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ABSTRACT 
Biodiesel is a renewable, less toxic, and biodegradable fuel and its combustion characteristics are comparable to 
petroleum diesel fuel, thus making it a promising fuel of the future. In this study, the interest is brought upon the 
Delonix Regia (Gulmohar) seed oil derived Biodiesel along with the addition of butanol-1 as an additive. The 
biodiesel is obtained from the delonix regia seed oil through trans-esterification. The fuel blends are prepared by 
adding biodiesel (10% and 20% by volume) along with butanol-1 (10% and 20% by volume) with diesel as base 
fuel. Besides a unique combination (20% of Delonix Regia and exhaust gas recirculation)  is also prepared to 
carry out the experiment. These blends along with biodiesel (100% by volume) and pure diesel are tested on 
Kirloskar TV1 type, four stroke, single cylinder, water-cooled diesel engine, one by one, to evaluate the 
performance and emission characteristic. The engine is tested at five different engine loads (0, 1.3, 2.6, 3.9 & 
5.2 kW) with constant engine speed (1500 rpm). The use of butanol-1 is restricted to 10% and20% by volume 
for its benefits of decreased exhaust gas temperature, CO and NOx emissions when compared to use with a 
higher percentage of butanol-1 blends. The study revealed that biodiesel and their blends could be used as an 
alternative fuel without any engine modification. Among all, B10+BUT10+D80 blend has found to be most 
promising fuel as it has lower specific fuel consumption, lower exhaust gas temperature, lower HC and COx 
emission when compared to diesel fuel and other blends.  
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INTRODUCTION 
In this study, the interest is brought upon the Delonix Regia (Gulmohar) seed oil derived Biodiesel along with 
the addition of butanol-1 as an additive. The raw Delonix regia oil is extracted from oil seeds by crushing and 
other methods. The properties of raw delonix are closer to diesel fuel except its kinematic viscosity. The 
kinematic viscosity of raw oil is reduced by trans-esterification process to convert into delonix regia oil into 
desired biodiesel. In the last two decades, many researchers have studied about biodiesel fuels produce no 
sulphur dioxide and less aromatic hydrocarbon emissions. They are renewable, less toxic, and biodegradable and 
their combustion characteristics are comparable with petroleum diesel fuels. In addition, the biodiesel properties 
are similar to that of petroleum diesel fuels and they can be used as sole fuel or blended with diesel in diesel 
engines without any modification. Various researchers have conducted experiments to study the performance 
and emission characteristics of diesel engine when delonix oils, blends of delonix seed oil and its derivatives 
and it has been found to be economical and competitive compared to diesel fuel. Edward Ntui Okey et al. have 
investigated that diesel engine running with oil and diesel blends produces a closer performance and emissions 
characteristics to diesel for lower blend concentration of delonix oil [2]. Nadir YILMAZ et al. studied the 
“Emission characteristics of a diesel engine fueled with Diesel, butanol blends” to evaluate the exhaust emission 
of 1-butanol blends [3] . In their study,  it was found that D80 B10 with 10% of butanol is better alternative fuel 
for diesel engine as it decreases exhaust gas temperature, CO and NOx emissions at the expense of increasing 
HC emissions when compared to higher percentage of butanol. From there conclusion, it is decided to 
experiment the engine with use of butanol restricted to 10% by volume for desirable outcome. 
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OBJECTIVES 
The objective of this project is to investigate the various performance and emission characteristics of the test 
engine and at various load conditions when different blends are used. Further, compare the following parameters 
of blends with Diesel and Biodiesel as mentioned below 

 Indicated Power 
 Brake Power 
 Brake mean effective pressure 
 Specific Fuel Consumption 
 Brake thermal efficiency 
 Exhaust gas temperature 
 Variation of Cylinder pressure with crank angle 
 Variation of Net Heat release with crank angle 
 COx emission 
 NOx emission 
 HC emission 

 Smoke  
METHODOLOGY 

 Various methodologies such as heating, blending, pyrolysis and transesterification are employed to 
use vegetable oil as a fuel in diesel engines. Out of these options, transesterification process to produce biodiesel 
from vegetable oil is the most documented and explored method for direct engine application. However, 
transesterification is a sophisticated process and needs reaction vessels, catalysts, chemicals, heating and 
agitation arrangements and skilled manpower which may not be feasible in rural and remote areas. The 
transesterification process can be represented with the following equation. 
 Biodiesel is the ester of vegetable oils produced through a process called Transesterification. 
Transesterification is a chemical reaction which occurs between triglyceride and methyl alcohol in the presence 
of potassium hydroxide (KOH). It consists of a sequence of three consecutive reactions where triglycerides are 
converted to diglycerides. diglycerides are converted to monoglycerides followed by the conversion of 
monoglycerides to glycerol. In each step an ester is produced and thus three ester molecules are produced from 
one molecule of triglyceride. 

