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ABSTRACT 

 Diesel engines are the most trusted power source for the automobile industry all over the world. But, it emits more 

hydrocarbon, carbon dioxide, carbon monoxide and oxides of nitrogen (NOx). The rapid depletion of conventional fossil fuels has 

promoted research towards alternative fuels for internal combustion(IC) engines. Alternate fuel includes biodiesels, like Jatropha, 

Karanjena, Pongamiapinnata, Cotton seed oil, etc., as a substitute for diesel. From the experimental investigation, the diesel has lower 

brake thermal efficiency and higher brake specific fuel consumption. To overcome this, a B20 biodiesel is used in LHR engine and 

LHR-EFI. This results in the increase of brake thermal efficiency of about 2.6% and correspondingly reduces the brake specific fuel 

consumption, but increases the NOx emissions. It is mainly due to the peak combustion temperature, oxygen concentration in the 

combustion chamber and the residence time of high temperature gas in the cylinder. To overcome this, Exhaust Gas Recirculation 

(EGR) is being used to reduce and control the NOx emissions by lowering oxygen concentration in the combustion chamber. Hence 

by analysis, B20 biodiesel blend with 20% EGR in LHR engine assisted by EFI provides a better performance when compared with 

other biodiesel blends. 

I. INTRODUCTION 

The rapidly growing technology and the advancements made in the automobile industry especially create a demand for 

energy resources. The fossil fuels are non-renewable resources of energy and they cannot be obtained once utilized. This is why there 

is a large competition among the automotive industries to develop vehicles that are fuel efficient and consumes fewer amounts. The 

electronic control unit is also implemented in the vehicles provide an engine management capability and improve the performance of 

the vehicle with less consumption. The biodiesel is produced from vegetable oil through trans-esterification process. The LHR 

engines made out of zirconia would retain much of the heat generated in the combustion chamber instead of losing it to the 

surrounding. Zirconia ceramics have been used in LHR engines because they possess a high temperature capability and a low thermal 

conductivity. Thus the need for a cooling system could also be eliminated. As LHR engine should operate at higher temperatures 

enabling combustion of fuel to complete resulting in increased combustion efficiency. This should increase performance, decrease 

fuel consumption and reduce pollution. The partially stabilized zirconiais coated onboth the piston top and cylinder head by plasma 

spray coating technique with thickness of 150µ. A widely adopted route to reduce NOx emissions is Exhaust Gas Recirculation. This 

involves recirculating a controllable proportion of the engine's exhaust back into the intake air. This has two benefits the reduction of 

charge temperature results in lower peak temperature and the greater density of cooled EGR gas allows a higher proportion of EGR to 

be used. In a diesel engine the recirculates fraction may be as high as 50% under some operating conditions. [8,9,10].Nowadays 

electronic fuel injection system plays major roles in automobiles as it becomes the preferred choice for the advanced diesel engine for 

low fuel consumption and less emission. 

 
II. EXPERIMENTAL SETUP AND TEST PROCEDURE 

 

Blends 

Kinematic  

Viscosity  

At 40ºC (mm2/s) 

Flash 

Point  

(ºC) 

Calorific  

Value 

(MJ/kW-hr) 

B5 4.9 88.1 44.447 

B10 5.2 90.3 44.156 

B15 5.4 91.6 43.707 

B20 5.6 92.7 43.142 

B25 5.9 94.9 42.877 

Diesel 4.5 86.4 44.755 
 

Fig 1 experimental setup 

 

Table 1 Properties of diesel and biodiesel blends 

 

http://www-materials.eng.cam.ac.uk/mpsite/interactive_charts/strength-temp/NS6Chart.html
http://www.azom.com/details.asp?ArticleID=940
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 Kirloskar AV1 engine setup consists of single cylinder, four stroke and stationary CI engine with a rated power of 3.7kW 

constant speed of 1500 rpm water cooled engine with 80mm bore and 110mm stroke. The experimental setup is given in fig 1. The 

speed of the engine is measured by using Hall Effect sensor. An AVL digas analyzerand AVL 437C smoke meteris used to measure 

gaseous emissions and smoke emission respectively. The engine running completely on diesel and biodiesel blends as the fuel. Fuel 

consumption, exhaust gas temperature, HC, CO, CO2, NOX emissions and smoke level, engine speed, cylinder pressure, mass flow 

rate of air are measured to analyze the performance and emission characteristics of a compression ignition engine. Eddy current 

dynamometer is connected with engine for loading the engine. Then the uncoated parts were replaced with coated parts and the engine 

was operated with different blends of biodiesel. The mechanical fuel injector is replaced with the EFI. The fuel injection pressure is 

maintained at 1000 bar in common rail whereas the fuel injection pressure of conventional system is 200bar. An ECU which is made 

to energize the fuel injector is made for two functions. The driver part of ECU makes the pulse once it receives signal from fly wheel 

sensor. 

