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Abstract: In recent days, Biodiesel is so extensively considered as an alternate fuel in diesel engine which constitutes the major role 

in transportation. In the current paper the Calophyllum Inophyllum biodiesel produced from Calophyllum Inophyllum oil which is 

prepared by Transesterification process is used a fuel in CI DI Variable Compression ratio engine. According to the ASTM 

standards, the biodiesel’s thermo properties are tested. From the Experiments, the performance parameters like Brake Power, 

Brake Specific Fuel Consumption, Volumetric & Brake Thermal Efficiency and Exhaust Emission parameters like CO, CO2, HC 

and NOx were determined for biodiesel-diesel blends of 10%, 20%, 40%, 80% and 100%, at constant load and varying compression 

ratio from 15.5 to 17.5 at constant speed of 1500 rpm. At CR16.5, the Pure Calophyllum biodiesel and B20 blend’s emissions are 

cleaner and much better compared to diesel fuel. Later the Catechol additive is added to the same blends shown above and 

experiments were conducted. The emissions were decreased and thermal efficiency is increased by adding this additive. 
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I. INTRODUCTION 

Due to the high power capability, fossil fuels were using in 

the automobiles for the transportation purposes. Because of 

the depletion of the fossil fuels is growing day to day and 

the emissions spitting out from the engine leads to search 

for an alternate to them. Biofuel is a better alternative for 

those fossil fuels. Biomass (renewable energy source) is a 

source for the extraction of biofuels [10]. Due to 

accumulation of high energy content which was extracted 

from the sun, Biofuels are comparably equivalent to fossil 

fuels among various properties. With this concern, most of 

the worlds legalized the usage of fuels extracted from the 

biomass. Indian Govt. also supports the production of 

biodiesels which were extracted from the biomass and 

implementing various programs among the people on the 

usage these fuels. On December 2009, MNRE (Ministry of 

New and Renewable Energy) made a national policy on 

biofuels that the blending of the biofuels with diesel should 

be mandatory [15, 16, 17]. It is also funding the researchers 

for developing 3rd and 4th generation biofuels. Biodiesel 

extracted from biomass is the better alternative for the 

diesel. Biodiesels production can be classified into 4 

generations as shown in table 1.             

In the first generation biodiesels, edible (eatable) oils were 

used for the production of biodiesel. But due to the demand 

of edible oils for domestic purposes and some of the 

harmful emissions with high sound at the operating speed 

of the engine needs to search for the non-edible oils.  

 

Table-1 various generations for the production of biodiesel 

 

The second generation biodiesels, non-edible oils makes a 

new era in the transportation field.  In this generation, the 

biodiesel has most comparable advantages than diesel fuel 

which are higher flash point, biodegradability, improved 

cetane number and reduced exhaust emissions [2]. The 

major disadvantages of using biodiesel as a fuel are 

unfavorable pumping; inefficient mixing of fuel with air 

contributes to incomplete combustion and high flash point 
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result in increased lower coking and carbon deposit 

formation. To avoid these types of problems and to bring 

the combustion properties closer to diesel fuel, vegetable 

oils need to be modified with the help of Transesterification 

process in order to reduce viscosity and increase volatility. 

In this paper, one of the non-edible oils, Honne oil [11] is 

taken as an alternate fuel for the diesel because of some 

good properties compared to others. The experiments were 

conducted on the single cylinder 4-stroke diesel engine 

with various blends of Honne biodiesel and diesel fuel.  

Due to the various environmental impacts and high 

economical cost in the production, the new biodiesel comes 

into play which is third generation biodiesel prepared from 

algae. Research is going on this biodiesel usage in the 

engine. In the fourth generation biodiesel, the synthetic 

biological seeds are crushed and oil is extracted which is 

then sent to Transesterification process gives synthetic 

biodiesel. The feedstock preparation [9] for the Honne oil is 

shown in section 2. 

II. BIODIESEL AND ADDITIVE 

A. Preparation of Biodiesel 

      Calophyllum Inophyllum (Honne) biodiesel belongs to 

CLUSIACEAE family which is in the second generation 

biodiesel. These plants grow widely in sandy well drained 

soils in coastal areas and moderately these will tolerate clay 

and rocky soils with plenty of water. The light and fully sun 

shade is required for the quick growth of these plants.             

Around 50-70% of oil is extracted from the seed kernel.  

Almost 80-90% of oil with moisture content is obtained 

which is going to determine the moisture content from the 

oil. Then for separating the moisture from the oil, heating at 

100-1050C for 30min in oven, pressing and filtration should 

be done. Finally around 50-70% of Calophyllum 

Inophyllum Oil is obtained after filtration.   

