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ABSTRACT 

The performance and emission characteristics of a single cylinder four stroke variable compression ratio 

multi fuel engine when fueled with waste plastic oil ( 10%, 20% and 30% blends with diesel) are investigated and 

compared with standard diesel. Waste plastic oil produced from waste plastics by pyrolysis and transesterification 

process has been used. Experiment has been conducted at a fixed engine speed of 1500 rpm, 50% load and at 

compression ratios of 17:1, 17.5:1 and 18:1. The impact of compression ratio on fuel consumption and exhaust gas 

emissions has been investigated and presented. Optimum compression ratio which gives best performance has been 

identified. The results indicate brake thermal efficiency at 50% load for B30 waste plastic oil blends was found 

maximum. The blends when used as fuel results in reduction of carbon monoxide, hydrocarbon and increase in 

nitrogen oxides emissions. 
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INTRODUCTION 

Studies on internal combustion engines have been recently concentrated on alternative fuels. The increase 

in alternative fuel investigations is caused by two major factors; a rapid decrease in world petroleum reserves and 

important ecological concerns originating from exhaust emissions. On the other hand the plastics have become a 

crucial part in today’s world. Due to their lightweight, durability, entire range of industrial and domestic areas. 

Plastics are produced from petroleum derivate and are composed mostly of hydrocarbons but also contain additives 

such as antioxidants, colorants and other stabilizers. Disposal of the waste plastics poses a great hazard to the 

atmosphere. So that waste plastics are recycled in various process. In this content the waste plastics are recycling 

by the process of pyrolysis.  Thermal cracking or thermal pyrolysis involves the degradation of the polymeric 

materials by heating in the absence of oxygen. The effect of temperature and the type of reactor on the pyrolysis of 

waste plastic has been studied by different researchers. Pyrolysis is useful to break down the waste plastics into 

three products; wax, liquid and gas in an inert environment. The liquid is attractive because its properties show its 

potential for use as chemical feedstock or fuel. A number of studies of waste plastic oil production have been 

reported at various scales and with varying success. The waste plastic oil was compared with the petroleum 

products and found that it can also be used as fuel in compression ignition engines. The main benefit of this project 

is to reduce the emission behaviors to achieve a greener and cleaner system by using a plastic oil. 

EXPERIMENTAL SECTION 

The single cylinder DI diesel engine with a bore 87.5mm, a stroke of 110mm and variable compression ratio 

was used in this experiment. The rated power was 5.2 kW. The schematic diagram of the experimental set up is 

shown in Fig. 1. An eddy current dynamometer was used to provide the engine load. The fuel flow rate was 

measured on volumetric basis using a burette and a stopwatch. Engine has been tested 50% load with B10, B20, 

B30 blend fuel and the compression ratio are varied 17:1,17.5:1 and 18:1 respectively. AVL Di Gas 444 is used to 

measure the emission parameters like CO, HC, NOx. 

 
Fig:1 Schematic of  Experimental setup 
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RESULT AND DISCUSSION 

The results obtained from the experimental investigation using B10, B20, B30 and 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. 

A. PERFORMANCE 

 

BRAKE SPECIFIC FUEL CONSUMPTION 

  
Fig :2 Compression Ratio vs Brake Specific Fuel 

Consumption 

Fig: 3 Compression Ratio vs Brake thermal 

efficiency 

The specific fuel consumption of B30 blend is lower than that of all other blends at compression ratio 17.50 

and 18 and is shown in Fig 2. This may be due to fuel density, viscosity and heating value of the fuels. B30 has 

higher energy content than B10 and B20, but lower than diesel. It appears that the specific fuel consumption (SFC) 

for blend B30 is lower at compression ratio 18. The specific energy consumption decreases with the increase in 

compression ratio. The specific fuel consumption of the blend B30 at the compression ratio of 18 is 0.33 kg/kWh 

whereas for diesel it is 0.354 kg/Kwh. At higher percentage of blends, the specific fuel consumption increases. This 

is due to the decrease in calorific value for the higher blends. Low values of specific fuel consumption are 

obviously desirable. 

