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__________________________________________________________________________________________ 

Abstract 

The present world is confronted with twin crises of fossil fuel depletion and environmental 

degradation. Indiscriminate extraction and lavish consumption of fossil fuels have led to 

reduction  in  underground-based carbon resources. This has renewed interest of scientific 

community to look for alternative fuels of   bio-origin such as vegetable oils. 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, honge oil, rubber seed oil, etc. are 

potentially effective diesel substitute. Vegetable oils have high-energy content. This paper 

presents the experimental results carried to evaluate the effect of injection pressure and 

injection timing on diesel engine performance and emissions. Test run reveals that condoned 

bio-fuels performance and emissions. Test revels  that conditions bio-fuels performs well in 

running a diesel engine at 200 bar injection pressure which is higher than the rated pressure 

of diesel operation and advanced injection timing 27
0
 bTDC results in higher brake thermal 

efficiency and lower emissions compared to other injection pressures and injection timings. 
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1. Introduction: 

Energy demand is increasing due to ever increasing number of vehicles employing internal 

combustion engines. Also, world is presently confronted with the twin crisis of fossil fuel 

depletion and environmental degradation. Fossil fuels are limited resources; hence, search for 

renewable fuels is becoming more and more prominent for ensuring energy security and 

environmental protection. For the developing countries of the world, fuels of bio-origin can 

provide a feasible solution to the crisis. When Rudolf Diesel invented the diesel engine more 

than a century ago, he demonstrated the principle of compression ignition engine by 
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employing peanut oil as fuel and suggested that vegetable oils would be the future fuel for 

diesel engines. However, petroleum was discovered later, which replaced vegetable oils as 

engine fuel due to its abundant supply. Thus, it is highly desired in present context to direct 

the research towards renewable fuels of bio-origin, which are environment friendly, provide 

improved performance [1,2,4].  

Problems associated with vegetable oils during engine tests can be classified into two broad 

groups, namely, operational and durability problems. Operational problems are related to 

starting ability, ignition, combustion and performance. Durability problems are related to 

deposit formation, carbonization of injector tip, ring sticking and lubricating oil dilution. It 

has been observed that the straight vegetable oils when used for long hours tend to choke the 

fuel filter because of high viscosity and insoluble present in the straight vegetable oils. The 

high viscosity, polyunsaturated character, and extremely low volatility of vegetable oils are 

responsible for the operational and durability problems associated with its utilization as fuels 

in diesel engines. High viscosity of vegetable oils causes poor fuel atomization, large droplet 

size and thus high spray jet penetration. Blending, cracking/pyrolysis, emulsification or 

transesterification of vegetable oils may overcome these problems. Heating and blending of 

vegetable oils reduce the viscosity and improve volatility of vegetable oils but its molecular 

structure remains unchanged hence polyunsaturated character remains. Blending of vegetable 

oils with diesel, however, reduces the viscosity drastically (depending on level of blending) 

and the fuel handling system of engine can handle the vegetable oil-diesel blends without any 

problems. On the basis of experimental investigations, it is found that converting vegetable 

oils into simple esters is an effective way to overcome all the problems associated with the 

vegetable oils. Biodiesel consists of alkyl ester of fatty acids produced by the 

transesterification of vegetable oils. The use of biodiesel in diesel engines require no 

hardware modifications. In addition, biodiesel is a superior fuel than diesel because of lower 

sulfur content, higher flash point and lower aromatic content. Biodiesel fuelled engine emits 

fewer pollutants. Biodiesel can be used in its pure form or as a blend with diesel. It can also 

be used as a diesel fuel additive to improve its properties [2,5].  

2. Transesterification: 

 

Transesterification is the conversion of one ester into another, i.e. a glyceride ester into an 

alkyl ester, in case of biodiesel where methanol replaces the glycerine. The biodiesel 

molecule is smaller and less complex. Biodiesel has lower viscosity than raw vegetable oil, 
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because the transesterification process shortens the carbon length of the fatty acid molecules 

in the oil. Transesterification converts the triple chain triglyceride vegetable oil molecule to 

three single chain methyl ester molecules with glycerine as a byproduct, but the chain lengths 

of the fatty acids themselves remains same. Triglycerides are esters, esters are acids such as 

fatty acids combined with an alcohol, and glycerine (glycerol) is a heavy alcohol. The 

catalyst breaks the bond holding the fatty acid chains to the glycerine, fatty acid chain then 

bonds with the methanol.  