 

 

Fig.1 Calophyllum Inophyllum Seeds 

The raw oil obtained from the oil extraction process 

contains around 19.58% FFA (Free Fatty Acids). Since 

FFA content is low, the oil can be directly blended with 

diesel and methanol. But at the time of usage of this raw oil 

in the engine, there is some damage inside the engine due 

to reaction of acids with the metal. Thus Transesterification 

is compulsory for freeing FFA from the oil. To remove the 

FFA from the oil, two stage processes need to be done. The 

layout of Transesterification process is as shown in fig.2.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2 Layout for the Transesterification Process 

The esterification process can be done in a closed vessel. 

Firstly the raw oil taken into the vessel and is heated upto 

500C then add upto 0.7% of acid catalyst which is either 

sulphuric acid (H2SO4) or sodium hydroxide (NaoH) with 

1:6 molar ratio of methyl alcohol. This mixture 

combination is well stirred at 650rpm and temperature was 

controlled at 55-570C for 90min. The final product obtained 

from this process is FFA free oil with some water quantity, 

glycerol and impurities. The second level is the 

Transesterification process in which removal of esters with 

continuous addition of alcohol to it and the byproducts of 

this level are Calophyllum methyl ester and glycerol as 

shown in figure 3. In this process methoxide 

(Methanol+NaoH) is added to the above ester and heated 

upto 650C. The same process is continued upto 2 hrs with 

continuous stirring and then after cooling is done for 8 hrs. 

This whole process is done in the funnel. The glycerol is 

deposited at the bottom of the funnel and is removed. 

Finally Calophyllum methyl ester obtained after removal of 

some traces of impurities and moisture with the help of 

distillation process.  
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Fig 3: Calophyllum Inophyllum biodiesel with Glycerol after 

Transesterification process 

B. Additive-Catechol: 

To improve the performance of the engine and to reduce 

the Emissions from the engine, additives are added. In this 

paper catechol is taken as additive for improving 

combustion properties and the complete burning of carbons 

which were left in the engine. Catechol [12] is a colorless 

organic compound whose chemical formula 

is  6 4 2
C H OH . The properties of catechol are shown in 

table 2. 

Table 2: Properties of Catechol Additive 

 

Parameter Catechol 

Density 1.344 g/cm3, solid 

Melting Point 1050C 

Boiling Point 245.50C 

Molar Mass 110.1 g/mol 

Vapour Pressure 20Pa at 200C 

 

Since catechol is a solid additive it can easily dissolve in 

the diesel fuel and the boiling point of catechol is in the 

limits of diesel (180-3600C). Thus catechol improves the 

combustion capability of engine with the addition of 

additive to diesel. 

S V Channapattana et al. [8] investigated about the 

Emissions and Performance Evaluation of DI CI-VCR 

Engine Fuelled with Honne Oil Methyl Ester/ Diesel 

Blends. The Performance Study reveals that the blend B20 

operates very close to diesel w.r.t thermal performance. It is 

preferable to operate the engine at CR of 18 for optimal 

performance. The emission characteristics show that the 

Honne biodiesel gives minimum harmful emissions as 

compared to all other blends. Therefore, in operating the 

diesel engine with Honne biodiesel at a CR of 18 results in 

minimum emissions but more NOx emissions. 

Rahul Krishnaji Bawane. [7] Investigated the emission 

characteristics of Calophyllum Inophyllum Linn (Honne) 

oil as alternative fuel in CI Engine. In this literature, based 

on the experimental work with H25, at maximum load the 

following conclusions are shown below: 

• EGT of H75 is  compared to  with 

diesel 

• CO emission of H25 is 0.06% (by Volume) with 

diesel 

•  emission of H25 is 0.4% (by Volume) 

compared to 4.475% (by Volume) with diesel 

• HC emission of H25 is 10ppm compared to 34ppm 

with diesel 

•  emission of H25 is 19.87% (by Volume) 

compared to 13.87% (by volume) with diesel 

• NOx emission of H25 is 89ppm compared to 

430ppm with diesel 

P. Bridjesh et al. [3] studied on the Characterization of 

diesel engine using Biodiesel (Calophyllum Inophyllum). 

In this literature, the study is about the influence of 

Calophyllum oil methyl ester blended with diesel as (B00, 

B10, B20, B40, B50, B70 and B100). The characterisation 

of fuel was carried out on single cylinder 4 stroke diesel 

engine. By observing, B20 gives better performance as 

maximum efficiency with lower emission and CR15 gives 

better results for B20 blend. 

