
International Journal of Advance Research In Science And Engineering           http://www.ijarse.com  

IJARSE, Vol. No.3, Issue No.5, May 2014                                                         ISSN-2319-8354(E)  

 

44 | P a g e  

www.ijarse.com 

EXPERIMENTAL INVESTIGATION ON THE 

PERFORMANCE OF AN ENGINE OPERATED WITH 

MULTI FUEL BLENDS OF BIODIESELS MADE BY 

ANIMAL FAT & MAHUA OIL, ETHANOL & DIESEL
 

Mr. Ashish Dubey
1
, Prof. A. D. Pitale

2 

1
Student, IV semester M. Tech (Heat power engineering), 

2
Asst. Professor, 

 Mechanical Engineering Department, G. H. Raisoni College of Engineering,  

Nagpur.440016 (India)

 

ABSTRACT 

Biodiesel refers to a vegetable oil- or animal fat-based diesel fuel consisting of long-chain alkyl (methyl 

or ethyl) esters. Biodiesel is typically made by chemically reacting lipids (e.g. vegetable oil, animal fat) with 

an alcohol producing fatty acid esters. In this paper, biodiesel which is defined as a fuel comprised of mono-

alkyl esters of long-chain fatty acids, has produced from animal fat oil/mahua oil by transesterification process 

and its different properties are studies and compared with the properties of diesel and ethanol. Blends of 

biodiesels, ethanol and diesel are made on the percentage of volume basis. In these blends, biodiesel used 5-

25%, ethanol 10% and remaining was the percentage of diesel. After the experimentation on the specified diesel 

engine with prepared blends, EGT, BSFC and BTE for each of the fuel blends are calculated at different loads 

and compared with diesel fuel. The study further investigates the smoke emission at different load for all the 

prepared blends of biodiesel, ethanol and diesel. 

 Keywords: Animal fats oil, Blends, Ethanol, Mahua oil, Ttransesterification 

 

I INTRODUCTION 

Due to continuous uses, huge dependency & depletion in feedstock availability concerns and environmental 

problems the biodiesels attracts many researchers for the alternative source of energy. The biodiesels are 

produced by biological sources, among them lipid materials such as fats and oils have received increasing 

attention. Biodiesel, which is defined as the mono-alkyl esters of vegetable oils or animal fats, obtained by 

transesterifying oil or fat with an alcohol (ethanol or methanol) [1, 2]. The paper explains the production of 

biodiesel from animal fat oil/mahua oil by transesterification process and its different properties are studies and 

compared with the properties of diesel and ethanol. Blends of biodiesels, ethanol and diesel are made on the 

percentage of volume basis. The study further investigates the smoke emission at different load for all the 

prepared blends of biodiesel, ethanol and diesel. The study further investigates the smoke emission at different 

load for all the prepared blends of biodiesel, ethanol and diesel. 

The alternative fuels must be technically acceptable, economically competitive, environmentally acceptable and 

easily available. Research on biodiesel derived from vegetable oils and animal fats are being maintained to 
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alternate this kind of fuels to petroleum based diesel fuel. It has been concluded by many studied that as an 

alternative engine biodiesel reduce the emissions of carbon monoxide (CO), hydrocarbons (HC), sulphur 

dioxide (SO2), Polycyclic Aromatic Hydrocarbons (PAH), nitric Polycyclic Aromatic Hydrocarbons (nPAH) 

and particulate matter (PM) by NOx to increase in the exhaust as compared with diesel fuel [3, 4]. Though 

biodiesel has some attractive properties like higher cetane number, no aromatics, almost no sulphur, high 

oxygen(by weight), non-toxic, bio-degradable, high lubricant ability [5, 6] it has many properties need to 

improve such as Lower Calorific Value(LCV), Lower Effective Engine Power(LEEP), NOx emission, greater 

sensitivity to low temperature [6]. Biodiesel is eco friendly and renewable in nature. Numerous researchers 

carried out with dissimilar types of non edible oils in their customized and clean forms [7-10]. 

