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Abstract- The depletion of conventional automotive fuels, the increasing number of vehicles and stringent
emission norms are the challenges in front of automotive industry. The tyre pyrolysis oil (TPO) is viewed as an
attractive alternate fuel for internal combustion engines. Tyre pyrolysis oil is obtained by the pyrolysis of waste
tyres. Tyre pyrolysis oil is blended into petroleum diesel in different proportions viz. 10, 20 and 30 percent by
volume. The properties of fuel samples are measured by standard methods. The performance, combustion and
emission characteristics are studied on a single cylinder, four stroke, water cooled compression ignition engine.
Ignition delay for TPO blends is higher than diesel. TPO blends show heat release rate comparable to diesel in
premixed phase. TPO blends show high brake specific fuel consumption and low brake thermal efficiency
compared to diesel. The TPO diesel blends are found to produce high smoke compared to diesel.

Keywords — Tyre pyrolysis oil, Performance, Combustion, Diesel, Smoke

. INTRODUCTION

The conventional automotive fuels are continuously depleting. At the same time, emission norms
are becoming stringent. So, researchers all over the world are trying to find renewable and eco
friendly fuel. For compression ignition engines, biodiesel, pyrolysis oil and waste oils are
considered as alternate fuels. Vegetable oils and animal fats are potential sources of biodiesel.
The vegetable oils include jatropha, karanja, mahua, palm, neem, soyabean, sesame [1], [2], [3]
etc. Fishes [4] and mutton tallow [5] are major sources of animal fat. The waste oils include
waste cooking oil [6], waste lubricating oil [7] etc.

Pyrolysis oil is gaining interest amongst researchers as an alternate fuel for furnaces and internal
combustion engines. Wood [8], [9] and waste tyres [10] are pyrolyzed to produce oil. The
pyrolysis of tyres can be carried out on bench scale, pilot scale and industrial scale. Rotary kiln
pyrolysis, fixed bed pyrolysis, fluidized bed pyrolysis, ablative reactor pyrolysis, flash pyrolysis,
catalytic pyrolysis, plasma pyrolysis, molten salt pyrolysis, microwave pyrolysis are different
types of bench pyrolysis [11].

Cumali Ilkilic et al. [12] produced TPO from waste tyres by catalytic pyrolysis and studied its
performance in diesel engine. The TPO blended into diesel up to 35% by volume can be used in
diesel engine without any engine modifications. Blending of 50% or more TPO resulted in
considerably high CO, HC, SO, and smoke emissions. Murugan et al. [13] used TPO blends into
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single cylinder diesel engine. They found increase in brake thermal efficiency with increase in
TPO concentration. CO, HC and NOy emissions were increased. Peak pressure and rate of
pressure of pressure rise were higher for TPO blends.

Sharma et al. [14] studied performance of DI engine fuelled with blends of jatropha methyl ester
(JME) and tyre pyrolysis oil. JMETPOZ20 given the optimum result. They found significant
reduction in CO, HC and smoke emissions but NOy emissions were increased.

Wongkhorsub et al. [15] compared the performance characteristics of TPO and plastic pyrolysis
oil. Tyre pyrolysis offered comparable efficiency to diesel oil in medium to high load. The
development of the tyre pyrolysis oil depends on the cost of desulphurization process.
Modifications are required in the engine to achieve efficient operation with plastic pyrolysis oil.

1. EXPERIMENTAL DETAILS

Tyre pyrolysis oil is blended into petroleum diesel in different percentages viz. 10, 20 and 30%
by volume and referred as TPO10, TPO20 and TPO30 respectively. The properties of the fuel
samples i.e. density, Kinematic viscosity, calorific value, flash point are measured. The
experiments are conducted on a single cylinder, four stroke compression ignition engine whose
specifications are given in Table 1. The piezo electric pressure transducer is used to measure
cylinder pressure and computerized data acquisition system is used to record the data. The
schematic of test rig is shown in Figure 1 and actual view of test rig is shown in Figure 2.

Table-1 Specifications of the test rig
Make Kirloskar
Model 240 PE
Aspiration Natural
Bore and Stroke 87.5 mm X 110 mm
Type of cooling Water cooled
Speed 1500 rpm
Compression ratio 18:1
Power 3.5 kKW
Dynamometer Eddy current
Fuel Air
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Figure 1. Schematic of Test Rig
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I1l. RESULTS AND DISCUSSION

The properties of TPO-diesel blends are compared with properties of diesel. The engine
performance is studied under variable load conditions. The engine speed is maintained at 1500
rpm. The obtained data is analyzed and results are presented in this section.

