.45455
	-0.36364
	-7.27273
	5.454545
	9.090909


       Smoke emissions usually increase very slowly at low engine speeds, while they favourably decrease at medium and high speeds as compared to diesel fuel. B60 yield the highest engine power and BThE values among the blends tested. The decreasing cetane number of the blends deteriorates the combustion process. Aditionally, the oxygen content of the blends enhanced the fuel air mixing process especially in the fuel rich region of the cylinder by providing more oxygen, and mixing Tumba biodiesel with diesel fuel causes a leaning effect of the blends due to lower stochiometric air/fuel ratio of the Tumba biodiesel, thus lowering the smoke opacity. Increase in oxygen content in the Tumba methyl esters (TOME)-diesel blends as compared to diesel results in better combustion and increase in the combustion chamber temperature.

6.5.7 Pressure V Crank Angle (Ѳ)

(A)The P-Ѳ curves of blends of Tumba biodiesel a with reference to the diesel at idle load are discussed below on the basis of the data Table 1 of Appendix II.

P-Ѳ diagram of B20, B40, B60, B80 and B100 blends of Tumba biodiesel is shown from Figure 6.17(a) to 6.18. Figure 6.18 shows that P-Ѳ curve of Tumba biodiesel blends are almost resembles to the P-Ѳ curve of pure diesel. At various crank angle pressure observed for B20, B40, B60, B80, B100 and diesel are 51.5136 at 367o, 51.9112 at 366o, 52.9227 at 365o, 52.1492 at 365o, 53.104 at 364o ,  54.3653 at 367o. As the pressure increases maximum Ѳ value 367o is observed and after this point pressure starts declining and at 450o but at the end of 720o it decreases in fraction that is almost constant for idle load. TOME  blends follow the similar pattern of pressure rise to that of diesel at all load conditions. Table 1 in Appendix-II  indicates that, when compared to diesel oil, the values of pressure data of 20% TOME and 40%TOME are lower while for 60%TOME, 80%TOME and 100%TOME are higher. These distinct differences may be due to variations of viscosity and heating value with percentage of TOME in the fuel.
[image: image98.png]Noow B -
S o o o o

Pressure (bar)

=
5]

-10

Diesel
= = B-20

/ N\

200

e T T 1

400 600 800

Crank Angle (8)




          [image: image99.png]Pressure (bar)
[ -
S & o o o

=
5]

Diesel
— — B40

0

200 400 600
Crank Angle (8)

et N

800





Figure 6.17(a): Pressure V Ѳ for B20 at idle load         Figure 6.17(b): Pressure V Ѳ for B40 at idle load
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Figure 6.17(c): Pressure V Ѳ for B60 at idle load              Figure 6.17(d): Pressure V Ѳ for B80 at idle load
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Figure 6.17(e): Pressure V Ѳ for B100 at idle load
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Figure 6.18: Comparison of pressure V Ѳ for B20, B40, B60, B100 from diesel at idle load

(B) The P-Ѳ curves of blends of Tumba biodiesel a with reference to the diesel at 3.5kW (maximum) load are discussed below on the basis of the data Table 2 of Appendix II.
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Figure 19(a): Pressure V Ѳ for B20 at 3.5kW                   Figure 19(b): Pressure V Ѳ for B40 at 3.5kW
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Figure 19(c): Pressure V Ѳ for B60 at 3.5kW                      Figure 19(d): Pressure V Ѳ for B80 at 3.5kW
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Figure 19(e): Pressure V Ѳ for B100 at 3.5kW
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Figure 6.20: Comparison of pressure V Ѳ for B20, B40, B60, B100 from diesel at 3.5kW

          P-Ѳ diagram of B20, B40, B60, B80 and B100 blends of Tumba biodiesel is shown from Figure 6.19(e) to 6.20. Figure 6.18 shows that P-Ѳ curve of Tumba biodiesel blends are almost resembles to the P-Ѳ curve of pure diesel. At various crank angle pressure observed for B20, B40, B60, B80, B100 and diesel. As the pressure increases maximum Ѳ value 369o at 66.259273 bar is observed and after this point though the Ѳ increases but the pressure starts declining but at the end of 720o it decreases in fraction that is almost constant for 3.5kW load.

It can be seen that the peak pressure is slightly higher for TOME and its blends when compared to that of diesel. This is due to the lower ignition delay of TOME and its blends. The oxygen content of TOME, which results in better combustion, may also result in higher peak pressure compared to diesel. The maximum Rate of Pressure Rise occurs within this period for all fuel blends. It can be observed that the rate of pressure rise for diesel is higher compared to those of TOME and its blends. This is due to the longer ignition delay and shorter combustion duration of diesel compared to TOME and its blends.

\

CHAPTER-7

CONCLUSION & FUTURE SCOPE

7.1 Conclusion
(A)  Biodiesel Production Techniques:
Following  conclusion has been made from the experiments:

1. The least reaction time required for methyl ester formation through hydrodynamic cavitation method is 5 minutes which is much shorter as compare to conventional mechanical stirring method.

2. Slightly more yield is obtained by US technique as compare to MS method of biodiesel production.

3. Yield obtained in HC technique is 1.76% and 2.34%, which are higher as compare to US and MS methods, repectively.

4. The experimental results shows that by taking catalyst 0.5%, 0.75% and 1% of oil through the US and HC is 0.75% catalyst is optimum catalyst to be used because catalyst is an impurity and its use should be low as much as possible. 

5. Higher biodiesel productivity is obtained using molar ratio 6:1 in biodiesel production techniques (HC, US & MS)  as compare to molar ratio 4.5:1. 

6.  Both HC and US methods are industrially viable at large scale. 

(B) Performance and Engine Testing:       
From the engine performance testing it can be concluded that the performance parameter and emission characteristics for Tumba (Citrullus Colocynthis) biodiesel have better results than the diesel oil are:

1. The BThE increases proportionally with increase in brake power. The decrease in BThE   

 is not proportional to the increase in % TOME in the fuel. This variation is due to better 
 lubricating properties of TOME as compared to diesel.
2. BSFC decreases sharply upto 0.5kW and with further decrease in brake power, slightly   reduces the BSFC value. The BSFC is slightly higher than that of diesel for TOME  blends.   3. The BSEC curves obtained by B20, B40, B60, B80 and B100 are very similar to the pure diesel performed on the same engine. 
4. As the brake power increases the A/F Ratio of Tumba blends decreases.

5. The exhaust emissions from  Tumba biodiesel are lower than with regular diesel fuel.
6. The smoke opacity for B20, B40, B80 and B100 blends of Tumba biodiesel at maximum brake power 3.5 kW achieved is 26, 27.5, 25.57, 29 and 30, respectively which are slightly lower than the pure diesel’s value 27.5. So Tumba biodiesel is an industrially viable substitute for petrol-diesel engine.

7. The peak pressure is slightly higher for TOME and its blends when compared to that of diesel.
7.2 Recommendation for future work 

There are certain reasons for encouraging the development of biodiesel are:
1. For long term use of biodiesel in an engine, high maintenance required is need to be investigate.
2. Viscosity for biodiesel is an issue, while using in a diesel based engine and can be reduced by increasing the injector pressure.  

3. Further research in dynamic response of fuel is required. As the biodiesel fuel has excellent lubricating property, so either some modification is required in the fuel injector of the engine or some additive should be search to make it easily viable for a diesel based engine.  
APPENDIX-I

1. Weighing Uncertainity 
(a) Fixed error

     Maximum capacity of weighing machine = 600g

     Minimum measurement = 0.2g

     Divisioning = 0.01g

     Least count of weighing machine = 0.01g

     Observed weight (Wo) = (wt. of non edible oil + wt. of methanol + wt. of catalyst [KOH])

                                         = (50 + 11 + 1) g

                                         = 62g

(b) Confidence limit

      Probable measurement error (Pe) =   + (0.01/2) g = + 0.005g

      Probable value of a single measurement = (62 + 0.005)g

(c) Propagation of uncertainty

      Relative uncertainty in weighing (Ur) = +   (Pe / Wo)  

                                                                                                    = + (0.005/ 62)

                                                                   = + 8.0645 X 10-5

      Ur   in terms of percentage = + Ur X 100
                                                = + (8.0645/100000) X 100

                                                = + 0.0081%

2. Thermometer  Uncertainity 
(a) Fixed error

     Maximum observed temperature of alcohol column (Wo) = 110oC
     Least count of the scale  = 1oC
(b) Confidence limit

      Probable measurement error (Pe) =   + (1/2)oC = + 0.5oC
      Probable value of a single measurement = (110 + 0.5)oC
(c) Propagation of uncertainty

     Relative uncertainty in temperature (Ur) = + (Pe / Wo )  

                                                                                                         = + (0.5/ 110)

                                                                      = + 4.5 X 10-3
       Ur   in terms of percentage = + Ur X 100
                                                 = + (4.5 X 10-3) X 100

                                                 = + 0.45%
3. Yield percentage 

    Molar ratio = 6:1

    Reaction time = 40 min.

    Quantity of non-edible oil (Q) = 50g

    Quantity of methanol (CH3OH) = 11g

    Catalyst (KOH) used = 0.75 wt%/wt. 