BRAKE THERMAL EFFICIENCY 

The variation of brake thermal efficiency (BTE) for different compression ratios and for different blends is 

given in Fig. 3. It has been observed that the brake thermal efficiency of the blend B30 is a little higher than that of 

the standard diesel at higher compression ratios. It appears that the brake thermal efficiency of the blend B30 is 

higher for the compression ratio 18. The brake thermal efficiency of the standard diesel and blend B30 for 

compression ratio 18 is 25.98% and 26.48% respectively. By increasing the compression ratio of the engine, the 

brake thermal efficiency also gets enlarged for all the fuel types tested. Brake thermal efficiency is directly 

proportionate to the compression ratio. The result indicates a considerable improvement in brake thermal efficiency 

for blend B30 at compression ratio 18. 

EMISSION PARAMETER  

CARBON MONOXIDE (CO) EMISSION 

 
Fig:4 Compression Ratio vs Carbon Monoxide 

 Fig.4 shows the variation of carbon monoxide emission of the blends and diesel with various compression 

ratios. The CO emission of the blend B30 is close to the standard diesel and it is found to be higher for compression 

ratio 18. The other blends B10 and B20 have slightly lesser CO emission for compression ratio 18.In this research 

co-emission is less as compare to the diesel. The percentage of CO increases due to rising temperature in the 

combustion chamber, physical and chemical properties of the fuel, air–fuel ratio, shortage of oxygen at high speed, 
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and lesser amount of time available for complete combustion. The effects of fuel viscosity on fuel spray quality 

would be expected to make some CO increase with waste plastic oil fuel. 

HYDROCARBON (HC) EMISSION  

The variation of hydrocarbon emission with different compression ratios for different blends is given in Fig. 

5. The result indicates that the hydrocarbon emission of various blends is higher at higher compression ratios. The 

effect of fuel viscosity, on the fuel spray quality, is expected to produce some HC increase with waste plastic oil. In 

this research, it shows that the increase in compression ratio increases the HC emission for the entire Blend. Due to 

the longer ignition delay, the accumulation of fuel in the combustion chamber may cause the higher hydro carbon 

emission. 

 

  

Fig :5 Compression Ratio vs Hydrocarbon Emission Fig : 6 Compression Ratio vs NOx Emission 

NOX EMISSION 

The variations of nitrogen oxides (NOx) emission with respect to different compression ratio for different 

blends are shown in Fig. 6. As observed from the figure, the NOx emission for diesel and other blends increase 

with the increase of compression ratio. From the figure, it is noticeable that for compression ratio 18, NOx 

emission from the waste plastic oil blend B30 is higher than that of diesel. The other blend closely follows the 

standard diesel. The explanation for higher NOx emission for blends is due to higher peak temperature. The 

reduction of NOx is the prime aim of the engine researchers. The NOx emission for diesel and blend B30 for 

compression ratio 18 is 621 ppm and 664 ppm respectively. 

CONCLUSION 

The performance, emission and combustion characteristics of a multi fuel variable compression ratio 

engine fueled with waste plastic oil and diesel blends have been investigated and compared with that of standard 

diesel. The experimental results confirm that the BTE, SFC of variable compression ratio engine, are a function of 

waste plastic oil blend, load and compression ratio. The following conclusions are drawn from this investigation:  

 The brake thermal efficiency of the blend B30 is slightly higher than that of standard diesel at higher 

compression ratios. The specific fuel consumption of blend B30 is lower than that of all other blends and diesel. 

This may be due to better combustion, and increase in the energy content of the blend. The maximum brake power 

obtained for B30 and diesel at the compression ratio 18 is 2.07 kW and 2.12 kW respectively. 

 The hydrocarbon emission of various blends is higher at higher compression ratios. The increase in 

compression ratio increases the HC emission for blend B30. The emission of oxides of nitrogen (NOx) from the 

waste plastic oil blend B30 is higher than that of diesel. The CO emission of the blend B30 is closer to the standard 

diesel and it is very higher at compression ratio 18. There is slight increase in NOx emission, but it is still 

comparable with that of standard diesel fuel and is also in the acceptable range. The experimental result also proves 

that lower and medium percentages of waste plastic oil can be substituted for diesel fuel. 
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