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Abstract : This work discusses about blends of vegetable oil esters with varying saturated fatty 

acid composition which were used to conduct the performance and emission tests on a 

stationary C.I.Engine.  Saturated fatty acids are long-chain carboxylic acids that usually have 

between 8 and 24 carbon atoms and have no double bonds. The unsaturated fatty acids are 

similar to saturated fatty acids, excluding that the chain has double bonds. Biodiesels were 

made from pongamia, palm, coconut, mahua, neem, cottonseed and Jatropha with saturated 

fatty acid composition as 55%, 65% and 75% respectively. The biodiesels has lauric acid, 

myristic acid, palmitic acid, linoleic acid, linolenic acid, stearic acid and oleic acid in varying 

proportions. The experimental results support that biodiesel having high-saturated fatty acid 

composition can be used as a fuel in a CI engine without compromising on thermal efficiency. 

The NOx and hydrocarbon emission reduces with increase in saturation percentage in biodiesel 

while smoke emissions are increased. Biodiesels with high saturated fatty acid composition has 

higher cetane number, density and viscosity. Ignition delay and NOx emissions reduces with 

increase in cetane number. 
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1. Introduction 

 Diesel fuel is a mixture of hydrocarbon (HC) molecules of differing lengths and structures, whereas 

vegetable oils are generally composed of triglycerides whose molecular structures are branched and complex. 

The presence of oxygen molecules in vegetable oils improves the combustion efficiency when compared to that 

of diesel. Vegetable oils have lower calorific value and higher cetane number when compared to diesel. The 

problems encountered during engine tests with vegetable oils are carbon deposits on fuel injector, piston and 

rings, gum formation and crankcase polymerization. In order to reduce the viscosity of vegetable oils, which is 

the main cause for gum formation, Conversion of vegetable oil to methyl and ethyl esters is called as bio-diesel 

and it is one technique to overcome the problems associated with vegetable oils, like crankcase polymerization. 

Biodiesel contains many fatty acids. Fatty acids that contain carbon-carbon double bonds are known as 

unsaturated fatty acid. Fatty acids without double bonds are known as saturated fatty acids. Pairs of carbon 

atoms connected by double bonds can be saturated by adding hydrogen atoms to them, converting the double 

bonds to single bonds. Therefore, the double bonds are called unsaturated. Saturated fatty acids usually have 12 

to 24 carbon atoms and have no double bonds. 
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 The earlier studies by researchers reveal that usage of biodiesel as fuel in diesel engines were heavily 

influenced by their physical and chemical properties. Literatures show that bio diesel was produced by the 

transesterification of vegetable oil by using suitable catalyst like sodium hydroxide and potassium hydroxide
1, 2, 

3, 4, 5, 6
. Schmidt et al reported that high oxygen content improves combustion efficiency and reduces 

hydrocarbon and smoke emissions and oxygen availability is attributed to the formation of NO
7
. Tat et al

8
 

reported that bulk modulus can be taken as a measure of compressibility resistance. Bulk modulus decrease 

with increase in temperature and increase with increase in pressure. The compressibility of vegetable oil esters 

are less when compared to diesel. This less compressibility leads to increased mass delivery of the fuel. Tottel 

et al 
9 

observed that fuels with high cetane number increase the power output, better cold start properties and 

reduce smoke emissions. A study by Knoth et al 
10

 show that the cetane number of the fuel increases with 

saturated fatty acid in biodiesel. The presence of double bond reduces the chain length in unsaturated fatty acids 

while the absence of double bond increases the chain length in saturated fatty acid. Usta et al 
11 

observed that 

biodiesels have higher viscosity compared to high speed diesel oil. The biodiesel viscosity affects the fuel 

injection characteristics and fuel atomization. The higher viscosity leads to increase in biodiesel fuel injection 

by mass. The use of biodiesel in diesel engines influences the performance and emissions of the engine. Deepak 

Agarwal
12 

conducted experiments with jatropha biodiesel and found brake thermal efficiency increase and 

smoke emission decrease for 200 bar nozzle opening pressure. However further increase in nozzle opening 

pressure from 200 to 240 bar reduced the brake thermal efficiency and increased the smoke emissions. Anand et 

al 
13 

reported that a maximum of 2.3degree CA (crank angle) advance in dynamic fuel injection timing was 

observed with biodiesel compared with the diesel fuel. Murat karabektas 
14 

studied the effects of a turbocharger 

on a diesel engine with biodiesel as fuel. It was reported that BSFC increase was mainly due to lesser calorific 

value and higher density of biodiesel. Nabi et al
15 

carried out tests with biodiesel produced from cottonseed oil 

(CSO). The engine experimental results showed reduction in carbon monoxide and smoke emissions whereas a 

marginal increase in oxides of nitrogen (NOx) emission. Ameya vilas Malvade et al
 16

 investigated the effects of 

using palm oil ester in a stationary single cylinder diesel engine. The properties of palm oil ester were 

comparable with that of diesel. The results of the performance tests showed that the brake thermal efficiency 

was comparable with diesel. The biodiesel prepared from fats from goat and sheep produced lesser oxides of 

nitrogen emission
17

. From the literatures, it was observed that when biodiesels are used as fuels in diesel 

engines they produce higher emission of NOX, and lesser emission of hydrocarbon and smoke
18

. The brake 

thermal efficiency with biodiesel operation is comparable to conventional diesel. Hence the objective of the 

present work is to focus on studying the effect of saturated fuel composition in biodiesel with different blends in 

a diesel engine. 