                                       = (75/100) X 50g

                                       = 0.375g

    Biodiesel obtained (B) = 46.5g

    Yield percentage of one sample = (B/Q) X 100

                                                        = (46.5/50) X 100

                                                        = 93.00%

APPENDIX II

Table 1: Data of pressure and crank angle for 0 load

	Ѳ
	Diesel
	B 20
	B 40
	B 60
	B 80
	B 100

	0
	1.59655
	-1.59658
	0.59655
	0.60791
	0.676072
	0.437505

	1
	1.539748
	-1.69882
	0.528388
	0.630631
	0.460225
	0.335262

	2
	1.482946
	-1.74426
	0.562469
	0.539748
	0.551108
	0.403424

	3
	1.448865
	-1.7329
	0.528388
	0.59655
	0.482946
	0.437505

	4
	1.517027
	-1.7329
	0.471586
	0.551108
	0.437505
	0.392063

	5
	1.426144
	-1.71018
	0.494306
	0.562469
	0.471586
	0.380703

	6
	1.448865
	-1.76698
	0.471586
	0.60791
	0.460225
	0.357982

	7
	1.448865
	-1.68746
	0.414784
	0.517027
	0.403424
	0.346622

	8
	1.403424
	-1.76698
	0.437505
	0.528388
	0.437505
	0.301181

	9
	1.403424
	-1.80106
	0.392063
	0.505667
	0.482946
	0.28982

	10
	1.414784
	-1.76698
	0.380703
	0.448865
	0.426144
	0.312541

	11
	1.335262
	-1.81242
	0.392063
	0.482946
	0.448865
	0.301181

	12
	1.312541
	-1.72154
	0.369343
	0.471586
	0.414784
	0.2671

	13
	1.301181
	-1.8465
	0.346622
	0.460225
	0.357982
	0.221658

	14
	1.323901
	-1.80106
	0.357982
	0.403424
	0.392063
	0.255739

	15
	1.244379
	-1.86922
	0.346622
	0.403424
	0.323901
	0.28982

	16
	1.244379
	-1.81242
	0.255739
	0.471586
	0.392063
	0.255739

	17
	1.28982
	-1.86922
	0.301181
	0.403424
	0.346622
	0.357982

	18
	1.153496
	-1.80106
	0.312541
	0.392063
	0.301181
	0.2671

	19
	1.221658
	-1.88059
	0.27846
	0.448865
	0.312541
	0.2671

	20
	1.164857
	-1.86922
	0.2671
	0.346622
	0.301181
	0.323901

	21
	1.130776
	-1.82378
	0.255739
	0.335262
	0.335262
	0.346622

	22
	1.210298
	-1.88059
	0.28982
	0.369343
	0.301181
	0.335262

	23
	1.119415
	-1.85786
	0.27846
	0.414784
	0.323901
	0.301181

	24
	1.187577
	-1.86922
	0.244379
	0.392063
	0.198938
	0.346622

	25
	1.073974
	-1.81242
	0.27846
	0.335262
	0.210298
	0.312541

	26
	1.164857
	-1.8465
	0.255739
	0.301181
	0.301181
	0.323901

	27
	1.108055
	-1.81242
	0.244379
	0.357982
	0.27846
	0.323901

	28
	1.164857
	-1.81242
	0.28982
	0.426144
	0.2671
	0.323901

	29
	1.142136
	-1.7897
	0.335262
	0.357982
	0.255739
	0.323901

	30
	1.198938
	-1.88059
	0.27846
	0.346622
	0.096695
	0.301181

	31
	1.153496
	-1.7897
	0.255739
	0.369343
	0.176217
	0.369343

	32
	1.198938
	-1.85786
	0.28982
	0.403424
	0.198938
	0.312541

	33
	1.153496
	-1.77834
	0.335262
	0.323901
	0.176217
	0.2671

	34
	1.176217
	-1.82378
	0.255739
	0.346622
	0.142136
	0.346622

	35
	1.142136
	-1.83514
	0.244379
	0.437505
	0.198938
	0.312541

	36
	1.233019
	-1.76698
	0.233019
	0.346622
	0.198938
	0.301181

	37
	1.187577
	-1.80106
	0.27846
	0.403424
	0.142136
	0.312541

	38
	1.198938
	-1.66474
	0.301181
	0.380703
	0.187577
	0.323901

	39
	1.221658
	-1.77834
	0.323901
	0.369343
	0.153496
	0.323901

	40
	1.2671
	-1.75562
	0.255739
	0.437505
	0.176217
	0.27846

	41
	1.244379
	-1.83514
	0.244379
	0.414784
	0.198938
	0.233019

	42
	1.233019
	-1.77834
	0.28982
	0.335262
	0.221658
	0.2671

	43
	1.244379
	-1.77834
	0.255739
	0.369343
	0.244379
	0.335262

	44
	1.210298
	-1.8465
	0.27846
	0.414784
	0.119415
	0.244379

	45
	1.210298
	-1.81242
	0.312541
	0.448865
	0.210298
	0.255739

	46
	1.221658
	-1.80106
	0.312541
	0.380703
	0.187577
	0.255739

	47
	1.233019
	-1.7897
	0.2671
	0.460225
	0.198938
	0.28982

	48
	1.233019
	-1.7897
	0.312541
	0.437505
	0.233019
	0.357982

	49
	1.2671
	-1.82378
	0.369343
	0.380703
	0.198938
	0.210298

	50
	1.255739
	-1.83514
	0.255739
	0.482946
	0.2671
	0.255739

	51
	1.28982
	-1.83514
	0.244379
	0.414784
	0.2671
	0.301181

	52
	1.335262
	-1.80106
	0.312541
	0.460225
	0.2671
	0.210298

	53
	1.198938
	-1.77834
	0.255739
	0.460225
	0.210298
	0.233019

	54
	1.27846
	-1.83514
	0.2671
	0.357982
	0.187577
	0.323901

	55
	1.27846
	-1.77834
	0.221658
	0.357982
	0.255739
	0.323901

	56
	1.312541
	-1.8465
	0.255739
	0.448865
	0.221658
	0.244379

	57
	1.28982
	-1.77834
	0.323901
	0.414784
	0.233019
	0.233019

	58
	1.210298
	-1.76698
	0.301181
	0.414784
	0.27846
	0.244379

	59
	1.255739
	-1.7897
	0.28982
	0.369343
	0.164857
	0.198938

	60
	1.28982
	-1.7329
	0.27846
	0.403424
	0.221658
	0.255739

	61
	1.2671
	-1.76698
	0.28982
	0.437505
	0.233019
	0.233019

	62
	1.233019
	-1.83514
	0.301181
	0.357982
	0.255739
	0.312541

	63
	1.323901
	-1.85786
	0.233019
	0.346622
	0.221658
	0.346622

	64
	1.323901
	-1.80106
	0.346622
	0.301181
	0.312541
	0.233019

	65
	1.357982
	-1.7897
	0.2671
	0.346622
	0.233019
	0.27846

	66
	1.312541
	-1.88059
	0.312541
	0.346622
	0.221658
	0.28982

	67
	1.312541
	-1.74426
	0.28982
	0.301181
	0.27846
	0.27846

	68
	1.27846
	-1.8465
	0.2671
	0.335262
	0.221658
	0.301181

	69
	1.346622
	-1.8465
	0.255739
	0.221658
	0.323901
	0.2671

	70
	1.27846
	-1.8465
	0.27846
	0.27846
	0.233019
	0.392063

	71
	1.380703
	-1.82378
	0.2671
	0.301181
	0.244379
	0.28982

	72
	1.312541
	-1.80106
	0.2671
	0.301181
	0.244379
	0.210298

	73
	1.403424
	-1.77834
	0.346622
	0.301181
	0.301181
	0.244379

	74
	1.2671
	-1.7897
	0.2671
	0.255739
	0.312541
	0.233019

	75
	1.357982
	-1.83514
	0.210298
	0.187577
	0.28982
	0.357982

	76
	1.346622
	-1.75562
	0.255739
	0.27846
	0.312541
	0.27846

	77
	1.312541
	-1.76698
	0.301181
	0.2671
	0.323901
	0.323901

	78
	1.323901
	-1.7897
	0.244379
	0.301181
	0.28982
	0.312541

	79
	1.2671
	-1.7329
	0.2671
	0.221658
	0.28982
	0.312541

	80
	1.28982
	-1.81242
	0.210298
	0.27846
	0.323901
	0.357982

	81
	1.380703
	-1.75562
	0.142136
	0.357982
	0.301181
	0.2671

	82
	1.448865
	-1.72154
	0.244379
	0.312541
	0.346622
	0.346622

	83
	1.357982
	-1.82378
	0.255739
	0.2671
	0.301181
	0.312541

	84
	1.369343
	-1.82378
	0.153496
	0.357982
	0.346622
	0.335262

	85
	1.380703
	-1.74426
	0.187577
	0.28982
	0.301181
	0.335262

	86
	1.323901
	-1.75562
	0.2671
	0.403424
	0.346622
	0.357982

	87
	1.323901
	-1.72154
	0.142136
	0.335262
	0.380703
	0.335262

	88
	1.335262
	-1.68746
	0.130776
	0.28982
	0.323901
	0.403424

	89
	1.28982
	-1.72154
	0.244379
	0.357982
	0.323901
	0.312541

	90
	1.255739
	-1.6761
	0.142136
	0.335262
	0.380703
	0.301181

	91
	1.426144
	-1.59658
	0.210298
	0.414784
	0.369343
	0.346622

	92
	1.392063
	-1.6761
	0.210298
	0.357982
	0.346622
	0.312541

	93
	1.346622
	-1.64202
	0.210298
	0.460225
	0.369343
	0.369343

	94
	1.494306
	-1.57386
	0.187577
	0.346622
	0.312541
	0.392063

	95
	1.357982
	-1.7329
	0.210298
	0.392063
	0.380703
	0.403424

	96
	1.369343
	-1.64202
	0.210298
	0.357982
	0.403424
	0.28982

	97
	1.414784
	-1.5625
	0.210298
	0.369343
	0.414784
	0.426144

	98
	1.482946
	-1.57386
	0.244379
	0.448865
	0.369343
	0.380703

	99
	1.403424
	-1.65338
	0.255739
	0.335262
	0.471586
	0.357982

	100
	1.414784
	-1.63066
	0.255739
	0.323901
	0.369343
	0.403424

	101
	1.437505
	-1.57386
	0.233019
	0.346622
	0.357982
	0.380703

	102
	1.494306
	-1.59658
	0.2671
	0.380703
	0.460225
	0.426144

	103
	1.505667
	-1.58522
	0.28982
	0.414784
	0.346622
	0.403424

	104
	1.494306
	-1.58522
	0.312541
	0.426144
	0.426144
	0.346622

	105
	1.471586
	-1.64202
	0.187577
	0.403424
	0.482946
	0.312541

	106
	1.448865
	-1.58522
	0.28982
	0.460225
	0.380703
	0.437505

	107
	1.505667
	-1.6193
	0.346622
	0.380703
	0.414784
	0.301181

	108
	1.528388
	-1.63066
	0.312541
	0.437505
	0.471586
	0.312541

	109
	1.573829
	-1.60794
	0.369343
	0.448865
	0.414784
	0.437505

	110
	1.585189
	-1.59658
	0.380703
	0.448865
	0.426144
	0.357982

	111
	1.460225
	-1.6761
	0.244379
	0.414784
	0.403424
	0.2671

	112
	1.630631
	-1.6761
	0.403424
	0.426144
	0.482946
	0.369343

	113
	1.641991
	-1.60794
	0.312541
	0.414784
	0.380703
	0.323901

	114
	1.551108
	-1.5625
	0.27846
	0.494306
	0.448865
	0.323901

	115
	1.562469
	-1.66474
	0.426144
	0.471586
	0.505667
	0.27846

	116
	1.630631
	-1.57386
	0.164857
	0.482946
	0.369343
	0.312541

	117
	1.573829
	-1.63066
	0.437505
	0.505667
	0.426144
	0.312541

	118
	1.664712
	-1.59658
	0.312541
	0.471586
	0.460225
	0.210298

	119
	1.630631
	-1.57386
	0.403424
	0.460225
	0.426144
	0.369343

	120
	1.528388
	-1.58522
	0.335262
	0.505667
	0.426144
	0.28982

	121
	1.60791
	-1.64202
	0.335262
	0.528388
	0.528388
	0.2671

	122
	1.60791
	-1.6761
	0.448865
	0.414784
	0.494306
	0.301181

	123
	1.505667
	-1.59658
	0.335262
	0.505667
	0.482946
	0.27846

	124
	1.59655
	-1.64202
	0.369343
	0.448865
	0.517027
	0.312541

	125
	1.630631
	-1.58522
	0.437505
	0.471586
	0.426144
	0.346622

	126
	1.585189
	-1.63066
	0.312541
	0.573829
	0.61927
	0.301181

	127
	1.59655
	-1.63066
	0.414784
	0.482946
	0.653351
	0.28982

	128
	1.676072
	-1.59658
	0.392063
	0.471586
	0.573829
	0.27846

	129
	1.517027
	-1.58522
	0.357982
	0.448865
	0.60791
	0.403424

	130
	1.59655
	-1.59658
	0.357982
	0.505667
	0.59655
	0.335262

	131
	1.641991
	-1.69882
	0.335262
	0.505667
	0.517027
	0.312541

	132
	1.60791
	-1.51705
	0.471586
	0.482946
	0.585189
	0.312541

	133
	1.630631
	-1.64202
	0.426144
	0.539748
	0.61927
	0.346622

	134
	1.687432
	-1.63066
	0.448865
	0.414784
	0.630631
	0.357982

	135
	1.61927
	-1.52841
	0.460225
	0.482946
	0.641991
	0.437505

	136
	1.585189
	-1.58522
	0.403424
	0.539748
	0.562469
	0.357982

	137
	1.721513
	-1.66474
	0.471586
	0.437505
	0.59655
	0.448865

	138
	1.59655
	-1.55114
	0.482946
	0.505667
	0.664712
	0.482946

	139
	1.641991
	-1.55114
	0.448865
	0.551108
	0.585189
	0.403424

	140
	1.59655
	-1.60794
	0.346622
	0.482946
	0.61927
	0.380703

	141
	1.585189
	-1.53978
	0.437505
	0.573829
	0.59655
	0.369343

	142
	1.61927
	-1.5625
	0.426144
	0.517027
	0.60791
	0.369343

	143
	1.539748
	-1.60794
	0.426144
	0.528388
	0.573829
	0.357982

	144
	1.551108
	-1.55114
	0.437505
	0.539748
	0.641991
	0.426144

	145
	1.573829
	-1.6761
	0.426144
	0.562469
	0.630631
	0.471586

	146
	1.653351
	-1.60794
	0.437505
	0.528388
	0.664712
	0.471586

	147
	1.585189
	-1.63066
	0.482946
	0.562469
	0.585189
	0.357982

	148
	1.59655
	-1.57386
	0.460225
	0.517027
	0.687432
	0.414784

	149
	1.653351
	-1.51705
	0.528388
	0.539748
	0.573829
	0.392063

	150
	1.630631
	-1.6193
	0.471586
	0.517027
	0.60791
	0.369343

	151
	1.59655
	-1.64202
	0.517027
	0.59655
	0.60791
	0.414784

	152
	1.573829
	-1.50569
	0.517027
	0.539748
	0.641991
	0.460225

	153
	1.676072
	-1.57386
	0.505667
	0.585189
	0.573829
	0.414784

	154
	1.562469
	-1.59658
	0.460225
	0.539748
	0.59655
	0.460225

	155
	1.653351
	-1.48297
	0.494306
	0.59655
	0.698793
	0.392063

	156
	1.573829
	-1.53978
	0.437505
	0.59655
	0.517027
	0.437505

	157
	1.59655
	-1.57386
	0.482946
	0.641991
	0.641991
	0.505667

	158
	1.664712
	-1.51705
	0.482946
	0.641991
	0.551108
	0.517027

	159
	1.61927
	-1.49433
	0.494306
	0.641991
	0.664712
	0.517027

	160
	1.61927
	-1.52841
	0.482946
	0.61927
	0.641991
	0.471586

	161
	1.630631
	-1.52841
	0.517027
	0.698793
	0.653351
	0.437505

	162
	1.61927
	-1.53978
	0.482946
	0.698793
	0.687432
	0.437505

	163
	1.60791
	-1.52841
	0.517027
	0.698793
	0.641991
	0.573829

	164
	1.641991
	-1.51705
	0.505667
	0.766955
	0.630631
	0.471586

	165
	1.573829
	-1.43753
	0.528388
	0.812396
	0.664712
	0.539748

	166
	1.653351
	-1.53978
	0.528388
	0.755594
	0.710153
	0.471586

	167
	1.61927
	-1.51705
	0.562469
	0.766955
	0.653351
	0.414784

	168
	1.664712
	-1.48297
	0.528388
	0.755594
	0.641991
	0.505667

	169
	1.60791
	-1.53978
	0.551108
	0.789675
	0.585189
	0.505667

	170
	1.653351
	-1.51705
	0.562469
	0.801036
	0.664712
	0.517027

	171
	1.630631
	-1.48297
	0.585189
	0.755594
	0.59655
	0.60791

	172
	1.641991
	-1.48297
	0.630631
	0.789675
	0.710153
	0.460225

	173
	1.721513
	-1.46025
	0.60791
	0.823756
	0.60791
	0.528388

	174
	1.653351
	-1.53978
	0.641991
	0.778315
	0.698793
	0.505667

	175
	1.630631
	-1.50569
	0.61927
	0.801036
	0.630631
	0.551108

	176
	1.653351
	-1.5625
	0.676072
	0.801036
	0.653351
	0.517027

	177
	1.630631
	-1.46025
	0.653351
	0.766955
	0.710153
	0.551108

	178
	1.676072
	-1.50569
	0.664712
	0.857837
	0.710153
	0.562469

	179
	1.698793
	-1.47161
	0.664712
	0.744234
	0.641991
	0.528388

	180
	1.687432
	-1.53978
	0.698793
	0.766955
	0.641991
	0.494306

	181
	1.744234
	-1.53978
	0.732874
	0.698793
	0.698793
	0.539748

	182
	1.687432
	-1.52841
	0.676072
	0.766955
	0.710153
	0.573829

	183
	1.641991
	-1.51705
	0.744234
	0.835117
	0.61927
	0.585189

	184
	1.721513
	-1.57386
	0.676072
	0.721513
	0.710153
	0.528388

	185
	1.710153
	-1.55114
	0.744234
	0.869198
	0.687432
	0.517027

	186
	1.721513
	-1.63066
	0.698793
	0.823756
	0.744234
	0.528388

	187
	1.721513
	-1.58522
	0.698793
	0.778315
	0.755594
	0.585189

	188
	1.732874
	-1.60794
	0.778315
	0.755594
	0.687432
	0.573829

	189
	1.732874
	-1.51705
	0.687432
	0.778315
	0.766955
	0.585189

	190
	1.744234
	-1.72154
	0.721513
	0.869198
	0.721513
	0.528388

	191
	1.710153
	-1.65338
	0.676072
	0.766955
	0.755594
	0.585189

	192
	1.744234
	-1.52841
	0.687432
	0.778315
	0.710153
	0.562469

	193
	1.778315
	-1.57386
	0.766955
	0.801036
	0.744234
	0.551108

	194
	1.698793
	-1.60794
	0.766955
	0.823756
	0.710153
	0.528388

	195
	1.744234
	-1.59658
	0.766955
	0.755594
	0.755594
	0.61927

	196
	1.732874
	-1.55114
	0.744234
	0.835117
	0.732874
	0.539748

	197
	1.687432
	-1.65338
	0.732874
	0.778315
	0.732874
	0.585189

	198
	1.744234
	-1.63066
	0.687432
	0.857837
	0.778315
	0.573829

	199
	1.698793
	-1.50569
	0.721513
	0.732874
	0.801036
	0.61927

	200
	1.732874
	-1.53978
	0.732874
	0.823756
	0.755594
	0.630631

	201
	1.676072
	-1.58522
	0.698793
	0.823756
	0.766955
	0.653351

	202
	1.676072
