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Abstract:-This paper presents experimental results on single cylinder vertical diesel engine with Calophyllum Inophyllum (Undi) 

biodiesel blends. Experiments were performed using pure diesel, 25%, 50% and 75% blends by varying the compression ratio and 

the exhaust emissions, namely hydrocarbon (HC), carbon monoxide (CO) and NOx were obtained using a computerized exhaust 

gas analyzer are presented here. From the results obtained, it wasconcluded that the biodiesel blends had equivalent emission 

characteristics with no modifications in the VCR engine. 

Keywords:- Calophyllum Inophyllum, Undi, VCR Engine, Biodiesel, Emissions 

 
I. INTRODUCTION 

 

The twenty-first century introduced an era of 

increased global petroleum demand that has not been met with 

an increase in oil production. The most practical and least 

disruptive strategy to achieve the objective of lowering 

dependency on petroleum is to use alternative fuels. Biodiesel 

is a diesel alternative produced from non-edible oil seeds, 

which can be grown and produced domestically. 

Diesel engines provide important fuel economy and 

durability advantages for heavy-duty trucks, buses, non-road 

equipment, passenger cars and heavy-duty applications. 

Inspite of the various advantages diesel engines possess, they 

also have disadvantages of emitting significant amounts of 

particulate matter (PM) and oxides of nitrogen (NOx) and to a 

lesser amount, hydrocarbon (HC), carbon monoxide (CO), and 

toxic air pollutants.
[1,2]

 

Biodiesel is attractive since it can be used in diesel 

engines without modification, easy and effective blending with 

pure diesel and cleaner emission profile compared to diesel 

fuel. A blend of 20% biodiesel and 80% diesel fuel, called 

B20, is currently the most widely approved form of biodiesel, 

the usage of which is running on pilot basis around the world. 

 

Although several non-edible oil bearing trees like 

Karanja, Mahua, Polang, Kusum, Neem, Simarauba, Sal, 

Linseed, Castor, Baigaba, JatrophaCurcas etc. are native to 

India, systematic propagation and processing of these 

seeds is very important in view of large scale commercial 

production of bio-fuels. 

Calophyllum Inophyllum (Undi) Oil is chosen 

for the present work of experimental investigation of 

performance and emission characteristic on VCR diesel 

engine.Calophyllum Inophyllum (Undi) is a species of 

family Guttifereae (Clusiaceae), native to India, East 

Africa, Southeast Asia, Australia and South Pacific. 

Commonly it is called as ‘Indian Laurel’, Alexandrian 

Laurel,Beach calophyllum, Beauty leaf, Pannay tree, 

Sweet Scented Calophyllum (in English), Calophyllum 

Inophyllum (Undi), Pongnyet, Burmese, Hawaii, Kokani, 

Nagachampa, (in Marathi), Sultan Champa,Surpan (in 

Hindi), Nagam, Pinmai, Punnagam, Punnai, Pinnay, Namere 

(in Tamil).
[3,4]

 

Research in the area of biodiesel had focused 

prominently towards making it more economically feasible by 

lowering production costs and increasing the energetic yields 

from various feedstock. Where the research has been lacking 

is in relation with the portrayal of the emission characteristics 

of these bio-fuels in all possible diesel applications. 
[5,6]

 

 

II. PROPERTIES 

Table I: Physio-chemical properties of Calophyllum 

Inophyllum (Undi) Oil 

Property Units Value 

Color --- Greenish Yellow 

Odor --- Disagreeable 

Density at 15ºC Kg/m
3
 963.3 

Kinematic Viscosity at 

40ºC 
Cst 51.58 

Moisture % 12 

Calorific Value MJ/Kg 40.25 

Specific Gravity --- 0.908 

Flash Point ºC 220 

Fire Point ºC 253 

Free Fatty Acid – FFA % 19.58 

 

 

 

BlendType Description 
IOP 

(bar) 

InjectionTiming 

(°) bTDC 
Comp.Ratio 

EngineLoad 

(KW) 

H00 
100% 

Diesel 

210 27 

14.5:1 0.75 

H25 

25% 

UOME + 

75% Diesel 

15.5:1 1.50 

H50 

50% 

UOME + 

50% Diesel 

16.5:1 2.25 

H75 

75% 

UOME + 

25% Diesel 

17.5:1 3.00 
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III.  METHODOLOGY 