 
 

RESULTS AND DISCUSSION 
 

An experimental investigation is carried out by testing blends DR B10 D90, DR B10 BUT10 D80, DR B10 
BUT20 D70, DR B20 D80 and DR B20 D80 EGR10 on Kirloskar TV1 diesel engine. The results obtained from 
the above blends are compared for Performance analysis, Combustion analysis and Emission Analysis by means 
of line graph and cluster columns. The following gives the variation in performance parameters like indicated 
power, brake power, brake mean effective pressure, specific fuel combustion and exhaust gas temperature for 
the various discussed blends under different loading conditions followed by emission analysis like CO emission, 
NOx emission and HC emission.    
 
Line graph between indicated power and load with increment of 25% engine load capacity starting form no load 
to full load condition. The plot reveals that upto 50% load condition there is marginal difference in Indicated 
Power of DR B10 D90, DR B10 BUT10 D80, DR B10 BUT20 D70, DR B20 D80 and DR B20 D80 EGR10 
Pure Diesel and with further increase in load the lines tends to merge indicating almost equal performance at full 
load condition. 

3.1 Indicated Power 
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Indicated power and load with increment of 25% engine load capacity starting form no load to full load 
condition. The plot reveals that upto 50% load condition there is marginal difference in Indicated Power of DR 
B10 D90, DR B10 BUT10 D80, DR B10 BUT20 D70, DR B20 D80 and DR B20 D80 EGR10 with DR 
B10 BUT10 D80 further increase in load performance at full load condition 

Load  DR B10 D90  DR B10 
BUT10 D80 

 DR B10 
BUT20 D70 

 DR B20 D80  DR B20 D80 
EGR10 

0.11 (0%) 2.35 2.18 1.91 1.85 2.14 

4.55 (25%) 3.90 3.48 3.46 3.11 3.56 

9.09 (50%) 4.71 4.71 4.83 4.26 4.80 

13.6 (75%) 5.69 5.69 5.51 5.41 5.80 

18.2 (100%) 6.72 7.13 6.51 6.72 6.91 

Table:1 
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 Figure:1 

3.2 Brake Power 

Brake Power and load with similar increment as above. The comparison of Brake Power lines are almost 
coinciding for various blends DR B10 D90, DR B10 BUT10 D80, DR B10 BUT20 D70, DR B20 D80 and DR 
B20 D80 EGR10 DR B10 BUT10 D80 further increase in load performance at full load condition the Brake 
Power at various load condition. 

Load  DR B10 D90  DR B10 
BUT10 D80 

 DR B10 
BUT20 D70 

 DR B20 D80 DR B20 D80 
EGR10 

0.11 (0%) 0.03 0.03 0.03 0.03 0.03 
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4.55 (25%) 1.28 1.27 1.27 1.28 1.27 

9.09 (50%) 2.60 2.54 2.53 2.55 2.55 

13.6 (75%) 3.76 3.75 3.74 3.78 3.74 

18.2 (100%) 4.97 5.25 4.95 4.93 4.97 

Table: 2 

 

 

0

1

2

3

4

5

6

0 10 20 30 40 50 60 70 80 90 100

Br
ak

e 
Po

w
er

 (
kW

) 

Load (%) 

 DR B10 D90

 DR B10 BUT10 D80

 DR B10 BUT20 D70

 DR B20 D80

 DR B20 D80 EGR10

 Figure: 2 

 

3.3 Brake Mean Effective Pressure 

Brake Mean Effective Pressure and load. The comparison of Brake Power lines are almost coinciding for 

various blends DR B10 D90, DR B10 BUT10 D80, DR B10 BUT20 D70, DR B20 D80 and DR B20 D80 

EGR10 tested indicating negligible effect in delivering the Brake Mean Effective Pressure at various load 

condition. 

Load  DR B10 D90  DR B10 
BUT10 D80 

DR B10 
BUT20 D70 

DR B20 D80  DR B20 D80 
EGR10 

0.11 (0%) 0.04 0.04 0.04 0.04 0.04 

4.55 (25%) 1.55 1.55 1.55 1.55 1.56 
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9.09 (50%) 3.13 3.13 3.12 3.13 3.11 

13.6 (75%) 4.66 4.66 4.66 4.66 4.66 

18.2 (100%) 6.26 6.26 6.25 6.26 6.27 

Table: 3 

 

 Figure: 3 

3.4 Specific Fuel Consumption 

Specific fuel consumption and load with increment in load. The specific fuel consumption lines on graph are 

widely separated for various blends DR B10 D90, DR B10 BUT10 D80, DR B10 BUT20 D70, DR B20 D80 

and DR B20 D80 EGR10 the specific fuel consumption found to be more DR B10 BUT10 D80 when compared 

to other blends. Other two blends along with diesel has shown low Specific Fuel Consumption with increasing 

in load. 

