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ABSTRACT 

In this work biodiesel of various proportions has been blended with E20 (20% ethanol and 80% diesel) for 

testing the Performance and combustion characteristics at various load in a single cylinder diesel engine (constant 

speed). Addition of biodiesel to the blends is an attractive as the consumption of fossil fuel (diesel) can be replaced 

by renewable fuel. Brake Thermal Efficiency (BTE) and Heat Release Rate (HRR) of the blends are higher than 

diesel and slightly lower than E20. Brake Specific Fuel Consumption (BSFC) is slightly higher than diesel. There 

was an increase in combustion duration and decrease in the peak pressure, along with the increase of biodiesel 

content in ethanol blended fuels. Increase of biodiesel increases the cetane number in the blends. 

INTRODUCTION 

Fossil fuels reserves are depleting and future transportation will be dependent on bio-fuels such as 

biodiesel and alcohols. According to estimate, the reserves for crude oil will last for 40 years approximately 

(Goldemberg, 2001). This enforces the researches to focus on alternate fuels such as alcohol and biodiesel. Primary 

alcohols such as methanol, ethanol can also be used as fuel for diesel engines. Among, the ethanol can be produced 

from biomass which can be utilized in diesel engines as ethanol-diesel blends (Qi D. H, 2010). The limitations in 

the area of using ethanol-diesel blends in diesel engines is that the addition of ethanol reduces the cetane number, 

vaporization and viscosity of the blend and also the flash point of the blends will become very low, such that more 

safety measures has to take. The use of ethanol limits up to 20% (Alan, 2005). However the use of ethanol-diesel 

blend in diesel engine requires additives to improve the solubility of the blends and this is because of hydrogen 

bonds between hydroxyl of ethanol and water molecules. A recent study of solubility and properties of blending 

fuels reported that biodiesel fuel is a good additive to prevent phase separation (Kwanchareon, 2007).  Biodiesel is 

the fuel produced from various modes such as vegetable oils (including edible and non edible), recycled waste 

vegetable oils and animal fat etc, (Demirbas, 2000; Kinney, 2005). The addition of biodiesel as a co-solvent to 

diesel ethanol blends improves solubility (Fernando, 2004).  

Addition of rapseed oil methyl ester has been used as a co-solvent for ethanol-diesel blends and reported 

that the biodiesel addition improves the properties of the blends (Makareviciene, 2005). Biodiesel as a fuel for 

diesel engines reduces the emissions (except NOx and PM) due to the higher cetane number (Qi DH, 2009; 

Avinash, 2009). Biodiesel from jatropha oil has been used as a co-solvent for ethanol-diesel blends and reported 

that, up to 20% of biodiesel addition will enhance the ethanol content up to 30% in the ethanol-diesel blends. 

However there was a necessity of advancing injection timing and thereby the NOx emissions were also doubled 

(Hulwan, 2011). Imtenan et al. (Imentum, 2014) studied the addition of biodiesel from palm oil in diesel-ethanol 

blends comprises of 5% ethanol, 15% biodiesel and remaining diesel were maintained. The report says that there 

was an increase in NOx emissions with the increase of speed also there was a decrease in CO emissions. Guarieiro 

et al. (Guarieiro, 2009) used various blends of ethanol - diesel - biodiesel (soybean oil and castor oil) while the 

ethanol content were maintained as 7% & 15% by volume, it was noted that the addition of oxygenated fuels such 

as ethanol, biodiesel will enhance the combustion efficiency and resulting in more complete combustion. 

 The present study is a compensation to utilize the advantage of ethanol in diesel up to 20% and co solvent 

as biodiesel from palm oil in various proportions to improve solubility and also to reduce the dependency of fossil 

fuels. The combustion and performance characteristics of blends with E20 and biodiesel of proportions 10% & 

30% were studied in a single cylinder diesel engine and the results were compared with E20 and diesel. 

MATERIALS AND METHODS 

Blend Preparation: Ethanol with a purity of (99.7%) and commercial biodiesel prepared from palm oil are 

purchased from a commercial supplier. Fuel blends are prepared by mass basis. The below table 1 shows the blend 

and its types and table 2 shows the properties of the fuels. 
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Table.1.The blend and its types 

Blend name Blend ratio 

Diesel 100% pure diesel 

E20 20% ethanol + 80% diesel 

E20B10 10% bio-diesel+20%ethanol + 70% diesel 

E20B20 20%bio-diesel+20% ethanol + 60% diesel 

E20B30 30%bio-diesel+20% ethanol + 50% diesel 

 

Table.2.The properties of the fuels. 

Properties Diesel Ethanol B100 

Chemical Formula CnH2n+2 C2H5OH C19H34O2 

Density@30⁰C(Kg/m3) 855 821.6 866 

Kinematic viscosity, @ 40⁰C (mm2/s) 2.95 1.1 4.802 

Cetane number 52 8 63 

Flash point ⁰C 61.5 13 >150 

 

Experimental Set up: The engine used was a single cylinder constant speed four stroke single acting stationary 

diesel engine. The injector nozzle was located in the centre of the combustion chamber and had an opening 

pressure of 205 kg/cm2. Fig. 1 shows a setup which consist of test engine coupled with eddy current dynamometer, 

fuel consumption metering equipment, 5 gas analyzer (avl type 777) and data acquisition unit (avl Indicom 1.5). 

The specification of a test engine is shown in table 3. The experiments were conducted at five load levels viz, no 

load, 25%, 50%, 75% of full load and full load. For each load condition the engine was run for at-least 5minutes 

after which date was collected. 