Table II: Biodiesel blends employed in the experimentation 

 

Filtered Calophyllum Inophyllum (Undi) oil is first taken 

to remove moisture. As water content of the feedstock is 

critical parameter and should be kept below 0.06% for better 

conversion of oil to esters. Hence the raw oil is kept in an 

oven at 105
o
C for 2-3hrs to remove the water content from 

the oil. After de-moisture, de-toxification with 1% 

hydrochloric acid (HCL) is carried out. The parameters 

present in trace quantity like carbon residue, unsaponificable 

material and fiber etc. are removed. The oil is processed for 

property testing like Trans-esterification, Micro-

Emulsification and Cracking methods. 

 
Fig 1: Samples of all Calophyllum Inophyllum (Undi) 

biodiesel blends 

The free fatty acid content of raw oil and products after 

reactions were determined by standard titrimetry methods. The 

fatty acid composition of Calophyllum Inophyllum (Undi) oil 

will obtain from Gas Chromatography (GC), or Flame 

Ionization Detector (FID). 

Biodiesel from Calophyllum Inophyllum (Undi) oil and 

its blends are used for experiment work is as given in Table 

II.The injection timing in degree bTDC and Injection pressure 

is maintained fixed at the values 27ºbTDC and 210bar 

respectively. And various blends are tested under various 

compression ratios ranging from 14.5 to 17.5 and at load 

conditions from 25% to 100%.
[7,8]

 

 
 

1. Test Engine 5. Test Bed 9. Exhaust 

Temperature 

Indicator 

2. Eddy Current 

Dynamometer 

6. Silencer 10. Air Flow 

Meter 

3. Fuel Tank 7. Smoke Meter 11. Stopwatch 

4. Fuel Burette 8. Exhaust 

Analyzer 

 

Fig 2: Engine Setup 

Table III: Engine Specifications & Setup 

S. 

No. 
Description Specification 

1 Make 
Rocket Engineering Model 

VRC-1 

2 Bore 80 mm 

3 Stroke 110 mm 

4 Swept Volume 553 mm 

5 RPM 1500 

6 Brake Horse Power 5 HP 

7 Compression Ratio 17.5 : 1 

8 Fuel Oil High Speed Diesel 

9 
Coefficient of 

Discharge 
0.65 

10 
Water Flow 

Transmitter 
0 to 10 lit./min. 

11 Air Flow Transmitter 0 to 250 wc 

12 Piezo Sensor 
0 to 5000 psi with low noise 

cable 

13 Software Labview 

 

 
Fig 3: VCR Engine Test Rig 
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IV. RESULTS AND DISCUSSIONS 

 

Variation of Carbon Monoxide (CO) with Compression 

Ratio 

 

 
Fig 4: CO emissions versus Comp. Ratio for various loads 

 

The percentage of CO emission for low compression ratio 

increases due to the rising temperature in the combustion 

chamber. The CO emission of the biodiesel and its blends are 

found to be lower for high compression ratio. 

 

For full load condition, when the compression ratio is varied 

from 14.5 to 17.5, the highest CO emission obtained is 1.054% 

for diesel, 1.585% for H25, 1.938% for H50 and 1.905% for 

H75, all are at the compression ratio of 14.5.The lowest CO 

emission obtained is 0.365% for diesel, 0.06% for H25, 

0.066% for H50 and 1.187% for H75, all are at the 

compression ratio of 17.5.The effects of compression ratio on 

CO emissions for all engine load conditions are shown in 

Figures. The CO emissions are higher at lower compression 

ratio, however, decreased at higher compression ratio. This is 

due to relatively complete combustion takes place at higher 

compression ratio. The CO emissions for biodiesel and its 

blends are higher, compared to diesel over the entire range of 

fuel blends, except H25, due to poor volatility of biodiesel 

resulting in poor mixing, rich pockets formed in combustion 

chamber, and consequently, poor combustion, which leads to 

higher CO emission. 