2.  Experimental methods 

 A single cylinder, water cooled, four stroke, Compression Ignition Engine capable of developing 5.2 

kW at 1500rpm was chosen for conducting the experiments. The engine specifications are shown in Table1. An 

eddy current dynamometer coupled to the engine was used as a loading device. The exhaust gas temperature 

was measured by a K-type thermocouple in conjunction with a digital temperature indicator. AVL Di Gas444 

gas analyzer was used to measure the exhaust emissions from the engine. The smoke intensity was measured by 

Bosch smoke meter. In addition, filter paper of diameter 50 mm was used to collect smoke samples from the 

engine, through a smoke sampling pump for measuring the Bosch smoke number. Cylinder pressure was 

measured by a water cooled piezoelectric transducer of range zero to 250 bar. The properties like density, 

viscosity, heating value, cetane number, iodine value, saponification value and moisture content were measured 

in ITALAB Pvt. Ltd, Industrial Testing and Analytical Laboratories (An ISO 9001: 2000 Certified 

organization), Chennai, India. Table 2 gives the properties of the vegetable oil esters used for the experiments.  
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Table1: Engine Specifications 

Parameter  Specification  

Model  Kirloskar TAF-1  

Type  Single cylinder, four stroke, direct injection  

Capacity  661 cm
3
  

Bore and stroke  87.5mm×110 mm  

Compression ratio  17.5:1  

Speed (constant)  1500 rpm  

Rated power  5.2KW 

Cooling system  Water cooling  

Injected timing  23 ˚b TDC  

Fuel injection pressure  200 bar  
 

Table2: Properties of Vegetable oil Esters 

S.No Properties 55% Saturation 65% Saturation 75% Saturation 

1 Density 881.1 874.2 861.1 

2 Kinematic viscosity 5.35 5.25 4.77 

3 Cetane Number 54 55.5 59 

4 Heating value 39.9 40.1 39.4 

5 Iodine value 65.4 55.6 31.4 

6 Saponification value 201.6 211.8 230.9 

 

 Biodiesel fuels with 55% and 65% saturation levels having pongamia oil methyl esters and coconut oil 

esters have lesser density when compared to fuels with palm oil methyl blends. Increase in saturation levels of 

fuels reduces the viscosity. The high viscosity of fuel affects the fuel injection characteristics and fuel 

atomization. The cetane number varies from 52 to 56 for fuels with 55% saturation level and 53 to 57 for fuels 

with 65% saturation levels. Higher cetane numbers are observed for fuels with 75% saturation levels and it 

varies from 57 to 61. The average heating values of biodiesel with pongamia oil methyl esters (38.5 MJ/kg) are 

lesser than coconut oil (39.5 MJ/kg) and palm oil based (40.3 MJ/kg) biodiesel fuels. The iodine value reduces 

with increase in saturation and is lesser for fuels with 75% saturation level. The increase in iodine value for 

palm oil methyl esters is due to the presence of double bonds in oleic and linoleic acid. The molecular weight of 

fatty acids and the chain length of fuel is inversely proportional to saponification value. The saponification 

values is higher for 75% saturation fuels. 

3. Results and Discussion 

 The brake thermal efficiency for biodiesels with different saturation levels is shown in Figure 1. The 

average values of brake thermal efficiency of fuels with 55%, 65% and 75% are 27.2%, 28.1% and 28.9% 

respectively. The higher efficiency may be attributed to the higher cetane number which gives improved 

combustion efficiency. Figure 2 shows the oxides of nitrogen emission for biodiesels with different saturation 

levels. The average values of oxides of nitrogen emissions of fuels with 55%, 65% and 75% are 12.7, 12.1 and 

11.7 g/kWh respectively. The reduction in oxides of nitrogen emission is mainly due to higher cetane number 

and lesser iodine value. The hydrocarbon emission for biodiesels with different saturation levels is shown in 

Figure 3. The average values of hydrocarbon emissions of fuels with 55%, 65% and 75% are 0.32, 0.31 and 

0.29g/kWh respectively. The reduction in hydrocarbon emissions for fuels with higher saturation levels may be 

due to higher cetane number which improves combustion inside the engine. The carbon monoxide emission for 

biodiesels with different saturation levels is shown in Figure 4. The average values of hydrocarbon emissions of 

fuels with 55%, 65% and 75% are 2.1, 1.8 and 1.7 g/kWh respectively. The increase in carbon monoxide 

emissions for fuels with lower saturation levels may be due to higher density and viscosity of fuels which 

affects the fuel combustion. The variation of smoke for biodiesels with saturation levels is shown in Figure 

5.The smoke increases marginally with increase in saturation levels. The marginal increase in smoke emission 
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is due to the presence of more hydrogen atoms for fuels with higher saturation levels and the affinity of oxygen 

towards hydrogen leaving less oxygen to react with carbon. 

 

Fig:1 Variation of Brake Thermal Efficiency for different biodiesels 

 

Fig:2 Variation of Oxides of Nitrogen Emission  for different biodiesels 

 

Fig:3 Variation of Hydro carbon Emission for different biodiesels 
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Fig:4 Variation of Carbon mono oxide Emission for different biodiesels 

 

Fig:5 Variation of Smoke Emission for different biodiesels 

4. Conclusion 

 An increase of 15% in saturated fatty acid resulted in thermal efficiency increased by about 3% and 

NOx emissions reduced by about 5%. Among all the fuels,   esters with 75% saturated fatty acid composition 

which are mainly derived from coconut oil emitted lesser NOx emissions. This may be due to the presence of 

saturated fatty acids like lauric acid (C12:0), myristic acid (C14:0), palmitic acid (C16:0) and stearic acid 

(C18:0) in their composition. Fuels with high saturated fatty acids have higher cetane number. High cetane 

number reduces the ignition delay, pressure and temperature which reduce NOx emissions. The experimental 

results show that biodiesel with high-saturated fatty acid composition can be easily used as a fuel in a CI engine 
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