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Abstract - Wood Pyrolysis oil has been provided as an alternative fuel to petroleum fuel in diesel engine. The wood 
pyrolysis oil has the poor properties i.e., low energy density, high acidity, high viscosity and low cetane number. The effect 
of air swirl in the cylinder due to the modification of piston. The wood pyrolysis oil and diesel blends. Have been 
investigated under different load conditions. This intensification of swirl is done by the making of V-grooves on the piston 
bowl and the making of holes with slots on the piston crown. Experiments are conducted and meserved the performance and 
emission of wood pyrolysis oil blends with diesel at different proportions are compared with the normal piston of 4-stroke 
water cooled diesel engine. 
The performances parameters are BP, SFC and thermal efficiency are calculated based on experimental analysis are 
improved. Emissions parameter are CO, UBHC, NOx and smoke are eradicated. 
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I. INTRODUCTION 
 
Many researchers have been researched in the last 
two decades for replacement of diesel fuel. Liquid 
fuel from biomass has a great scope in agriculture 
based countries. Pyrolysis has a few advantages i.e. 
simple and low pressure cooperation, waste product 
and high conversation efficiency of the order of 80%. 
Pyrolysis is the thermal decomposition process of 
waste substances in the absence of  oxygen. 
Experiments were performed in a single sylinder 
diesel engine blends with wood pyrolysis oil and 
diesel at different percentages of oxygenated 
compounds. NOx is a lower with increasing the 
percentage of wood pyrolysis oil. HC emissions are 
also less than diesel up to 30% and beyond that it 
increased. CO emissions for more dueto poor self 
ignition. The most widely used method to improve 
the fuel properties of wood pyrolysis oil to the extent 
that satisfies the fuel stranded for stable combustion 
in a conventional diesel engine 
Major problems with the wood pyrolysis oil is its 
invisibility with diesel fuel. The problem of 
invisibility can be increasing the pyrolysis oil by 
emulsification process. Emulation is  one of the 
techniques used for mixing to different fuels an 
emulsion was prepared for pyrolysis oil with diesel 
fuel using a surfactant ranging from 0.8 to 1.5 % by 
volume. The emulsion of wood pyrolysis oil and 
diesel as used as a fuel in single cylinder water cooled 
diesel engine. 
Due to some disadvantages of would pyrolysis oil 
cannot be used as direct fuel for diesel engine their is 
some requirement to develop new thing to utilize 
some biofuel fractions as fuel additives. These 
chemical have a low flash point, high calorific value, 

density and viscosity comparable with these of 
petroleum diesel as a diesel fuel. 

 

 
 

Table1: Properties of fuels 
 
II. LITERATURE REVIEW 
 
Alahmer et al. (1) have studied the performance of a 
variable speed diesel engine operating with diesel 
water emulsion. It was observed that a surfactant 
could be used to stabilize water in diesel mixture 
which cannot be maintained by natural mixing of 
diesel with water because of their different densities 
and forces of surface tension. Emulsion prepared with 
an addition of tween 20 surfactant 2% by volume 
with six different percentages of water as fuels were 
tested in a diesel engine. It was observed from the 
results that the 5% by volume of water diesel 
emulsion gave an optimum brake power and a brake 
thermal efficiency compared with the other water 
diesel emulsions. 



International Journal of Mechanical and Production Engineering, ISSN(p): 2320-2092, ISSN(e): 2321-2071 
Volume- 7, Issue-4, Apr.-2019, http://iraj.in 

Experimental Investigation on the Effect of Piston Geometry by using Wood Pyrolysis Oil Blends with Diesel 
 

42 

Solantausta et al. 1993: Engine experiments were 
conducted with different fuels, such as diesel, ethanol 
and pyrolysis oil with certain proportions by volume 
of ignition improver addition to pyrolysis oil and 
ethanol. A series of tests like spray analysis, engine 
tests, thermo gravimetric analysis, and single drop 
reactor tests and corrosion tests have been carried out 
to check the feasibility of using wood flash-pyrolysis 
oil in diesel engines. 
Frigo etal. 1998: Problems such as build up of 
carbonaceous deposits, injection system fault and 
engine seizing were noticed when wood pyrolysis oil 
fueld in a diesel engine. Two different fuels like 
diethylene glycol dimethyl ether WPO blends at 
different percentages and two different emulsions 
with 30% of WPO in diesel fuel have been tested in a 
Ruggerini RP170 diesel engine. Lower nitric oxide 
emissions were reported with increasing percentage 
of  WPO. And reduced hydrocarbon emissions were 
found up to 30% WPO and beyond that HC emissions 
increased significantly. 
Zhang etal. 2007: An attempt was made to check the 
miscibility of WPO with fuel. The neat karanja 
methyl ester can be used as fuel at the cost of higher 
emission. Therefore an attempt is made the blendings 
of WPO and KME and prepare the stable blends and 
to get the performance, emission characteristics in 
diesel engine. The results are compared with diesel 
fuel. 
Garcia- Perez et al. 2010 : Was reported that the bio 
oil can be considered as a good source of auti 
oxidants of biodiesel oxidation stability. To improve 
in the cold flow properties of biodiesel resulting from 
the presents of bio oil derived is not enough to justify 
the use of bio oil as a winter addition. 
 