	-1.50569
	0.744234
	0.812396
	0.744234
	0.60791

	203
	1.732874
	-1.60794
	0.710153
	0.835117
	0.778315
	0.653351

	204
	1.687432
	-1.57386
	0.698793
	0.755594
	0.801036
	0.59655

	205
	1.641991
	-1.51705
	0.710153
	0.869198
	0.823756
	0.630631

	206
	1.687432
	-1.49433
	0.710153
	0.835117
	0.732874
	0.664712

	207
	1.664712
	-1.46025
	0.710153
	0.789675
	0.755594
	0.721513

	208
	1.630631
	-1.46025
	0.789675
	0.812396
	0.812396
	0.710153

	209
	1.641991
	-1.57386
	0.653351
	0.846477
	0.801036
	0.721513

	210
	1.698793
	-1.53978
	0.698793
	0.891918
	0.744234
	0.789675

	211
	1.528388
	-1.41481
	0.698793
	0.869198
	0.846477
	0.823756

	212
	1.641991
	-1.48297
	0.721513
	0.869198
	0.846477
	0.721513

	213
	1.653351
	-1.44889
	0.766955
	0.801036
	0.687432
	0.812396

	214
	1.676072
	-1.44889
	0.766955
	0.880558
	0.789675
	0.766955

	215
	1.630631
	-1.50569
	0.766955
	0.812396
	0.778315
	0.812396

	216
	1.687432
	-1.43753
	0.687432
	0.857837
	0.801036
	0.812396

	217
	1.732874
	-1.44889
	0.778315
	0.914639
	0.766955
	0.801036

	218
	1.641991
	-1.42617
	0.778315
	0.857837
	0.755594
	0.778315

	219
	1.710153
	-1.42617
	0.721513
	0.891918
	0.721513
	0.869198

	220
	1.664712
	-1.41481
	0.789675
	0.94872
	0.812396
	0.846477

	221
	1.641991
	-1.31257
	0.880558
	0.982801
	0.710153
	0.778315

	222
	1.687432
	-1.40345
	0.778315
	0.93736
	0.732874
	0.846477

	223
	1.755594
	-1.39209
	0.766955
	0.94872
	0.732874
	0.835117

	224
	1.676072
	-1.40345
	0.778315
	0.93736
	0.710153
	0.778315

	225
	1.755594
	-1.32393
	0.823756
	0.93736
	0.755594
	0.857837

	226
	1.766955
	-1.36937
	0.846477
	0.982801
	0.755594
	0.812396

	227
	1.710153
	-1.41481
	0.846477
	1.005522
	0.732874
	0.835117

	228
	1.755594
	-1.32393
	0.732874
	0.971441
	0.835117
	0.891918

	229
	1.744234
	-1.31257
	0.846477
	0.96008
	0.789675
	0.914639

	230
	1.823756
	-1.33529
	0.789675
	1.062323
	0.789675
	0.891918

	231
	1.823756
	-1.31257
	0.903279
	1.085044
	0.846477
	0.925999

	232
	1.789675
	-1.24441
	0.891918
	1.039603
	0.812396
	0.880558

	233
	1.857837
	-1.28985
	0.914639
	1.085044
	0.766955
	0.96008

	234
	1.812396
	-1.22169
	0.891918
	1.085044
	0.835117
	0.925999

	235
	1.812396
	-1.19896
	0.96008
	1.073684
	0.823756
	0.891918

	236
	1.925999
	-1.1876
	0.891918
	1.096404
	0.835117
	0.869198

	237
	1.914639
	-1.26713
	0.925999
	1.050963
	0.891918
	0.880558

	238
	1.94872
	-1.22169
	0.971441
	1.141846
	0.925999
	0.925999

	239
	1.94872
	-1.19896
	0.982801
	1.175927
	0.93736
	0.925999

	240
	1.891918
	-1.25577
	1.028242
	1.119125
	0.914639
	0.96008

	241
	1.94872
	-1.26713
	1.016882
	1.141846
	0.96008
	0.971441

	242
	1.994161
	-1.21033
	1.005522
	1.164566
	0.93736
	0.994161

	243
	1.982801
	-1.15352
	1.016882
	1.175927
	0.914639
	1.005522

	244
	2.028242
	-1.11944
	1.028242
	1.119125
	0.982801
	1.028242

	245
	2.016882
	-1.15352
	1.085044
	1.221368
	1.062323
	1.028242

	246
	2.050963
	-1.08536
	1.096404
	1.210008
	1.050963
	1.050963

	247
	2.096404
	-1.02856
	1.119125
	1.210008
	1.028242
	1.073684

	248
	2.085044
	-1.02856
	1.107765
	1.266809
	1.141846
	1.096404

	249
	2.107765
	-1.06264
	1.085044
	1.244089
	1.107765
	1.119125

	250
	2.130485
	-1.074
	1.119125
	1.266809
	1.073684
	1.141846

	251
	2.187287
	-1.03992
	1.153206
	1.346332
	1.119125
	1.164566

	252
	2.107765
	-0.99448
	1.175927
	1.255449
	1.187287
	1.198647

	253
	2.198647
	-0.92632
	1.164566
	1.380413
	1.164566
	1.130485

	254
	2.244089
	-0.92632
	1.153206
	1.255449
	1.221368
	1.119125

	255
	2.27817
	-0.89224
	1.164566
	1.334971
	1.164566
	1.210008

	256
	2.266809
	-0.89224
	1.198647
	1.28953
	1.28953
	1.232728

	257
	2.255449
	-0.85815
	1.175927
	1.334971
	1.255449
	1.210008

	258
	2.380413
	-0.84679
	1.28953
	1.323611
	1.266809
	1.210008

	259
	2.369052
	-0.83543
	1.255449
	1.232728
	1.369052
	1.27817

	260
	2.357692
	-0.82407
	1.30089
	1.323611
	1.346332
	1.334971

	261
	2.471296
	-0.77863
	1.334971
	1.391773
	1.334971
	1.255449

	262
	2.369052
	-0.73319
	1.312251
	1.346332
	1.482656
	1.334971

	263
	2.482656
	-0.74455
	1.346332
	1.357692
	1.425854
	1.369052

	264
	2.494016
	-0.61959
	1.448575
	1.471296
	1.550818
	1.391773

	265
	2.528097
	-0.63095
	1.471296
	1.459935
	1.471296
	1.448575

	266
	2.539458
	-0.67639
	1.459935
	1.505377
	1.505377
	1.471296

	267
	2.584899
	-0.66503
	1.448575
	1.505377
	1.505377
	1.505377

	268
	2.584899
	-0.60823
	1.482656
	1.596259
	1.516737
	1.61898

	269
	2.641701
	-0.54007
	1.516737
	1.596259
	1.63034
	1.653061

	270
	2.687142
	-0.49462
	1.596259
	1.641701
	1.61898
	1.60762

	271
	2.732583
	-0.40374
	1.528097
	1.584899
	1.664421
	1.653061

	272
	2.800745
	-0.3583
	1.573539
	1.766664
	1.755304
	1.721223

	273
	2.766664
	-0.3583
	1.653061
	1.755304
	1.823466
	1.755304

	274
	2.834826
	-0.27878
	1.687142
	1.800745
	1.857547
	1.857547

	275
	2.868907
	-0.26742
	1.687142
	1.834826
	1.868907
	1.857547

	276
	2.937069
	-0.17653
	1.766664
	1.902988
	1.846187
	1.902988

	277
	2.937069
	-0.19926
	1.778025
	1.97115
	1.95979
	1.95979

	278
	3.005231
	-0.07429
	1.914349
	1.97115
	2.016592
	1.95979

	279
	3.073393
	-0.00613
	1.846187
	2.050673
	2.027952
	2.062033

	280
	3.118835
	0.062033
	1.891628
	2.073393
	2.073393
	2.107474

	281
	3.221078
	0.175636
	1.94843
	2.141555
	2.152916
	2.164276

	282
	3.232438
	0.209717
	2.050673
	2.255159
	2.232438
	2.232438

	283
	3.3006
	0.243798
	2.141555
	2.209717
	2.232438
	2.3006

	284
	3.380123
	0.380123
	2.221078
	2.334681
	2.357402
	2.334681

	285
	3.459645
	0.277879
	2.3006
	2.414204
	2.425564
	2.391483

	286
	3.482366
	0.425564
	2.3006
	2.471005
	2.414204
	2.482366

	287
	3.493726
	0.516447
	2.402843
	2.584609
	2.436924
	2.539167

	288
	3.652771
	0.61869
	2.448285
	2.595969
	2.539167
	2.61869

	289
	3.686852
	0.652771
	2.595969
	2.675491
	2.595969
	2.675491

	290
	3.755014
	0.698212
	2.584609
	2.789095
	2.720933
	2.686852

	291
	3.857257
	0.755014
	2.686852
	2.811815
	2.789095
	2.766374

	292
	3.9595
	0.857257
	2.811815
	2.902698
	2.891338
	2.868617

	293
	4.084463
	1.004941
	2.948139
	3.027662
	3.016301
	2.98222

	294
	4.129905
	0.993581
	2.98222
	3.129905
	3.118544
	3.050382

	295
	4.243508
	1.152625
	3.050382
	3.186706
	3.141265
	3.163986

	296
	4.334391
	1.266229
	3.186706
	3.334391
	3.220787
	3.220787

	297
	4.516156
	1.345751
	3.31167
	3.413913
	3.425274
	3.402553

	298
	4.527517
	1.425274
	3.459355
	3.550237
	3.561598
	3.425274

	299
	4.663841
	1.584318
	3.470715
	3.572958
	3.607039
	3.572958

	300
	4.856966
	1.675201
	3.595679
	3.686561
	3.777444
	3.766084

	301
	4.936489
	1.856966
	3.743363
	3.99329
	3.811525
	3.720642

	302
	5.084173
	1.947849
	3.879687
	3.959209
	3.98193
	3.879687

	303
	5.243218
	2.004651
	4.027371
	4.129614
	4.072813
	3.925128

	304
	5.459064
	2.220497
	4.209137
	4.3341
	4.345461
	4.072813

	305
	5.595388
	2.368181
	4.390902
	4.390902
	4.390902
	4.300019

	306
	5.788514
	2.436344
	4.424983
	4.595388
	4.618109
	4.368181

	307
	5.924838
	2.66355
	4.708992
	4.788514
	4.799874
	4.493145

	308
	6.106603
	2.879397
	4.811235
	5.027081
	4.879397
	4.743073

	309
	6.288369
	3.049802
	4.993
	5.129324
	5.174765
	4.970279

	310
	6.504215
	3.265648
	5.220207
	5.265648
	5.277008
	5.117964

	311
	6.765503
	3.390612
	5.413332
	5.572377
	5.538296
	5.390612

	312
	6.879106
	3.6519
	5.708701
	5.822305
	5.788224
	5.492855

	313
	7.185835
	3.867746
	5.867746
	5.981349
	6.00407
	5.776863

	314
	7.435763
	4.083592
	6.140394
	6.231277
	6.33352
	6.083592

	315
	7.628888
	4.35624
	6.35624
	6.492564
	6.469844
	6.299439

	316
	7.878816
	4.628888
	6.594807
	6.799294
	6.799294
	6.560726

	317
	8.196905
	4.935618
	6.946978
	6.981059
	7.071942
	6.787933

	318
	8.412752
	5.230986
	7.162824
	7.287788
	7.378671
	7.106023

	319
	8.776282
	5.514995
	7.583157
	7.628598
	7.651319
	7.458193

	320
	9.151174
	5.810363
	7.833084
	7.901246
	8.071651
	7.855805

	321
	9.435182
	6.219336
	8.230696
	8.230696
	8.446542
	8.117093

	322
	9.821433
	6.651028
	8.605587
	8.685109
	8.798713
	8.480623

	323
	10.13952
	6.912316
	8.935037
	9.094081
	9.071361
	8.923676

	324
	10.62802
	7.355369
	9.366729
	9.423531
	9.525774
	9.355369

	325
	11.01427
	7.764341
	9.832503
	9.877945
	10.00291
	9.70754

	326
	11.4346
	8.252836
	10.21876
	10.30964
	10.52548
	10.17331

	327
	11.94582
	8.684528
	10.72997
	10.76405
	10.88901
	10.71861

	328
	12.47975
	9.138942
	11.22983
	11.30935
	11.38887
	11.19574

	329
	12.94553
	9.729679
	11.70696
	11.87736
	12.00233
	11.72968

	330
	13.54762
	10.30906
	12.32042
	12.39994
	12.55898
	12.28634

	331
	14.19516
	10.85435
	12.91115
	12.99068
	13.127
	12.85435

	332
	14.75182
	11.50189
	13.57005
	13.60414
	13.68366
	13.6155

	333
	15.42208
	12.17215
	14.16079
	14.24031
	14.34256
	14.17215

	334
	16.13778
	12.91057
	14.88785
	14.95601
	15.1037
	14.89921

	335
	16.8762
	13.56947
	15.59219
	15.62627
	15.79668
	15.62627

	336
	17.54646
	14.37606
	16.34198
	16.38742
	16.56918
	16.39878

	337
	18.44393
	15.18264
	17.20536
	17.21672
	17.35305
	17.2508

	338
	19.27323
	16.05739
	18.03467
	18.09147
	18.14827
	18.06875

	339
	20.18206
	16.93213
	18.93213
	18.88669
	19.14798
	19.03438

	340
	21.04544
	17.8296
	19.80688
	19.86368
	19.93184
	19.78416

	341
	22.03379
	18.79523
	20.82931
	20.85203
	20.99971
	20.89747

	342
	23.06758
	19.77222
	21.66997
	21.78358
	21.85174
	21.84038

	343
	24.05593
	20.80601
	22.82873
	22.85145
	23.03321
	22.88553

	344
	25.16925
	21.90796
	23.81708
	23.8398
	24.0102
	23.93068

	345
	26.19168
	22.90767
	24.89631
	24.90767
	25.08943
	25.06671

	346
	27.40723
	24.1005
	26.05506
	26.02098
	26.24819
	26.08914

	347
	28.49782
	25.16837
	27.20245
	27.12293
	27.31606
	27.35014

	348
	29.69066
	26.30441
	28.38393
	28.29305
	28.47481
	28.45209

	349
	30.79261
	27.40636
	29.47452
	29.395
	29.57676
	29.65629

	350
	32.05361
	28.59919
	30.59919
	30.656
	30.7128
	30.81504

	351
	33.11012
	29.67843
	31.71251
	31.66707
	31.88291
	31.88291

	352
	34.26887
	30.83718
	32.81446
	32.83718
	32.98486
	33.01895

	353
	35.2913
	31.81417
	33.87097
	33.80281
	33.97321
	34.10954

	354
	36.33645
	32.71163
	34.84796
	34.73436
	34.8934
	35.06381

	355
	37.06351
	33.59774
	35.68862
	35.65454
	35.7227
	35.91583

	356
	37.93826
	34.41568
	36.41568
	36.46113
	36.55201
	36.72241

	357
	38.61988
	35.06322
	37.16547
	37.18819
	37.23363
	37.38131

	358
	39.25606
	35.80165
	37.80165
	37.71076
	37.96069
	37.96069

	359
	39.80135
	36.55143
	38.46054
	38.51735
	38.44918
	38.60823

	360
	40.6193
	37.63066
	39.17625
	39.60794
	39.58522
	39.81242

	361
	41.48268
	40.74339
	40.59629
	42.03905
	41.78912
	42.15265

	362
	45.50424
	46.10547
	45.68572
	48.62804
	47.54881
	47.96914

	363
	50.62775
	50.07022
	48.0373
	48.27587
	49.23014
	49.40054

	364
	50.26422
	50.44511
	51.00235
	53.10401
	50.75242
	51.2182

	365
	54.3653
	52.14916
	50.88875
	51.42268
	51.92254
	51.84301

	366
	52.46812
	50.93361
	51.91118
	52.21791
	50.74106
	51.16139

	367
	52.76349
	51.79699
	50.74106
	51.39996
	50.5593
	51.51356

	368
	52.30908
	50.05886
	51.36588
	51.4454
	50.33209
	50.97963

	369
	52.64989
	50.86544
	50.76378
	50.10488
	50.62746
	50.65018

	370
	51.25257
	49.25228
	50.47977
	49.42326
	48.71892
	49.32102

	371
	50.62775
	49.07051
	49.52551
	49.46871
	49.21878
	48.99157

	372
	49.96885
	47.60503
	48.6962
	47.44657
	47.68513
	47.66241

	373
	48.25344
	46.86661
	47.35568
	47.11712
	46.58318
	46.69678

	374
	47.07197
	45.01487
	46.32189
	45.7198
	44.93593
	45.0609

	375
	45.97001
	44.10605
	44.77689
	44.28839
	44.07255
	44.08391

	376
	44.53861
	42.53832
	43.64086
	42.10721
	41.97089
	42.27762

	377
	42.75504
	41.20916
	41.92545
	41.47103
	40.98254
	40.88029

	378
	41.69853
	39.24383
	40.89166
	39.52842
	39.41481
	39.26713

	379
	39.63095
	37.55114
	38.81271
	38.23334
	37.41539
	37.51764

	380
	38.23363
	36.33558
	37.25635
	36.48385
	35.84767
	35.93855

	381
	36.4955
	34.34752
	35.57502
	34.79116
	34.38219
	34.59803

	382
	35.08682
	33.08653
	34.31402
	33.15527
	32.87126
	32.75766

	383
	33.21236
	31.30295
	32.45093
	31.92835
	31.33762
	31.20129

	384
	32.24673
	29.83747
	31.23537
	30.39471
	29.86077
	29.86077

	385
	30.5086
	28.33791
	29.63357
	28.95195
	28.15672
	28.38393

	386
	29.24761
	26.97467
	28.134
	27.63415
	27.15701
	27.08885

	387
	27.69124
	25.48646
	26.92981
	26.13458
	25.62337
	25.70289

	388
	26.4416
	24.38451
	25.88466
	25.11215
	24.54414
	24.46461

	389
	25.36237
	22.96447
	24.37373
	23.81708
	23.24906
	23.30586

	390
	24.09001
	21.94204
	23.21498
	22.71512
	22.01078
	22.06758

	391
	22.93126
	20.6924
	22.05622
	21.52229
	20.89747
	21.04515

	392
	21.79523
	19.62453
	21.19284
	20.32945
	19.76144
	19.9432

	393
	20.81824
	18.5453
	19.95456
	19.52287
	19.04574
	18.89805

	394
	19.80717
	17.54559
	19.02301
	18.48908
	18.09147
	18.01195

	395
	18.80746
	16.70493
	18.08011
	17.62569
	17.0236
	17.18264

	396
	17.90999
	15.71658
	17.194
	16.5919
	16.16021
	16.3647

	397
	17.11477
	14.85319
	16.44422
	15.77396
	15.28546
	15.58083

	398
	16.38771
	14.08069
	15.62627
	15.11506
	14.66065
	14.81969

	399
	15.59248
	13.36499
	14.92193
	14.388
	14.01311
	14.03583

	400
	14.77454
	12.66065
	14.11535
	13.74046
	13.37693
	13.39965

	401
	14.02476
	11.99039
	13.53597
	13.13836
	12.5817
	12.76347

	402
	13.57034
	11.44509
	12.85435
	12.50218
	11.95689
	12.22953

	403
	13.11593
	10.77483
	12.2977
	11.88872
	11.36615
	11.60472

	404
	12.43431
	10.26362
	11.76376
	11.29799
	10.83221
	11.07078

	405
	11.95718
	9.706959
	11.24119
	10.70725
	10.3778
	10.55957

	406
	11.17331
	9.150302
	10.66181
	10.23012
	9.923386
	10.04835

	407
	10.76434
	8.684528
	10.21876
	9.832503
	9.468973
	9.628017

	408
	10.33265
	8.241475