Table.3.The specification of a test engine 

Engine Specification 

Make Kirloskar AV1 Stroke (mm) 110 

Type 4 stroke, single acting, CI engine Power rating (Hp) 5  (3.7kw) 

No. of Cylinders 1 Compression Ratio 17.5 : 1 

Cubic Capacity (ltr) 0.553 Start of injection (⁰BTDC) 23 

Rated Speed (rpm) 1500 Cooling Water cooled 

Bore (mm) 87.5 Type of fuel injection Direct 

 

 
Figure.2.Layout of Experimental Setup 

RESULTS AND DISCUSSION 

Pressure-Crank Angle Diagram: Fig:2 & 3 shows the combustion characteristics which means rise of pressure 

inside the combustion chamber with respect to the crank angle for the blends at low loads and high loads. At low 

load the high peak pressure is achieved by E20 (54.044 bar) the peak pressure for E20B30 is (49.923 bar) which is 

less than diesel. The reason is for the same power output from the engine, a large amount of E20 was injected due 

to lower calorific value and less density of ethanol in the fuel leading to longer period of fuel injection results in a 

strong premixed burning phase and give rise to a peak cylinder pressure. i.e A large quantity of fuel has to burn 

with-in short duration leading to a sudden pressure rise. At high load the highest peak pressure is for diesel 

(66.216bar) and the peak pressure for E20B30 is (63.088 bar) which is less than E20 (65.994bar) and this is due to 

blends containing biodiesel having higher viscosity and volatility causing poor atomization and mixture formation. 

Heat Release Rate: Near the TDC, the fuel vaporization causes a negative heat release rate and after that the point 

heat release rate momentarily becomes positive with the start of combustion. The Fig: 4&5 shows the heat release 

rate for low load and high load. The heat release rate is higher for low loads than high loads for all the blends. At 
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high load the heat release rate for the blend E20B30 is lower than E20 and higher than diesel. This is due to the 

higher content of biodiesel in the blend E20B30.Also, the higher oxygen content in the blend leading to better 

combustion and higher thermal output than diesel. The highest peak heat release rate is for E20, because of higher 

latent heat of vaporization in comparison with other blends and longer ignition delay which in turn increases 

premixed combustion to a greater extent. 

Combustion Duration: The fig:6 represents the combustion duration for the blends. Normally the combustion 

duration is the period between start of combustion and the end of combustion. The blend E20B30 (57.6 deg CA) 

shows longer duration than E20(56.8 deg CA) and lesser than diesel (63 deg CA). The reason for late SOC is due to 

the less density, less surface tension and higher latent heat of vaporization leading to lower gas temperature. 

Ignition Delay: In general, the ignition delay is evaluated from the start of fuel injection to the start of fuel 

ignition. The fig: 7 shows the graph of Brake Mean Effective Pressure Vs Ignition delay. Here the ignition delay 

decreases with the increase of load for all the blends. As the engine load decreases, the residual gas temperature 

and the wall temperature decreases which leads to lower charge temperature at the time of injection and increases 

the ignition delay (physical delay). The delay for E20B30 is (16.6 deg CA) less than E20 (16.9 deg CA) and higher 

than diesel (13.8 deg CA). This is due to addition of biodiesel leads to increase the cetane number of the blend in 

comparison to that of E20 and thus reduce the ignition delay than E20. Ethanol in E20 having higher latent heat of 

vaporization and lower cetane number increases the ignition delay. 

  
Figure.2.Pressure-Crank Angle at high load Figure.3.Pressure-Crank Angle at low load 

 
 

Figure.4.Heat Release Rate at high load Figure.5.Heat Release Rate at low load 

 

  
Figure.6.Comparison of Combustion Duration Figure.7.Comparison of Ignition Delay 
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Performance characteristics 

  

Figure.8. Characteristics of Brake Thermal Efficiency Figure.9.Brake Specific Energy Consumption 

Brake Thermal Efficiency: In general, the engine brake thermal efficiency BTE can be improved by means of 

adding Biodiesel in E20 to diesel. The blended fuel showed higher efficiency than expected, especially over 50%. 

The possible reason for improved brake thermal efficiency may be complete combustion. The increase in BTE is 

due to the improvement of the combustion process on account of increased oxygen content in the fuels. In the 

figure the BTE increased with increase in load to a certain level and then there was a decrease. This is due to the 

fact that there is incomplete combustion beyond the maximum load. 

Brake Specific Energy Consumption: The Brake Specific Energy Consumption BSEC of different blends at 

various BMEP is shown in Fig.9. There is a slight increase in BSEC for the blends in comparison with diesel are 

due to the fact that the lower heating value of blend fuels. The increase at low load is the incomplete combustion 

due to higher ignition delay of blend fuel. This problem could be fixed, to some extent, with better vaporization of 

fuel mixtures if the engine were run at full load or high loads. The brake specific consumption is greater at low 

loads, but it decreases at medium and high loads. The brake specific energy consumption is greater for the blends, 

because their heating value is smaller. The fuel viscosity had a great influence on brake specific energy 

consumption. 

CONCLUSION 

Biodiesel–diesel–ethanol blends with ethanol concentrations of 20% as constant, of Biodiesel 10% and 

30% and diesel 70%, 60%, and 50% respectively were used as fuel in diesel engine. The combustion characteristics 

of the blend E20B30 shows maximum pressure of (63.08 bar) which is less than E20 and diesel and shows a heat 

release rate of (76 KJ/m3) which is greater than diesel and less than E20. The combustion duration and ignition 

delay of E20B30 was improved while comparing with E20, but showing less duration and longer delay values with 

diesel. There was a decrease in brake thermal efficiency of blend fuels at lower loads, however at higher loads only 

2% reduction in BTE in comparison with E20 and increased by 11% in comparison with Diesel. There was a slight 

increase in brake specific energy consumption. 
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