Jeryrajkumar Lucas et al. [4] investigated on the Effects 

of Nano Additives on Performance and emission 

characteristics of Calophyllum Inophyllum Biodiesel in CI 

Engine. This work is about to study the effect of Nano fuel 

additives (cobalt oxide) and Titanium Dioxide on the 

performance and emission characteristics of Calophyllum 

Inophyllum biodiesel (B100) in a single cylinder 4 stroke 

water cooled CI engine. Based on the investigation, the 

following conclusions are: 

• The Calophyllum Inophyllum biodiesel (B100) 

having nearer kinematic Viscosity and Calorific value 

of diesel values. 

• B100 having the lesser thermal efficiency as 

compared with diesel. The Nano additives blended 

biodiesel shows that increase in thermal efficiency 

slightly. 

• SFC decreases in Nano additives blended 

biodiesel. 

• HC emissions decreases and NOx emissions 

drastically increases 

III. FUEL PROPERTIES AND 

EXPERIMENTAL SETUP 

The physical and chemical properties of biodiesel obtained 

from the Transesterification process need to be compared 

with the diesel fuel such that whether the biodiesel can be 
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used in the engine or not [11]. The following table 4 shows 

the comparison of properties of various blends of Honne 

biodiesel with diesel fuel and table 3 shows the comparison 

of Honne oil and Honne biodiesel with diesel. 

 

 

Fuel Properties Unit B10 B20 B40 B60 B100 Diesel 

Density @  

 

851 855.1 854.6 857.5 868.6 840 

Kinematic Viscosity 

@  

cSt 3.55 3.61 3.03 3.3 3.7 3.12 

Flash Point 0C 77.5 79.5 82 83 120 54 

Fire Point 0C 36 40 38 36 34 36 

Calorific Value MJ 42.53 43.86 41.21 40.13 36.86 44.34 

Cetane Number  52.4 56 55 54 52 48 

 

 

Table 4: Calophyllum Inophyllum biodiesel properties at different blends  

The fuel properties for various blends of biodiesel over 

diesel fuel are shown in table 4. Among all the bends of 

biodiesel, B20 has a better property which is nearer to the 

diesel fuel [6]. The density of B20 is nearly equal to the 

diesel fuel. Thus the B20 blend gives better results over all 

the remaining blends. 

The experiments were conducted on the single cylinder 4 

stroke diesel engine with the operating variable 

compression ratios. The experimental setup of the VCR 

engine is shown in the fig. 4. The Specifications of the 

above mentioned engine is shown in below table 5. 

 

Table 5: Engine Specifications 
 

No. of Cylinders 1 

No. of Strokes 4 

Cylinder Bore 87.5mm 

Stroke Length 110mm 

Connecting Rod Length 234mm 

Orifice Diameter 20mm 

Dynamometer Arm Length 185mm 

 
                     

Fig 4: Experimental setup of a VCR Engine 

IV. RESULTS AND DISCUSSIONS 

A. Performance Parameters: 

    The performance parameters of a diesel engine over 

various biodiesel blends with operating variable 

compression ratios are BTE, BSFC, Volumetric Efficiency, 

and BMEP.  

 

Fig 5: Variation of BTE over various blends of biodiesel with variable 

CR’s 

The fig 5 shows that the variation of brake thermal 

efficiency for various biodiesel blends. It is clearly seen in 

the above figure that the blends B10 and B20 are 

comparably similar in the percentage of brake thermal 

efficiency with diesel fuel. The brake thermal efficiency is 

slightly high for the compression ratio 15.5:1 upto the 

blend B20 later on the value decreases and for compression 

ratio 17.5:1 slightly increases after B20 blend.  

By this overview, it is clearly seen that for B10 and B20 

blends that is particularly at the compression ratio 15.5:1 

the brake thermal efficiency is similar to the diesel fuel.  
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Fig 6: Variation of BSFC over different blends of biodiesel with 

variable CR’s 

         As shown in fig 6, among all the biodiesel blends B10 

and B20 blends has low Brake Specific Fuel Consumption 

(BSFC) which is very nearer to diesel fuel. BSFC goes on 

increasing with the increase in the composition of the 

biodiesel. Compression Ratio also plays a key role with the 

increase in BSFC. By observing figure 6, the BSFC is very 

high for the pure biodiesel that too at the compression ratio 

17.5:1.  

