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ABSTRACT 

This study aims to find at the optimum performance and emission characteristics of single cylinder 

Variable Compression Ratio (VCR) Engine with different blends of Annona Methyl Ester (AME) as fuel. The 

performance parameters such as specific fuel consumption (SFC), brake thermal efficiency (BTHE) and emissions 

levels of HC, CO, Smoke and NOx were compared with the diesel fuel. It is found that, at compression ratio of 

19.5:1 for A20 blended fuel (20%AME+80%Diesel) shows better performance and lower emission level which is 

very close to neat diesel fuel. The engine was operated with different values of compression ratio (16.5, 

18.5and19.5) to find out best possible combination for operating engine with blends of AME. It is also found that 

the increase of compression ratio increases the BTE and reduces BSFC and having lower emission without any 

engine in design modifications. 
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INTRODUCTION 

The vegetable oil, animal fats, used frying oil, waste cooking oil and edible oils such as soybean, 

sunflower, canola, palm and non-edible oils such as Jatropha curcas, Pongamia pinnata, Madhuca indica, Ficus 

elastica, Nicotina tabacum, and Calophyllu inophyllumm can be used as an alternate fuel for diesel. The 

performance, emission and combustion of DI diesel engine using rapeseed oil and its blends of 5%, 20%, 70% and 

standard fuel. He has reported that the biodiesel produces lower smoke emission and higher brake, specific fuel 

consumption compare to the diesel fuel [2]. They have carried out experiments on single cylinder 4 stroke variable 

compression ratio engine using biodiesel with producer gas and different compression ratio. They have reported 

that the brake thermal efficiency increases with the increase in compression ratio (CR) with simultaneous reduction 

in brake specific fuel consumption. They have concluded that ignition delay, noise pollution and engine vibration 

with limit the CR to 18.The experiments on single cylinder four stroke variable compression ratio engine with 

waste cooling oil methyl ester and its blends with diesel. The performance, emission and combustion characteristics 

the fuel blends of 20%, 40%, 60%, and 80% and with standard diesel. They have reported that the BTE for B40 and 

compared with diesel fuel. They have also reported that NOx emission increases with biodiesel blend expect B40 

blend. 

MATERIALS AND METHODS 

Annona squamosa is a member of the family of Custard apple trees called Annonaceae and a species of the 

genus Annona known mostly for its edible fruits Annona. It is commonly found in India and Cultivated in Thailand 

and originates from the West Indies and South America. Annona squamosa produces fruits that are usually called 

sugar apple or custard apple in English, sitafal in Marathi, sharifa in hindi and sitaphalam in Tamil, in India and 

corossolier and cailleux, pommiercannelle in French. It is mainly grown in gardens for its fruits and ornamental 

value. It is considered as beneficial for cardiac disease, diabetes hyperthyroidism and cancer. The root is considered 

as a drastic purgative.  

TESTING PROCEDURE 

 Engine was started and warmed up at low idle, long enough to establish the recommended oil pressure, and 

was checked for any fuel, oil leaks. The engine was run on no-load condition and speed was adjusted to 1500 rpm 

by adjusting fuel injection pump. Engine was run to gain uniform speed, after which it was gradually loaded. 

Experiments were conducted at different load levels. The engine was run for 10 minutes and data were collected 

during last 4 minutes. The exhaust gas is sampled from exhaust pipe line and passed through an exhaust gas 
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analyzer for measurement of carbon monoxide, carbon dioxide, unburnt hydrocarbon, oxides of nitrogen present in 

exhaust gases. A smoke meter is used for measurement of smoke capacity. 

RESULT AND DISCUSSION 

Performance characteristics: 

Brake Thermal Efficiency (BTE): Figure 1 shows the variation of BTE for different blends of AME and neat 

diesel fuel with different compression ratios. It is observed that the BTE gradually increase with increasing 

compression ratio. At maximum load with the compression ratio of 19.5, the BTE for A20 is 31.67% and it is 

almost equal to the neat diesel fuel (30.47%). This is due to  increase in compression ratio ensures better air-fuel 

mixing and faster evaporation and leads to complete combustion. 

Brake Specific Fuel consumption (BSFC): Figure 2 shows the variation of BSFC for different blends of AME 

and neat diesel fuel with different compression ratios. It is observed that the BSFC gradually is decreases with 

increasing compression ratio. At maximum load with the compression ratio of 19.5, the BSFC for A20 is 

0.301kg/kW-hr and 3% reduction of BSFC is achieved when compared with the neat diesel fuel. This is due to  

increase in compression ratio leads  to reduction in dilution of charge by residual gases, which  results in better 

BTE and lower BSFC.  