A. Properties of fuel samples

The properties of petroleum diesel and biodiesel blends are measured and given in Table 2.
The density of all blends is found to be higher than diesel. Higher density of tyre pyrolysis oil is
responsible for higher density of blends. The kinematic viscosity of all the blends is higher than
diesel. It affects atomization and distribution of injected fuel inside combustion chamber. The
flash point decreases with increase in blending percentage. The heating value of the blends is
lower than that of diesel. So, as the blending percentage increases, the density and kinematic
viscosity of the biodiesel increases and the calorific value, flash point decreases.

Table-2 Properties of fuel samples

Sample
Property Diesel TPO10 TPO20 TPO30
Density @ 15°C (kg/m°) 857.3 860.1 868.7 873.6
Kinematic Viscosity@ 40°C ( cSt) 2.454 3.009 3.781 4.343
Calorific Value (MJ/Kg) 42.5 41.8 40.8 39.9
Flash Point (°C) 55 53 40 48

B. Combustion characteristics

The combustion analysis involves the investigation of variation of cylinder pressure and heat
release rate with respect to crank angle.
i. Cylinder pressure
In a compression ignition engine, the peak cylinder pressure depends the ignition delay period
and fuel burned in premixed combustion phase. The comparison of the cylinder pressure
histories of diesel and TPO blends at full load condition is shown in Figure 3. The cylinder peak
pressure is found to be highest for blend TPO 10 where as it is least for diesel. For TPO blends,



Performance, combustion and emission analysis of compression ignition engine fuelled with blends of tyre pyrolysis oil 314

the peak pressure occurs late in the cycle compared to diesel. This is attributed to longer ignition
delay for TPO. For efficient operation, the injection timing should be advanced for TPO blends.
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Figure 3. Variation of cylinder pressure with crank angle

ii. Heat release rate

The heat release in diesel engines occurs in two stages. In first stage called premixed phase, fuel
accumulated in the cylinder during ignition delay period burns. In the second stage controlled
combustion occurs. The amount of heat release in the premixed combustion of a Cl engine
depends on the ignition delay, air fuel mixing rate and the heating value of the fuel [16]. Figure 4
shows the heat release pattern of the TPO operation at full load. TPO blends show heat release rate
comparable with diesel in premixed phase. In diffusion phase, heat release rate for TPO diesel
blends is higher than diesel. This is attributed to more mixture preparation in premixed phase in
case of TPO diesel blends.
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Figure 4. Variation of heat release rate with crank angle
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C. Performance characteristics

The engine performance parameters against brake power are plotted to investigate the

performance of each fuel sample.
I.  Brake specific fuel consumption

The brake specific fuel consumption (BSFC) is an indicator of the fuel economy for different
blending percentages. The variation of BSFC with brake power for fish oil biodiesel blends is
shown in Figure 5. It is found that BSFC decreases with brake power. The BSFC for TPO 30 is
highest at all the loads. Brake specific fuel consumption increases due to the relative reduction in
the calorific value of TPO on a mass basis (MJ / kg), i.e. the loss of calorific value of TPO must
be compensated with higher fuel consumption.
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Figure 5. Variation of brake specific fuel consumption with brake power

ii. Brake thermal efficiency

Brake thermal efficiency gives percentage of energy present in the fuel that is converted into
useful work. Variation of brake thermal efficiency with brake power is shown in Figure 6. As
load increases, brake thermal efficiency also increases for all the samples. The brake thermal
efficiency of diesel at full load is found to be 32.58 %. With increase in TPO percentage the
overall heating value of the blend decreases. Lower calorific value, higher viscosity and poor
mixture preparation are reasons for the lower brake thermal efficiency.
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Figure 6. Variation of brake thermal efficiency with brake power
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D. Emission characteristics

The exhaust gas analysis is essential in order to test the feasibility of using any fuel by
satisfying the emission norms.

I.  Smoke opacity
Smoke is composed of solid soot particles suspended in exhaust gas. The smoke opacity as a
function of brake power for all fuels is shown Figure 7. It is observed that smoke opacity is
higher with TPO blends at full load. The TPO has high molecular weight and viscosity compared
to diesel. They are responsible for poor atomization and ppr mixing with air which results in
higher smoke emissions. Also higher aromatic content of TPO contributes to high smoke
emission at full load.
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Figure 7. Variation of smoke opacity with brake power

IV.CONCLUSION

The blends of tyre pyrolysis oil are tested in a Cl engine. Engine runs smoothly on the TPO
blends. The peak cylinder pressure is found to increase with TPO blends. The injection should be
advanced as ignition delay period is higher for TPO blends. As the calorific value of the blended
fuels is less than petroleum diesel, brake thermal efficiency decreases with increase in blending
percentage. The smoke emissions are found to be higher for TPO blends at full load. Pyrolysis is
effective way of disposing waste tyres and process generates gas, oil and char. Thus, tyre
pyrolysis oil has potential to be an efficient additive into diesel.
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