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Abstract— Biodiesel utilization in diesel engines has got 

interest due to population growth and industrialization during 

past years. It has been proven to be a good substitute because 

of its performance comparable to diesel. In present work, the 

effects of engine load and amount of biodiesel percentage on 

the engine performance and combustion characteristics of 

single cylinder, diesel engine has been studied. The dual 

biodiesel blends of Argemone Mexicana and Mahua 

(Madhuca indica) are used and the parameters like Heat 

Release Rate (HRR), Indicated Thermal Efficiency (ITE), 

Peak Pressure and volumetric efficiency have been evaluated. 

The results for lighter blend of biodiesel D80A10M10 (i.e 

80% Diesel, 10% Argemone and 10% Mahua) with diesel 

showed 1.31% increase in volumetric efficiency. There is 

slight reduction have been observed in indicated thermal 

efficiency for all the blends. The heat release rate is maximum 

for the diesel. 
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I. INTRODUCTION 

Now-a-days the reserves of fossil fuels are limited, whereas 

increase in energy demand due to increase in industrialization 

and motorization usage. This forces the researcher to go for 

other alternative fuel. Biodiesel is suggested as most 

promising alternative fuel by the researchers to meet these 

problems. It is biodegradable, non-toxic, renewable energy 

source and properties almost comparable to the petroleum 

fuels [1].  The replacement of small fraction of total depletion 

will give substantial results. It was observed that utilization 

of biodiesel in engine reduces  the  hydrocarbons,  carbon  

monoxide,  particulate  matters,  but  increase  in  oxides  of 

nitrogen due to inherent oxygen[2]. One of the major 

problems for the utilization of biodiesel in existing engine is 

its poor flow properties, which results due to presence of 

saturated fatty acid methyl esters at lower temperature. The 

poor flow properties can be improved by using of additives in 

biodiesel [3]. Another problem is its higher viscosity. B20 is 

preferred by most of  researchers,  as  it  gives  performance  

comparable  to  diesel  and  reduces  the  emissions.  At 

present, the choice of feedstock for the production of 

biodiesel depends upon geography of the world. 

The soybean oil dominating United States 

production, rapeseed oil dominating Europe production and 

palm oil is being mostly used in Asia [4]. Therefore it is 

necessary to research for suitable oil globally.  Prabhu  et  

al.[5]study  the  performance  and  combustion  characteristics  

of  engine  using  neem  biodiesel  and  its  diesel  blends.  

They reported that combustion pressure was higher for the 

biodiesel blends. The peak pressure observed for the B20 was 

68.6 bat at full load, which was 1.6 bar more than the diesel. 

Kohle et al.[6] Have investigate  the  performance,  

combustion  and  emission  characteristics  of  a  variable 

compression  ratio diesel  engine  using  karnaja  biodiesel  

and  its  diesel  blends.  The brake thermal efficiency for the 

B20 was 30.08%, which was 5-10% more than the diesel. B20 

has higher  peak  pressure  as  compared  to  diesel,  which  

may  be  due  to  complete  combustion. Muralidharan et al.[7] 

Studied the performance, combustion and emission 

characteristics of a variable compression ratio engine using 

methyl esters of waste cooking oil. They found that carbon 

monoxide and hydrocarbon reduces for the biodiesel blends 

as compared to diesel due to inherent oxygen in biodiesel. It 

was observed that combustion pressure is observed higher for  

diesel  at  lower  compression  ratio  and  it  was  higher  for  

the  biodiesel  blends  at  higher compression  ratio.  Dhar  et  

al.[8]  Evaluate  the  performance,  emission  and  combustion 

characteristics of DI CI engine using neem oil methyl ester. 

Brake specific fuel consumption increased with 

increase in biodiesel percentage.  The thermal efficiency 

observed for all the blends was higher as compared to diesel. 

The peak pressure was observed for the B20, which was due 

to shorter ignition delay.  Nalgundwar  et  al.[9]  Investigated  

the  performance  and emission  characteristics  of  DI  CI  

engine  using  dual biodiesel  blends  of  palm  and  jatropha. 