Biodiesel and their blends. 

Emission characteristics: 

Unburnt hydrocarbon emission: Figure 3 shows the variation of HC for different blends of AME and 

conventional diesel fuel with different compression ratios. It is observed that the HC gradually decreases with 

increasing compression ratio. At maximum load with the compression ratio of 19.5, the HC for A20 is 23ppm and 

23.33% reduction of HC is achieved when compared with the neat diesel fuel. This is due to increase the air 

temperature at the end of compression stroke, enhancement in combustion temperature and reduction in charge 

dilution leads to complete combustion and reduction in hydrocarbon emissions. 

Carbon monoxide emission: Figure 4 shows the variation of CO for different blends of AME and neat diesel fuel 

with different compression ratios. It is observed that the CO gradually decreases with increasing compression ratio. 

At maximum load with the compression ratio of 19.5, the CO for A20 is 0.03 % and 40% reduction of CO is 

achieved when compared with the neat diesel fuel. This is due to complete combustion; less dilution of charge by 

residual gases accelerates the carbon oxidation to form carbon dioxide.  

Oxides of nitrogen: Figure 5 shows the variation of NOx for different blends of AME and conventional diesel fuel 

with different compression ratios. It is observed that the NOx gradually increase with increasing compression ratio. 

At maximum load with the compression ratio of 19.5, the NOx for A20 is 740ppm and it is almost equal to the neat 

diesel fuel 734ppm.This is due to increase in compression ratio increases the combustion pressure and temperature 

which accelerates the oxidation of nitrogen to form oxides of nitrogen. 

Smoke emission:  Figure 6 shows the variation of Smoke for different blends of AME and conventional diesel fuel 

with different compression ratios. It is observed that the Smoke gradually decreases with increasing compression 

ratio. At maximum load with the compression ratio of 19.5, the smoke for A20 is 17.6HSU and 21.4% reduction of 

smoke is achieved when compared with the neat diesel fuel. This may be due to biodiesel consists of two oxygen 

atoms which lead to the oxidation of soot and thereby reducing the soot emission. 

Table.1.Shows the properties of diesel and esterified vegetable oils. 

PROPERTY Diesel Annona oil 
Kinematic viscosity in cst at 400 C 3.1 5.9 

Calorific value in Kj/kg 43200 39575 
Density at 150C in kg/mm3 830 872 

Cetane no. 46.4 52 
Flash point (0C) 56 76 
Fire point (0C) 64 92 
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Figure.1. BP vs BTE for CR 16.5, 17.5 and 18.5, 

19.5 

Figure.1. BP vs BSFC for CR 16.5, 17.5 and 18.5, 

19.5 

 

 
 

Figure.3. BP vs HC for   CR 16.5, 17.5 and 18.5, 

19.5 

Figure.4. BP vs CO for CR 16.5, 17.5 and 18.5, 

19.5 

  

Figure.5. BP vs NOx for  CR 16.5, 17.5 and 18.5, 

19.5 

Figure.6. BP vs SMOKE forCR 16.5, 17.5 and 

18.5, 19.5 

 

CONCLUSIONS 

From the present investigations the following conclusions are drawn: 

 The optimum compression ratio for A20 blend is 19.5:1. 

 When compared with other compression ratios the brake thermal efficiency and reduced emission for A20 

blend are obtained at compression ratios of 19.5:1. 

 Hence 20% methyl ester of Annona oil and 80% of diesel blend at with a standard compression ratio of 17.5:1 

gives slightly better performance and reduced emission when compared to diesel fuel. 

REFERENCE 

CD Rakopoulos, KA Antonopoulos, DC Rakopoulos, Comparative performance and emission study of a direct 

injection diesel engine using blends of diesel fuel with vegetable oil or bio-diesel of various origins. Energy 

conservation and management, 47, 2006, 3272-3287. 

Ekrem Buyukkaya, Effects of bio-diesel on a DI diesel engine performance, emission and combustion 

characteristics, Fuel, 89, 2005, 3099-3105 

K. Muralidharana, D. Vasudevana, K.N. Sheepa, Performance, emission and combustion characteristics of 

biodiesel fuelled variable compression ratio engine, Energy, 36, 2011, 5385-5393. 

N. Balakrishnan and K.Mailsamy, Effect of compression ratio on compression ignition engine performance with 

biodiesel and producer gas in mixed fuel mode, Renewable and sustainable energy, 6, 2014, 23-103. 

0
0.05

0.1
0.15

0.2
0.25

0 5 1 0

C
O

(%
)

BP(KW)

16.5 CR

18.5 CR

19.5 CR


