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Abstract— Enhanced use of diesel fuel, the source of diesel 

is decreasing rapidly. Due to over exploitation of fossil 

fuels, the environmental pollution has been increasing 

strenuously. According to the pollution and over 

exploitation of diesel fuel, have to move on alternative 

energy resources. That should be environment friendly and 

less pollutant. In this work we have selected linseed oil 

biodiesel is a fuel for Direct injection diesel engine instead 

of diesel fuel. Linseed oil produces high yield of methyl 

ester than other non-edible oils. And the performance test 

showed that B25 blend gives similar results of diesel.   
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I. INTRODUCTION 

India is one of the fastest developing countries with a stable 

economic growth, which multiplies the demand for 

transportation in many folds. Fuel consumption is directly 

proportionate to this demand. India depends mainly on 

imported fuels due to lack of fossil fuel reserves and it has a 

great impact on economy. India has to look for an 

alternative to sustain the growth rate. Bio-diesel is a 

promising alternative for our Diesel needs. With vast 

vegetation and land availability, certainly bio-diesel is a 

viable source of fuel for Indian conditions. Recent studies 

and research have made it possible to extract bio-diesel at 

economical costs and quantities. 

Petroleum based fuels play a vital role in rapid 

depletion of conventional energy sources along with 

increasing demand and also major contributors of air 

pollutants. Major portion of today’s energy demand in India 

is being met with fossil fuels. Hence it is high time that 

alternate fuels for engines should be derived from 

indigenous sources. As India is an agricultural country, there 

is a wide scope for the production of vegetable oils (both 

edible and non-edible) from different oil seeds. The present 

work focused only on non-edible oils as fuel for engines, as 

the edible oils are in great demand and far too expensive. 

The past work revealed that uses of vegetable oils for 

engines in place of diesel were investigated. Though the 

concerned researchers recommended the use of vegetable 

oils in diesel engines, there was no evidence of any practical 

vegetable oil source engines.  

The performance parameters of the test engine Viz. 

Brake thermal efficiency, Volumetric efficiency are 

decreased, Brake specific fuel consumption and Exhaust gas 

temperature are increased for all neat oils compared to 

diesel. Emission parameters of engine such as Carbon 

monoxide, Carbon dioxide, Un-burnt hydrocarbons and 

Smoke are decreased, but Nitrogen oxides are increased for 

all neat oils and their blends compared to diesel. This 

variation is observed due to high viscosity coupled with 

lower heating value of the fuels. All neat oils are converted 

into their respective methyl esters through trans-

esterification process. In this process, the performance 

parameters of engine such as Brake thermal efficiency and 

volumetric efficiency are slightly decreased, Brake specific 

fuel consumption and Exhaust gas temperature are increased 

compared to diesel for all bio-diesels.  

Many feed stocks for preparation of biodiesel has 

been tried by different researchers world over. The 

performance and emission tests with cotton methyl ester and 

diesel fuel mixtures shows that engine performance (i.e. 

engine power and specific fuel consumption) and emission 

values (up to 17–22 % for CO, up to 5.2–10 % for smoke) 

improved [6].  

In the emission characteristics of ethyl and methyl 

ester of rapeseed oils with diesel control fuel, it was reported 

that with 100 per cent rapeseed methyl ester (RME) and 100 

per cent rapeseed ethyl ester (REE), emissions of 

hydrocarbons (HC), carbon monoxide (CO) and oxides of 

nitrogen (NOx) were reduced to around 52.4, 47.6 and 10.0 

per cent respectively. But carbon dioxide (CO2) and 

particulate matter (PM) increased [7]. 

Emission study of an automobile diesel engine 

fueled with sunflower methyl ester was conducted by 

Munoz et al. [8]. It was found that the NOx emission with 

pure SFME (sunflower oil methyl ester) were always larger 

than that with diesel fuel. Puhan et al. [9] investigated 

performance of a 4-stroke direct injected natural aspirated 

diesel engine at constant speed of 1,500 rev/min at different 

brake mean effective pressures with Mahua oil ethyl ester 

(MOEE) as fuel. He observed that brake thermal efficiency 

with MOEE (26.42 %) was comparable with diesel (26.36 

%). Emissions of carbon monoxide, hydrocarbons, oxides of 

nitrogen and Bosch smoke number where reduced around 

58, 63, 12 and 70 %, respectively in case of MOEE 

compared to diesel. 

