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ABSTRACT 

         Diesel engine was fuelled with blends of biodiesel.The engine performance and emission characteristics were Determined. The 

engine NOX emission was noted to be higher than the diesel fuel operation with all blends [4]. Biodiesel is a non-toxic, biodegradable 

and renewable fuel with the potential to reduce engine exhaust emissions. The methyl ester of pongamia oil, known as biodiesel, is 

receiving increasing attention as an alternative fuel for diesel engines. In the present investigation neat pongamia oil methyl ester (PME) 

as well as the blends of varying proportions of pongamia oil methyl ester (PME) and diesel were used to run a CI engine. Significant 

improvements in engine performance and emission characteristics were observed for PME fuel. The addition of PME to diesel fuel has 

significantly reduced HC, CO, and smoke emissions but it increases the NOX emission. The NOX emission was decreased with. Similar 

trend in brake thermal efficiency and exhaust gas temperature was observed with. Diethyl ether was then added at different proportions 

to the blends. The addition of diethyl ether to the blends reduced the NOX emission at low and medium loads; however, at high loads 

the NOX emission was higher compared to diesel and lower compared to the corresponding biodiesel blend. The addition of diethyl 

ether to biodiesel blends reduced the both NOX and smoke emission further. 

INTRODUCTION 

         Researchers around the world are devoted to reduce such emissions with different ways. Fuel modification, modification of 

combustion chamber design and exhaust after treatment is the important means to alleviate such emissions. In this context, engine 

researchers are hunting suitable alternative fuels for diesel engine. Among different alternative fuels, oxygenated fuel is a kind of 

alternative fuel. The success of oxygenated gasoline has sparked interest in the use of oxygenated compounds as particulate matter (PM) 

emissions reducing additives in diesel fuel. The most widely used in diesel engines is the direct-injection (DI) combustion system 

because of its lower fuel consumption. In recent times the fuel economy and combustion control of the DI diesel engine have been 

improved by adopting several techniques. Biodiesel is a renewable one having comparable calorific value with diesel. It contains no 

sulphur, no aroma but has a higher cetane number. It emits carbon monoxide (CO) and unburnt hydrocarbons (HC) significantly less. 

However the NOx emission is higher compared to diesel due to higher oxygen content. Diethyl ether (DEE), an, oxygenated additive 

can be added to diesel/ biodiesel fuels to suppress the NOx emission. DEE is an excellent ignition enhancer and has a low auto ignition 

temperature. It is an aid for cold starting and ignition improver for diesel water emulsion. Iranmanesh et al. found that 5% of DEE with 

diesel blend was the most effective combination based on performance and emission characteristics. As DEE is oxygenated fuel that 

has a very high Cetane number. Iranmanesh also reported lower smoke and THC emissions due to higher Cetane number and Oxygen 

content of DEE. Various researchers tried the blends of DEE with biodiesel to reduce emissions. Madhuca indica for producing 

biodiesel. The tree is tolerant to water logging, saline and alkaline soils; it can withstand harsh climates and planted on degraded 

boundaries of farmer’s land or wastelands. It is one of the few nitrogen-fixing trees producing seeds containing 30- 40% oil (Barnwal 

& Sharma, 2005). 

Effect of biodiesel blending on diesel properties: Cetane number increases – Better combustion, lower emission; Lubricity improves 

– Protection to fuel injection equipment; Lower Flash point – More safety; Kinematic Viscosity – Higher but within range, better 

protection to fuel injection equipment; Low Sulphur content – Lower SO2 and Particulate emission; CFPP – Slightly higher; cold 

weather performance may be affected; Storage stability and material compatibility could be of concern need further investigation. 