III. RESULT AND DISCUSSION 

Performance characteristics: 

Brake Thermal Efficiency: The Fig.2 Clear that there was considerable raise in BTE in all the results. The LHR engine with 

conventional injector is increased 2.3%. This is due to the reduced heat rejection of the engine. This also increases the incylinder 

temperature. Considering LHR conventional engine with B20 the BTE is low this because of the low calorific value of the fuel and 

shows 1.1% reduction in thermal efficiency. The electronic fuel injection system on LHR engine shows 1.9% increase in thermal 

efficiency compared to B20 used on LHR engine. When recirculate the 20% of exhaust gas in to the cylinder through intake with B20 

blend and EFI in LHR engine the BTE is decreased nearly 2.4%. 

  
 

Fig.2Comparison of Brake Thermal 

Efficiency (BTE) 

Fig.3 Comparison of Brake Specific 

Energy Consumption (BSEC) 

Fig.4Comparison of unburnt Hydro 

Carbon emission (HC) 

 

   

Fig.5Comparison of Carbon 

Monoxideemission (CO) 

Fig.6Comparison of Oxides of Nitrogen 

emission (NOx) 

Fig.7Comparison of Smoke emission 

Brake Specific Energy Consumption: A fine atomization is achieved in EFI compared with conventional mechanical injector and so 

there is reduce in the BSEC of the fuel. Fig.3 shows BSEC comparison at different loads. BSEC of LHR engine with diesel show 10% 

reduction were as LHR-B20 shows 13% increase as compared to LHR diesel. However EFI-LHR B20 shows reduction of 15% BSEC 

compared as with LHR B20. The reason for reduction of BSEC in LHR engine is reduces the heat loss to the coolant. The LHR-EFI 

B20 with 20% of EGR shows the 12% increased BSEC compared with LHR-EFI B20. 

Emission Characteristics: 

Hydrocarbon: The Fig.5 shows that the LHR-EFI B20 has 23% less HC emission compared with diesel and LHR with diesel. 

Because of increased in cylinder temperature, good ignition quality of B20 compared to diesel and less emission because of good 
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atomization and reduced droplet molecule size. The Fig. 5 shows 20% of exhaust gas recirculates with EFI-LHR B20 it increases the 

HC emission of 5.3% compared with LHR-EFI B20 because of it reduces the oxygen in the combustion chamber. 

Carbon Monoxide:The Fig.4 shows the variation of CO emission at different loads. It shows 11% reduced CO emission in LHR 

diesel. LHR-B20 and EFI-LHR B20 shows 17.2% and 7% reduced CO emission respectively compared with LHR diesel. The fuel is 

injected with high pressure so it reduces the droplet sizes and proper combustion is takes place. oxygen content of the biodiesel and 

high temperature inside the combustion chamber promotes suitable condition for the oxidation of CO and increases the CO emission 

of 23% in LHR-EFI B20 with 20% EGR due to reduces the temperature in combustion chamber. 

Oxides of Nitrogen: Fig.6 shows the results of NOx of diesel with LHR, LHR-B20, LHR-EFI B20 and LHR-EFI B20 operated with 

20% of EGR. The biodiesel has ignition delay lesser resulting in reduced premixed combustion phase. Hence the peak temperature is 

reduced resulting in lesser NOx emission for biodiesel. The LHR-EFI B20 increases of 4.3% NOx. Due to the reason of the pressure 

raise in the rail creates fine atomization by reducing the droplet size during combustion. The LHR-EFI B20-20% EGR shows 8.4% 

reduces in NOx than LHR-EFI B20 without EGR. The EGR% rate is dilute the intake charge it lowers the oxygen content and 

combustion temperature.  

Smoke Emission: The oxygen amount in fuel blends which contributes complete combustion process. The Fig.7 represents the smoke 

formation of various operating conditions. The high pressure fuel injection is reduces the size of fuel droplet which increases the 

entrainment of air results in consequently lowers the smoke biodiesel blend in LHR engine with EFI system compared to conventional 

system.Fig.7 shows the reduction of 21% in smoke for EFI B20 than mechanical injector whereas EFI diesel shows 17% reduction in 

smoke. The LHR-EFI B20 with 20% EGR shows 8.3% increase in smoke. 

IV. CONCLUSIONS 

The single cylinder compression ignition engine is operated along with biodiesel blends, low heat rejection engine and EFI. The 

results shows that the B20 gives better performance and emission characteristics then the other blends. By varying the EGR rates as 

10%, 20% and 30% from that the 20% is reduces the NOx emission effectively so that the 20%EGR is taken as optimum rate. The 

following conclusions are made based on the experimental results. 

1. Using B20 blends in LHR engine with EFI system the thermal efficiency of the engine is increased compared with LHR-

B20. At 20% EGR brake specific fuel consumption is reduced. 

2. CO and HC emissions decreased 17.3% in LHR engine operated with electronic fuel injection system compared with LHR-

B10.Due to better atomization of fuel and higher oxygen content in the fuel 

3. The effects of EGR in CO and HC emissions increased with 20% EGR. On the other hand NOx emission is decreased. 

Because the EGR dilute the fresh charge entering in to combustion chamber.  

4. Smoke emission is reduced 21% in low heat rejection engine with electronic fuel injection fueled by B20 blends of biodiesel.  

Due to the high pressure fuel injection system reduces the fuel droplet size which increases the entrainment of air results in 

consequently lowers the smoke emission. 
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