	9.70754
	9.412171
	8.969118
	9.150883

	409
	10.01456
	7.73026
	9.309928
	8.957757
	8.514704
	8.71919

	410
	9.582866
	7.332648
	8.844154
	8.526065
	8.094372
	8.344299

	411
	9.35566
	7.003199
	8.605587
	8.207975
	7.753562
	7.935327

	412
	8.799003
	6.639668
	8.151174
	7.855805
	7.378671
	7.617238

	413
	8.503634
	6.219336
	7.844444
	7.480914
	7.071942
	7.321869

	414
	8.128743
	5.946687
	7.605877
	7.174185
	6.765213
	6.981059

	415
	7.799294
	5.628598
	7.276428
	6.890176
	6.526645
	6.651609

	416
	7.560726
	5.333229
	6.969699
	6.606168
	6.219916
	6.367601

	417
	7.34488
	4.969699
	6.651609
	6.322159
	5.856386
	6.106313

	418
	6.958629
	4.787933
	6.378961
	6.049511
	5.595098
	5.822305

	419
	6.742782
	4.549366
	6.163115
	5.833665
	5.481494
	5.561017

	420
	6.549657
	4.33352
	5.867746
	5.617819
	5.174765
	5.379251

	421
	6.242927
	4.072232
	5.640539
	5.481494
	4.958919
	5.208846

	422
	6.095243
	3.890467
	5.526936
	5.220207
	4.788514
	4.947559

	423
	5.902117
	3.67462
	5.277008
	4.936198
	4.629469
	4.799874

	424
	5.697631
	3.401972
	5.083883
	4.799874
	4.424983
	4.618109

	425
	5.493145
	3.299729
	4.879397
	4.66355
	4.31138
	4.424983

	426
	5.424983
	3.072522
	4.686271
	4.504506
	4.095533
	4.265938

	427
	5.163695
	2.924838
	4.572668
	4.31138
	3.936489
	4.004651

	428
	5.061452
	2.754433
	4.402262
	4.084173
	3.777444
	3.834246

	429
	4.947849
	2.629469
	4.300019
	4.004651
	3.618399
	3.766084

	430
	4.720642
	2.402262
	4.084173
	3.788804
	3.538877
	3.62976

	431
	4.675201
	2.243218
	3.902408
	3.732003
	3.368472
	3.482075

	432
	4.413913
	2.152335
	3.868327
	3.618399
	3.209427
	3.402553

	433
	4.368472
	1.99329
	3.697922
	3.504796
	3.152625
	3.32303

	434
	4.220787
	1.868327
	3.561598
	3.334391
	3.016301
	3.186706

	435
	4.084463
	1.822885
	3.436634
	3.209427
	2.902698
	3.027662

	436
	3.993581
	1.64112
	3.30031
	3.107184
	2.800455
	2.936779

	437
	3.902698
	1.607039
	3.266229
	3.016301
	2.766374
	2.857257

	438
	3.789095
	1.459355
	3.163986
	2.9595
	2.573248
	2.777734

	439
	3.675491
	1.402553
	2.97086
	2.868617
	2.561888
	2.561888

	440
	3.686852
	1.186706
	2.9595
	2.709572
	2.436924
	2.584609

	441
	3.505086
	1.163986
	2.925419
	2.652771
	2.357402
	2.493726

	442
	3.391483
	1.084463
	2.755014
	2.482366
	2.221078
	2.357402

	443
	3.414204
	0.97086
	2.664131
	2.436924
	2.175636
	2.357402

	444
	3.266519
	0.902698
	2.595969
	2.357402
	2.152916
	2.221078

	445
	3.255159
	0.879977
	2.595969
	2.3006
	2.050673
	2.164276

	446
	3.107474
	0.766374
	2.357402
	2.130195
	1.937069
	2.107474

	447
	3.141555
	0.64141
	2.425564
	2.073393
	1.902988
	1.982511

	448
	3.027952
	0.607329
	2.323321
	2.062033
	1.846187
	2.016592

	449
	2.925709
	0.573248
	2.209717
	1.914349
	1.812106
	1.891628

	450
	2.94843
	0.448285
	2.175636
	1.880268
	1.778025
	1.902988

	451
	2.823466
	0.414204
	2.130195
	1.812106
	1.675782
	1.823466

	452
	2.743944
	0.357402
	2.039312
	1.721223
	1.664421
	1.778025

	453
	2.755304
	0.28924
	1.937069
	1.698502
	1.61898
	1.675782

	454
	2.675782
	0.28924
	1.925709
	1.61898
	1.573539
	1.584899

	455
	2.61898
	0.141555
	1.891628
	1.539458
	1.482656
	1.596259

	456
	2.550818
	0.096114
	1.834826
	1.562178
	1.505377
	1.505377

	457
	2.61898
	0.084754
	1.778025
	1.505377
	1.448575
	1.584899

	458
	2.471296
	0.027952
	1.709863
	1.437215
	1.414494
	1.482656

	459
	2.448575
	0.005231
	1.641701
	1.437215
	1.414494
	1.369052

	460
	2.414494
	-0.02885
	1.528097
	1.346332
	1.27817
	1.380413

	461
	2.323611
	-0.01749
	1.516737
	1.323611
	1.244089
	1.244089

	462
	2.312251
	-0.09701
	1.448575
	1.312251
	1.244089
	1.255449

	463
	2.30089
	-0.11973
	1.403133
	1.28953
	1.27817
	1.210008

	464
	2.221368
	-0.10837
	1.369052
	1.27817
	1.130485
	1.244089

	465
	2.27817
	-0.16517
	1.357692
	1.141846
	1.187287
	1.255449

	466
	2.175927
	-0.21062
	1.312251
	1.232728
	1.119125
	1.164566

	467
	2.210008
	-0.21062
	1.27817
	1.164566
	1.050963
	1.175927

	468
	2.164566
	-0.2447
	1.346332
	1.198647
	1.050963
	1.175927

	469
	2.107765
	-0.25606
	1.187287
	1.164566
	0.982801
	1.096404

	470
	2.085044
	-0.29014
	1.221368
	1.119125
	0.982801
	1.085044

	471
	2.016882
	-0.32422
	1.141846
	1.039603
	0.982801
	1.039603

	472
	2.050963
	-0.3583
	1.198647
	1.062323
	0.994161
	1.039603

	473
	1.971441
	-0.31286
	1.073684
	0.96008
	0.93736
	1.005522

	474
	2.005522
	-0.32422
	1.119125
	1.039603
	0.891918
	1.028242

	475
	1.94872
	-0.42646
	1.096404
	0.925999
	0.891918
	0.94872

	476
	1.93736
	-0.42646
	1.062323
	0.982801
	0.812396
	0.982801

	477
	1.914639
	-0.46054
	1.062323
	0.891918
	0.891918
	0.93736

	478
	1.914639
	-0.5287
	1.005522
	0.93736
	0.846477
	0.835117

	479
	1.903279
	-0.56279
	1.028242
	0.880558
	0.801036
	0.846477

	480
	1.869198
	-0.56279
	0.994161
	0.903279
	0.789675
	0.846477

	481
	1.846477
	-0.61959
	0.94872
	0.857837
	0.789675
	0.857837

	482
	1.846477
	-0.58551
	1.039603
	0.857837
	0.732874
	0.801036

	483
	1.835117
	-0.63095
	0.982801
	0.801036
	0.766955
	0.744234

	484
	1.789675
	-0.60823
	1.039603
	0.766955
	0.766955
	0.812396

	485
	1.812396
	-0.74455
	0.846477
	0.732874
	0.676072
	0.766955

	486
	1.755594
	-0.72183
	0.94872
	0.778315
	0.653351
	0.755594

	487
	1.846477
	-0.73319
	0.903279
	0.721513
	0.630631
	0.664712

	488
	1.766955
	-0.76727
	0.891918
	0.778315
	0.676072
	0.653351

	489
	1.744234
	-0.76727
	0.880558
	0.698793
	0.653351
	0.59655

	490
	1.698793
	-0.82407
	0.812396
	0.766955
	0.687432
	0.573829

	491
	1.721513
	-0.85815
	0.789675
	0.687432
	0.60791
	0.437505

	492
	1.676072
	-0.85815
	0.846477
	0.721513
	0.687432
	0.494306

	493
	1.744234
	-0.85815
	0.835117
	0.687432
	0.59655
	0.528388

	494
	1.687432
	-0.88088
	0.857837
	0.687432
	0.59655
	0.573829

	495
	1.766955
	-0.86952
	0.857837
	0.698793
	0.630631
	0.426144

	496
	1.755594
	-0.85815
	0.812396
	0.630631
	0.59655
	0.471586

	497
	1.721513
	-0.89224
	0.778315
	0.653351
	0.641991
	0.482946

	498
	1.721513
	-0.94904
	0.823756
	0.664712
	0.562469
	0.392063

	499
	1.710153
	-0.93768
	0.789675
	0.676072
	0.528388
	0.471586

	500
	1.721513
	-0.99448
	0.766955
	0.664712
	0.551108
	0.517027

	501
	1.653351
	-0.91496
	0.755594
	0.61927
	0.539748
	0.357982

	502
	1.755594
	-1.03992
	0.698793
	0.641991
	0.551108
	0.448865

	503
	1.698793
	-0.98312
	0.676072
	0.585189
	0.562469
	0.369343

	504
	1.676072
	-0.99448
	0.721513
	0.59655
	0.585189
	0.392063

	505
	1.732874
	-1.05128
	0.641991
	0.61927
	0.60791
	0.403424

	506
	1.710153
	-1.02856
	0.710153
	0.573829
	0.59655
	0.414784

	507
	1.59655
	-1.00584
	0.653351
	0.585189
	0.585189
	0.403424

	508
	1.744234
	-1.05128
	0.641991
	0.517027
	0.664712
	0.437505

	509
	1.61927
	-0.98312
	0.573829
	0.562469
	0.630631
	0.403424

	510
	1.698793
	-1.08536
	0.732874
	0.517027
	0.585189
	0.414784

	511
	1.59655
	-1.11944
	0.687432
	0.59655
	0.573829
	0.482946

	512
	1.630631
	-1.08536
	0.698793
	0.551108
	0.59655
	0.392063

	513
	1.562469
	-1.09672
	0.664712
	0.562469
	0.585189
	0.357982

	514
	1.641991
	-1.02856
	0.641991
	0.517027
	0.630631
	0.448865

	515
	1.551108
	-1.08536
	0.676072
	0.551108
	0.630631
	0.403424

	516
	1.664712
	-1.08536
	0.630631
	0.573829
	0.59655
	0.414784

	517
	1.585189
	-1.11944
	0.664712
	0.460225
	0.573829
	0.414784

	518
	1.641991
	-1.14216
	0.630631
	0.505667
	0.585189
	0.335262

	519
	1.539748
	-1.05128
	0.59655
	0.551108
	0.539748
	0.380703

	520
	1.539748
	-1.074
	0.60791
	0.528388
	0.551108
	0.414784

	521
	1.494306
	-1.16488
	0.573829
	0.494306
	0.585189
	0.346622

	522
	1.494306
	-1.15352
	0.573829
	0.517027
	0.494306
	0.403424

	523
	1.471586
	-1.09672
	0.59655
	0.562469
	0.59655
	0.426144

	524
	1.517027
	-1.1876
	0.59655
	0.460225
	0.551108
	0.392063

	525
	1.494306
	-1.19896
	0.61927
	0.460225
	0.482946
	0.437505

	526
	1.528388
	-1.16488
	0.573829
	0.539748
	0.448865
	0.357982

	527
	1.448865
	-1.25577
	0.539748
	0.471586
	0.505667
	0.437505

	528
	1.426144
	-1.23305
	0.517027
	0.471586
	0.494306
	0.335262

	529
	1.414784
	-1.1876
	0.573829
	0.482946
	0.437505
	0.403424

	530
	1.494306
	-1.24441
	0.539748
	0.426144
	0.426144
	0.357982

	531
	1.414784
	-1.24441
	0.505667
	0.505667
	0.437505
	0.357982

	532
	1.437505
	-1.22169
	0.505667
	0.414784
	0.528388
	0.323901

	533
	1.471586
	-1.1876
	0.460225
	0.392063
	0.448865
	0.27846

	534
	1.426144
	-1.26713
	0.494306
	0.494306
	0.403424
	0.357982

	535
	1.437505
	-1.25577
	0.505667
	0.482946
	0.357982
	0.312541

	536
	1.426144
	-1.27849
	0.460225
	0.437505
	0.403424
	0.2671

	537
	1.380703
	-1.31257
	0.426144
	0.426144
	0.392063
	0.312541

	538
	1.380703
	-1.32393
	0.414784
	0.482946
	0.482946
	0.27846

	539
	1.357982
	-1.32393
	0.460225
	0.448865
	0.392063
	0.335262

	540
	1.346622
	-1.33529
	0.471586
	0.380703
	0.357982
	0.2671

	541
	1.357982
	-1.35801
	0.426144
	0.460225
	0.357982
	0.27846

	542
	1.323901
	-1.36937
	0.437505
	0.448865
	0.392063
	0.335262

	543
	1.312541
	-1.31257
	0.392063
	0.460225
	0.426144
	0.221658

	544
	1.323901
	-1.36937
	0.403424
	0.426144
	0.323901
	0.255739

	545
	1.312541
	-1.36937
	0.426144
	0.494306
	0.312541
	0.255739

	546
	1.323901
	-1.38073
	0.426144
	0.482946
	0.335262
	0.210298

	547
	1.233019
	-1.39209
	0.403424
	0.494306
	0.323901
	0.255739

	548
	1.27846
	-1.43753
	0.403424
	0.551108
	0.380703
	0.176217

	549
	1.255739
	-1.47161
	0.414784
	0.448865
	0.2671
	0.221658

	550
	1.323901
	-1.46025
	0.414784
	0.482946
	0.346622
	0.198938

	551
	1.27846
	-1.42617
	0.369343
	0.460225
	0.28982
	0.221658

	552
	1.187577
	-1.48297
	0.414784
	0.448865
	0.27846
	0.244379

	553
	1.233019
	-1.53978
	0.414784
	0.437505
	0.301181
	0.187577

	554
	1.221658
	-1.50569
	0.403424
	0.426144
	0.27846
	0.233019

	555
	1.198938
	-1.52841
	0.392063
	0.369343
	0.323901
	0.198938

	556
	1.244379
	-1.65338
	0.369343
	0.448865
	0.335262
	0.198938

	557
	1.221658
	-1.65338
	0.482946
	0.403424
	0.301181
	0.153496

	558
	1.187577
	-1.6193
	0.369343
	0.403424
	0.255739
	0.187577

	559
	1.198938
	-1.63066
	0.403424
	0.414784
	0.335262
	0.153496

	560
	1.233019
	-1.68746
	0.369343
	0.392063
	0.357982
	0.233019

	561
	1.221658
	-1.66474
	0.357982
	0.357982
	0.2671
	0.221658

	562
	1.244379
	-1.65338
	0.414784
	0.357982
	0.27846
	0.073974

	563
	1.176217
	-1.7329
	0.482946
	0.380703
	0.28982
	0.119415

	564
	1.164857
	-1.69882
	0.482946
	0.346622
	0.28982
	0.108055

	565
	1.255739
	-1.75562
	0.335262
	0.448865
	0.301181
	0.164857

	566
	1.198938
	-1.7329
	0.380703
	0.369343
	0.27846
	0.153496

	567
	1.187577
	-1.7329
	0.437505
	0.346622
	0.198938
	0.130776

	568
	1.176217
	-1.6761
	0.414784
	0.369343
	0.255739
	0.176217

	569
	1.108055
	-1.80106
	0.369343
	0.335262
	0.27846
	0.176217

	570
	1.176217
	-1.74426
	0.323901
	0.369343
	0.28982
	0.130776

	571
	1.198938
	-1.75562
	0.369343
	0.312541
	0.221658
	0.233019

	572
	1.198938
	-1.75562
	0.380703
	0.255739
	0.2671
	0.187577

	573
	1.108055
	-1.81242
	0.312541
	0.210298
	0.2671
	0.119415

	574
	1.187577
	-1.7897
	0.323901
	0.323901
	0.255739
	0.142136

	575
	1.119415
	-1.83514
	0.301181
	0.210298
	0.233019
	0.130776

	576
	1.164857
	-1.83514
	0.301181
	0.210298
	0.255739
	0.187577

	577
	1.130776
	-1.8465
	0.426144
	0.233019
	0.28982
	0.130776

	578
	1.164857
	-1.82378
	0.335262
	0.28982
	0.2671
	0.233019

	579
	1.108055
	-1.82378
	0.255739
	0.380703
	0.323901
	0.187577

	580
	1.062614
	-1.7329
	0.380703
	0.244379
	0.233019
	0.176217

	581
	1.130776
	-1.77834
	0.28982
	0.221658
	0.233019
	0.210298

	582
	1.130776
	-1.8465
	0.2671
	0.255739
	0.244379
	0.210298

	583
	1.119415
	-1.81242
	0.233019
	0.233019
	0.233019
	0.244379

	584
	1.085334
	-1.77834
	0.28982
	0.312541
	0.2671
	0.198938

	585
	1.062614
	-1.80106
	0.301181
	0.233019
	0.255739
	0.176217

	586
	1.108055
	-1.77834
	0.28982
	0.210298
	0.27846
	0.187577

	587
	1.085334
	-1.7897
	0.233019
	0.312541
	0.198938
	0.255739

	588
	1.005812
	-1.81242
	0.28982
	0.210298
	0.233019
	0.28982

	589
	1.039893
	-1.83514
	0.244379
	0.176217
	0.221658
	0.312541

	590
	1.039893
	-1.75562
	0.233019
	0.255739
	0.221658
	0.323901

	591
	1.017172
	-1.82378
	0.210298
	0.198938
	0.255739
	0.221658

	592
	0.994452
	-1.8465
	0.233019
	0.221658
	0.221658
	0.255739

	593
	0.93765
	-1.82378
	0.255739
	0.233019
	0.176217
	0.210298

	594
	0.994452
	-1.77834
	0.301181
	0.27846
	0.176217
	0.255739

	595
	0.994452
	-1.88059
	0.2671
	0.221658
	0.153496
	0.255739

	596
	0.93765
	-1.86922
	0.130776
	0.233019
	0.210298
	0.233019

	597
	1.005812
	-1.76698
	0.244379
	0.255739
	0.187577
	0.323901

	598
	0.994452
	-1.75562
	0.221658
	0.221658
	0.085334
	0.312541

	599
	0.983091
	-1.83514
	0.301181
	0.198938
	0.108055
	0.27846

	600
	1.005812
	-1.83514
	0.221658
	0.233019
	0.096695
	0.27846

	601
	0.94901
	-1.86922
	0.221658
	0.255739
	0.073974
	0.312541

	602
	0.94901
	-1.81242
	0.210298
	0.27846
	0.039893
	0.301181

	603
	1.062614
	-1.81242
	0.255739
	0.27846
	0.108055
	0.221658

	604
	0.93765
	-1.83514
	0.301181
	0.221658
	0.085334
	0.301181

	605
	0.971731
	-1.81242
	0.2671
	0.312541
	0.096695
	0.2671

	606
	1.028533
	-1.77834
	0.27846
	0.346622
	0.119415
	0.27846

	607
	1.005812
	-1.76698
	0.28982
	0.27846
	0.119415
	0.2671

	608
	1.051253
	-1.80106
	0.221658
	0.380703
	0.153496
	0.244379

	609
	1.017172
	-1.7329
	0.255739
	0.357982
	0.096695
	0.312541

	610
	1.073974
	-1.64202
	0.323901
	0.28982
	0.142136
	0.335262

	611
	1.096695
	-1.71018
	0.301181
	0.346622
	0.142136
	0.28982

	612
	1.198938
	-1.71018
	0.28982
	0.323901
	0.130776
	0.2671

	613
	1.108055
	-1.66474
	0.335262
	0.346622
	0.164857
	0.2671

	614
	1.085334
	-1.68746
	0.244379
	0.346622
	0.153496
	0.244379

	615