There  was  a  4.65%  average  increase  in  brake  power  and  

slight  reduction  seen  in  brake specific  fuel  consumption  

for  the  B20.  Srithar  et  al.[10]  Tested  a  diesel  engine  

with  dual biodiesel  blends  of  jatropha  and  pongamia  

Pinnata.  The author reported that there is no significant 

difference for the brake thermal efficiency. It was observed 

that DPJ1 gives 50% lower hydrocarbon as compared to the 

diesel at fullload. In  this  study  two  biodiesels  are  mixed  

together  and  blended  with  diesel  for  its performance and 

combustion analysis. The two biodiesel used in present study 

are Mexicana argemone and mahua. 

II. MATERIAL AND METHODS 

The method used for the production of biodiesel was 

transesterification. After the production of biodiesel, it was 

utilized in a DI CI engine. The experiment was performed at 

Sardar Swarn Singh National Institute of Bio Energy (SSS 

NIBE) lab Kapurthala, Punjab. 

A. Biodiesel Preparation 

Raw  oil  extracted  from  the  seeds  of  Mexicana  argemone  

have  higher  viscosity. Transesterification  process  was  used  

for  reducing  the  viscosity  of  the  oil.  The process was 

conducted in a container equipped with reflux condenser.  1.5 

liter of Crude Mexicana argemone was taken in the reactor 

and was slowly heated upto 70◦C. After that, mixture of 

375ml of methanol and 10g of Na (sodium) metal was added 

in the heated crude Mexicana argemone oil. The mixture was 

stirred for two hoursand the temperature of the mixture was 

maintained at 70◦C. After the reaction, the mixture was 
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allowed to settle down for 24 hours for the phase separation. 

Finally two layers were formed, upper layer was ester 

(Biodiesel) and the lower was glycerin. The glycerin was 

separated out and biodiesel was washed with the hot water for 

4 to 5 times. The same process has been used for the 

production of mahua biodiesel. 

B. Blend Preparation 

The blends prepared in different proportions as: Blend A-

Diesel 90%, AMME 5%, MME 5% by  volume  basis;  Blend  

B-Diesel  80%,  MAME  10%,  MME  10%  volume  basis;  

Blend C Diesel 70%, MAME 15%, MME 15% by volume 

basis; Blend D-Diesel 60%, MAME 20%, MME 20% by 

volume basis. 

C. Engine Setup 

Four  stroke,  single  cylinder,  constant-speed  with  variable  

load  diesel  engine  was  used  for experimental investigation 

of performance and combustion characteristics. The 

dynamometer was provided for the variation of load.  The 

engine was running at a constant speed of 1500rpm. The 

engine was first operated on diesel toobtain the standard 

parameters for the diesel.  The  test  was  conducted  with  the  

various  blends  of  Mexicana  argemone  and  mahua prepared 

by volume basis i.e A5M5D90 (B10), A10M10D80 (B20), 

A15M15D30 (B30) and A15M15D70  (B40).  In  every  test  

the  performance  parameters  like  volumetric  efficiency, 

indicated  thermal  efficiency,  brake  power  and  emission  

parameters  like  carbon  monoxide (CO),  hydrocarbons  

(HC)  and  nitrogen  oxides  (NOx)  were  calculated  and  

recorded.  The piezoelectric pressure transducer and a crank 

angleencoder was provided at the cylinder head for 

measuring the combustion pressure and crank angle. 

III. EXPERIMENTAL RESULTS 

The  main  aim  of  the  present  study  is  to  investigate the  

performance  parameters  and combustion  characteristics  of  

single  cylinder,  four stroke,  DI  CI  engine  run  with  dual 

biodiesel  blends  of  Mexicana  argemone  methyl  ester  and  

mahua  methyl  ester.  The results obtained from engine using 

dual biodiesel blends are compared with mineral diesel. 

A. Performance Characteristics 

The engine parameters such as indicated thermal efficiency 

and volumetric efficiency using dual biodiesel blends are 

calculated, analyzed and compared with diesel. 

