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Abstract- The consumption of energy in the form of fossil fuels has been increasing day by day. There is a need to increase 

energy supplies to meet basic needs and the way that promotes sustainable development. Bio -diesel is an attractive alternative 

fuel for diesel engines in terms of environmental benefits . In India the production of corn is increasing ever year, the corn oil is 

extracted from the germ of corn (maize). This paper investigates the emission characteristics of single cylinder diesel engine 

using biodiesel blends and compares  that with diesel fuel. In this experiment, an attempt has been made to investigate four types 

of fuels are considered 100% Diesel, 90% Diesel+10% Corn oil Methyl Ester, 80% Diesel+20% Corn oil Methyl Ester, 70% 

Diesel+30% Corn oil Methyl Ester and 60% Diesel+40% Corn oil Methyl Ester. The diesel engine is run on these blends at 

different load conditions. The various emission parameters like NOx, Carbon dioxide and Unburned Hydrocarbo n are tested with 

above blends and different load conditions. The experimental results show that the emission parameters for IC engine fuelled 

with biodiesel blends are less compared to diesel fuel at all the load conditions .  
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1. Introduction 

In World, the diesel engine dominates in the field of 

commercial transportation and agricultural machinery because 

of its superior efficiency. The consumption of diesel oil is 

several times higher than its petrol consumption. It has  been 

found that vegetable oil hold special promise in this need. The 

emission parameters such as Carbon monoxide, Carbon 

dioxide, Un-burnt hydrocarbons are reduced, but Nitrogen 

oxide is increased in diesel engine by using coconut oil, 

Soybean oil [1-2-3-8]. The best method to reduce the NOx 

emission of the engine is exhaust gas recirculation techniques 

(EGR) [4-5-7]. EGR will recalculate the exhaust gases back to 

the engine through inlet air, which will increase the air 

temperature and reduce the oxygen concentration in the inlet 

air. This will also reduce the Specific fuel consumption and 

increase the thermal efficiency [9].  

 

 

2. Transesterification Process 

The Comparison of properties of diesel and corn oil 

methyl ester are given in Table 1 below, 

Table 1. Properties of diesel and corn oil methyl ester 

Properties Diesel Corn oil 

methyl ester 

Viscosity at 40°C [CST]  5 8.6 

Calorific Value [MJ/kg] 42 39.5 

Specific Gravity 0.853 0.875 

Flash Point [°C] 57 153 

Fire Po int [°C]  65 161 

Density [kg/m3] 853 875 

 

The Corn oil is treated with alcohol in the presence of a 

catalyst (KOH/NaOH) to form ester and glycerol. This method 

is used to reduce the high viscosity of the corn oil. The Corn 

oil and methanol is boiled separately to remove moisture 
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content and mixed with the reactor vessel. The catalyst is 

added to the solution and dissolved by constant stirring. The 

content after mixing thoroughly are heated to a temperature of 

about 50 to 60°C  and it is maintained at the same temperature 

for about 3 hours. Then the content will be allowed to settle 

down for 1 day. After the settlement process, two major 

products are Glycerine and corn oil Methyl Esters (Biodiesel).  

3. Experimental Setup 

In this experiment investigation, a Single cylinder, direct 

injection, water cooled, diesel engine is used. Engine is 

equipped with thermocouples to measure temperature, 

manometer with air box is used to measure air flow rate and 

burette is used to measure fuel flow rate. The engine 

specifications are given in Table 2 below, 

Table 2. Engine Specification 

Parameter Specification 

Type Single cylinder, four stroke 

diesel engine 

Bore in [mm] 127 

Stroke in [mm] 203.2 

Rated [rpm] 750 

Rated power [HP] 12 

Loading Mechanical loading 

Type of cooling Water cooled 

 

 