Transesterification process occurs in three stages. First, one fatty acid chain breaks off 

the triglyceride molecule and bonds with methanol to form a methyl ester molecule, leaving a 

diglyceride molecule (two chains of fatty acids bound by glycerine). Then a fatty acid chain 

brakes off the diglyceride molecule and bonds with methanol to form another methyl ester 

molecule, leaving a monoglyceride molecule. Finally the monoglycerides are converted to 

methyl esters [2,4,6].  

 

3.    Preparation of biodiesel: 

About 0.6 gms of catalyst is dissolved in 20 ml methanol to prepare alkoxide and the mixture 

is stirred vigorously in a covered container until the alkali is dissolved completely in 20 mins. 

The alcohol catalyst (KOH) mixture is then transferred to the reactor containing     80 ml 

moisture free vegetable oil. Stirring of the mixture is continued for five hours at a 

temperature between 60
0
C and 65

0
C.  Provision is made to condense the evaporating methyl 

alcohol by fixing the condenser on the top of the reactor. Condenser is removed and the 

reactant is stirred for one hour to remove the excess methyl alcohol. The mixture turns turbid 

orange brown color within the first few minutes, then it changes to a clear transparent brown 

color and finally as the reaction is completed, the mixture becomes somewhat turbid and 

orange brown due to the emulsified free glycerol formed during the reaction. After about one 

hour the mixture is taken out and poured in to the separating funnel, soon the glycerol 

component of the mixture starts settling at the bottom. The mixture is allowed to settle by 

gravity in a separating funnel overnight. It is observed that two distinct layers are formed; one 

is pale yellow at the top and the other being dark brown at the bottom. Without disturbing the 

funnel the bottom layer is separated out, which is glycerol, can be used as a resource material 

for soap or paint industry. The layer, which is retained in the funnel, is methyl ester of the 

vegetable oil. It is then washed to remove moisture. To do this, distilled water about 30% by 
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volume of the ester is added, shaken properly and the mixture is once again transferred to the 

separating funnel wherein again the water with any emulsion formed settles at the bottom. 

The upper layer is pure methyl ester that is biodiesel ready for the use in diesel engine.  

4.    Fuel properties: 

The basic composition of vegetable oils is triglycerides which are the esters of three fatty 

acids and one glycerol. The properties of methyl ester of mahua and diesel are presented in 

Table 1. Conventional diesel has a flash point 47
0
C and bio diesel has considerably higher 

flash point than the diesel (above 84
0
C), there by the fire hazard associated with 

transportation, storage and utilization of bio diesel is much less. The specific gravity of crude 

mahua oil is 0.904 and that of conditioned oil is 0.89 which is higher than the diesel (0.828). 

The kinematic viscosity of raw vegetable oils is in the range of 30-60Cst transesterified oils is 

in the range of 3-6 Cst which is closer to diesel fuel (3-4 Cst). The calorific value is the total 

energy derived from the combustion of the unit mass of fuel. The calorific value of the diesel, 

Mahua and its methyl esters are close to each other.  

Table 1: Comparison of properties of raw mahua oil and its blend with 

 conventional diesel fuel. 

  

 

 

  

 

 

  

  

    

5.   Engine test: 

 

Experiments were conducted on a computerized diesel engine test rig. The test rig is a 

Kirloskar make single cylinder, 4-stroke naturally aspirated direct injection, water cooled 

diesel engine of 3.7 kW rated power at 1500 rpm was directly coupled to an eddy current 

dynamometer. The engine and the dynamometer were interfaced to a control panel which is 

connected to a digital computer. This computerized test rig was used for recording the test 

parameters such as fuel flow rate, temperature, air flow rate, load etc. and for calculating the 

Properties Diesel 
Raw 

Mahua oil 
MME 

Density  (kg/m3) 

at 40˚C 
828 891 833 

K.V (cst) at40˚C 3.8 37.63 3.91 

Calorific Value 

(kJ/kg) 
42960 35614 42349 

Flash Point (˚C) 56 212 100 

Fire Point (˚C) 63 223 109 
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engine performance characteristics such as brake power, brake thermal efficiency, brake 

specific fuel consumption, volumetric efficiency etc. The calorific value and the density of 

the particular fuel were fed to the test rig software for calculating the performance 

parameters. Exhaust emissions such as NOx, UBHC, CO and CO2 were measured with a 

MRU make exhaust gas analyzer and smoke opacity using an AVL smoke meter. 