The performance and emission of a diesel engine 

fueled with Jatropha biodiesel and its blends was studied by 

Chauhan et al. [10]. The experimental study reveals that 

brake thermal efficiency of Jatropha methyl ester and its 

blends with diesel were lower than diesel and brake specific 

energy consumption was found higher. HC, CO and CO2 

and smoke were found lower with Jatropha biodiesel fuel. 

NOx emissions on Jatropha biodiesel and its blend were 

higher than diesel. The experimental study on use of 

vegetable oils as a fuel in diesel engines at blend of 50 % 

sesame oil and 50 % diesel fuel found that the engine power 

and torque of the mixture of sesame oil–diesel fuel are close 

to the values obtained from diesel fuel and the amounts of 

exhaust emissions are lower than those of diesel fuel [11]. 

Many researchers carried out the experimental work on 

biodiesel and concluded the aspects of performance and 

emission parameters of CI engines. But the experimental 
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work on linseed biodiesel is rarely reported. The properties 

of diesel and biodiesel according to ASTM standard are 

depicted in table 1. 

Fuel properties 

Diesel fuel Biodiesel 

ASTM 

D975 

ASTM 

D6751 

DIN 

14214 

Density at 

150C(kg/m3) 850 880 860-900 

Viscosity at 

400C(cSt) 
2.6 1.9-6.0 3.5-5.0 

Calorific 

value(MJ/kg) 
42-46 - 35 

Flash point(0C) 60-80 
Min 100-

170 
>120 

Table 1: Properties of mineral diesel and biodiesel 

The scientific name of the linseed plant is Linum 

usitatissimum. It is naturally growing plant and it requires 

lesss water for its life cycle. The availability of linseeds is 

all over the world. It is also known by various names like 

chih-ma, lint bells, winterlien etc. the plants and fruits 

shown in figure 1. The linseed oil has many unsaturated 

fatty acids since it have low viscosity. So it can be used as a 

biodiesel. 

A. Present Work  

The present work is aimed to produce  biodiesel from 

linseed oil through transesterification process and conduct 

the performance test in CI engine and study the performance 

characteristics. 

II. SYSTEM MODEL 

A. Materials and Methods 

The linseed oil having low acid value is less than 4 therefore 

it can be directly converted to biodiesel through base 

catalyzed  transesterification process. In the process the raw 

linseed oil and methanol are to be mixed in the molar ratio 

of 1:4. Then the mixture is heated up to 650 C and the 

reaction time is one and half hours. For increasing the 

reaction rate, some milligrams of KOH is added this is 

known as base catalyst. At the end of transesterification 

process, methyl ester and glycerol are to be formed. Then 

the mixture is separated for 24 hours. In that manner we 

separate the glycerol from methyl ester. The methyl ester is 

also called biodiesel. The viscosity of the methyl ester is less 

when compared to the raw oil and which is within 

acceptable limits. 

III. EXPERIMENTAL SETUP 

The Engine chosen to carry out experimentation is a single 

cylinder, four stroke, vertical, water cooled, direct 

injection computerized Kirloskar make CI Engine. This 

engine can withstand higher pressures encountered and 

also is used extensively in agriculture and industrial 

sectors. Therefore this engine is selected for carrying 

experiments.The specifications of the engine given in the 

table 2. 

The experiments are conducted for variable loads 

like 2, 5,  8, 10, 14 and 16 Amps at rated speed, with 

injection pressure of 170 bar and cooling water exit 

temperature at 650C. Two blends of linseed biodiesel such 

as 25%, 50% are used in this experimentation. The 

biodiesel and their blends with diesel are heated externally 

to a required temperature as stated earlier before injecting 

into the test cylinder. 

The engine was sufficiently warmed up and 

stabilized before taking all the readings. All the 

observations recorded were replicated thrice to get a 

reasonable value. The performance parameters such as 

Brake Thermal Efficiency(ηBTh),Brake Specific Fuel 

Consumption(BSFC), and  Volumetric  efficiency(ηVol)  

are evaluated .These performance  parameters  of biodiesel 

blends are compared to those of pure diesel. 

