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Abstract— The main objective of project is to analyze the 

various parameters such as performance parameter, 

combustion parameter and emission parameter, experiment is 

conducted on 4-stroke single cylinder DI diesel engine at 

constant speed of 1500 rpm and at rated power of 5.2 kW, 

which is made to run on peanut bio diesel and acetylene gas 

in a dual fuel mode. Here acetylene gas is admitted along 

with air at different pressure both for diesel & peanut 

biodiesel and result are obtained. The result obtained is 

compared with diesel graphically. Result showed that brake 

thermal efficiency and brake specific fuel consumption of 

peanut biodiesel at 0.5 bar pressure of acetylene is found 

more closely to  pure diesel and  emission  characteristics 

like HC is found lower then diesel and CO ,NOx  slightly 

greater then diesel . Combustion characteristics like cylinder 

peak pressure for peanut biodiesel are found more then diesel 

baseline. Hence it shows peanut biodiesel with acetylene at 

pressure of 0.5 bar has similar outcome as diesel and may be 

used as supplement fuel which reduces the dependability on 

petroleum products. 
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I. INTRODUCTION 

Growing concerns over possible scarcity in petroleum fuel 

reserves as well as increasing awareness on global 

environmental issues prompted the development and 

utilization of non-petroleum based fuels that are clean, 

sustainable and renewable. Oils from biomass are a potential 

alternative to petroleum-based fuels; however, their high 

viscosity limits their application as engine fuel and therefore 

must be modified prior to utilization. Hence, 

transesterification of the oils should be done to improve 

their properties, producing a product termed as biodiesel. 

Biodiesel is a mixture of monoalkyl esters of long chain 

fatty acids derived from a renewable lipid feedstock, such as 

vegetable oil or animal fat. It can be produced from the 

transesterification of any triglyceride feedstock, which 

includes oil-bearing crops, animal fats and algal lipids. 

When Rudolf Diesel (1858-1913) developed the 

first engine to run on peanut oil, as he demonstrated at the 

world Exhibition in Paris in 1900.And his statement never 

lets down “The use of vegetable oils for engine fuels may 

seem insignificant today. But such oils may become in the 

course of time as important as the petroleum and coal tar 

products of the present time”   will motivate the researchers 

to look forward to biodiesel which is clean and efficient to 

use. 

However many investigation have been done on 

diesel engine by using the different bio-diesel to study the 

performance, emission and combustion characteristics and 

result are compared and conclusion has been made but here 

the present work is focused on peanut bio-diesel with 

acetylene gas as a primary fuel which is used to run engine 

and result are obtained, obtained result are compared 

graphically with diesel 

G.Nagarajan and T.Lakshamanan [1] conducted 

experiments on a diesel engine aspirated acetylene along 

with air at different flow rates without dual fuel mode. They 

carried out the experiment on a single cylinder, air cooled, 

direct injection (DI), compression ignition engine designed 

to develop the rated power output of 4.4 kW at 1500 rpm 

under variable load condition. Acetylene aspiration results 

came with a lower thermal efficiency reduced Smoke, HC 

and CO emissions, when compared with baseline diesel 

operation. 

Bjorn S. Santos, Sergio C. Capareda, Jewel A. 

Capunitan [2] conducted an experiment in this study, two 

diesel engines rated at 14.2 kW (small) and 60 kW (large) 

were operated on pure peanut oil biodiesel (PME) and its 

blends with a reference diesel (REFDIESEL). Results 

showed that comparable power and torque were delivered 

by both the small and large engines when ran on pure PME 

then on REF-DIESEL while brake-specific fuel 

consumption (BSFC) was found to be higher in pure PME. 

Higher exhaust concentrations of nitrogen oxides (NOx), 

carbon dioxide (CO2) and total hydrocarbons (THC) and 

lower carbon monoxide (CO) emissions were observed in 

the small engine when using pure PME. Lower CO2, CO 

and THC emissions were obtained when running the large 

engine with pure PME. 

M. Senthil Kumar [3] concluded that hydrogen can 

be inducted along with air to improve the performance and 

reduce hydrocarbons and smoke emissions of a Jatropha oil 

fuelled compression ignition engine with cleared dual fuel 

mode concept. The most significant environmental penalty 

will be an increase of NO emission. The amount of 

hydrogen that can be added depends on the output. At full 

load 7% of the total mass of fuel admitted has to be 

hydrogen for optimal Performance. At low outputs it is not 

advantages to use hydrogen induction. 