  Fig. 1. Schematic diagram of Experimental Setup  

The schematic diagram of experimental setup is shown in 

Fig.1. A slight modification is made in fuel line of the IC 

engine between fuel tank and fuel pump. T-valve is used to 

change over the fuel selection between diesel and biodiesel 

blend. The T-valve is the best way to change the fuel supply 

to engine.  First the engine runs with diesel for around one 

hour for warming and then note down the emission parameters  

NOx, Carbon dioxide and Unburned Hydrocarbon with the 

help of exhaust gas analyzer. The exhaust gas analyzer probe 

is inserted into the engine exhaust pipe to measure the 

emission parameters. After that with the help of the T-valve, 

the fuel supply to IC engine is changed from diesel to 

biodiesel. The engine emission parameters were noted after 15 

minutes to ensure that the engine runs on biodiesel blend.  

4. Result and Discussion 

Experiments were conducted with Diesel (D) and Corn oil 

Methyl Ester (B) blends having 100% D, 10%B + 90%D, 

20%B + 80%D, 30%B + 70%D and 40%B + 60%D on volume 

basis at different loads.  The experiments were conducted to 

evaluate the engine emission parameters such as Carbon 

dioxide, NOx and unburned Hydrocarbon. The engine would 

be allowed for some time to obtain the rated speed before the 

measurements were taken. 

4.1 Carbon Dioxide (CO2) 

The Variation of carbon dioxide with Biodiesel blends 

with different loads is graphically represented in Fig.2. It was 

observed that the percentage of carbon dioxide in all the 

blends was found to be low at all load levels. At the brake 

power of 5.54kW, the Carbon dioxide reaches its maximum of 

4.8% for 100% Diesel and 4.4% for 80% Diesel+20% Corn  

oil Methyl Ester. The 0.4% carbon dioxide is reduced 

compared to 100% diesel and also it was observed that the 

proportion of corn oil methyl ester in the blends increases the 

percentage of Carbon dioxide decreases. 

  

    

 Fig. 2. Comparison of Carbon dioxide Vs Brake power  

4.2 NOx 

The Variation of NOx with Biodiesel blends with  

different loads is graphically represented in Fig.3. It was 

observed that the percentage of NOx in all the blends was 

found to be low at all load levels. At the brake power of 

5.54kW, the NOx reaches its maximum of 187 ppm for 100% 

Diesel and 167 ppm for 80% Diesel+20% Corn oil Methyl 

Ester. The 20 ppm of NOx is reduced compared to 100% 

diesel and also it was observed that the proportion of corn oil 

methyl ester in the blends increases the ppm of NOx 

decreases.  
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  Fig. 3. Comparison of NOx Vs Brake power  

4.3 Unburned Hydrocarbon (HC) 

 

  Fig. 4. Comparison of HC Vs Brake power  

The Variation of unburned hydrocarbon with Biodiesel 

blends with different loads is graphically represented in Fig.4. 

It was observed that the percentage of hydrocarbon in all the 

blends was found to be low at all load levels. At the brake 

power of 5.54kW, the hydrocarbon of about 51 ppm for 100% 

diesel and 42 ppm for 80% Diesel+20% Corn oil Methyl Ester. 

The 9 ppm of hydrocarbon is reduced compared to 100% 

diesel and also it was observed that the proportion of corn oil 

methyl ester in the blends increases the percentage of 

unburned hydrocarbon decreases.  

5. Conclusion 

From the results obtained on the test, the engine emission 

parameters such as Carbon dioxide, NOx and Unburned 

Hydrocarbon for biodiesel blends are low as compared to 

diesel fuel. And also the proportion of corn oil methyl ester 

increases, the engine emiss ions are decreased. Hence 60% 

Diesel+40% Corn oil Methyl Ester can be used as fuel in IC 

engine without any engine modification. However the 

performance of the IC engine fuelled with 60% Diesel+40% 

Corn oil Methyl Ester was less as compared to diesel fuel.  

Based on the references the performance of engine fuelled  

with 80% Diesel+20% Biodiesel comparable to diesel fuel. 

Hence 80% Diesel+20% Corn oil Methyl Ester is the optimum 

blend for engine emission as well as performance of the 

engine. 
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