Transesterification: To reduce the viscosity of the TPSO, transesterification method is adopted. The procedure involved in this method 

is as follows: Sodium hydroxide [4g] is added to methanol [130ml] and stirred until properly dissolved. The solution thus prepared is 

called methoxide which is added to TPSO [850ml] and stirred at a constant rate at 600C for one hour. After the reaction is over, the 

solution is allowed to settle for 4-5 hours in a separating flask. The glycerin settles at the bottom and the methyl ester floats at the top 

(coarse biodiesel). Coarse biodiesel is separated from the glycerin and it is heated above 1000C and maintained for 10-15 minutes for 

removing the untreated methanol. Certain impurities like sodium hydroxide (NaOH) etc are still dissolved in the coarse biodiesel. These 

impurities are cleaned two or three times by washing with 50 ml of petroleum ether and 100 ml of water for 1000 ml of coarse biodiesel. 

This cleaned biodiesel is taken up for the study. 

 
Figure.1.Transesterification process 

http://www.jchps.com/


National Conference on Green Engineering and Technologies for Sustainable Future-2014 
Journal of Chemical and Pharmaceutical Sciences                                                                                                                      ISSN: 0974-2115 

JCHPS Special Issue 4: December 2014                                                   www.jchps.com      Page 273 

Introduction for oxygenates fuels:  

 Ethanol has been used with success for nearly 100 years—starting with the Model T 

 Oxygenated fuels have helped significantly reduce carbon monoxide (CO) levels and other pollutants—including carcinogens 

 Oxygenate use expanded through Reformulated Gasoline (RFG) introduced by 

 Congress in 1990 with documented success 

 Oxygenates are used to some degree in 40-55% of all gasoline in the U.S. 

Beneficial blending properties of oxygenates: Oxygenates offer beneficial gasoline blending properties such as high octane and low 

distillation temperatures, which would not normally occur without their use. Because of their extremely low atmospheric reactivity, 

oxygenates reduce the long-term reactivity of CO in the atmosphere, which, in turn, reduces ozone formation. (NOTE: Unlike the 

beneficial ozone layer that protects the earth, ground-level ozone such as that caused by exhaust emission is harmful to humans.) 

Available studies show that the use of oxygenates also substantially reduces primary particulate matter (PM) by as much as 25% to 

30%. These beneficial blending properties help dilute the presence of other, more harmful components (i.e. aromatics) and improve the 

over-all gasoline blend. 

Problem identification NOX emission: In an internal-combustion engine, sharp sounds caused by premature combustion of part of 

the compressed air-fuel mixture in the cylinder. In a properly functioning engine, the charge burns with the flame front progressing 

smoothly from the point of ignition across the combustion chamber. However, at high compression ratios, depending on the composition 

of the fuel, some of the charge may spontaneously ignite ahead of the flame front and burn in an uncontrolled manner, producing intense 

high-frequency pressure waves. These pressure waves force parts of the engine vibrate, which produces an audible knock. 

Fuels and their properties:                

Table.1.Fuels and Their Composition 

Name 

 

Diesel (%) Pongamina methyl ether(PME)  (%) Diethyl ether(DEE) (%) 

Diesel 100 - - 

PME 20 80 20 - 

PME 20,DEE 5% 76 19 5 

PME 20,DEE 10% 72 18 10 

PME 20,DEE 20% 64 16 20 

Fuels and methods: Diesel was blended with PME  and DEE  to prepare THREE different blends on a volume basis. These are 

PME20&5% DEE, PME20&10% DEE, PME20&20% DEE. The tests were conducted on engine, which has a single -cylinder, four 

stroke, and direct injection system, with AVL gas analyzer. Engine specifications are shown in figure.sample 1 &sample 2 are shown 

in figure 

Properties of diesel and various PME blend:  
Experimental procedure: Time was determined by measuring burette used for a 50cc of fuel The concentrations of exhaust emission 

(CO, HC, and CO2) were measured by AVL exhaust gas analyzer. The schematic diagram of the experimental setup is shown in 

figure 5.1.1 The tests were carried out under steady-state conditions, nine different loads (0-9kg with an increment of 1kg) at variable 

speeds were selected for the performance tests. The fuel properties of pure alcohols were obtained from the manufacture companies 

and literature. All tests were compared with diesel in CI engine.  