	1.130776
	-1.71018
	0.301181
	0.403424
	0.153496
	0.323901

	616
	1.153496
	-1.71018
	0.357982
	0.369343
	0.176217
	0.335262

	617
	1.164857
	-1.72154
	0.357982
	0.346622
	0.198938
	0.198938

	618
	1.130776
	-1.66474
	0.335262
	0.403424
	0.198938
	0.2671

	619
	1.176217
	-1.66474
	0.323901
	0.335262
	0.119415
	0.346622

	620
	1.153496
	-1.69882
	0.369343
	0.403424
	0.221658
	0.312541

	621
	1.210298
	-1.69882
	0.403424
	0.482946
	0.244379
	0.28982

	622
	1.233019
	-1.6193
	0.414784
	0.426144
	0.244379
	0.301181

	623
	1.221658
	-1.6193
	0.357982
	0.448865
	0.2671
	0.357982

	624
	1.153496
	-1.69882
	0.380703
	0.403424
	0.27846
	0.369343

	625
	1.255739
	-1.68746
	0.392063
	0.460225
	0.357982
	0.323901

	626
	1.244379
	-1.63066
	0.346622
	0.426144
	0.312541
	0.460225

	627
	1.255739
	-1.65338
	0.437505
	0.482946
	0.255739
	0.414784

	628
	1.27846
	-1.6193
	0.414784
	0.448865
	0.244379
	0.414784

	629
	1.301181
	-1.60794
	0.448865
	0.392063
	0.27846
	0.380703

	630
	1.2671
	-1.60794
	0.482946
	0.471586
	0.312541
	0.437505

	631
	1.312541
	-1.5625
	0.482946
	0.471586
	0.392063
	0.403424

	632
	1.346622
	-1.57386
	0.426144
	0.414784
	0.414784
	0.460225

	633
	1.335262
	-1.53978
	0.494306
	0.437505
	0.312541
	0.403424

	634
	1.2671
	-1.59658
	0.460225
	0.448865
	0.380703
	0.369343

	635
	1.323901
	-1.58522
	0.505667
	0.517027
	0.357982
	0.482946

	636
	1.312541
	-1.5625
	0.494306
	0.471586
	0.346622
	0.414784

	637
	1.392063
	-1.5625
	0.528388
	0.346622
	0.357982
	0.414784

	638
	1.346622
	-1.51705
	0.505667
	0.414784
	0.437505
	0.437505

	639
	1.357982
	-1.50569
	0.471586
	0.426144
	0.437505
	0.403424

	640
	1.403424
	-1.47161
	0.448865
	0.426144
	0.392063
	0.392063

	641
	1.369343
	-1.57386
	0.528388
	0.403424
	0.460225
	0.448865

	642
	1.437505
	-1.51705
	0.505667
	0.426144
	0.460225
	0.448865

	643
	1.392063
	-1.51705
	0.482946
	0.448865
	0.460225
	0.437505

	644
	1.392063
	-1.47161
	0.460225
	0.437505
	0.460225
	0.482946

	645
	1.414784
	-1.41481
	0.517027
	0.460225
	0.414784
	0.505667

	646
	1.494306
	-1.47161
	0.539748
	0.482946
	0.437505
	0.505667

	647
	1.471586
	-1.35801
	0.562469
	0.482946
	0.505667
	0.494306

	648
	1.528388
	-1.42617
	0.573829
	0.448865
	0.482946
	0.494306

	649
	1.517027
	-1.47161
	0.517027
	0.517027
	0.528388
	0.505667

	650
	1.517027
	-1.39209
	0.517027
	0.517027
	0.505667
	0.562469

	651
	1.517027
	-1.35801
	0.528388
	0.517027
	0.562469
	0.585189

	652
	1.460225
	-1.31257
	0.505667
	0.528388
	0.551108
	0.573829

	653
	1.551108
	-1.40345
	0.494306
	0.517027
	0.539748
	0.60791

	654
	1.573829
	-1.30121
	0.460225
	0.551108
	0.528388
	0.539748

	655
	1.539748
	-1.30121
	0.482946
	0.562469
	0.505667
	0.562469

	656
	1.551108
	-1.27849
	0.494306
	0.562469
	0.573829
	0.505667

	657
	1.494306
	-1.30121
	0.471586
	0.562469
	0.562469
	0.664712

	658
	1.585189
	-1.30121
	0.517027
	0.551108
	0.59655
	0.59655

	659
	1.539748
	-1.25577
	0.494306
	0.562469
	0.539748
	0.573829

	660
	1.528388
	-1.32393
	0.505667
	0.573829
	0.61927
	0.664712

	661
	1.585189
	-1.24441
	0.448865
	0.551108
	0.562469
	0.562469

	662
	1.59655
	-1.26713
	0.471586
	0.585189
	0.585189
	0.653351

	663
	1.562469
	-1.27849
	0.551108
	0.59655
	0.551108
	0.573829

	664
	1.664712
	-1.23305
	0.482946
	0.573829
	0.539748
	0.60791

	665
	1.61927
	-1.27849
	0.539748
	0.562469
	0.573829
	0.59655

	666
	1.539748
	-1.27849
	0.482946
	0.59655
	0.630631
	0.60791

	667
	1.641991
	-1.30121
	0.517027
	0.698793
	0.585189
	0.551108

	668
	1.573829
	-1.26713
	0.517027
	0.562469
	0.528388
	0.59655

	669
	1.60791
	-1.21033
	0.539748
	0.710153
	0.59655
	0.585189

	670
	1.61927
	-1.34665
	0.517027
	0.653351
	0.494306
	0.630631

	671
	1.528388
	-1.28985
	0.505667
	0.585189
	0.573829
	0.562469

	672
	1.676072
	-1.31257
	0.505667
	0.630631
	0.551108
	0.528388

	673
	1.551108
	-1.30121
	0.528388
	0.562469
	0.585189
	0.539748

	674
	1.585189
	-1.34665
	0.494306
	0.641991
	0.528388
	0.551108

	675
	1.585189
	-1.34665
	0.539748
	0.551108
	0.641991
	0.448865

	676
	1.59655
	-1.32393
	0.528388
	0.59655
	0.551108
	0.448865

	677
	1.60791
	-1.33529
	0.528388
	0.60791
	0.528388
	0.482946

	678
	1.528388
	-1.36937
	0.551108
	0.573829
	0.562469
	0.505667

	679
	1.562469
	-1.40345
	0.539748
	0.59655
	0.551108
	0.448865

	680
	1.528388
	-1.36937
	0.551108
	0.641991
	0.494306
	0.403424

	681
	1.539748
	-1.32393
	0.539748
	0.539748
	0.551108
	0.414784

	682
	1.551108
	-1.40345
	0.517027
	0.61927
	0.539748
	0.392063

	683
	1.573829
	-1.36937
	0.573829
	0.60791
	0.539748
	0.403424

	684
	1.573829
	-1.40345
	0.505667
	0.494306
	0.528388
	0.346622

	685
	1.562469
	-1.41481
	0.551108
	0.630631
	0.482946
	0.357982

	686
	1.59655
	-1.33529
	0.505667
	0.585189
	0.539748
	0.380703

	687
	1.562469
	-1.44889
	0.562469
	0.482946
	0.505667
	0.369343

	688
	1.653351
	-1.42617
	0.505667
	0.664712
	0.551108
	0.323901

	689
	1.641991
	-1.39209
	0.539748
	0.59655
	0.517027
	0.346622

	690
	1.687432
	-1.49433
	0.460225
	0.551108
	0.539748
	0.346622

	691
	1.61927
	-1.41481
	0.505667
	0.573829
	0.539748
	0.403424

	692
	1.676072
	-1.36937
	0.471586
	0.551108
	0.494306
	0.28982

	693
	1.562469
	-1.49433
	0.494306
	0.539748
	0.60791
	0.312541

	694
	1.60791
	-1.48297
	0.460225
	0.551108
	0.517027
	0.403424

	695
	1.630631
	-1.43753
	0.562469
	0.539748
	0.59655
	0.346622

	696
	1.641991
	-1.53978
	0.414784
	0.494306
	0.528388
	0.335262

	697
	1.59655
	-1.47161
	0.448865
	0.517027
	0.562469
	0.346622

	698
	1.630631
	-1.49433
	0.482946
	0.562469
	0.630631
	0.392063

	699
	1.630631
	-1.50569
	0.471586
	0.528388
	0.61927
	0.312541

	700
	1.562469
	-1.55114
	0.448865
	0.471586
	0.585189
	0.369343

	701
	1.585189
	-1.48297
	0.505667
	0.562469
	0.562469
	0.403424

	702
	1.528388
	-1.48297
	0.448865
	0.505667
	0.562469
	0.323901

	703
	1.551108
	-1.58522
	0.517027
	0.448865
	0.573829
	0.357982

	704
	1.494306
	-1.57386
	0.471586
	0.482946
	0.562469
	0.392063

	705
	1.551108
	-1.55114
	0.437505
	0.448865
	0.551108
	0.312541

	706
	1.517027
	-1.59658
	0.517027
	0.460225
	0.585189
	0.27846

	707
	1.539748
	-1.55114
	0.426144
	0.414784
	0.528388
	0.392063

	708
	1.505667
	-1.55114
	0.482946
	0.471586
	0.562469
	0.403424

	709
	1.494306
	-1.59658
	0.460225
	0.471586
	0.585189
	0.335262

	710
	1.494306
	-1.5625
	0.437505
	0.426144
	0.585189
	0.335262

	711
	1.528388
	-1.52841
	0.448865
	0.448865
	0.562469
	0.392063

	712
	1.460225
	-1.64202
	0.460225
	0.414784
	0.517027
	0.369343

	713
	1.517027
	-1.66474
	0.392063
	0.448865
	0.573829
	0.346622

	714
	1.505667
	-1.60794
	0.505667
	0.482946
	0.551108
	0.346622

	715
	1.494306
	-1.5625
	0.448865
	0.505667
	0.517027
	0.426144

	716
	1.539748
	-1.59658
	0.471586
	0.517027
	0.528388
	0.414784

	717
	1.528388
	-1.59658
	0.494306
	0.505667
	0.505667
	0.335262

	718
	1.471586
	-1.5625
	0.392063
	0.460225
	0.60791
	0.414784

	719
	1.505667
	-1.57386
	0.448865
	0.551108
	0.471586
	0.403424


Table 2: P-Ѳ data for the load 3.5kW
	Ѳ
	Diesel
	B20
	B40
	B60
	B80
	B100

	0
	0.449155
	0.392354
	-0.56221
	-0.55085
	-1.58493
	-0.70989

	1
	0.449155
	0.27875
	-0.66445
	-0.60765
	-1.64173
	-0.75533

	2
	0.426435
	0.312831
	-0.58493
	-0.60765
	-1.70989
	-0.78941

	3
	0.392354
	0.324192
	-0.65309
	-0.66445
	-1.66445
	-0.78941

	4
	0.415074
	0.312831
	-0.61901
	-0.68717
	-1.64173
	-0.82349

	5
	0.358273
	0.26739
	-0.67581
	-0.67581
	-1.64173
	-0.74397

	6
	0.335552
	0.290111
	-0.69853
	-0.64173
	-1.67581
	-0.78941

	7
	0.290111
	0.290111
	-0.70989
	-0.65309
	-1.73261
	-0.75533

	8
	0.25603
	0.27875
	-0.70989
	-0.66445
	-1.70989
	-0.75533

	9
	0.26739
	0.26739
	-0.68717
	-0.73261
	-1.81213
	-0.78941

	10
	0.210588
	0.25603
	-0.70989
	-0.68717
	-1.80077
	-0.81213

	11
	0.176507
	0.25603
	-0.74397
	-0.77805
	-1.77805
	-0.92574

	12
	0.108345
	0.301471
	-0.74397
	-0.78941
	-1.77805
	-0.90302

	13
	0.108345
	0.233309
	-0.75533
	-0.80077
	-1.91438
	-0.92574

	14
	0.074264
	0.25603
	-0.88029
	-0.84621
	-1.88029
	-0.9371

	15
	0.051544
	0.199228
	-0.82349
	-0.76669
	-1.88029
	-0.85757

	16
	0.119706
	0.233309
	-0.92574
	-0.83485
	-1.84621
	-0.94846

	17
	0.006102
	0.210588
	-0.78941
	-0.78941
	-1.84621
	-0.95982

	18
	0.040183
	0.210588
	-0.84621
	-0.76669
	-1.81213
	-0.97118

	19
	0.085625
	0.187868
	-0.83485
	-0.80077
	-1.81213
	-0.9939

	20
	-0.00526
	0.176507
	-0.89166
	-0.84621
	-1.88029
	-0.97118

	21
	0.040183
	0.27875
	-0.86893
	-0.81213
	-1.83485
	-0.98254

	22
	0.028823
	0.312831
	-0.88029
	-0.78941
	-1.78941
	-0.90302

	23
	0.051544
	0.233309
	-0.81213
	-0.80077
	-1.82349
	-0.95982

	24
	0.017463
	0.25603
	-0.77805
	-0.78941
	-1.77805
	-0.91438

	25
	0.062904
	0.25603
	-0.78941
	-0.83485
	-1.82349
	-0.95982

	26
	0.074264
	0.25603
	-0.78941
	-0.70989
	-1.73261
	-0.92574

	27
	0.051544
	0.290111
	-0.82349
	-0.74397
	-1.73261
	-0.9371

	28
	0.108345
	0.25603
	-0.80077
	-0.73261
	-1.76669
	-0.91438

	29
	0.085625
	0.290111
	-0.73261
	-0.80077
	-1.69853
	-0.98254

	30
	0.074264
	0.221949
	-0.77805
	-0.73261
	-1.78941
	-0.98254

	31
	0.028823
	0.244669
	-0.75533
	-0.74397
	-1.73261
	-0.91438

	32
	0.176507
	0.27875
	-0.83485
	-0.70989
	-1.73261
	-0.90302

	33
	0.085625
	0.301471
	-0.80077
	-0.72125
	-1.70989
	-0.86893

	34
	0.108345
	0.244669
	-0.73261
	-0.78941
	-1.69853
	-1.01662

	35
	0.142426
	0.25603
	-0.80077
	-0.68717
	-1.63037
	-0.88029

	36
	0.142426
	0.210588
	-0.76669
	-0.75533
	-1.68717
	-0.91438

	37
	0.119706
	0.233309
	-0.83485
	-0.72125
	-1.69853
	-0.83485

	38
	0.085625
	0.233309
	-0.84621
	-0.81213
	-1.68717
	-0.81213

	39
	0.108345
	0.210588
	-0.82349
	-0.74397
	-1.68717
	-0.81213

	40
	0.131066
	0.25603
	-0.80077
	-0.69853
	-1.72125
	-0.78941

	41
	0.221949
	0.26739
	-0.81213
	-0.68717
	-1.67581
	-0.80077

	42
	0.187868
	0.210588
	-0.86893
	-0.67581
	-1.69853
	-0.82349

	43
	0.176507
	0.301471
	-0.84621
	-0.81213
	-1.69853
	-0.69853

	44
	0.187868
	0.221949
	-0.86893
	-0.69853
	-1.73261
	-0.77805

	45
	0.221949
	0.233309
	-0.85757
	-0.70989
	-1.76669
	-0.75533

	46
	0.165147
	0.25603
	-0.85757
	-0.72125
	-1.73261
	-0.73261

	47
	0.176507
	0.210588
	-0.85757
	-0.73261
	-1.69853
	-0.74397

	48
	0.153787
	0.210588
	-0.88029
	-0.76669
	-1.66445
	-0.73261

	49
	0.108345
	0.301471
	-0.88029
	-0.73261
	-1.64173
	-0.73261

	50
	0.108345
	0.199228
	-0.94846
	-0.74397
	-1.74397
	-0.78941

	51
	0.131066
	0.290111
	-0.92574
	-0.80077
	-1.72125
	-0.75533

	52
	0.131066
	0.176507
	-0.92574
	-0.83485
	-1.77805
	-0.78941

	53
	0.165147
	0.26739
	-0.89166
	-0.78941
	-1.80077
	-0.78941

	54
	0.142426
	0.290111
	-0.85757
	-0.80077
	-1.72125
	-0.75533

	55
	0.153787
	0.176507
	-0.91438
	-0.85757
	-1.70989
	-0.85757

	56
	0.165147
	0.26739
	-0.89166
	-0.83485
	-1.74397
	-0.67581

	57
	0.142426
	0.176507
	-0.92574
	-0.83485
	-1.78941
	-0.75533

	58
	0.131066
	0.187868
	-0.91438
	-0.78941
	-1.76669
	-0.74397

	59
	0.131066
	0.221949
	-0.88029
	-0.86893
	-1.70989
	-0.81213

	60
	0.085625
	0.25603
	-0.84621
	-0.85757
	-1.74397
	-0.84621

	61
	0.096985
	0.25603
	-0.82349
	-0.88029
	-1.73261
	-0.68717

	62
	0.119706
	0.244669
	-0.92574
	-0.83485
	-1.77805
	-0.80077

	63
	0.187868
	0.244669
	-0.88029
	-0.85757
	-1.69853
	-0.80077

	64
	0.176507
	0.221949
	-0.85757
	-0.89166
	-1.74397
	-0.83485

	65
	0.153787
	0.244669
	-0.89166
	-0.91438
	-1.70989
	-0.77805

	66
	0.153787
	0.199228
	-0.84621
	-0.82349
	-1.83485
	-0.81213

	67
	0.165147
	0.210588
	-0.88029
	-0.91438
	-1.75533
	-0.73261

	68
	0.233309
	0.26739
	-0.78941
	-0.81213
	-1.73261
	-0.83485

	69
	0.187868
	0.26739
	-0.88029
	-0.81213
	-1.73261
	-0.83485

	70
	0.187868
	0.221949
	-0.77805
	-0.83485
	-1.75533
	-0.78941

	71
	0.290111
	0.233309
	-0.90302
	-0.78941
	-1.76669
	-0.78941

	72
	0.176507
	0.244669
	-0.86893
	-0.69853
	-1.77805
	-0.85757

	73
	0.290111
	0.176507
	-0.86893
	-0.85757
	-1.77805
	-0.82349

	74
	0.26739
	0.301471
	-0.83485
	-0.86893
	-1.72125
	-0.80077

	75
	0.25603
	0.26739
	-0.81213
	-0.82349
	-1.76669
	-0.78941

	76
	0.312831
	0.244669
	-0.86893
	-0.88029
	-1.74397
	-0.78941

	77
	0.301471
	0.301471
	-0.84621
	-0.78941
	-1.77805
	-0.77805

	78
	0.335552
	0.324192
	-0.85757
	-0.89166
	-1.77805
	-0.86893

	79
	0.290111
	0.358273
	-0.78941
	-0.82349
	-1.78941
	-0.85757

	80
	0.335552
	0.301471
	-0.73261
	-0.77805
	-1.78941
	-0.76669

	81
	0.312831
	0.324192
	-0.78941
	-0.75533
	-1.74397
	-0.72125

	82
	0.346912
	0.27875
	-0.78941
	-0.74397
	-1.72125
	-0.82349

	83
	0.335552
	0.27875
	-0.77805
	-0.77805
	-1.70989
	-0.83485

	84
	0.27875
	0.335552
	-0.83485
	-0.74397
	-1.75533
	-0.82349

	85
	0.415074
	0.346912
	-0.77805
	-0.76669
	-1.67581
	-0.77805

	86
	0.324192
	0.290111
	-0.78941
	-0.74397
	-1.77805
	-0.77805

	87
	0.392354
	0.301471
	-0.76669
	-0.69853
	-1.76669
	-0.76669

	88
	0.403714
	0.415074
	-0.68717
	-0.77805
	-1.66445
	-0.74397

	89
	0.324192
	0.221949
	-0.73261
	-0.74397
	-1.76669
	-0.73261

	90
	0.380993
	0.301471
	-0.69853
	-0.69853
	-1.72125
	-0.74397

	91
	0.403714
	0.403714
	-0.74397
	-0.73261
	-1.65309
	-0.70989

	92
	0.392354
	0.26739
	-0.73261
	-0.58493
	-1.67581
	-0.83485

	93
	0.392354
	0.426435
	-0.68717
	-0.67581
	-1.63037
	-0.81213

	94
	0.403714
	0.290111
	-0.74397
	-0.76669
	-1.66445
	-0.69853

	95
	0.244669
	0.312831
	-0.69853
	-0.68717
	-1.64173
	-0.74397

	96
	0.380993
	0.369633
	-0.73261
	-0.65309
	-1.72125
	-0.83485

	97
	0.335552
	0.244669
	-0.69853
	-0.72125
	-1.70989
	-0.69853

	98
	0.324192
	0.27875
	-0.66445
	-0.70989
	-1.63037
	-0.78941

	99
	0.380993
	0.25603
	-0.72125
	-0.66445
	-1.55085
	-0.77805

	100
	0.27875
	0.233309
	-0.56221
	-0.68717
	-1.64173
	-0.73261

	101
	0.392354
	0.301471