Swami Nathan[4] conducted experiments on sole 

acetylene fuel in HCCI mode and shown the results with 

high thermal efficiencies in a wide range of BMEP. The 

thermal efficiencies were comparable to the base diesel 

engine and a slight increase in brake thermal efficiency was 

observed with optimized EGR operation. The intake charge 

temperature and amount of EGR have to be controlled based 

on the output of engine and at high BMEPs hot EGR leads 

to knock. 

Ashok[5] studied the suitability of acetylene in a 

spark-ignited engine along with an exhaust gas recirculation 

and reported that emissions drastically reduced on par with 
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the hydrogen engine with a marginal increase in thermal 

efficiency. 

Liu and Karim [6] studied the effect of admission 

of gaseous fuels and diluents into the dual fuel diesel engine. 

They reported that gaseous fuels and diluents would change 

physical and chemical processes of the ignition delay period. 

The extent of the extension of the ignition delay period 

depends strongly on the type of gaseous fuel used and its 

concentration. 

A. The Properties of Diesel and Peanut Biodiesel 

The properties of peanut oil are determined as per Indian 

standards (IS) method in fuel testing laboratory. 

Determination of viscosity, calorific value, Density, flash 

point and fire point are carried out using redwood 

viscometer, Bomb calorimeter, and pensky apparatus 

respectively. 

After transesterification the properties of peanut 

biodiesel was determined. The properties of diesel and 

biodiesel were compared and tabulated in table1. 

Properties Diesel oil peanut biodiesel 

Density at 150 c in Kg/m3 830 885 

Calorific Value kj/kg 42500 39139 

Kinematic Viscosity cSt 2.1 5.0 

Flash point in 0 c 56 140 

Water and sediment 0.02 0.05 

Table 1: Fuel properties 

B. Experimentation 

Engine components: The important components of the 

system are 

 The engine  

 Dynamometer  

 Exhaust gas analyzer. 

 Smoke meter. 

 
Fig. 1: Photograph of experimental setup 

C. Specification of Engine used in Experiment. 

Sl. 

No 
Parameters Specification 

01 Manufacturer Kirloskar oil engines Ltd. India 

02 Model TV-SR, naturally aspirated 

03 Engine Single cylinder, DI 

04 Bore/stroke 87.5mm/110mm 

05 C.R. 17.5:1 

06 Speed 1500 RPM, constant 

07 Rated power 5.2KW 

08 Working cycle Four stroke 

09 Response time 4 micro seconds 

10 Type of sensor Piezo electric 

11 
Crank angle 

sensor 
1-degree crank angle 

12 
Injection 

pressure 
200bar/23 def TDC 

13 
Resolution of 

10 360 deg with a resolution of 10 

Table 2: Technical specifications of the Kirloskar diesel 

engine 

II. THE WORKING PRINCIPLE OF DUAL FUEL MODE ENGINE 

 
Fig. 2: Dual Fuel Mode Engine Operation 

The above figure shows operation of dual fuel mode engine 

layout. Here acetylene is inducted through inlet valve along 

with air during suction stroke in to engine cylinder. 

As we know the working principle of four stroke 

diesel engine it involve four stroke namely suction, 

compression, working and exhaust stroke. And only air is 

admitted in to engine cylinder and it is compressed but in 

dual fuel mode here the air and acetylene gas which is used 

as primary fuel is admitted in to engine cylinder in the 

suction stroke and then compressed in the engine cylinder 

and bio diesel is injected in to cylinder through injector and 

due to this ignition temperature is reached and fuel get 

ignited, causing combustion and hence power stroke ,after 

the completion of power stroke, exhaust stroke will be 

encounter in which all combustible products are  exerted and 

hence  alternative cycle goes on. 

III. RESULT AND DISCUSSIONS 

This section consists of three types of  experimental analysis 

performance characteristics  like  brake thermal efficiency, 

specific fuel consumption, against brake power, emission 
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characteristics  like  carbon monoxide (CO) unburned 

hydrocarbon(HC), NOx, exhaust gas temperature against 

brake power and finally combustion characteristics like  

cylinder pressure, heat release rate, cumulative heat, mass 

fraction burned against crank angle. 

