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ABSTRACT 

Biodiesel can be produced from vegetable oils and also from waste fats. The Tamanu (Calophyllun 

Inophyllum) oil has a new possible source of alternative fuel. They can successfully alternate diesel fuel and help in 

decreasing the import of the crude oil used in diesel engine. The  discarded  seed  of  Calophyllun Inophyllum 

which  are planted in India mainly to prevent soil erosion  is   considered  as  the  possible  source  for  extracting 

biodiesel, Which makes it conceivable to use this alternate fuel in the obtainable engine without any change. The 

Experiment has been conducted at 15 kg load with engine speed of 1500 rpm and at compression ratio varies from 

16:1 to 18:1. The performance and emission results of the diesel engine revealed that biodiesel can be blended with 

diesel up to 60% at an optimum CR of 18, in order to get improved performance and reduced emission. 
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INTRODUCTION 

Our economy and lifestyle rely on the use of fossil resources for the transportation fuels and materials; 

however there has been rising concern over their cost, sustained availability, and impact on global warming and 

pollution (Dalai, 2000). This has led to a search for technologies that generate fuels and materials from renewable 

carbon sources, such as plant biomass.  Depending  on  the  component  of  the  biomass  used  as  feedstock  and  

the technology employed to transform component into desired product, at least three general platforms have been 

envisioned: the sugar (Haas, 2005), synthesis gas (Zhang, 2005), and oil (Marchetti, 2007) platforms. The sugar and 

oil platforms are the best established today, with bio ethanol and biodiesel being the examples of their commercial 

products respectively. Bio ethanol is produced through microbial fermentation of sugar derived from corn, 

sugarcane or sugar beet (Gray, 2006). Biodiesel is produced by the transesterification of vegetable oils with 

alcohols to produce esters. (Marchetti, 2007). Given the increasing demand for bio fuels (Odling, 2007), there is an 

urgent need to investigate new and more efficient alternatives for their production. For example, the conversion of 

lignocelluloses biomass to ethanol and the use of oil accumulating algae in the production of biodiesel are being 

investigated.  

These approaches are very promising and will provide abundant nonfood feedstock for the production of bio 

fuels with environmental benefits and large net energy gains. However, an outstanding issue in both current and 

future biofuel production platforms is economic viability. The implementation of bio refineries has been proposed 

as a means to increase the economic viability of the biofuel industry (Kalmar, 2002). In its ‘conventional’ form, a 

bio refinery would make use of a fraction of the feedstock to co - produce a higher value, small - market chemical 

along with the biofuel. The higher revenue from the co - product, which benefits itself from economies of scale 

available in a large bio fuels plant, would improve the economics of biofuel production. A more economically 

viable model for a bio refinery, however should consider the use of byproducts or waste streams generated during 

the production of biofuel. Glycerol-rich streams generated by the bio fuels industry have the potential to be used in 

this context.  

As its name suggests bio diesel is a fuel oil derived from biological Sources. Bio-diesel is a domestically 

produced, renewable fuel that can be manufactured from vegetable oils, animal fats, or recycled restaurant greases 

and it can replace fossil fuel (Goud VV, 2006). Bio-diesel has become more attractive recently because of its 

environmental benefits and the fact that it is made from renewable resources. Biodiesel has demonstrated a number 

of promising characteristics, including reduction of exhaust emissions (Graboski, 1998). The main benefit of this 

project is to reduce the emission behaviors to achieve a greener and cleaner system by using a renewable fuel 

Tamanuoil. 

EXPERIMENTAL SECTION 

Figure 1 shows the kirloskar TV1 engine schematic diagram of the VCR engine experimental setup. The 

engine used in this experiment was a single cylinder DI diesel engine with a bore 87.5mm, a stroke of 110mm and 

compression ratio of 14 to 18:1. The rated power was 5.2 kW. Tests were carried out at 1500 rpm at full load. The 
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fuels used are neat diesel, E20 and E40 and E60. The setup consists of single-cylinder four-stroke VCR (Variable 

Compression Ratio) diesel engine connected to eddy current dynamometer for loading. The compression ratio can 

be changed without stopping the engine and without altering the combustion chamber. The setup has stand-alone 

panel box consisting of air box, fuel tank, manometer, fuel measuring unit, transmitters for air and fuel flow 

measurements, process indicator and engine indicator. Rotameters are provided for cooling water and calorimeter 

water flow measurement. AVL DiGas 444 is used to measure the emission parameters like CO, HC, CO2, NOx 

while AVL 437C smoke meter is used to measure the exhaust smoke opacity. 

 
Fig:1 Schematic of  Experimental setup 

 

RESULT AND DISCUSSION 

The results obtained from the experimental investigation using B20, B40, B60 & diesel as fuels at full load 

are presented and discussed in this section. The results are also compared with diesel fuel operation for different 

Compression Ratios. 