B. Comparison on the basis of indicated thermal efficiency 

It  was  observed  from  graph  that  indicated  thermal  

efficiency  decreases  gradually  with increase in load. The 

indicated thermal efficiency  observed for the blends B10, 

B20, B30 and B40  at  full  load  are  45.07%,  42.44%,  

44.69%  and  44.05%  respectively.  Indicated thermal 

efficiency was higher for the mineral diesel at no load 

conditions, but it was comparable to biodiesel blends at full 

load.  The maximum indicated thermal efficiency observed 

for the diesel was 48.15% at full load, which was 3.08% more 

than the B10. 

C. Comparison on the basis of volumetric efficiency 

The result indicates that volumetric efficiency decreases 

gradually with increase in load. The volumetric efficiency 

was found slight higher for the biodiesel blends as compared 

to diesel. The  volumetric  efficiency  observed  for  the  

blends  B10,  B20,  B30  and  B40  at  full  load  are 80.80%, 

81.55%, 81.33% and 81.18% respectively, which was 

80.24% for the diesel. B20 has reported maximum efficiency. 

 
Fig. 1: Variation of indicated thermal efficiency with load 

 
Fig. 2: Variation of volumetric efficiency with load 

D. Combustion Characteristics 

The  engine  combustion  characteristics  like  cylinder 

pressure  and  net  heat  release  rate  are obtained for the dual 

biodiesel blends of Mexicana  argemone and mahua methyl 

esters. The results obtained are compared with the mineral 

diesel. 

E. Cylinder pressure 

The  result  indicates  the  variation  of  cylinder  pressure  

with  crank  angle.  In  a  CI  engine combustion  pressure  

indicates  capability  of  fuel  to mix  well  with  air.  It was 

observed that combustion starts former for the biodiesel 

blends due to shorter ignition delay, which results in higher 

peak pressure.  It was observed from the graph that biodiesel 

blends have higher cylinder pressure as compared to mineral 

diesel at peak load. The B40 has reported maximum cylinder 

pressure of 67.4bar at angle 370◦, which might be due to more 

fuel accumulated in the combustion chamber. The peak 

pressure observed for the diesel was 65.65bar at full load. 
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Fig. 3: Variation of cylinder pressure with crank angle 

F. Net heat release 

Figure shows the variation of net heat release rate with crank 

angle at full load. It is observed that net heat release rate is 

higher for the diesel as compared to biodiesel blends. This 

may be due to better mixing of diesel fuel with air and its 

higher volatility. Another reason may be due to longer 

ignition delay of diesel as compared to biodiesel blends. B40 

has comparable heat release rate to the diesel. The maximum 

heat release for the biodiesel blends B10, B20, B30 and B40 

reaches upto 32.35J/deg, 32.15J/deg, 30.56J/deg and 

32.53J/deg respectively. The maximum heat release for the 

diesel is 35J/deg. The reason for the lower heat release of 

biodiesel blends may be due to its lower calorific value as 

compared to the diesel. 

IV. CONCLUSION 

Biodiesel blends made from mixing Mexicana argemone and 

mahua biodiesel with mineral diesel  at  different  ratios  were  

analyzed  and  results  obtained  were  compared  with  

mineral diesel.  The  test  was  conducted  on  a  single  

cylinder,  four  stroke  and  DI  CI  engine  using different 

ratios of Mexicana argemone and mahua biodiesel blends in 

mineral diesel fuel. The conclusions are discussed as follows: 

 
Fig. 4: Variation of net heat release with crank angle 

 Compared with higher blends of dual biodiesel, lighter 

blends resulted in better performance and combustion 

characteristics in engine. However, compared with diesel 

the performance is low for the lower biodiesel blends. 

 The indicated thermal efficiency observed is slight 

higher for the diesel as compared to B10. The indicated 

thermal efficiency values for the mineral diesel and B10 

are 48.15% and 45.07% correspondingly at peak load. 

 The volumetric efficiency observed is higher for the B10 

as compared to diesel by 1.31%. 

 The maximum cylinder pressure is observed for the B40, 

which was 67.4 bar at a crank angle 370◦ and at peak 

load. 

 The net heat release rate is lower for the dual biodiesel 

blends as compared to mineral diesel. The  above  

comparison  indicates  the  possibility  of  using  methyl  

esters  in  diesel  engine. The performance and 

combustion characteristics analysis shows the suitability 

of using dual biodiesel blends of Mexican argemone and 

mahua as agood alternative fuel. 
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