 

Variation of Carbon Dioxide (CO2) Emissions 

 

From the figure, the biodiesel and its blends emits lower 

percentage of CO2 as compared to diesel at higher 

compression ratio, this is because of the vegetable oil contains 

oxygen contents in it, so the carbon content is relatively lower 

in the same volume of fuel consumed at the same compression 

ratio, due to this CO2 emissions would have been decreased 

compared to diesel. At lower compression ratio, incomplete 

combustion of high carbon content diesel fuel causes less CO2 

emissions as compared to biodiesel and its blends, but in the 

present work CO2 emissions of H25 blend which have 

minimum biodiesel, shows highest CO2. This requires further 

investigations. For full load condition, the highest CO2 

emission obtained is 4.47% for diesel with lowest emission 

obtained is 0.4% for H25, 2.86% for H50 and 3.19% for H75, 

all are at the compression ratio of 17.5. The lowest CO2 

emission obtained is 1.96% for diesel, with highest emission 

obtained is 5.04% for H25, 3.75% for H50 and 4.32% for H75, 

all are at the compression ratio of 14.5. 

 

 
Fig 5: CO2 emissions versus Comp. Ratio for various loads 

 

Variation of Hydrocarbon (HC) with Compression Ratio 

 
Fig 6: HC emissions versus Comp. Ratio for various loads 

 

The HC emission decreases with increase in 

compression ratio for the entire range of fuels, this is due to 

the complete combustion of fuel at a higher compression ratio, 

hence less amount of HC will emits. For the full load 

condition, the highest HC emission obtained is 103ppm for 

diesel at compression ratio 15.5, and 100ppm for H25, 

214ppm for H50 and 235ppm for H75, all at compression ratio 

14.5.The lowest emission obtained is 34ppm for diesel, 10ppm 

for H25, 89ppm for H50, all these at compression ratio 17.5, 

but 142ppm for H75 at compression ratio 16.5. The effects of 

compression ratio on HC emissions are shown in Figure. The 

HC emissions is higher at lower compression ratio, as 

expected, this is due to relatively less compression which 

retard the reactions of combustion, because of poor volatility, 

the poor spray characteristics, poor mixing, rich pockets 

formed in combustion chamber. 
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Variation of Nitrogen Oxides (NOx) with Compression 

Ratio 

 
Fig 7: NOx emissions versus Comp. Ratio for various loads 

 

From the figure, it is observed that the NOx emission 

for entire range of fuel is higher at the compression ratio 15.5, 

this is due to highest temperature is observed at this 

compression ratio. But the expected was, highest NOx 

emission obtained at highest compression ratio 17.5, as the 

higher peak temperature observed with higher compression 

ratio. For the full load condition, the highest NOx emission 

obtained is 430ppm for diesel at compression ratio 17.5, and 

419ppm for H25, 611ppm for H50 and 629ppm for H75, all 

about compression ratio 15.5. The lowest emission obtained is, 

166ppm for diesel at compression ratio 14.5, 89ppm for H25 

at compression ratio 17.5, and 250ppm for H50, 301ppm for 

H75, both at compression ratio 14.5. 

 

V.  CONCLUSIONS 

 

The study aims to evaluate the suitability of using 

biodiesel as an alternative fuel in VCR engine. Experimental 

investigations were carried out on the emission characteristics 

of the engines. The following conclusions are drawn from the 

investigations. 

1. The CO emissions are higher at lower compression ratio, 

and decreased at higher compression ratio. This is due to 

poor volatility of biodiesel resulting in poor mixing, rich 

pockets formed in combustion chamber, and 

consequently, poor combustion, which leads to higher CO 

emissions and relatively  complete  combustion  taking  

place  at  highercompression ratio. 

2. The biodiesel and its blends emits lower percentage of 

CO2 as compared to diesel at higher compression ratio. 

This is because of the vegetable oil contains oxygen 

contents in it, so the carbon content is relatively lower in 

the same volume of fuel consumed at the same 

compression ratio. 

3. The HC emission decreases with increase in compression 

ratio for the entire range of fuels, and for biodiesel and its 

blend it is higher than diesel. This is due to the complete 

combustion of fuel at a higher compression ratio, hence 

less amount of HC will emits. Biodiesel and its blends, 

due to poor volatility and poor mixing retard the chemical 

reaction which results in higher HC emission as compared 

to diesel. 

4. The NOx emission for entire range of fuel is higher at low 

compression ratio this is due to highest temperature is 

observed at this compression ratio. But the expected was, 

highest NOx emission obtained at highest compression 

ratio as the higher peak temperature observed with higher 

compression ratio.  

 

From the above conclusions, it is proved that Calophyllum 

Inophyllum (Undi)biodiesel could be used as an alternative 

fuel in VCR engine without any engine modifications. 
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