PERFORMANCE: 

BRAKE SPECIFIC FUEL CONSUMPTION 

The BSFC of the esterified tamanu oil is lower at compression ratio 18 as shown in Figure2. The  specific 

fuel  consumption of the  esterified  tamanu  oil at the  compression ratio  of 18 and B20% is 0.24 kg/kWh,  

whereas  at the  compression ratio  of 18 and B60%,  it  is 0.28  kg/kWh   for  maximum   load.  However at lower 

blend there is a slight decrease in BSFC. This may be due to the presence of dissolved oxygen in the blend that 

enables complete combustion. Due to the lower concentration of biodiesel the negative effects of increased 

viscosity would not have been activated. 

  
Fig :2 Compression Ratio vs Brake Specific Fuel 

Consumption 

Fig: 3 Compression Ratio vs Brake thermal 

efficiency 

BRAKE THERMAL EFFICIENCY 

It can be seen from Fig. 3 that the BTE of the diesel engine, is   reduced   at   higher   concentration   of   

biodiesel   blends. However, the brake thermal efficiency of ‘B20’ was somewhat higher than pure diesel. The 

presence of dissolved oxygen atom in the molecules of biodiesel might have caused complete combustion and 

hence higher efficiency as compared to that of pure diesel. The  brake thermal  efficiency  of  the  esterified  

tamanu   oil  for  the compression ratio  of 18 and B20% is 32.6%  at  maximum  load. 
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EMISSION PARAMETER: CARBON MONOXIDE (CO) EMISSION: 

  
Fig:4 Compression Ratio vs Carbon Monoxide Fig :5 Compression Ratio vs Hydrocarbon Emission 

Fig. 4 shows the variation of CO emission of biodiesel, diesel and its blend with compression ratios. The 

percentage of CO emission for low compression ratio increases due to the rising temperature in the combustion 

chamber. The CO emission of the esterified tamanu oil is found to be lower for high compression ratio of 18 and 

B60% it is 0.06% at maximum load. The percentage of CO emission increase for low compression ratio is due to 

rising temperature in the combustion chamber, physical and chemical properties of the fuel, shortage of oxygen at 

high speed, and the availability of time for complete combustion is less. 

HYDROCARBON (HC) EMISSION  

The variation of hydrocarbon emission with different compression ratio of esteritied tamanu oil is given in 

Fig 5.Due to the complete combustion of oxygenated biofuel and high compression ratio at maximum load 

condition, the hydrocarbon emission is very less. The HC emission diesel is 44 ppm at the compression ratio of 18 

and B60% 30 ppm at the compression ratio of 18 for maximum load. The working temperature rises at higher CR 

which guarantees competent combustion, and hence reduced HC emission for higher compression ratios. 

NOX EMISSION 

  
Fig : 6 Compression Ratio vs NOx Emission Fig : 7 Compression Ratio vs Smoke 

The most serious emissions from diesel engines are oxides of nitrogen. The creation of NOx is extremely 

reliant on the in cylinder temperature, concentration of oxygen and dwelling period for the reaction to occur. Fig. 6 

shows the effect of CR on NOx emission for diesel and biodiesel blends.  NOx   emission is higher for higher 

blend and compression ratio. The reason for the higher NOx emission for esterified tamanu oil is the higher peak 

temperature. The NOx   emission for esterified tamanu oil at the compression ratio of 18 and B40%is 500 ppm at 

maximum load. 

SMOKE  

Smoke formation happens at extreme shortage of air locally prevailing inside the engine cylinder. It 

increases as the air to fuel ratio decreases. Fig.7. There is a significant reduction in the smoke opacity with increase 

in biodiesel concentration. The extra quantity of oxygen atom in the   biodiesel   could   be   responsible   for   

reduced   smoke emissions. 

CONCLUSION 

Experimental investigations were carried out on the operating characteristics of the engines. The following 

conclusions are drawn from the investigations: The brake thermal efficiency increases with compression ratio for 
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biodiesel and its blend; however there is a slight dip at a compression ratio of 18 for lower blends. On the other 

hand the brake specific fuel consumption decreases up to compression ratio 18, beyond that there was a slight 

increase in BSFC. This increase in BSFC is responsible for a slight dip in efficiency for diesel and biodiesel blend. 

The hydrocarbon emission is higher at low compression ratio and lower for high compression ratio. The increase in 

compression ratio decreases the HC emission for esterified tamanu oil. The emission of oxides of nitrogen (NOx) 

from the esterified tamanu oil is higher for high compression ratio than that of low compression ratio. The CO 

emission of the biodiesel is very less at compression ratio 18. From the above conclusions, it is proved that the bio- 

diesel could be used as an alternative fuel in VCR engine without any engine modifications. 
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