Table.2.Properties of diesel and various pme blend Figure.2.Experimental Setup with Avl Gas Analyzer 

 
 

RESULT AND DISCUSSION 
Brake thermal efficiency: Brake thermal efficiency increased with the increasing load. The main reason for this situation is the decrease 

in BSFC.  Moreover, the vaporization of the fuel also continues in the compression stroke when the latent heat of vaporization increases. 

Since the fuel absorbs heat from the cylinder during the vaporization, the necessity work for compressing the air–fuel mixture decreases 

and this situation increases the thermal efficiency. As shown in Fig., the increases in thermal efficiencies of PME20&5% DEE, 

PME20&10% DEE, and PME20&20% DEE, compared to diesel in CI engine. This is because PME20&5% DEE, PME20&10% DEE, 

and PME20&20% DEE fuel blends have more oxygen rate than diesel, the combustion becomes better and so the thermal efficiency 

increases                         
Emission analysis: 

Co Emission: The effect of the DEE-diesel with PME  blends on CO emissions is shown in Fig. It can be seen that DEE with PME 

concentration increases and increases the CO emission. Figure 6 shows the effect of brake power on carbon monoxide at low and part 
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load, small difference of CO emission is observed among the tested PME-DEE blends. At high load, the exhaust CO emission increases 

with increase of DEE fraction in the blends. The reason  is that carbon monoxide emission (CO) in internal combustion engines mainly 

depends on the mixture concentration. The increase of carbon monoxide emission with the addition of DEE at high loads may be due 

to the high latent heat of evaporation of DEE causing slower evaporation and poorer fuel – air mixing. This will increase the rich region 

in the cylinder and will increase the CO emission. 

NOX emissions: It can be seen that the blend decreases NOx emissions. For sample 1, it was found that the NOx emission level was 

significantly reduced for all speeds. The percentage of reduction in NOx emission level ranges from 100 to 150 ppm for diesel and 

PME20 &DEE 20%. This indicates that they had a lower heating value for DEE than for diesel resulting in decrease in the combustion 

heat energy and reducing the combustion temperature in the cylinder. The major factors contributing to NOx emissions include high 

flame temperature and presence of excessive oxygen during combustion. Due to the much lower flame temperatures for sample 

combustion, its NOx emissions are usually lower than those of petrol. It is apparent that in any HC oxidation process that takes place 

during the combustion of DEE fuels provides leaning of mixtures that reduces the NOx emissions. It is evident that the heat release rate 

decreases for blended fuels.                 

Smoke: The smoke levels have decreased substantially with 20% DEE blend with biodiesel at full load and at immediate part load 

except very low loads at which the diesel engine may not be put to operation normally because of high bsfc. Smoke levels have decreased 

in tandem indicating better combustion. 

  
  

Figure.3.Variation of Specific Fuel 

Consumption With Brake Power 

Figure:4. Variation of Carbon 

Monoxide With Load 

Figure.5.Variation of Oxide of 

Nitrogen  With Load 

Figure.6.Variation of Oxide 

Of Nitrogen  With Load 

 

CONCLUSION 

               DEE was added in the ratios of 5%, 10%, and 20% with biodiesel and the properties of DEE blends were determined. Higher 

values of Cetane number and latent heat of vaporization of DEE led to shorter ignition delay period and reduced combustion temperature 

respectively. These parameters reduced the emission of NOx. While compared with biodiesel, reduction of  NOx emission was observed 

for 20% DEE blends at full load which was the highest reduction among the blends. Mass emissions of carbon monoxide and HC  found 

lower with Biodiesel blends, but NOx increased, but by adding  DEE Nox is decreased ,performance also improved. 

From the study, the following conclusions can be reduced: 

1. DEE blends in diesel cause improvements in engine performance and reduce exhaust emissions.  

2. DEE-blend diesel leads to a significant reduction in exhaust emissions. The values of HC and NOx were reduced. On the other 

hand, co and O2 emissions were significantly increased.  
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