	-0.63037
	-0.67581
	-1.66445
	-0.83485

	102
	0.301471
	0.233309
	-0.61901
	-0.63037
	-1.64173
	-0.74397

	103
	0.335552
	0.119706
	-0.53948
	-0.67581
	-1.63037
	-0.77805

	104
	0.392354
	0.335552
	-0.73261
	-0.69853
	-1.64173
	-0.69853

	105
	0.312831
	0.233309
	-0.70989
	-0.72125
	-1.60765
	-0.73261

	106
	0.369633
	0.221949
	-0.67581
	-0.60765
	-1.58493
	-0.75533

	107
	0.415074
	0.221949
	-0.74397
	-0.61901
	-1.65309
	-0.72125

	108
	0.380993
	0.233309
	-0.66445
	-0.66445
	-1.72125
	-0.69853

	109
	0.415074
	0.233309
	-0.65309
	-0.66445
	-1.66445
	-0.69853

	110
	0.471876
	0.290111
	-0.64173
	-0.64173
	-1.64173
	-0.70989

	111
	0.380993
	0.221949
	-0.55085
	-0.64173
	-1.64173
	-0.67581

	112
	0.392354
	0.25603
	-0.65309
	-0.65309
	-1.67581
	-0.67581

	113
	0.369633
	0.244669
	-0.60765
	-0.64173
	-1.69853
	-0.68717

	114
	0.426435
	0.244669
	-0.56221
	-0.63037
	-1.70989
	-0.72125

	115
	0.403714
	0.210588
	-0.73261
	-0.63037
	-1.68717
	-0.65309

	116
	0.426435
	0.26739
	-0.73261
	-0.60765
	-1.76669
	-0.70989

	117
	0.358273
	0.26739
	-0.65309
	-0.70989
	-1.69853
	-0.72125

	118
	0.415074
	0.25603
	-0.66445
	-0.68717
	-1.70989
	-0.70989

	119
	0.403714
	0.244669
	-0.56221
	-0.67581
	-1.75533
	-0.74397

	120
	0.312831
	0.210588
	-0.63037
	-0.64173
	-1.80077
	-0.66445

	121
	0.369633
	0.210588
	-0.61901
	-0.59629
	-1.76669
	-0.73261

	122
	0.403714
	0.25603
	-0.61901
	-0.61901
	-1.82349
	-0.68717

	123
	0.324192
	0.27875
	-0.65309
	-0.58493
	-1.70989
	-0.69853

	124
	0.369633
	0.25603
	-0.65309
	-0.66445
	-1.64173
	-0.68717

	125
	0.415074
	0.27875
	-0.58493
	-0.63037
	-1.72125
	-0.67581

	126
	0.369633
	0.27875
	-0.59629
	-0.64173
	-1.69853
	-0.66445

	127
	0.380993
	0.290111
	-0.60765
	-0.58493
	-1.77805
	-0.68717

	128
	0.449155
	0.25603
	-0.53948
	-0.55085
	-1.68717
	-0.69853

	129
	0.426435
	0.346912
	-0.55085
	-0.61901
	-1.77805
	-0.72125

	130
	0.483236
	0.312831
	-0.5054
	-0.56221
	-1.70989
	-0.74397

	131
	0.403714
	0.290111
	-0.4486
	-0.56221
	-1.69853
	-0.77805

	132
	0.380993
	0.415074
	-0.42588
	-0.52812
	-1.66445
	-0.81213

	133
	0.392354
	0.301471
	-0.43724
	-0.53948
	-1.60765
	-0.83485

	134
	0.403714
	0.324192
	-0.48268
	-0.58493
	-1.64173
	-0.78941

	135
	0.449155
	0.369633
	-0.5054
	-0.53948
	-1.66445
	-0.85757

	136
	0.403714
	0.26739
	-0.51676
	-0.57357
	-1.63037
	-0.80077

	137
	0.449155
	0.324192
	-0.43724
	-0.55085
	-1.70989
	-0.73261

	138
	0.551398
	0.301471
	-0.45996
	-0.53948
	-1.65309
	-0.77805

	139
	0.449155
	0.27875
	-0.43724
	-0.53948
	-1.57357
	-0.74397

	140
	0.517317
	0.392354
	-0.41452
	-0.48268
	-1.70989
	-0.77805

	141
	0.494597
	0.380993
	-0.4486
	-0.5054
	-1.59629
	-0.80077

	142
	0.426435
	0.312831
	-0.4486
	-0.45996
	-1.58493
	-0.78941

	143
	0.460516
	0.346912
	-0.42588
	-0.40316
	-1.67581
	-0.74397

	144
	0.471876
	0.324192
	-0.36908
	-0.41452
	-1.65309
	-0.75533

	145
	0.483236
	0.392354
	-0.3918
	-0.47132
	-1.68717
	-0.73261

	146
	0.505957
	0.380993
	-0.43724
	-0.3918
	-1.57357
	-0.67581

	147
	0.483236
	0.415074
	-0.3918
	-0.42588
	-1.53948
	-0.73261

	148
	0.528678
	0.415074
	-0.41452
	-0.42588
	-1.57357
	-0.77805

	149
	0.460516
	0.415074
	-0.3918
	-0.3918
	-1.53948
	-0.73261

	150
	0.551398
	0.449155
	-0.42588
	-0.40316
	-1.57357
	-0.68717

	151
	0.437795
	0.483236
	-0.43724
	-0.32364
	-1.58493
	-0.69853

	152
	0.415074
	0.483236
	-0.36908
	-0.34636
	-1.60765
	-0.64173

	153
	0.517317
	0.437795
	-0.3918
	-0.40316
	-1.55085
	-0.68717

	154
	0.449155
	0.392354
	-0.3918
	-0.3918
	-1.56221
	-0.70989

	155
	0.437795
	0.415074
	-0.41452
	-0.42588
	-1.52812
	-0.68717

	156
	0.437795
	0.415074
	-0.41452
	-0.41452
	-1.56221
	-0.68717

	157
	0.471876
	0.437795
	-0.47132
	-0.36908
	-1.56221
	-0.68717

	158
	0.494597
	0.415074
	-0.42588
	-0.41452
	-1.56221
	-0.60765

	159
	0.540038
	0.426435
	-0.3918
	-0.3918
	-1.60765
	-0.61901

	160
	0.471876
	0.403714
	-0.38044
	-0.36908
	-1.66445
	-0.65309

	161
	0.415074
	0.437795
	-0.42588
	-0.42588
	-1.57357
	-0.60765

	162
	0.449155
	0.426435
	-0.3918
	-0.43724
	-1.60765
	-0.72125

	163
	0.426435
	0.426435
	-0.41452
	-0.35772
	-1.48268
	-0.60765

	164
	0.403714
	0.437795
	-0.49404
	-0.38044
	-1.4486
	-0.67581

	165
	0.392354
	0.449155
	-0.47132
	-0.35772
	-1.47132
	-0.64173

	166
	0.403714
	0.483236
	-0.45996
	-0.3918
	-1.4486
	-0.58493

	167
	0.369633
	0.471876
	-0.42588
	-0.35772
	-1.5054
	-0.53948

	168
	0.335552
	0.449155
	-0.48268
	-0.38044
	-1.47132
	-0.60765

	169
	0.449155
	0.460516
	-0.3918
	-0.36908
	-1.43724
	-0.58493

	170
	0.369633
	0.483236
	-0.38044
	-0.36908
	-1.40316
	-0.59629

	171
	0.369633
	0.449155
	-0.45996
	-0.43724
	-1.5054
	-0.63037

	172
	0.346912
	0.449155
	-0.4486
	-0.35772
	-1.49404
	-0.59629

	173
	0.358273
	0.426435
	-0.40316
	-0.40316
	-1.51676
	-0.57357

	174
	0.358273
	0.437795
	-0.42588
	-0.42588
	-1.41452
	-0.59629

	175
	0.392354
	0.460516
	-0.47132
	-0.35772
	-1.41452
	-0.53948

	176
	0.358273
	0.426435
	-0.38044
	-0.38044
	-1.45996
	-0.55085

	177
	0.380993
	0.449155
	-0.34636
	-0.42588
	-1.36908
	-0.48268

	178
	0.437795
	0.494597
	-0.3918
	-0.45996
	-1.45996
	-0.52812

	179
	0.403714
	0.449155
	-0.43724
	-0.31228
	-1.4486
	-0.53948

	180
	0.426435
	0.471876
	-0.42588
	-0.35772
	-1.38044
	-0.52812

	181
	0.415074
	0.551398
	-0.4486
	-0.32364
	-1.51676
	-0.59629

	182
	0.403714
	0.562759
	-0.40316
	-0.35772
	-1.43724
	-0.47132

	183
	0.426435
	0.460516
	-0.47132
	-0.35772
	-1.4486
	-0.49404

	184
	0.449155
	0.505957
	-0.4486
	-0.38044
	-1.49404
	-0.48268

	185
	0.380993
	0.59684
	-0.43724
	-0.3918
	-1.45996
	-0.5054

	186
	0.415074
	0.528678
	-0.43724
	-0.31228
	-1.43724
	-0.43724

	187
	0.426435
	0.585479
	-0.42588
	-0.34636
	-1.48268
	-0.5054

	188
	0.392354
	0.6082
	-0.40316
	-0.28956
	-1.45996
	-0.52812

	189
	0.426435
	0.59684
	-0.36908
	-0.38044
	-1.42588
	-0.4486

	190
	0.460516
	0.61956
	-0.40316
	-0.32364
	-1.38044
	-0.4486

	191
	0.471876
	0.642281
	-0.40316
	-0.41452
	-1.4486
	-0.5054

	192
	0.562759
	0.59684
	-0.41452
	-0.24412
	-1.42588
	-0.47132

	193
	0.494597
	0.61956
	-0.38044
	-0.34636
	-1.40316
	-0.49404

	194
	0.346912
	0.744524
	-0.35772
	-0.30092
	-1.36908
	-0.52812

	195
	0.528678
	0.699083
	-0.28956
	-0.31228
	-1.38044
	-0.42588

	196
	0.517317
	0.642281
	-0.32364
	-0.36908
	-1.35772
	-0.43724

	197
	0.562759
	0.710443
	-0.32364
	-0.25548
	-1.35772
	-0.48268

	198
	0.517317
	0.642281
	-0.28956
	-0.30092
	-1.35772
	-0.45996

	199
	0.471876
	0.653642
	-0.32364
	-0.2782
	-1.35772
	-0.51676

	200
	0.551398
	0.710443
	-0.34636
	-0.28956
	-1.335
	-0.52812

	201
	0.505957
	0.721804
	-0.34636
	-0.35772
	-1.3918
	-0.5054

	202
	0.562759
	0.687723
	-0.30092
	-0.31228
	-1.41452
	-0.4486

	203
	0.551398
	0.676362
	-0.25548
	-0.26684
	-1.36908
	-0.47132

	204
	0.562759
	0.665002
	-0.28956
	-0.26684
	-1.36908
	-0.45996

	205
	0.505957
	0.676362
	-0.31228
	-0.23276
	-1.30092
	-0.4486

	206
	0.540038
	0.676362
	-0.32364
	-0.26684
	-1.26684
	-0.4486

	207
	0.517317
	0.665002
	-0.26684
	-0.28956
	-1.23276
	-0.4486

	208
	0.574119
	0.721804
	-0.26684
	-0.26684
	-1.21003
	-0.38044

	209
	0.59684
	0.676362
	-0.32364
	-0.30092
	-1.24412
	-0.40316

	210
	0.562759
	0.744524
	-0.2782
	-0.25548
	-1.23276
	-0.43724

	211
	0.630921
	0.733164
	-0.335
	-0.2214
	-1.2782
	-0.35772

	212
	0.61956
	0.721804
	-0.35772
	-0.14187
	-1.24412
	-0.40316

	213
	0.59684
	0.733164
	-0.31228
	-0.28956
	-1.17595
	-0.3918

	214
	0.59684
	0.721804
	-0.31228
	-0.19867
	-1.09643
	-0.41452

	215
	0.630921
	0.710443
	-0.32364
	-0.25548
	-1.23276
	-0.4486

	216
	0.665002
	0.676362
	-0.32364
	-0.18731
	-1.23276
	-0.25548

	217
	0.642281
	0.767245
	-0.28956
	-0.2214
	-1.13051
	-0.2782

	218
	0.630921
	0.721804
	-0.32364
	-0.18731
	-1.17595
	-0.36908

	219
	0.574119
	0.733164
	-0.28956
	-0.26684
	-1.11915
	-0.34636

	220
	0.721804
	0.755885
	-0.335
	-0.23276
	-1.16459
	-0.21003

	221
	0.721804
	0.778605
	-0.26684
	-0.25548
	-1.17595
	-0.23276

	222
	0.687723
	0.721804
	-0.32364
	-0.2214
	-1.11915
	-0.24412

	223
	0.687723
	0.710443
	-0.34636
	-0.17595
	-1.16459
	-0.24412

	224
	0.733164
	0.710443
	-0.32364
	-0.23276
	-1.14187
	-0.18731

	225
	0.676362
	0.812686
	-0.36908
	-0.2214
	-1.13051
	-0.16459

	226
	0.778605
	0.812686
	-0.31228
	-0.18731
	-1.16459
	-0.28956

	227
	0.699083
	0.824047
	-0.335
	-0.24412
	-1.19867
	-0.13051

	228
	0.755885
	0.733164
	-0.26684
	-0.21003
	-1.11915
	-0.13051

	229
	0.744524
	0.812686
	-0.25548
	-0.18731
	-1.13051
	-0.21003

	230
	0.699083
	0.755885
	-0.21003
	-0.19867
	-1.09643
	-0.17595

	231
	0.744524
	0.824047
	-0.31228
	-0.2214
	-1.13051
	-0.03963

	232
	0.789966
	0.835407
	-0.21003
	-0.19867
	-1.07371
	-0.17595

	233
	0.778605
	0.824047
	-0.24412
	-0.21003
	-1.09643
	-0.14187

	234
	0.812686
	0.846767
	-0.24412
	-0.2214
	-1.05099
	-0.09643

	235
	0.767245
	0.858128
	-0.24412
	-0.23276
	-0.99419
	-0.03963

	236
	0.824047
	0.880848
	-0.24412
	-0.17595
	-1.08507
	-0.14187

	237
	0.789966
	0.801326
	-0.2214
	-0.15323
	-1.08507
	-0.07371

	238
	0.846767
	0.880848
	-0.24412
	-0.16459
	-1.08507
	-0.07371

	239
	0.858128
	0.869488
	-0.14187
	-0.14187
	-1.00555
	-0.01691

	240
	0.846767
	0.94901
	-0.17595
	-0.15323
	-0.97147
	-0.01691

	241
	0.869488
	0.93765
	-0.11915
	-0.13051
	-1.02827
	-0.05099

	242
	0.892209
	0.92629
	-0.11915
	-0.11915
	-0.99419
	-0.08507

	243
	0.94901
	0.892209
	-0.11915
	-0.14187
	-0.93739
	0.028533

	244
	0.914929
	0.92629
	-0.08507
	-0.14187
	-1.01691
	0.028533

	245
	0.960371
	0.93765
	-0.07371
	-0.05099
	-0.97147
	0.017172

	246
	0.903569
	1.017172
	-0.01691
	-0.07371
	-0.96011
	-0.01691

	247
	0.994452
	1.005812
	-0.03963
	-0.05099
	-0.92603
	0.028533

	248
	0.994452
	0.892209
	-0.03963
	-0.06235
	-0.93739
	0.051253

	249
	1.028533
	0.94901
	-0.03963
	0.005812
	-0.92603
	-0.00555

	250
	1.073974
	0.960371
	-0.00555
	0.017172
	-0.88059
	0.039893

	251
	1.051253
	1.028533
	0.051253
	-0.01691
	-0.85786
	0.051253

	252
	1.119415
	1.028533
	-0.01691
	0.096695
	-0.83514
	0.073974

	253
	1.108055
	1.130776
	0.108055
	0.073974
	-0.82378
	0.039893

	254
	1.176217
	1.119415
	0.130776
	0.028533
	-0.82378
	0.130776

	255
	1.28982
	1.164857
	0.176217
	0.130776
	-0.7897
	0.153496

	256
	1.255739
	1.153496
	0.176217
	0.142136
	-0.80106
	0.096695

	257
	1.2671
	1.221658
	0.2671
	0.142136
	-0.77834
	0.233019

	258
	1.28982
	1.233019
	0.255739
	0.187577
	-0.7897
	0.210298

	259
	1.380703
	1.244379
	0.221658
	0.233019
	-0.7329
	0.233019

	260
	1.369343
	1.27846
	0.255739
	0.221658
	-0.71018
	0.255739

	261
	1.437505
	1.255739
	0.27846
	0.28982
	-0.65338
	0.255739

	262
	1.482946
	1.369343
	0.346622
	0.301181
	-0.59658
	0.2671

	263
	1.471586
	1.437505
	0.312541
	0.357982
	-0.59658
	0.312541

	264
	1.482946
	1.369343
	0.392063
	0.426144
	-0.6193
	0.346622

	265
	1.494306
	1.392063
	0.380703
	0.426144
	-0.51705
	0.392063

	266
	1.61927
	1.460225
	0.562469
	0.448865
	-0.48297
	0.426144

	267
	1.641991
	1.494306
	0.562469
	0.482946
	-0.41481
	0.471586

	268
	1.61927
	1.482946
	0.59655
	0.505667
	-0.38073
	0.460225

	269
	1.687432
	1.573829
	0.551108
	0.585189
	-0.41481
	0.517027

	270
	1.732874
	1.60791
	0.641991
	0.528388
	-0.35801
	0.573829

	271
	1.698793
	1.60791
	0.60791
	0.641991
	-0.32393
	0.573829

	272
	1.789675
	1.60791
	0.653351
	0.641991
	-0.27849
	0.61927

	273
	1.789675
	1.698793
	0.744234
	0.755594
	-0.24441
	0.641991

	274
	1.925999
	1.732874
	0.801036
	0.778315
	-0.21033
	0.687432

	275
	1.891918
	1.732874
	0.891918
	0.789675
	-0.16488
	0.732874

	276
	1.93736
	1.789675
	0.914639
	0.835117
	-0.074
	0.755594

	277
	1.96008
	1.846477
	0.903279
	0.857837
	0.028242
	0.744234

	278
	2.039603
	1.903279
	1.005522
	0.96008
	-0.02856
	0.93736

	279
	2.050963
	1.880558
	1.073684
	0.982801
	0.028242
	0.982801

	280
	2.107765
	1.982801
	1.062323
	1.028242
	0.187287
	1.016882

	281
	2.153206
	2.005522
	1.141846
	1.130485
	0.187287
	1.016882

	282
	2.210008
	2.016882
	1.27817
	1.164566
	0.232728
	1.198647

	283
	2.266809
	2.050963
	1.27817
	1.266809
	0.27817
	1.221368

	284
	2.357692
	2.107765
	1.30089
	1.334971
	0.334971
	1.221368

	285
	2.391773
	2.210008
	1.346332
	1.403133
	0.414494
	1.232728

	286
	2.437215
	2.210008
	1.482656
	1.437215
	0.369052
	1.437215

	287
	2.550818
	2.30089
	1.539458
	1.494016
	0.528097
	1.448575

	288
	2.573539
	2.369052
	1.63034
	1.562178
	0.539458
	1.550818

	289
	2.664421
	2.459935
	1.709863
	1.63034
	0.63034
	1.573539

	290
	2.789385
	2.494016
	1.743944
	1.755304
	0.698502
	1.675782

	291
	2.800745
	2.61898
	1.891628
	1.857547
	0.857547
	1.778025

	292
	2.902988
	2.641701
	1.891628
	1.880268
	0.834826
	1.834826

	293
	3.027952
	2.800745
	1.993871
	2.027952
	0.95979
	2.005231

	294
	3.073393
	2.925709
	2.118835
	2.096114
	1.050673
	2.039312

	295
	3.164276
	3.016592
	2.175636
	2.152916
	1.209717
	2.175636

	296
	3.380123
	3.107474
	2.31196
	2.232438
	1.255159
	2.186997

	297
	3.425564
	3.198357
	2.346041
	2.346041
	1.3006
	2.368762

	298
	3.527807
	3.357402
	2.595969
	2.493726
	1.425564
	2.425564

	299
	3.595969
	3.471005
	2.64141
	2.652771
	1.573248
	2.573248

	300
	3.743653
	3.595969
	2.755014
	2.789095
	1.664131
	2.63005

	301
	3.857257
	3.664131
	2.868617
	2.902698
	1.766374
	2.834536

	302
	3.993581
	3.868617
	3.061743
	2.993581
	1.914058
	2.914058

	303
	4.163986
	3.98222
	3.198067
	3.163986
	2.039022
	3.061743

	304
	4.32303
	4.107184
	3.32303
	3.31167
	2.243508
	3.186706

	305
	4.447994
	4.31167
	3.550237
	3.425274
	2.32303
	3.32303

	306
	4.607039
	4.504796
	3.675201
	3.64112
	2.504796
	3.527517

	307
	4.766084
	4.64112
	3.879687
	3.754723
	2.62976
	3.697922