 

II. PRODUCTION OF BIODIESEL 

The production of biodiesel by transesterification process can be shown as: 

 

Fig. 1 Transesterification Process 

2.1 Biodiesel production from animal fat: Biodiesel is produced from the triacylglycerol-containing 

material by means of a transesterification reaction. In this process, alcohol (methanol/ethanol) and animal fats 

are mixed in the molar ratio of 6:1, heated at 60-65 
0
C for 1hr and the ambient pressure in the presence of 

catalyst such as NaOH/KOH. Before that, animal fat gets heated up to 105-110 
0
C so that it will be converted 

into fat oil then in the separate flat bottom flask, alcohol and NaOH/KOH (2% of fat)are mixed exothermic 

reaction take place. This mixer is then added to heated fat and keeps it at 60-65 
0
C for 1hr. After this, it is 

poured into a bottle so that biodiesel and glycerol get separated as shown [11]. 

2.2 Biodiesel production from mahua oil: Mahua oil methyl ester (MOME) was prepared by using alkali 

catalyst as sodium methoxide by transesterification process. In the transesterification reaction excess of ethanol 

is used to cause fast reaction and high degree of conversion [12]. The transesterification requires an alkali 

catalyst such as NaOH, or KOH which are preferred due to their low cost and large availability. Although the 

ester is the major product, desired recovery of glycerol is important because of its industrial uses [13-14]. 

 

III. EXPERIMENTAL SET-UP 

Experimental set-up for the use of biodiesel in diesel engine can be shown in the figure. As shown in the Fig. 2 

experimental set-up, blended fuel is supplied to the engine through filter and fuel pump. Data acquisition system 

(DAS) is used to take readings of speed, inlet pressure, temperature, etc. and show output on the computer 

monitor. Smoke meter gives smoke reading per minute. Emissions such as NOx, CO, HC, and SO2 can be 

measured with the help of exhaust gas analyzer (not shown here). 
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Fig. 2 The Experimental Set-Up 

Table 1: Engine Specification 

Sr. No. Item Technical Data 

1 Model 
KIRLOSKAR, TV-2 

2 Rated BHP / KW 
16 / 11.8 

3 Bore x Stroke (mm) 
87.5 x 110.0 

4 Swept Volume (CC) 
853 

5 Compression Ratio 
17.5:1 

6 Rated RPM 
1800 

7 No. of Cylinder 
2 

8 Engine Net Weight (kg) 
145 

 

In this experiment, the objective is the production of biodiesel from Animal fat oil & Mahua oil. After that 

mixing the two different biodiesels (i.e. from  Animal fat & Mahua oil) in the ratio of 50% & 50% by volume, 

prepare its blends with ethanol-diesel fuels, study their properties and to compare above blends with diesel (such 

B5E10D85, B10E10D80, B15E10D75, B20E10D70, B25E10D65 & pure diesel). Comparing considered 

performance parameter like brake specific fuel consumption (BSFC), brake thermal efficiency (BTE), Exhaust 

gas temperature (EGT) and smoke emission. Engine tests at different engine speeds to 1800 rpm.  
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Table 2: Fuel Properties of the Diesel-Biodiesel–Ethanol (DBE) System at Different Ratio Of 

Diesel, Biodiesel And Ethanol 

Sample 

No. 

%D *%B %E Cetane 

No. 

Flash 

Point 

(
0
C) 

Density 

(kg/m
3
) 

Heat of 

combustion 

(MJ/kg) 

1 85 5 10 61.20 59.85 845.275 41.01554 

2 80 10 10 - 66.60 846.65 40.16607 

3 75 15 10 57.93 73.35 848.025 39.88929 

4 70 20 10 - 57.55 849.40 39.82235 

5 65 25 10 60.30 64.30 850.775 40.94028 

IV. RESULTS AND DISCUSSION 

 

Fig. 3 Comparison of brake specific energy   Fig. 4 Comparison of Brake Thermal Efficiency 

Consumption Vs Load                                                  Vs Load                                                        

Fig. 3 shows the variation of BSEC with Load for different fuels. The effect of load on brake specific energy 

consumption between diesel and for different blends can see in the graph. It is seen that brake specific energy 

consumption decreases when the Load is increased for all operations of diesel and biodiesel and their blends. It 

can be observed that brake specific energy consumption increases when blend is used for any given load. The 

percent increase in specific energy consumption was increased with decreased amount of diesel fuel in the 

blended fuels.  This is mainly due to viscosity and lower heating value. As a result, more BDE blend is needed 

to produce the same amount of energy due to its higher density and lower heating value in comparison to 

conventional diesel fuel.Again as biodiesel blends have different viscosity than diesel fuel, so biodiesel causes 

poor atomization and mixture formation and thus increases the energy consumption rate to maintain the power. 