Load  DR B10 D90 DR B10 
BUT10 D80 

 DR B10 
BUT20 D70 

 DR B20 D80  DR B20 D80 
EGR10 

0.11 (0%) 9.97 11.30 10.51 11.72 11.95 

4.55 (25%) 0.43 0.47 0.47 0.48 0.48 

9.09 (50%) 0.31 0.32 0.33 0.32 0.32 

13.6 (75%) 0.27 0.28 0.29 0.28 0.29 
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18.2 (100%) 0.26 0.26 0.28 0.28 0.28 

Table: 4 

 

 

 Figure: 4 

 

3.5 Brake Thermal Efficiency 

Brake Thermal Efficiency and load can be found in graph, it can be understood that the value of Brake Thermal 

Efficiency increases with increase in load. Also, it can be brought out that the Brake Thermal Efficiency is 

found to better DR B10 BUT10 D80 then other blends  

Load  DR B10 D90  DR B10 
BUT10 D80 

 DR B10 
BUT20 D70 

 DR B20 D80  DR B20 D80 
EGR10 

0.11 (0%) 0.88 0.80 0.88 0.76 0.73 

4.55 (25%) 20.15 19.13 19.60 18.49 17.98 

9.09 (50%) 28.21 28.61 27.49 27.74 27.05 

13.6 (75%) 32.61 32.22 31.42 31.29 30.27 

18.2 (100%) 33.15 34.39 32.66 31.81 31.32 

Table: 5 
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 Figure: 5 

3.6 Exhaust gas temperature 

Figure shows the variation of exhaust gas temperature with respect to load. Among all DR B10 BUT10 D80 is 

showing less exhaust gas temperature which indicates the positive impact of butanol   

Load DR B10 D90  DR B10 
BUT10 D80 

 DR B10 
BUT20 D70 

 DR B20 D80 DR B20 D80 
EGR10  

0.11 (0%) 92.79 99.13 89.89 106.58 102.36 

4.55 (25%) 126.19 130.68 120.83 132.31 132.25 

9.09 (50%) 167.96 174.62 159.48 167.24 172.68 

13.6 (75%) 217.43 216.60 204.47 215.97 218.72 

18.2 (100%) 274.36 261.02 262.12 279.63 276.80 

 

Table: 6 
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Figure: 6 

3.7 CO emission  

The variation of CO emission as a function of engine load for various blends are depicted in figure Scarcity of 
oxygen concentration inside the cylinder and overly lean or rich mixtures leads to formation of higher CO 
formation. As butanol has higher latent heat of vaporization it absorbs more heat from the combustion chamber 
resulting in lower CO emission. 
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 Figure: 7 

3.8 NOx emission 

Figure 11. shows the variation of NOx emission with load of engine. As it can be seen from graph that NOx 
emission increases with increase in load resulting in higher combustion temperature and higher NOx emission. 
At no load condition, the NOx emission were vey less. But as the load on engine increases the NOx emission 
also increases. , almost all blends have shown rise in NOx. 
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Figure: 8 

 

3.9 HC Emission 

Figure 11. shows the variation of HC emission (ppm) with load of engine. As it can be seen from graph that HC 
emissions also increases with increase in load. HC emissions occurs due to incomplete combustion or slower 
oxidation reaction due to removal of heat from the cylinders and quenching of flame. 
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 Figure: 9 

 

3.10  Smoke analysis 

Figure 13. shows the variation of opacity with load of engine. As it can be seen from graph that smoke emission 
increases with increase in load. At no load condition, the NOx emission were vey less. Almost for all blends the 
smoke opacity has not been better when compared to diesel. 
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Figure: 10 
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CONCLUSION 

In this paper, effect of  combination of butanol, Delonix Regia seed derived biodiesel and pure diesel were 
examined for performance and emission characteristics without any engine modification and following 
conclusions are brought out: 

 All blends were tested safely on the engine test rig without any engine modification. 
 Performance parameters and emission parameters were calculated and plotted on graph and discussed. 
 It is experimentally verified that the blend DR B10 BUT10 D80 outperforms when compared to others 

as it has  
o lower specific fuel consumption 
o lower exhaust gas temperature 
o lower HC emission 
o lower CO emission  
o Better brake thermal efficiency 
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