A. Variation of Brake Thermal Efficiency with Brake 

Power 

 
Fig. 3: Variation of the brake thermal efficiency with respect 

to brake power for diesel and peanut biodiesel with 

acetylene. 

From above figure 3 it is clear that as load increases brake 

thermal efficiency also increases. At particular load brake 

thermal efficiency is maximum and then it decreases. The 

brake thermal efficiency of diesel and biodiesel differs with 

1.75%.  It is evident that calorific value of diesel is higher 

then peanut bio-diesel. The brake thermal efficiency 

depends on the heating value and specific gravity, however 

energy input to engine is given by combination of heating 

value and mass flow rate .Also from figure it is observed 

that the brake thermal efficiency of peanut biodiesel with 

0.5 bar pressure of acetylene is comparable with standard 

diesel, whereas the brake thermal efficiency of other tested 

fuel is less compared to diesel. 

B. Variation of Brake Specific Fuel Consumption with 

Brake Power 

 
Fig. 4: variation of specific fuel consumption with brake 

power 

The figure shows the variation of specific fuel consumption 

with respect to brake power It is observed that at low load 

BSFC is more and as load increase the BSFC decreases. It is 

amount of fuel consumed per unit brake power. Specific fuel 

consumption shows the effectiveness to convert chemical 

energy contents of fuel into useful work. Hence at high 

engine load combustion is improved due to better mixing of 

fuel with air and due to high in-cylinder temperature after 

successive working of engine; this would improve fuel 

atomization and evaporation process, hence reducing the 

specific fuel consumption at high load. The lowest specific 

fuel consumption is for diesel this is due to calorific value of 

diesel. The maximum BSFC is for D10 bar pr of acetylene.  

C. Variation of Exhaust Gas Temperature with Brake 

Power 

 
Fig. 5: variation of exhaust temperature with respect to 

brake power 

The fig shows variation of exhaust gas temperature with 

brake power it is clear that as load increase exhaust gas 

temperature also increases, the main reason for high exhaust 

gas temperature may be due to higher viscosity, poor 

volatility, higher heat release rate of diesel and bio-diesel& 

may be due to incomplete combustion, which increase the 

exhaust gas temperature. The maximum exhaust gas 

temperature is for D 1 bar pr of acetylene and lower exhaust 

gas temperature is observed for PB 0.8 bar pr of acetylene. 

D. Variation of Hydrocarbon Emission with Brake Power 

 
Fig 6: Variation of unburnt hydrocarbon with respect to 

brake power. 

The above figure shows variation of unburnt 

hydrocarbon with respect to brake power. Unburnt 

hydrocarbon emission are direct result of incomplete 

combustion .It is clear from figure that at low load initially 

HC emission are more this may be due to cool metal surface 

which make quenching of flame before it pass entire 

chamber or improper mixture .As load increase HC emission 

are reduced it may be due to complete combustion or, no 

quenching of flame take place due to high temperature of 

successive working of engine at higher load. 
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E. Variation of Nox Emission with Brake Power 

The figure shows variation of NOx with respect to brake 

power. We know that air contain 78% of nitrogen in volume 

but however it is inert at low temperature, as temperature 

increase nitrogen react to from NOx. Hence as load 

increases temperature also increases and NOx emission 

formation are more. NOX are produced from the reaction 

among nitrogen, oxygen and hydrocarbons during 

combustion especially at high temperature. It is also 

observed from figure that NOx emission is more for bio-

diesel. Compared to diesel. This oxygen content of biodiesel 

is an important factor in the high NOx formation levels, 

because oxygen content of biodiesel provides high local 

peak temperatures and a corresponding excess of air. Hence 

biodiesel has high NOx emission. 

 
Fig. 7: Variation of NOx with respect to brake power. 

F. Variation of Cylinder Pressure with Crank Angle 

 
Fig. 8: Variation of Crank angle with respect to Cylinder 

pressure. 

Above figure shows variation of crank angle with cylinder 

pressure. In CI engine the cylinder pressure depends on fuel 

burning rate the premixed burning phase, which in turn 

leads better combustion and heat release. Peak pressure of 

diesel is 69.85 and peak pressure of bio diesel is 68.57 and 

peak pressure of biodiesel with 0.5and 0.8 bar pressure of 

acetylene is 77.28 and 73.32 respectively. This variation of 

cylinder pressure is due to calorific value and combustion 

rate associated with biodiesel. 