Number of cylinders 01 

Number of Strokes 04 

Fuel Diesel 

Rated Power 5.2 KW/7 hp @ 1500 RPM 

Cylinder bore & Stroke 87.5 & 110 mm 

Compression Ratio 17.5:1 

Dynamometer arm length 185 mm 

Dynamometer Type Eddy current 

Type of cooling Water cooled 

Table 2: Engine specifications 

 
Fig. 1: Experimental Setup 

IV. RESULT AND DISCUSSION 

A. Physical Properties 

Fig.3, Fig.4, Fig.4. Shows the variation of physical 

properties such as density, viscosity and calorific value 

for Linseed biodiesel and its blends with Diesel.physical 

properties for 25% blend of Linseed biodiesel is very 

close to that of Diesel. 

B. Engine Performance 

1 )  Brake Thermal Efficiency: 

Fig.7 Showed that the variation of Brake thermal Efficiency 

with Brake power output for Linseed biodiesel and its 

blends with Diesel in the test engine. Brake thermal 

Efficiency for 25% blend of Linseed biodiesel is very 

close to that of Diesel. Maximum Brake thermal efficiency 

is obtained at 14 amps load. Brake thermal efficiency for 

25% is lower by 15% compared to diesel at rated load. This 

is attributed to lower calorific value, high viscosity coupled 

with density of the fuel. 

2) Brake Specific Fuel Consumption 

Fig 11 Shows the variation of brake specific fuel 

consumption with Brake power output for Linseed 

biodiesel and its blends in the test engine. 25% blend of 

Linseed biodiesel has the lowest BSFC compared to its 

other blends. bsfc for 25% blend of linseed oil is slightly 

higher than that of diesel.  
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At rated load, BSFC of B25 (75% diesel &25% 

biodiesel) is 0.570 Kg/kw-hr, whereas for diesel it is 0.538 

Kg/Kw-hr.  At rated load, BSFC of  neat  B25 is  higher  

by  5.947%  compared to  diesel.  This observed 

phenomenon is due to higher viscosity of the fuel. 

3) Volumetric   Efficiency 

Fig.10   shows   the   variation   of volumetric efficiency 

with Brake power output for Linseed biodiesel and its 

blends with  Diesel  in  the  test  engine.  Volumetric 

efficiency for 25% blend  of  Linseed biodiesel is almost 

same as   diesel. Diesel has high volumetric efficiency 

compared to all other blends. Volumetric efficiency of 

B25 (75% diesel &25% biodiesel) is 45.8% at rated load 

and that of diesel is 46.5%. Volumetric efficiency of neat 

B25 (75% diesel &25% biodiesel) is lower by 1.49 % 

compared to diesel at rated load. This is due to higher 

exhaust gas temperature released after the combustion 

process. 

4) Characteristics curves  

The following graphs showed that all the properties related 

to biodiesel is similar to that of diesel fuel. 

 
Fig. 3: Density at 400C 

 
Fig. 4: Calorific Value 

 
Fig. 5: Mechanical Efficiency Vs Load 

 
Fig. 6: Brake Thermal Efficiency Vs Load 

 
Fig. 7: Indicated Thermal Efficiency Vs Load 

 
Fig. 8: Indicated Thermal Efficiency Vs Brake Power 
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Fig. 9: Volumetric Efficiency Vs Load 

 
Fig. 10: SFC Vs Brake Power 

V. CONCLUSION 

From the above said information, biodiesel blend of 25 give 

better results when compared with diesel fuel. KOH catalyst 

gives better yield than NaOH catalyst. The Obtained fuel 

properties by the experimental testing such as viscosity, 

density and calorific value are similar to that of diesel fuel. 

Due to this biodiesel fuel the fuel cost can be reduced 

greatly. 

VI. FUTURE SCOPES 

Ternary blends of biodiesel can be done by the 

transesterification reaction process. And the optimization 

tool can be used to identify the optimum value of the 

biodiesel composition. 
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