III. EXPEREMENTAL SETUP 
 
TEST FUEL 
The would pyrolysis oil used in this study to 
produced from sawdust through the pyrolysis process. 
The produced wood pyrolysis oil was dark brown. 
Wood pyrolysis oil contains 33% of water, has a 
calorific value is 1/3 that of light diesel and an 
oxygen is 50%. Due to its low calorific value, acidic 
characteristics ie. High density and viscosity compare 
to light diesel. Pyrolysis oil from waste wood was 
obtained by vaccum pyrolysis. Wood pyrolysis oil 
can damage the fuel supply of system in a short 
period of time when 100% wood pyrolysis oil is in a 
diesel engine. Corrosion resistant materials should be 
used for all sufaces contact with wood pyrolysis oil. 
The wood pyrolysis oil and diesel in the way to 
utilige the fuel supply system without modification. 
Wood pyrolysis oil has a lower calorific value i.e. 1/3 
of lower than diesel. Wood pyrolysis oil has 33% 
water contain it is unsuitable for independent use as a 
fuel for diesel engine to decrease in smoke and 
increase in combustion stability can be expected. 
 

 
 

 
Fig1.Piston Geometry 

 

 
Fig2.Experimental Setup 

 
Table2: Engine specifications 

No. Of cylinders 1 

No. Of strokes 4 

Cylinder diameter 87.5 mm 

Stroke length 110 mm 

Orifice diameter 20 mm 

Dynamo meter arm length 185 mm 

Speed 1500 RPM 

Power 3.5 kW 

 
IV.RESULTS AND DISCUSSIONS 
 
PERFORMACE PARAMETERS: 
Brake Thermal Efficiency: Figure shows the 
variation of the brake thermal efficiency and Brake 
power and diesel blened. The brake thermal 
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efficiency is higher for the WPO blends compared to 
that of diesel at all loads. Due to improved 
combustion, the presser of oxygen the brake thermal 
efficiency of WPO- diesel blends is higher than diesel 
 

 
Fig3.BTH Vs BP 

 
Brake Specific fuel consumption: The BSFC 
decreases with increasing the load  for all tested fuels 
less fuel is required at high loads compare to low 
loads because of increase in cylinder temperature. 
Due to faster burning and move the heat release rate 
the BSFC is reduced 
 

 
Fig4 SFC Vs BP 

 
EMISSION PARAMETERS: 
NO Vs BP:  The formation of NO at various BP for 
the different blends of WPO and diesel blends. The 
NO has more than 90% of NOx in an engine exhaust. 
The formation of oxides of nitrogen is due to thermal 
root leading to thermal NO, hydrocarbon fragment 
related root leading to prompt NO and fuel bound 
nitrogen results NO. The temperature and oxygen are 
the two factors to formation of NO. The NO emission 
is lower for WPO – diesel blends due to more water 
content in WPO. 
 

 
Fig5.NOx Vs BP 

 
CO Vs BP: The CO emission is an indication for 
incomplete combustion of air fuel mixture. The low 
volatility of WPO emulsion affects the atomization 
process and it results in local rich mixture. It 
produces more CO emission. This is a significant 
difference in CO emission between diesel and WPO 
based fuels at low loads than at full loads. 
 

 
Fig6. CO Vs BP 

 
UBHC Vs BP: The direct result of incomplete 
combustion in combustion chamber is UBHC. Diesel 
exhaust HC emission are composed of fuel molecules 
pyrolysis products of fuel compound and partially 
oxidized hydrocarbon. The UBHC emission are more 
in WPO diesel blends due to more water content 
when leads to longer ignition delay and incomplete 
combustion. The amount of HC in exhaust depends   
up on the engines operating conditions, fuel 
properties, fuel spray characteristics. At full load the 
percentage decrease in HC emission of WPO 10, 
WPO 20 and WPO 30 when compared with diesel 
HC values. 

 
Fig7. HC Vs BP 
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SMOKE DENSITY: The air in cylinder and amount 
of oxygen in fuel are the sources of smoke density. 
The fuel consumption affects the amount of smoke 
produced by engine. Smoke value increases with 
increase in WPO – diesel blends. 
 

 
Fig8.SMOKE Vs BP 

 
CONCLUSIONS 
 
The tests are conducted with a WPO – diesel blends 
in Diesel engine. 

1. The WPO-diesel blends exhibits longer 
ignition delay than diesel fuel. 

2. The percentage increase in brake thermal 
efficiency when compare to diesel fuel. 

3. The percentage reduction in NO emission 
are for WPO-diesel emlision. 

4. The CO emission of WPO – diesel blends 
are higher than diesel fuel due to the 
reduction of gas temperature. 

The HC emission are increased by WPO diesel blends 
were as HC emission decreased by for WPO diesel 
blends 
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