Because of this, diesel fuel shows the lower energy consumption than BDE blends. For all fuels tested, brake 

specific energy consumption is found to decrease with increase in the load. This is due to the higher percentage 
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increase in brake power with load as compared to the increase in energy consumption. 

Fig. 4 shows the variation of Break Thermal Efficiency with Load for different fuels. BTE of diesel is higher 

than that of all other fuels due to its higher calorific value. All the blends exhibited higher brake thermal 

efficiencies than D65B25E10. This may caused by the available oxygen content in the blend which improves the 

combustion process despite the fact that oxygenated fuel has lower heating value.  This blend has lower calorific 

value as compared to all the other blends. But the addition of ethanol reduces the viscosity which in turn 

increases the atomization. This leads to the enhancement of combustion. Among the blends D85B5E10 showed 

the higher BTE.  

            

 Fig. 5 Comparison of Exhaust Gas Temperature     Fig. 6 Comparison of Smoke Vs Load 

             Vs Load 

Exhaust Gas Temperature shows the burning efficiency. The EGT may be high due to the following reasons  

a) Complete combustion  

b) If the afterburning stages of combustion is longer or engine misfire took place or injection time is 

not proper. 

For complete combustion fuel should be evaporated early as possible as and mixed with air. Ethanol has low 

viscosity. When ethanol is added to the diesel- biodiesel blend fuel evaporates faster and mixed with the air. It 

helps the combustion process. Ethanol blend has more oxygen content than other blend .It helps for better 

combustion. It may be one of the reasons for high EGT in ethanol blend. Ethanol has low cetane number and 

high latent heat of vaporization. When Ethanol is added to the diesel–biodiesel blend reduces the cetane number, 

is not adversely affect but latent heat of vaporization reduces which results in lower heat release and affects the 

combustion process.  

At low load, the amount of fuel injected is less and in such case fuel evaporates early and also high cetane 

number plays a dominant role. Ignition delay is shorter for BDE. Better combustion occurs. But at high load, 

more fuel is injected. In such case higher latent heat of vaporization become a dominant factor. This fuel takes 
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the heat from surrounding and in cylinder temperature decreases which increases the ignition delay period. This 

ignition delay may increases the mass of fuel in cylinder. This may cause longer after burning phase of 

combustion. It may be reason for high EGT in BDE blends. BDE showed the more EGT than other blend. It 

may be due to high latent heat of vaporization and more oxygen content. 

The smoke opacity increased with the load for diesel fuel and diesel-biodiesel-ethanol blends. The smoke is 

formed due to incomplete combustion. It is obvious that the smoke emissions are reduced with BDE blends. The 

smoke opacity reduced with increase of ethanol percentage in diesel-biodiesel-ethanol blends.  In previous 

study, it is seen that the smoke emission reduced significantly by the addition of ethanol to biodiesel blends. 

Same result found here also. This may be assisted by the presence of the fuel-bound oxygen of ethanol.  

V. CONCLUSIONS 

1. The experimental study of the addition of biodiesel in ethanol-diesel blended fuel engine gave better engine 

performance and emissions characteristics. Diesel-biodiesel–ethanol blends (BDE) show better stability and 

can be used in diesel engine without major modification.  

2. The BSFC of BDE blends is higher and BTE is slightly lower than that of petro-diesel. 

3. BDE, having higher oxygen content than diesel fuel, show excellent ability to minimize smoke emissions, 

especially at high engine load. Ethanol is more volatile and oxygen content fuel so it showed higher 

reduction in smoke emission. 

4. The addition of higher oxygen content and high volatility fuels, such as ethanol and biodiesel, can be a 

promising technique for using diesel-biodiesel-ethanol blends efficiently in diesel engines without any 

modifications in the engine.  

5. Comparison of experimental graphs with the standard graphs gives similar trend with slight advantages 

over their performance.  