	308
	4.98193
	4.868327
	4.016011
	3.947849
	2.845606
	3.800165

	309
	5.129614
	4.99329
	4.231857
	4.220497
	3.106894
	4.004651

	310
	5.345461
	5.31138
	4.481785
	4.345461
	3.31138
	4.118254

	311
	5.572668
	5.481785
	4.64083
	4.618109
	3.515866
	4.493145

	312
	5.765793
	5.708992
	4.913478
	4.833955
	3.708992
	4.674911

	313
	6.061162
	5.913478
	5.140684
	5.038441
	3.947559
	4.879397

	314
	6.33381
	6.197486
	5.34517
	5.33381
	4.242927
	5.106603

	315
	6.561017
	6.458774
	5.708701
	5.561017
	4.561017
	5.356531

	316
	6.810944
	6.67462
	5.981349
	5.856386
	4.685981
	5.595098

	317
	7.163115
	7.060872
	6.242637
	6.129034
	5.00407
	5.935908

	318
	7.413042
	7.265358
	6.515285
	6.515285
	5.35624
	6.310799

	319
	7.799294
	7.572087
	6.867456
	6.799294
	5.68569
	6.538006

	320
	8.049221
	7.981059
	7.230986
	7.208266
	5.981059
	6.901537

	321
	8.401391
	8.36731
	7.594517
	7.503634
	6.469553
	7.333229

	322
	8.776282
	8.764922
	7.980768
	7.946687
	6.6854
	7.605877

	323
	9.242056
	9.151174
	8.35566
	8.321579
	7.219336
	8.02621

	324
	9.685109
	9.605587
	8.787352
	8.741911
	7.560146
	8.491984

	325
	10.1168
	9.957757
	9.196324
	9.230405
	8.03728
	8.923676

	326
	10.57122
	10.35537
	9.673459
	9.741621
	8.423531
	9.423531

	327
	11.07107
	10.96883
	10.18467
	10.20739
	9.036989
	9.912026

	328
	11.58229
	11.5482
	10.66181
	10.76405
	9.548204
	10.41188

	329
	12.07078
	12.07078
	11.2071
	11.26391
	10.0935
	10.9231

	330
	12.7524
	12.65016
	11.77512
	11.82056
	10.66152
	11.6388

	331
	13.32042
	13.24089
	12.34314
	12.45674
	11.26362
	12.16137

	332
	14.00204
	13.96796
	13.00204
	13.13836
	11.89979
	12.85435

	333
	14.60414
	14.53597
	13.71774
	13.7291
	12.53597
	13.49053

	334
	15.27439
	15.29712
	14.4448
	14.49024
	13.36528
	14.28576

	335
	16.0469
	16.02418
	15.13778
	15.22866
	14.02418
	15.00146

	336
	16.83076
	16.8762
	15.98981
	16.06933
	14.92164
	15.8762

	337
	17.72823
	17.6487
	16.81911
	16.81911
	15.70551
	16.73959

	338
	18.54617
	18.52345
	17.70522
	17.72794
	16.59161
	17.56889

	339
	19.46636
	19.48908
	18.59132
	18.61404
	17.455
	18.50044

	340
	20.50015
	20.43199
	19.56831
	19.56831
	18.51151
	19.42063

	341
	21.39762
	21.40898
	20.49986
	20.6021
	19.4885
	20.44306

	342
	22.42005
	22.38596
	21.51093
	21.56773
	20.59045
	21.55637

	343
	23.47656
	23.49928
	22.53336
	22.71512
	21.522
	22.59016

	344
	24.48763
	24.57851
	23.66939
	23.74891
	22.64667
	23.70347

	345
	25.62366
	25.65774
	24.77134
	24.85087
	23.80542
	24.74862

	346
	26.73697
	26.77105
	25.9301
	25.97554
	25.00962
	25.88466

	347
	27.92981
	27.80484
	26.99797
	27.12293
	26.05477
	27.14565

	348
	29.0204
	28.98632
	28.21352
	28.28169
	27.23625
	28.39529

	349
	30.12235
	30.16779
	29.3382
	29.4518
	28.36092
	29.4518

	350
	31.36063
	31.29247
	30.45151
	30.53103
	29.48559
	30.656

	351
	32.40578
	32.3717
	31.57618
	31.57618
	30.57618
	31.70115

	352
	33.36005
	33.38277
	32.50773
	32.55317
	31.53045
	32.71222

	353
	34.31431
	34.24615
	33.43928
	33.43928
	32.58696
	33.70057

	354
	35.16634
	35.05274
	34.26858
	34.41627
	33.46171
	34.60939

	355
	35.99564
	36.01836
	35.08653
	35.30237
	34.18877
	35.4955

	356
	36.67726
	36.75679
	36.13168
	36.3816
	35.22256
	36.79058

	357
	38.10866
	37.91554
	37.22227
	39.074
	37.09701
	38.67639

	358
	41.35772
	41.90302
	42.98196
	44.27703
	42.72038
	44.99273

	359
	47.61726
	46.56075
	46.06061
	49.2415
	45.67406
	49.46871

	360
	49.96885
	52.78621
	51.47948
	53.01313
	52.3085
	52.94497

	361
	57.72796
	56.48968
	55.84185
	58.47745
	56.01196
	57.78447

	362
	58.44366
	57.2849
	57.76175
	60.78359
	56.02332
	61.02216

	363
	63.94206
	60.56804
	59.10227
	61.22665
	59.81768
	61.38569

	364
	63.16955
	63.13547
	62.12411
	63.94177
	61.3286
	62.46492

	365
	63.54445
	65.83923
	63.78272
	63.72592
	62.86224
	64.71427

	366
	62.82874
	63.05595
	64.88467
	65.61173
	62.40783
	65.42997

	367
	66.35045
	66.60037
	64.4189
	65.80486
	64.50949
	64.64611

	368
	65.45298
	67.22519
	66.87273
	67.2249
	63.75971
	66.4524

	369
	66.1346
	67.04343
	65.7367
	66.13431
	63.35074
	66.25927

	370
	66.32773
	67.10023
	66.61144
	66.71369
	64.49813
	65.77078

	371
	65.49842
	67.79321
	65.91846
	65.45269
	63.15761
	66.17975

	372
	64.49871
	65.63475
	65.27092
	65.15732
	63.19169
	64.65747

	373
	63.70349
	66.52085
	64.28258
	63.97585
	61.94206
	64.25986

	374
	62.14712
	63.88526
	62.3286
	62.82845
	60.5561
	62.19228

	375
	61.19286
	63.55581
	61.46521
	61.56746
	59.11333
	61.46521

	376
	59.36384
	61.06789
	59.07954
	59.43171
	57.18208
	58.96594

	377
	57.93244
	59.87506
	58.07984
	57.93215
	55.40987
	57.98895

	378
	55.94438
	57.0009
	55.46696
	55.60328
	53.69446
	55.25111

	379
	53.92225
	55.97847
	54.24004
	53.74019
	51.83136
	54.09236

	380
	51.99099
	52.83165
	51.42268
	51.68397
	49.71834
	51.3318

	381
	49.91205
	52.19548
	49.94584
	49.9004
	47.87797
	50.0708

	382
	48.24208
	48.84418
	47.3784
	47.82146
	45.77631
	47.51473

	383
	46.1177
	48.25344
	45.99244
	46.03789
	43.89049
	46.07197

	384
	44.61813
	45.04983
	43.66358
	43.7431
	42.0842
	43.57269

	385
	42.39151
	44.07284
	42.16401
	41.91409
	40.36879
	42.16401

	386
	40.6761
	41.42588
	39.92603
	39.97147
	38.40345
	39.69882

	387
	38.63124
	40.06264
	38.16518
	38.4151
	36.5858
	38.4151

	388
	37.25664
	38.00642
	36.34752
	36.44977
	34.85903
	36.0976

	389
	35.3481
	36.42734
	34.71163
	34.80252
	33.32538
	34.99564

	390
	33.87126
	34.6324
	33.10983
	33.06439
	31.6895
	32.79174

	391
	31.98545
	33.24644
	31.4285
	31.66707
	30.06497
	31.71251

	392
	30.75853
	31.47423
	29.98574
	30.03118
	28.61085
	29.9403

	393
	29.21352
	30.3382
	28.6225
	28.65658
	27.31577
	28.70202

	394
	27.90709
	28.75911
	27.21382
	27.3047
	25.96389
	27.2479

	395
	26.61201
	27.49811
	25.89602
	26.07778
	24.68017
	26.06642

	396
	25.39645
	26.36208
	24.64638
	24.7259
	23.60094
	24.81678

	397
	24.22634
	24.96476
	23.4081
	23.61259
	22.39674
	23.66939

	398
	23.10167
	23.98777
	22.36295
	22.522
	21.24935
	22.49928

	399
	22.02243
	22.8631
	21.22692
	21.48821
	20.15876
	21.46549

	400
	21.12497
	21.85203
	20.29537
	20.4317
	19.30673
	20.53394

	401
	20.1139
	20.8864
	19.30702
	19.45471
	18.31838
	19.60239

	402
	19.20507
	19.97757
	18.40956
	18.47772
	17.42092
	18.57996

	403
	18.45529
	19.15963
	17.50073
	17.64841
	16.63705
	17.80746

	404
	17.4783
	18.27352
	16.68279
	16.88727
	15.75095
	17.01224

	405
	16.7058
	17.55782
	15.94436
	16.09205
	15.01253
	16.22837

	406
	16.06962
	16.7626
	15.20594
	15.2741
	14.26274
	15.39907

	407
	15.35392
	16.03554
	14.4448
	14.68337
	13.60384
	14.94465

	408
	14.69502
	15.39936
	13.80862
	13.8995
	13.01311
	14.13807

	409
	14.0134
	14.79726
	13.20652
	13.29741
	12.37693
	13.50189

	410
	13.36586
	14.17244
	12.55898
	12.66123
	11.76347
	12.79755

	411
	12.88872
	13.55898
	11.96825
	12.07049
	11.19545
	12.25226

	412
	12.26391
	13.07049
	11.42295
	11.50247
	10.66152
	11.68424

	413
	11.84357
	12.50247
	10.99126
	11.04806
	10.18438
	11.21846

	414
	11.30964
	12.0367
	10.50276
	10.50276
	9.661808
	10.75269

	415
	10.8325
	11.50276
	10.02563
	9.957467
	9.161953
	10.23012

	416
	10.43489
	11.11651
	9.593936
	9.616657
	8.775702
	9.821143

	417
	10.02592
	10.68482
	9.162243
	9.128162
	8.309928
	9.40081

	418
	9.548785
	10.1736
	8.753271
	8.741911
	7.912316
	9.071361

	419
	9.219336
	9.844154
	8.35566
	8.35566
	7.526065
	8.639668

	420
	8.821724
	9.469263
	8.071651
	8.003489
	7.185255
	8.242056

	421
	8.492274
	9.105732
	7.69676
	7.730841
	6.901246
	7.935327

	422
	8.140104
	8.833084
	7.321869
	7.401391
	6.526355
	7.639958

	423
	7.912897
	8.503634
	7.01514
	7.037861
	6.208266
	7.287788

	424
	7.594807
	8.253707
	6.731131
	6.742492
	5.924257
	6.992419

	425
	7.35624
	7.833375
	6.424402
	6.560726
	5.606168
	6.594807

	426
	7.072232
	7.560726
	6.163115
	6.163115
	5.401682
	6.458483

	427
	6.776863
	7.33352
	5.856386
	5.958629
	5.038151
	6.163115

	428
	6.549657
	7.117673
	5.640539
	5.697341
	4.788224
	5.822305

	429
	6.311089
	6.890467
	5.413332
	5.504215
	4.572377
	5.66326

	430
	6.117964
	6.572377
	5.208846
	5.231567
	4.413332
	5.413332

	431
	5.890757
	6.401972
	5.015721
	4.993
	4.220207
	5.208846

	432
	5.65219
	6.163405
	4.811235
	4.754433
	3.98164
	4.958919

	433
	5.549947
	5.958919
	4.686271
	4.549947
	3.788514
	4.765793

	434
	5.368181
	5.788514
	4.447704
	4.436344
	3.515866
	4.527226

	435
	5.254578
	5.549947
	4.300019
	4.277299
	3.345461
	4.379542

	436
	5.027371
	5.413623
	4.095533
	4.084173
	3.209137
	4.186416

	437
	4.845606
	5.243218
	3.959209
	3.879687
	3.084173
	4.072813

	438
	4.720642
	5.095533
	3.788804
	3.709282
	2.902408
	3.879687

	439
	4.572958
	4.97057
	3.607039
	3.595679
	2.720642
	3.675201

	440
	4.391193
	4.822885
	3.470715
	3.470715
	2.584318
	3.572958

	441
	4.266229
	4.618399
	3.334391
	3.30031
	2.425274
	3.459355

	442
	4.129905
	4.482075
	3.254868
	3.163986
	2.368472
	3.334391

	443
	4.027662
	4.402553
	3.084463
	3.084463
	2.232148
	3.186706

	444
	3.925419
	4.220787
	2.993581
	3.050382
	2.084463
	3.095824

	445
	3.834536
	4.084463
	2.891338
	2.811815
	1.9595
	2.902698

	446
	3.686852
	4.016301
	2.709572
	2.709572
	1.823176
	2.755014

	447
	3.561888
	3.936779
	2.675491
	2.527807
	1.755014
	2.686852

	448
	3.459645
	3.823176
	2.539167
	2.471005
	1.61869
	2.64141

	449
	3.402843
	3.675491
	2.493726
	2.368762
	1.561888
	2.550528

	450
	3.277879
	3.573248
	2.357402
	2.31196
	1.459645
	2.425564

	451
	3.209717
	3.493726
	2.31196
	2.232438
	1.425564
	2.323321

	452
	3.073393
	3.357402
	2.198357
	2.164276
	1.243798
	2.221078

	453
	3.039312
	3.323321
	2.141555
	2.039312
	1.186997
	2.130195

	454
	2.902988
	3.175636
	2.039312
	1.937069
	1.050673
	2.039312

	455
	2.857547
	3.118835
	1.94843
	1.891628
	1.050673
	1.982511

	456
	2.789385
	3.016592
	1.880268
	1.812106
	0.94843
	1.891628

	457
	2.675782
	2.891628
	1.823466
	1.766664
	0.857547
	1.766664

	458
	2.584899
	2.846187
	1.721223
	1.709863
	0.732583
	1.743944

	459
	2.494016
	2.766664
	1.675782
	1.675782
	0.721223
	1.687142

	460
	2.482656
	2.653061
	1.528097
	1.584899
	0.709863
	1.641701

	461
	2.403133
	2.60762
	1.414494
	1.528097
	0.63034
	1.573539

	462
	2.346332
	2.562178
	1.448575
	1.494016
	0.550818
	1.482656

	463
	2.266809
	2.471296
	1.323611
	1.425854
	0.482656
	1.494016

	464
	2.221368
	2.391773
	1.232728
	1.323611
	0.437215
	1.391773

	465
	2.164566
	2.30089
	1.255449
	1.232728
	0.346332
	1.346332

	466
	2.096404
	2.28953
	1.210008
	1.210008
	0.312251
	1.244089

	467
	2.096404
	2.198647
	1.153206
	1.153206
	0.232728
	1.198647

	468
	2.062323
	2.210008
	1.107765
	1.130485
	0.221368
	1.187287

	469
	1.94872
	2.141846
	1.062323
	1.119125
	0.107765
	1.085044

	470
	1.891918
	2.005522
	1.028242
	1.028242
	0.039603
	1.096404

	471
	1.869198
	2.016882
	0.94872
	1.039603
	-0.05128
	1.039603

	472
	1.823756
	2.005522
	0.891918
	0.982801
	-0.03992
	1.005522

	473
	1.744234
	1.994161
	0.869198
	0.96008
	-0.09672
	0.94872

	474
	1.755594
	1.925999
	0.891918
	0.835117
	-0.1308
	0.925999

	475
	1.744234
	1.914639
	0.846477
	0.823756
	-0.19896
	0.846477

	476
	1.653351
	1.94872
	0.755594
	0.766955
	-0.24441
	0.857837

	477
	1.698793
	1.823756
	0.698793
	0.721513
	-0.25577
	0.835117

	478
	1.585189
	1.766955
	0.687432
	0.710153
	-0.26713
	0.766955

	479
	1.59655
	1.766955
	0.664712
	0.710153
	-0.32393
	0.778315

	480
	1.551108
	1.676072
	0.630631
	0.676072
	-0.46025
	0.653351

	481
	1.539748
	1.630631
	0.653351
	0.687432
	-0.52841
	0.59655

	482
	1.505667
	1.630631
	0.676072
	0.562469
	-0.49433
	0.59655

	483
	1.392063
	1.653351
	0.573829
	0.59655
	-0.47161
	0.551108

	484
	1.369343
	1.585189
	0.539748
	0.528388
	-0.44889
	0.539748

	485
	1.346622
	1.562469
	0.551108
	0.505667
	-0.49433
	0.482946

	486
	1.28982
	1.551108
	0.517027
	0.471586
	-0.55114
	0.403424

	487
	1.357982
	1.59655
	0.517027
	0.482946
	-0.64202
	0.403424

	488
	1.323901
	1.505667
	0.460225
	0.505667
	-0.71018
	0.414784

	489
	1.312541
	1.562469
	0.471586
	0.471586
	-0.68746
	0.369343

	490
	1.335262
	1.517027
	0.528388
	0.460225
	-0.65338
	0.301181

	491
	1.301181
	1.460225
	0.448865
	0.482946
	-0.66474
	0.312541

	492
	1.28982
	1.448865
	0.403424
	0.414784
	-0.69882
	0.312541

	493
	1.198938
	1.471586
	0.426144
	0.27846
	-0.6761
	0.244379

	494
	1.233019
	1.357982
	0.494306
	0.27846
	-0.64202
	0.2671

	495
	1.187577
	1.357982
	0.426144
	0.369343
	-0.72154
	0.27846

	496
	1.198938
	1.335262
	0.392063
	0.323901
	-0.69882
	0.28982

	497
	1.153496
	1.335262
	0.301181
	0.335262
	-0.69882
	0.233019

	498
	1.142136
	1.335262
	0.357982
	0.312541
	-0.72154
	0.221658

	499
	1.210298
	1.2671
	0.357982
	0.369343
	-0.71018
	0.255739

	500
	1.108055
	1.312541
	0.335262
	0.312541
	-0.81242
	0.187577

	501
	1.119415
	1.312541
	0.335262
	0.312541
	-0.80106
	0.142136

	502
	1.062614
	1.244379
	0.28982
	0.323901
	-0.8465
	0.176217

	503
	1.073974
	1.255739
	0.198938
	0.323901
	-0.85786
	0.142136

	504
	1.039893
	1.255739
	0.28982
	0.357982
	-0.85786
	0.028533

	505
	1.073974
	1.244379
	0.244379
	0.2671
	-0.77834
	0.062614

	506
	1.108055
	1.233019
	0.27846
	0.312541
	-0.90331
	0.062614

	507
	1.130776
	1.221658
	0.221658
	0.312541
	-0.89195
	0.073974

	508
	1.073974
	1.2671
	0.2671
	0.2671
	-0.89195
	0.062614

	509
	1.085334
	1.2671
	0.233019
	0.301181
	-0.82378
	-0.00555

	510
	1.017172
	1.221658
	0.221658
	0.28982
	-0.94875
	0.051253

	511
	0.994452
	1.187577
	0.210298
	0.2671
	-0.92603
	-0.00555

	512
	0.994452
	1.187577
	0.164857
	0.244379
	-0.91467
	0.017172

	513
	1.017172
	1.221658
	0.164857
	0.221658
	-0.90331
	0.062614

	514
	1.028533
	1.187577
	0.164857
	0.244379
	-1.00555