G. Variation of Cumulative Heat Release with Crank Angle 

 
Fig. 9: Variation of Cumulative heat release rate with 

respect to Crank angle. 

The variation of cumulative heat release rate with crank 

angle is shown in figure. The diesel and biodiesel with 

acetylene values are concurrently same but expect diesel 

with acetylene at 0.5 bar pressure .However the two main 

phases of the combustion process in which heat release is 

clearly seen in the rate of heat release curve. If all heat 

losses such as heat loss due to heat transfer, heat loss from 

gases during exhaust and to cylinder and incomplete 

combustion. All added to actual or apparent heat, the total 

heat is obtained. 

H. Variation of Net Heat Release with Respect to Crank 

Angle 

 
Fig. 10: Variation of Net heat release with respect to Crank 

angle. 

The variation of net heat release rate with respect to 

crank for diesel and biodiesel with acetylene at different 

pressure is shown in figure. The peak point of heat release 

rate with crank angle in 71.47(kJ) and 354 Deg. The peanut 

biodiesel with 0.5 bar pressure has maximum value. 
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I. Variation of Mass Fraction Burned with Crank Angle 

 
Fig. 11: Variation of mass fraction burned with respect to 

crank angle. 

The variation of mass fraction burned with respect to crank 

angle is shown in figure; mass fraction burned is the ratio of 

the cumulative heat release to the total heat release. Mass 

fraction burned shows how combustion progresses as a 

function of crank angle. The primary purpose of combustion 

in a piston engine is to increase the in cylinder pressure for 

shifting the expansion process away from the compression 

process and to produces the work. The mass fraction burned 

is a measure of the fraction of thermal energy released, 

owing to combustion of the air fuel mixture inside engine 

cylinder, with respect to total the total energy released at the 

end of combustion during cycle. The maximum mass 

fraction burned for diesel is 100 at 350.and maximum mass 

fraction burned for biodiesel and its blend with acetylene at 

0.5, 0.8 bar pressure is 99.93 at 350 and 98.85 at 140, 98.1 at 

170 respectively. 

J. Variation of Carbon monoxide with Brake Power 

 
Fig. 12: variation of CO with brake power 

The above figure shows the variation of carbon monoxide 

with brake power. Here the carbon monoxide is formed due 

to incomplete combustion of fuel, the carbon monoxide 

gases contribute to global warming. From figure it is clear 

that maximum CO is formed for peanut biodiesel with 0.8 

bar of pressure of acetylene, this may be due to incomplete 

combustion of biodiesel with 0.8 bar pressure of acetylene 

.At rated load value of 4.01 kw CO is minimum for all 

tested fuel and   it increase at full load, the lowest value of 

CO is for diesel at high load. 

IV. CONCLUSIONS 

 The performance characteristics like  brake thermal 

efficiency of peanut biodiesel with acetylene gas with a 

pressure of 0.5 bar was found to be more nearly to that 

of diesel engine, and brake thermal efficiency of 

peanut biodiesel and biodiesel with 0.8 bar of 

acetylene gas is low compared to diesel baseline 

 Specific fuel consumption of peanut biodiesel and 

biodiesel with 0.5 bar pressure of acetylene has nearly 

the same value with that of diesel engine at minimum 

load and decreases with the increase in load. 

 The exhaust gas temperature of pure biodiesel and 

biodiesel with 0.5 bar pressure of acetylene is more 

closely to that of diesel, which has low exhaust gas 

temperature. The exhaust gas temperature of bio-diesel 

and diesel, Increases as brake power increases. 

Therefore peanut biodiesel with 0.5 bar pressure of 

acetylene and pure diesel has higher performance then 

other tested fuel this is because of reduction in exhaust 

loss. Also EGT of biodiesel with acetylene 0.8 bar 

pressure is low compared to other tested fuel at full 

load. 

 Now coming to combustion characteristics peak 

pressure of diesel is 69.85 and peak pressure of bio 

diesel is 68.57 and peak pressure of biodiesel with 

0.5and 0.8 bar pressure of acetylene is 77.28 and 73.32 

respectively .This variation of cylinder pressure is due 

to calorific value and combustion rate associated with 

biodiesel. 
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