 

Fig 7: Variation of Vol. Efficiency for different blends of biodiesel with 

variable CR’s 

The Volumetric Efficiency of the pure diesel fuel is less 

compared with the B40 blend. As shown in the figure 7, the 

volumetric efficiency goes on increasing for the CR 16.5:1 

reaches maximum at B40 blend and deceases gradually.   

 
Fig 8: Variation of BMEP for different blends of biodiesel with 

variable CR’s 

The BMEP for the blends B10 and B20 are nearly equal to 

the diesel fuel at each and every Compression Ratio as 

shown in the figure 8. But at the low compression ratio 

which is 15.5, the BMEP is also low which is 

recommendable.    

B. Emission Parameters: 

The emissions spitting out from the CI engine are very high 

compared to SI Engine which are very harmful. Thus by the 

introduction of biodiesel into the engine the emissions need 

to be decreased. In this context, the various emissions out 

from the engine with different blends of biodiesel over 

diesel fuel are shown in the following figures. 

 

 
Fig 9: Variation of CO for different blends of biodiesel with variable 

CR’s 

Fig 9 gives a brief outline that the percentage of Carbon 

monoxide is very low for B40 blend among all blends and 

pure diesel fuel at low compression ratio 15.5:1. The 

formation of CO is due to the lack of oxygen supply. Thus 

if the compression ratio increases, the supply of more 

oxygen is possible. By observing the figure 11, at high 

compression ratio 17.5:1 the CO percentage is very less 

compared to remaining low compression ratios. 
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Fig 10: Variation of HC for different blends of biodiesel with variable 

CR’s 

Among all the emissions, HC emissions show huge impact 

on the environment and human health which is need to be 

controlled. By observing the figure 10, it is clearly 

understood that the compression ratio and the weak carbon 

chain fuel shows major impact on the decrement of HC 

emissions. For pure biodiesel that too at high compression 

ratio 17.5:1, the HC emissions are very low comparably 

around 50% less than diesel fuel.  

 
Fig 11: Variation of NOx for different blends of biodiesel with variable 

CR’s 

Generally the increase in NOx emissions depends on the 

increase in temperature range at the exhaust. For high 

compression ratios, the temperature in the combustion 

chamber is very high and the NOx emissions out of the 

engine are also high whatever the fuel may be. Thus the 

range of NOx is almost same for all blends of biodiesel and 

diesel fuel as observed in the fig.11. 

 
Fig 12: Variation of CO2 for different blends of biodiesel with variable 

CR’s 

            There is a vice-versa relationship between CO and 

CO2 emissions that is if there is an increase in the CO% 

coming out of the engine then definitely the CO2 emissions 

decreases. Thus by observing the figures 9 and 12, it is very 

clear that CO2 emissions are gradually increasing with the 

decrease in CO emissions. 

C.    Effect of additive on B10 and B20 blends: 

          The engine performance and emission parameters are 

good for the blend B20 among all the blends of biodiesel 

particularly at the compression ratio 16.5:1. Thus the blend 

B20 is taken into consideration for again performing 

experiments with the addition of Catechol additive in the CI 

Engine at the constant CR 16.5:1. The results are tabulated 

as shown in the table 6. 

Table 6: Comparison of Engine Parameters for B10 and B20 blends 

with and without addition of Catechol Additive 

Engine 

Parameters Diesel 

B20 without 

additive 

B20 with 

additive 

BTE (%) 30 28.5 29.8 

BSFC (kg/kWh) 0.295 0.318 0.32 

VOL. EFF. (%) 90.5 91.6 91.5 

BMEP (bar) 4.03 4.38 4.75 

CO2 (%) 2.4 2.45 3.15 

CO (%) 0.0209 0.0179 0.0094 

NOx (ppm) 177 163 167 

HC (ppm) 12 7.9 7 

 

By observing the above table, it is seen that the engine 

parameters are well improved with the addition of additive 

because Catechol has combustion improving properties.   
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V. CONCLUSIONS 

By observing these experimental investigations, the 

Calophyllum Inophyllum blends particularly B10 and B20 

shows huge impact on performance and emission 

characteristics over diesel fuel. The BTE for B10 is 4% less 

and B20 is 5% less compared to pure diesel fuel. The BSFC 

and BMEP for B10 and B20 are almost comparably equal 

with Diesel fuel. The various emissions of B10 and B20 

blends are very low compared with diesel fuel except NOx 

which is high for each and every blend. To overcome these 

limitations and to improve the engine performance, an 

additive Catechol is added to the both blends and 

experiments were conducted on the engine at the constant 

CR 17.5:1. With the addition of this Catechol additive, the 

performance parameters are improved upto 3% and 

emissions are decreased upto 4%.  
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