From all the result and discussion main conclusion came arise is that BDE in blend form is better to use in 

diesel engines. It shows performance closer to that of diesel on the expense of cost little higher. So these 

fuel blends proved as sustainable, suitable, prominent alternative fuel for all types of diesel engines. 

VI. FUTURE SCOPE  

1. There is need to further study for checking emission like NOx, CO2, CO, HC. From this study, we can 

compare more parameter. 

2. For an IC engine, fuel injection timing is a major parameter that affects the combustion 

phenomenon and exhaust emissions. The present study was carried on a diesel engine in which 

injection angle was kept constant. Injection timing variation has a strong effect on the exhaust 

emissions, especially on the NOx emissions, because of variation of temperature in the engine 

cylinder. Therefore, there is an urgent need to study effect of variable injection angle and 

injection pressure in conjunction with engine performance and emission characteristics.  

3. Also, it is strongly recommended that long term endurance test of these blends fuel powered IC engine 

may also be taken by future researchers. 
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4. Turbocharging may be the good option for further research in this field  to minimize the NOx 

emission. 

REFERENCES 

[1]  Avinash Kumar Agarwal, “Biofuels (alcohols and biodiesel) applications as fuels for internal combustion 

engines”, progress in energy and combustion science, 33, 2007, pp. 233–271. 

[2] Praveen R. Muniyappa, Scott C. Brammer, Hossein Noureddini, “Improved conversion of plant oils and 

animal fats into biodiesel and co-product”, Chemical and biomolecular engineering research and 

publications, 4-1-1996. 

[3]  A.P. Sathiyagnanam, “Experimental studies on the combustion characteristics and performance of a direct 

injection engine fueled with biodiesel/diesel blends with SCR”, Proceedings of the world congress on 

engineering, 3, 2011. 

[4]  Xiaohu Fan and Rachel Burton, “Recent development of biodiesel feedstocks and the applications of 

glycerol”, 2, 2009, pp.100-109. 

[5] Canakci M., “Combustion characteristics of a turbocharged decompression ignition engine fuelled with 

petroleum diesel fuel and biodiesel”, Bioresource technol, 98, 2007, pp. 1167-75.  

[6] Y. C. Sharma and B. Singh, “Development of biodiesel: current scenario”, Renewable and sustainable 

energy reviews, 2008. 

[7] Ghosh, M. and D.K. Bhattacharyya,  “ Enzymatic Preparation of Polyethylene Glycol Esters of Castor Oil 

Fatty Acids and Their Surface-Active Properties”, Journal of Surfactants and Detergents, 1(4), 1998, pp. 

503-505. 

[8] Eugeniusz Milchert and Anna Smagowicz, “The Influence of Reaction Parameters on the Epoxidation of 

Rapeseed Oil with Peracetic Acid”, Journal of American Oil Chemists' Society, 86, 2009, pp. 1227-1233. 

[9] Umesha Shankar Shetty, Yella Reddy Sunki Reddy and Sakina Khatoon, “Plastic fats from sal, mango and 

palm oil by lipase catalyzed interesterification”, Journal of Food Science and Technology, online 24 

August 2011. 

[10] Haiter Lenin, A., C.R. Berlin Selva Rex, K. Thyagarajan and M.S. Senthil Saravanan, “Experimental 

Investigations on a Diesel Engine using Blends of Methyl Esters of Pongamia Oil as the Fuels”, European 

Journal of Scientific Research, 72(2), 2012, pp. 273-284. 

[11] Nadar K. N, Rana Pratap Reddy R. P, Anjuri E. R , “Comparison of performance of biodiesels of mahua 

oil and gingili oil in dual fuel engine”, Thermal Science, 2008, pp. 151-156. 

[12] Darunde D. S., “Biodiesel production from animal fats and its impact on the diesel engine with ethanol-

diesel blends: a review”, International Journal of Emerging Technology and Advanced Engineering, 2, 10, 

2012, pp. 2250-2459. 

[13] Padhi S.K., Singh R.K., “Optimization of esterification and transesterification of Mahua (Madhuca Indica) 

oil for production of biodiesel”, Journal of Chemical and Pharmaceutical Research, 2, 5, 2010, pp. 599-

608. 

[14] Montgomery R. “Development of biobased products”, Bioresource Technology, 91, 1, 2004, pp.1-29. 