	0.017172

	515
	1.028533
	1.210298
	0.198938
	0.244379
	-1.00555
	0.005812

	516
	0.983091
	1.198938
	0.198938
	0.198938
	-0.98283
	0.062614

	517
	0.94901
	1.210298
	0.176217
	0.164857
	-0.92603
	0.005812

	518
	0.914929
	1.198938
	0.119415
	0.176217
	-0.94875
	-0.00555

	519
	0.880848
	1.164857
	0.142136
	0.130776
	-0.93739
	-0.05099

	520
	0.914929
	1.164857
	0.164857
	0.142136
	-0.92603
	-0.03963

	521
	0.858128
	1.164857
	0.153496
	0.176217
	-0.86922
	0.017172

	522
	0.869488
	1.176217
	0.062614
	0.142136
	-0.94875
	-0.06235

	523
	0.835407
	1.085334
	0.085334
	0.096695
	-0.98283
	-0.03963

	524
	0.778605
	1.073974
	0.085334
	0.028533
	-0.98283
	-0.00555

	525
	0.789966
	1.073974
	-0.00555
	0.028533
	-0.97147
	-0.00555

	526
	0.789966
	1.028533
	0.028533
	0.062614
	-0.98283
	-0.03963

	527
	0.687723
	1.017172
	0.005812
	0.073974
	-1.00555
	-0.10779

	528
	0.687723
	0.960371
	0.028533
	0.062614
	-1.02827
	-0.06235

	529
	0.642281
	1.017172
	-0.00555
	-0.00555
	-1.01691
	-0.03963

	530
	0.642281
	0.92629
	-0.05099
	0.017172
	-0.99419
	-0.09643

	531
	0.653642
	0.93765
	-0.06235
	-0.05099
	-1.01691
	-0.06235

	532
	0.61956
	0.94901
	-0.02827
	-0.07371
	-1.02827
	-0.16459

	533
	0.630921
	0.971731
	-0.11915
	-0.07371
	-1.03963
	-0.05099

	534
	0.642281
	0.960371
	-0.14187
	-0.06235
	-1.05099
	-0.16459

	535
	0.551398
	0.94901
	-0.18731
	-0.05099
	-1.09643
	-0.17595

	536
	0.528678
	0.869488
	-0.17595
	-0.18731
	-1.14187
	-0.18731

	537
	0.630921
	0.92629
	-0.23276
	-0.2214
	-1.23276
	-0.19867

	538
	0.460516
	0.824047
	-0.2782
	-0.24412
	-1.17595
	-0.15323

	539
	0.528678
	0.846767
	-0.26684
	-0.23276
	-1.24412
	-0.25548

	540
	0.460516
	0.733164
	-0.25548
	-0.18731
	-1.23276
	-0.31228

	541
	0.505957
	0.721804
	-0.38044
	-0.26684
	-1.2782
	-0.30092

	542
	0.437795
	0.755885
	-0.36908
	-0.25548
	-1.34636
	-0.35772

	543
	0.426435
	0.733164
	-0.335
	-0.31228
	-1.335
	-0.3918

	544
	0.358273
	0.665002
	-0.335
	-0.30092
	-1.35772
	-0.38044

	545
	0.380993
	0.653642
	-0.38044
	-0.38044
	-1.38044
	-0.42588

	546
	0.346912
	0.6082
	-0.4486
	-0.41452
	-1.43724
	-0.40316

	547
	0.27875
	0.540038
	-0.43724
	-0.3918
	-1.49404
	-0.5054

	548
	0.25603
	0.449155
	-0.5054
	-0.41452
	-1.42588
	-0.53948

	549
	0.221949
	0.540038
	-0.47132
	-0.47132
	-1.42588
	-0.51676

	550
	0.210588
	0.483236
	-0.55085
	-0.47132
	-1.49404
	-0.63037

	551
	0.165147
	0.471876
	-0.55085
	-0.48268
	-1.60765
	-0.65309

	552
	0.221949
	0.460516
	-0.64173
	-0.55085
	-1.57357
	-0.73261

	553
	0.244669
	0.483236
	-0.64173
	-0.55085
	-1.59629
	-0.70989

	554
	0.210588
	0.494597
	-0.67581
	-0.58493
	-1.61901
	-0.72125

	555
	0.187868
	0.460516
	-0.64173
	-0.57357
	-1.53948
	-0.76669

	556
	0.153787
	0.494597
	-0.68717
	-0.66445
	-1.66445
	-0.75533

	557
	0.142426
	0.437795
	-0.68717
	-0.68717
	-1.67581
	-0.74397

	558
	0.096985
	0.460516
	-0.72125
	-0.67581
	-1.75533
	-0.78941

	559
	0.051544
	0.403714
	-0.70989
	-0.70989
	-1.70989
	-0.78941

	560
	0.074264
	0.335552
	-0.67581
	-0.74397
	-1.75533
	-0.80077

	561
	0.085625
	0.324192
	-0.73261
	-0.76669
	-1.72125
	-0.78941

	562
	0.017463
	0.403714
	-0.76669
	-0.76669
	-1.70989
	-0.90302

	563
	0.040183
	0.380993
	-0.80077
	-0.80077
	-1.74397
	-0.86893

	564
	0.040183
	0.25603
	-0.81213
	-0.82349
	-1.69853
	-0.91438

	565
	-0.00526
	0.25603
	-0.82349
	-0.76669
	-1.77805
	-0.91438

	566
	-0.00526
	0.233309
	-0.83485
	-0.78941
	-1.74397
	-0.92574

	567
	-0.00526
	0.25603
	-0.81213
	-0.76669
	-1.78941
	-0.95982

	568
	-0.02798
	0.233309
	-0.85757
	-0.83485
	-1.77805
	-0.91438

	569
	-0.03934
	0.210588
	-0.88029
	-0.84621
	-1.73261
	-0.98254

	570
	-0.07342
	0.199228
	-0.92574
	-0.92574
	-1.75533
	-1.02798

	571
	-0.08478
	0.142426
	-0.97118
	-0.86893
	-1.82349
	-1.0507

	572
	-0.03934
	0.131066
	-0.97118
	-0.94846
	-1.82349
	-1.01662

	573
	-0.09614
	0.187868
	-0.97118
	-0.97118
	-1.75533
	-1.01662

	574
	-0.11886
	0.040183
	-0.9939
	-0.95982
	-1.84621
	-0.9939

	575
	-0.09614
	0.062904
	-1.00526
	-0.95982
	-1.90302
	-1.00526

	576
	-0.18702
	0.062904
	-1.00526
	-1.07342
	-1.89166
	-0.9371

	577
	-0.13022
	0.040183
	-1.03934
	-0.9939
	-1.90302
	-0.98254

	578
	-0.15294
	0.062904
	-1.09614
	-0.98254
	-1.84621
	-1.01662

	579
	-0.13022
	0.051544
	-1.07342
	-0.95982
	-1.95982
	-1.03934

	580
	-0.15294
	0.017463
	-1.03934
	-1.03934
	-1.91438
	-0.9371

	581
	-0.14158
	0.017463
	-1.09614
	-1.03934
	-2.00526
	-1.02798

	582
	-0.19838
	-0.06206
	-1.1075
	-1.01662
	-1.94846
	-1.07342

	583
	-0.18702
	-0.03934
	-1.14158
	-1.06206
	-1.98254
	-1.09614

	584
	-0.26655
	-0.1075
	-1.20974
	-1.08478
	-1.9939
	-0.97118

	585
	-0.1643
	-0.1075
	-1.18702
	-1.13022
	-1.92574
	-1.06206

	586
	-0.13022
	-0.03934
	-1.19838
	-1.08478
	-2.00526
	-1.07342

	587
	-0.20974
	-0.0507
	-1.17566
	-1.11886
	-1.97118
	-1.1075

	588
	-0.1643
	-0.0507
	-1.19838
	-1.08478
	-2.00526
	-1.1075

	589
	-0.20974
	-0.08478
	-1.23247
	-1.1643
	-2.02798
	-1.1075

	590
	-0.24383
	-0.09614
	-1.22111
	-1.09614
	-1.98254
	-1.08478

	591
	-0.20974
	-0.01662
	-1.17566
	-1.13022
	-2.06206
	-1.06206

	592
	-0.25519
	-0.07342
	-1.19838
	-1.13022
	-2.03934
	-1.1075

	593
	-0.30063
	-0.13022
	-1.23247
	-1.17566
	-2.0507
	-1.18702

	594
	-0.22111
	-0.14158
	-1.25519
	-1.18702
	-1.98254
	-1.00526

	595
	-0.14158
	-0.1075
	-1.1643
	-1.11886
	-2.03934
	-1.08478

	596
	-0.17566
	-0.08478
	-1.23247
	-1.17566
	-1.98254
	-1.07342

	597
	-0.18702
	-0.11886
	-1.14158
	-1.19838
	-2.06206
	-1.11886

	598
	-0.1643
	-0.06206
	-1.19838
	-1.25519
	-2.01662
	-1.07342

	599
	-0.22111
	-0.06206
	-1.13022
	-1.15294
	-2.06206
	-1.07342

	600
	-0.15294
	-0.01662
	-1.14158
	-1.1643
	-1.98254
	-1.07342

	601
	-0.15294
	-0.07342
	-1.13022
	-1.17566
	-2.01662
	-1.0507

	602
	-0.08478
	-0.01662
	-1.1643
	-1.20974
	-1.97118
	-1.03934

	603
	-0.0507
	0.040183
	-1.18702
	-1.11886
	-1.9371
	-1.06206

	604
	-0.07342
	-0.03934
	-1.07342
	-1.13022
	-2.03934
	-1.02798

	605
	-0.02798
	-0.02798
	-1.07342
	-1.11886
	-1.95982
	-1.0507

	606
	-0.0507
	0.028823
	-1.0507
	-1.14158
	-1.98254
	-1.02798

	607
	-0.02798
	0.028823
	-1.07342
	-1.1075
	-1.95982
	-1.00526

	608
	-0.00526
	0.062904
	-1.02798
	-1.11886
	-2.01662
	-1.00526

	609
	-0.02798
	0.074264
	-1.02798
	-1.07342
	-1.9371
	-1.07342

	610
	0.040183
	0.096985
	-1.07342
	-1.0507
	-1.86893
	-1.00526

	611
	0.062904
	0.085625
	-1.00526
	-1.01662
	-1.92574
	-0.85757

	612
	-0.00526
	0.119706
	-1.00526
	-1.11886
	-1.84621
	-0.91438

	613
	0.142426
	0.074264
	-0.98254
	-0.98254
	-1.90302
	-0.89166

	614
	0.153787
	0.210588
	-0.89166
	-1.00526
	-1.92574
	-0.95982

	615
	0.153787
	0.221949
	-0.91438
	-0.9939
	-1.88029
	-0.86893

	616
	0.199228
	0.233309
	-0.88029
	-0.94846
	-1.86893
	-0.82349

	617
	0.290111
	0.244669
	-0.91438
	-0.9939
	-1.70989
	-0.9371

	618
	0.301471
	0.26739
	-0.88029
	-0.92574
	-1.84621
	-0.94846

	619
	0.335552
	0.244669
	-0.84621
	-0.90302
	-1.82349
	-0.80077

	620
	0.324192
	0.290111
	-0.77805
	-0.82349
	-1.78941
	-0.83485

	621
	0.301471
	0.26739
	-0.83485
	-0.88029
	-1.75533
	-0.83485

	622
	0.415074
	0.358273
	-0.81213
	-0.81213
	-1.70989
	-0.89166

	623
	0.335552
	0.335552
	-0.78941
	-0.83485
	-1.77805
	-0.78941

	624
	0.380993
	0.392354
	-0.76669
	-0.74397
	-1.70989
	-0.80077

	625
	0.415074
	0.426435
	-0.74397
	-0.73261
	-1.73261
	-0.78941

	626
	0.483236
	0.335552
	-0.74397
	-0.66445
	-1.64173
	-0.83485

	627
	0.449155
	0.380993
	-0.72125
	-0.76669
	-1.66445
	-0.74397

	628
	0.471876
	0.369633
	-0.67581
	-0.77805
	-1.59629
	-0.75533

	629
	0.449155
	0.358273
	-0.66445
	-0.70989
	-1.63037
	-0.76669

	630
	0.483236
	0.483236
	-0.61901
	-0.70989
	-1.60765
	-0.74397

	631
	0.494597
	0.426435
	-0.66445
	-0.68717
	-1.55085
	-0.76669

	632
	0.494597
	0.403714
	-0.68717
	-0.67581
	-1.59629
	-0.67581

	633
	0.449155
	0.437795
	-0.63037
	-0.64173
	-1.56221
	-0.73261

	634
	0.517317
	0.460516
	-0.56221
	-0.69853
	-1.64173
	-0.73261

	635
	0.483236
	0.415074
	-0.61901
	-0.65309
	-1.65309
	-0.63037

	636
	0.505957
	0.437795
	-0.64173
	-0.61901
	-1.51676
	-0.65309

	637
	0.483236
	0.403714
	-0.65309
	-0.60765
	-1.60765
	-0.63037

	638
	0.528678
	0.437795
	-0.49404
	-0.58493
	-1.56221
	-0.66445

	639
	0.540038
	0.346912
	-0.58493
	-0.53948
	-1.56221
	-0.59629

	640
	0.540038
	0.358273
	-0.53948
	-0.59629
	-1.57357
	-0.57357

	641
	0.528678
	0.358273
	-0.59629
	-0.55085
	-1.55085
	-0.64173

	642
	0.562759
	0.415074
	-0.56221
	-0.58493
	-1.53948
	-0.59629

	643
	0.528678
	0.346912
	-0.53948
	-0.55085
	-1.5054
	-0.64173

	644
	0.505957
	0.380993
	-0.56221
	-0.55085
	-1.5054
	-0.66445

	645
	0.494597
	0.358273
	-0.52812
	-0.51676
	-1.51676
	-0.65309

	646
	0.517317
	0.324192
	-0.57357
	-0.57357
	-1.57357
	-0.52812

	647
	0.585479
	0.335552
	-0.53948
	-0.60765
	-1.53948
	-0.58493

	648
	0.540038
	0.324192
	-0.57357
	-0.53948
	-1.52812
	-0.57357

	649
	0.494597
	0.335552
	-0.57357
	-0.56221
	-1.60765
	-0.59629

	650
	0.528678
	0.346912
	-0.58493
	-0.59629
	-1.61901
	-0.64173

	651
	0.517317
	0.369633
	-0.58493
	-0.58493
	-1.61901
	-0.53948

	652
	0.551398
	0.346912
	-0.58493
	-0.58493
	-1.61901
	-0.56221

	653
	0.585479
	0.335552
	-0.59629
	-0.53948
	-1.63037
	-0.60765

	654
	0.517317
	0.301471
	-0.61901
	-0.64173
	-1.61901
	-0.69853

	655
	0.505957
	0.27875
	-0.64173
	-0.63037
	-1.67581
	-0.68717

	656
	0.415074
	0.233309
	-0.65309
	-0.61901
	-1.68717
	-0.59629

	657
	0.437795
	0.335552
	-0.67581
	-0.60765
	-1.73261
	-0.70989

	658
	0.460516
	0.27875
	-0.63037
	-0.60765
	-1.69853
	-0.66445

	659
	0.403714
	0.27875
	-0.69853
	-0.65309
	-1.81213
	-0.69853

	660
	0.483236
	0.244669
	-0.69853
	-0.65309
	-1.84621
	-0.72125

	661
	0.415074
	0.25603
	-0.69853
	-0.67581
	-1.81213
	-0.78941

	662
	0.415074
	0.244669
	-0.68717
	-0.67581
	-1.78941
	-0.80077

	663
	0.392354
	0.233309
	-0.69853
	-0.70989
	-1.78941
	-0.81213

	664
	0.358273
	0.233309
	-0.67581
	-0.68717
	-1.77805
	-0.77805

	665
	0.301471
	0.210588
	-0.70989
	-0.64173
	-1.81213
	-0.88029

	666
	0.290111
	0.233309
	-0.58493
	-0.65309
	-1.88029
	-0.90302

	667
	0.403714
	0.27875
	-0.68717
	-0.73261
	-1.75533
	-0.86893

	668
	0.26739
	0.210588
	-0.64173
	-0.69853
	-1.82349
	-0.89166

	669
	0.312831
	0.233309
	-0.72125
	-0.81213
	-1.80077
	-0.86893

	670
	0.335552
	0.176507
	-0.64173
	-0.81213
	-1.77805
	-0.9371

	671
	0.358273
	0.233309
	-0.68717
	-0.75533
	-1.76669
	-0.98254

	672
	0.290111
	0.244669
	-0.72125
	-0.78941
	-1.78941
	-0.95982

	673
	0.210588
	0.187868
	-0.67581
	-0.74397
	-1.84621
	-0.90302

	674
	0.221949
	0.199228
	-0.72125
	-0.76669
	-1.86893
	-0.89166

	675
	0.27875
	0.233309
	-0.60765
	-0.77805
	-1.78941
	-0.94846

	676
	0.221949
	0.210588
	-0.63037
	-0.75533
	-1.88029
	-0.94846

	677
	0.221949
	0.176507
	-0.66445
	-0.73261
	-1.86893
	-0.92574

	678
	0.210588
	0.119706
	-0.66445
	-0.77805
	-1.95982
	-0.9371

	679
	0.221949
	0.142426
	-0.68717
	-0.78941
	-1.88029
	-0.95982

	680
	0.233309
	0.176507
	-0.66445
	-0.69853
	-1.88029
	-0.97118

	681
	0.199228
	0.210588
	-0.68717
	-0.67581
	-1.84621
	-0.91438

	682
	0.221949
	0.176507
	-0.67581
	-0.70989
	-1.90302
	-0.97118

	683
	0.233309
	0.244669
	-0.65309
	-0.77805
	-1.83485
	-1.00526

	684
	0.187868
	0.210588
	-0.67581
	-0.75533
	-1.83485
	-0.91438

	685
	0.244669
	0.210588
	-0.69853
	-0.69853
	-1.82349
	-0.97118

	686
	0.176507
	0.165147
	-0.68717
	-0.68717
	-1.77805
	-0.9371

	687
	0.25603
	0.233309
	-0.64173
	-0.67581
	-1.77805
	-0.9371

	688
	0.165147
	0.233309
	-0.68717
	-0.70989
	-1.77805
	-0.90302

	689
	0.244669
	0.290111
	-0.58493
	-0.65309
	-1.89166
	-0.94846

	690
	0.210588
	0.25603
	-0.69853
	-0.69853
	-1.76669
	-0.94846

	691
	0.25603
	0.27875
	-0.66445
	-0.73261
	-1.77805
	-0.9371

	692
	0.27875
	0.187868
	-0.61901
	-0.67581
	-1.82349
	-0.90302

	693
	0.301471
	0.25603
	-0.64173
	-0.72125
	-1.86893
	-0.92574

	694
	0.335552
	0.26739
	-0.60765
	-0.64173
	-1.82349
	-0.84621

	695
	0.290111
	0.210588
	-0.72125
	-0.66445
	-1.81213
	-0.95982

	696
	0.26739
	0.210588
	-0.68717
	-0.63037
	-1.80077
	-0.91438

	697
	0.26739
	0.165147
	-0.66445
	-0.66445
	-1.76669
	-0.92574

	698
	0.26739
	0.26739
	-0.64173
	-0.65309
	-1.74397
	-0.92574

	699
	0.324192
	0.187868
	-0.66445
	-0.61901
	-1.76669
	-0.88029

	700
	0.312831
	0.221949
	-0.68717
	-0.59629
	-1.72125
	-0.94846

	701
	0.346912
	0.26739
	-0.60765
	-0.64173
	-1.75533
	-0.91438

	702
	0.312831
	0.233309
	-0.59629
	-0.72125
	-1.69853
	-0.84621

	703
	0.312831
	0.26739
	-0.56221
	-0.61901
	-1.72125
	-0.85757

	704
	0.335552
	0.25603
	-0.63037
	-0.63037
	-1.70989
	-0.86893

	705
	0.324192
	0.244669
	-0.60765
	-0.56221
	-1.74397
	-0.80077

	706
	0.312831
	0.244669
	-0.66445
	-0.60765
	-1.73261
	-0.81213

	707
	0.358273
	0.27875
	-0.59629
	-0.63037
	-1.67581
	-0.77805

	708
	0.358273
	0.26739
	-0.61901
	-0.59629
	-1.73261
	-0.81213

	709
	0.335552
	0.301471
	-0.64173
	-0.65309
	-1.73261
	-0.83485

	710
	0.290111
	0.25603
	-0.66445
	-0.65309
	-1.64173
	-0.85757

	711
	0.346912
	0.312831
	-0.65309
	-0.66445
	-1.64173
	-0.82349

	712
	0.312831
	0.233309
	-0.70989
	-0.59629
	-1.66445
	-0.73261

	713
	0.426435
	0.301471
	-0.65309
	-0.57357
	-1.63037
	-0.81213

	714
	0.369633
	0.290111
	-0.66445
	-0.59629
	-1.66445
	-0.77805

	715
	0.437795
	0.27875
	-0.65309
	-0.52812
	-1.66445
	-0.75533

	716
	0.369633
	0.233309
	-0.66445
	-0.65309
	-1.65309
	-0.77805

	717
	0.415074
	0.27875
	-0.63037
	-0.60765
	-1.64173
	-0.77805

	718
	0.403714
	0.346912
	-0.59629
	-0.59629
	-1.59629
	-0.70989

	719
	0.426435
	0.27875
	-0.58493
	-0.64173
	-1.60765
	-0.75533
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