The whole set of experiments were conducted at the rated speed of 1500rpm, compression 

ratio 17.5:1. The tests were conducted at various loads with B20 blend. Experiments were 

repeated at the three different injection pressures of 160,180, 200 and 220 bar for optimized 

blend B20  with injection timing of 23
0
, 27

0
, 30

0   
bTDC. 

6. Results and discussion: 

The experiments were conducted at four different injection pressures (160 bar,180 bar, 

200bar and 220bar) and three injection timing (23
0
bTDC, 27

0
bTDC and 30

0
bTDC) for 

studying their effect on the performance and emissions of the diesel engine run with esterified 

oil. The results obtained with diesel at 180bar, 23
0
bTDC are taken as baseline data for 

comparision with conditioned oils. 

 

 

 

 

 

 

 

Figure 1: Variation of BTE with Load for B20 MME at different Injection Pressures. 

 

The variation of BTE with load at different injection pressure is shown in Fig.1. It is observed 

that the maximum efficiency is at 200bar injection pressure. At this pressure the maximum 

efficiency is found to be 29.84% at full load condition. With increase in injection pressure to 

200 bar the thermal efficiency of the oil has been improved. From the Fig.1 it is observed that 
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the thermal efficiency of the bio fuel at low injection pressure is low due to coarse spray 

formation, atomization and mixing of bio fuel during injection. However with increase in 

injection pressure to 200 bar the BTE has reached optimum value. This is due to the fine 

spray formed during injection and improved atomization, which reduces the physical delay 

period resulting in better combustion.  

 

 

 

 

 

 

 

Figure 2: Variation of Opacity with Load for B20 MME at different Injection Pressures. 

 

Fig.2 shows the variation of smoke opacity with load, it is observed that the higher opacity 

has been recorded at lower injection pressure (160 bar). With the increase in injection 

pressure from 160bar to 200 bar at full load, the smoke opacity has reduced by 1.2%. 

 

 

 

 

 

 

 

Figure 3: Variation of NOx with Load for B20 MME at different Injection Pressures. 
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From Fig. 3 it is observed that the oxides of nitrogen emissions have increased with increase 

in load at all injection pressures. NOx emissions are lower at 200bar injection pressure 

compared to other injection pressures. The lower emissions of NOx at this injection pressure 

is due to decrease in the engine exhaust temperature. The higher NOx emission at injection 

pressure other than 200 bar is due to higher exhaust temperature. 

                              

Figure 4: Variation of BTE with power output  

Experiments were also conducted to study the injection timing on the performance and 

emissions of the engine. The variation of BTE with load is shown in Fig.4. BTE increases 

when the injection timing is advanced. This is due to starting of combustion earlier 

compensates the effect of slow burning. The maximum BTE is at the injection timing of     

27
0
 bTDC i.e. 3

0
 more advanced than the diesel. The BTE is increased from 22.78% to 

28.87%.  

                             

Figure 5: Variation of UBHC with power output  
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Figure 6: Variation of NOx with power output  

 

From the Fig.5 it is observed that unburnt hydrocarbon emissions is lower at injection timing 

27
0
 bTDC and is due to improved combustion and use of lean mixtures as compared to other 

timings. The unburnt hydrocarbon level decreases from 64 ppm to 59 ppm at full load. The 

NOx  (Fig.6) emission level increases with advancing injection timing. This is due to 

increased cylinder gas temperature.  

7. Conclusions: 

 

Based on the experimental work on a compression ignition engine fuelled with mahua methyl 

ester the following conclusions are made: 

 

1. After transesterification of Mahua oil, the kinematic viscosity and specific gravity are 

reduced and calorific value is increased. 

2. The diesel engine performed satisfactorily on transesterified bio-fuel, so that the 

transesterified oils can be used as an alternative fuel in the existing diesel engine. 

3. The injection pressure of 200bar was found to be optimum injection pressure and 

better results are obtained for biofuels. 

4. With increase in injection pressure emissions such as smoke and CO were reduced for 

B20 biodiesel. This could be due to more complete combustion of the fuel compared 

to diesel. 
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5. Advanced injection timing (23
0
 bTDC to 27

0
 bTDC) increases the ignition delay and 

leads to more prominent initial phase of combustion, the premixed part and results in 

higher BTE, reduction in HC and smoke level. 

6. From the above discussions it can be concluded that a significant improvement in the 

performance and emissions are observed if the injection pressure and injection timing 

are properly optimized when a diesel engine is to be operated with methyl esters of 

mahua oil. 

NOMENCLATURE: 

MME: Mahua oil Methyl Ester. 

BTE: Brake Thermal Efficiency. 

CO: Carbon Monoxide. 

CO2: Carbon Dioxide. 

UBHC: Unburnt Hydrocarbon. 

NOx: Oxides of Nitrogen. 

KOH: Potassium Hydroxide. 

NaOH: Sodium Hydroxide. 

 

 

8. REFERENCES:  
 

1. Pringin V “Non Traditional oil seeds of India” 1987 Oxford and IBH publishing 

company Pvt Ltd. 

2. A.S Ramdas, S. Jayaraj,  C Muraleedharan 2004”Use of vegetables oils as IC engine 

Fuels-A review”  Renewable Energy29 pp 727-742.  

3. Gerhard Knothe, “Monitoring a Progressing Transesterification Reaction by Fiber-

Optic Near Infrared Spectroscopy with Correlation to 1H Nuclear Magnetic 

Resonance Spectroscopy”,   Paper no. J9483   in JAOCS 77, May 2000, pp489-493.  

4. Ramesha D.K., B.J. Ranganath, N. Rana Pratap Reddy. Nov 2007 “Characteristics of 

Ethanol Esterified Pongma Pinnata and Madhuka indica oils for compression ignition 

engine applications” Journal of middle European construction and design of cars. – , 

Vol 05 pp 31-36. 

5. Narayana Reddy, A Ramesh,” Parametric studies for improving the performance of 

Jatropa oil-fuelled compression ignition engine”, 2006 Journal of Renewable Energy, 

vol31,pp 1994-2016. 

6. R J Crooks, “Comparative bio-fuel performance in internal combustion engines”, 

2006, Journal of Biomass and Bio energy vol 30, pp461–468. 

7. Ramesha D.K, B.J. Ranganath, N.Rana Pratap Reddy. “Control of physical properties 

of Bio- oils for application in IC engines.”, Proceedings of national conference on 

emerging trends in physics, electronics and engineering sciences” Allied publishers 

Pvt ltd, New- Delhi .ISBN-81-8424-098-8. 



 Page 703 
 

8. Dr. B.J. Ranganath, Dr. N.  Ranapratap Reddy, Ramesha D.K., Dec 2007, 

“Performance and Evaluation of Ethanol Conditioned Mahua and Honge oils for IC 

Engine applications” Intl CONICI-2007, JNT University, Andhra Pradesh, India,     

pp 57-62. 

9. Ramesha D.K, B.J. Ranganath, N.Rana Pratap Reddy. “ Effect of Injection Parameter 

on performance and emissions characteristics   of ethanol   esterified Mahua and 

Honge oils for CI Engine applications” March 2008, Proceedings of the National 

Conference on Recent Advances in Mechanical Engineering (RAIME ’08) 20- 21 

National Engineering College, K.R. Nagar, Kovilpatti – 628 503. Tamil Nadu, India 

pp 53-60. 

10. Ramesha D.K, B.J. Ranganath, N.Rana Pratap Reddy.2007, “Effect of injector 

opening pressure on performance and evaluation  of esterified Mahua and Honge oils 

for CI Engine applications” Proceedings of National conference on Advances in 

materials and manufacturing processes, October 5-6,2007, UBDT, Kuvempu 

university, Karnataka, pp509-513. 

11. Rana Pratap Reddy, Basavarajaiah T “Performance and Emissions of Diesel engine 

(methyl ester of Honge oil) and its blends”, sept2004. Proceedings of Intl conference 

on Bio fuels propespctives and prospects, pp16-17. 
 

 

 


