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I. Introduction 

In the past few decades, the production of biodiesel from the vegetable oils has gained momentum due to rapid 

inflation of fossil fuel reserves, volatile crude oil prices, and hazardous environmental pollution. Many researchers 

have identified that neat vegetable oil or its diesel blends can be used in diesel engine as fuel without any engine 

modifications for all blend ratios. But it is not desirable for long period operations which raised critical problems 

such as piston ring sticking, injector coking, and thickening of the lubricating oil in the diesel engine [1-3]. This is 

because of high viscosity, density and low volatility of biodiesel. The previous studies have revealed that heating 

of biodiesel feedstock, blending oil with diesel and transesterification are some of the methods used to reduce 

viscosity and to improve its engine performance. The biodiesel, produced through transesterification process with 

lower alcohols such as ethanol, methanol as fuel resolves all mentioned issues. Currently, many nations are 

encouraging the blend of biodiesel as alternative to petro-diesel to promote rural employment and economic growth, 

to develop a long term replacement renewable fuel, to minimize the dependency on the petroleum imports and to 

increase the energy security [4]. The past research was primarily focused on evaluation of engine characteristics 

without any changes in the engine parameters to identify the suitable alternative fuel. Recent studies on IC engines 

revealed that engine operational and design parameters such as load, biodiesel blend percentage, compression ratio, 

injection timings and injection pressure has significant effect individually or groups of parameters on the engine 

performance and emission properties. Murthy et.al were conducted experiments using vegetable oil as fuel in a 

conventional diesel engine, which showed the deterioration in the performance, while low heat rejection (LHR) 

engines demonstrated improved performance, when compared to diesel operation on conventional diesel engine 

[5]. Naga Raja et.al., were investigated the performance of palm oil fuelled engine, which increased with the heating 

of oil. The exhaust emissions of palm oil were slightly higher than that of diesel fuel. They noticed that carbon 

deposits, fuel filtering problems, lubricating oil dilution were still evident even after its heating to 800C [6]. Shankar 

et al. were used Coconut oil as fuel and compared its results with diesel fuel. The effect of injection pressure on the 

performance and emission characteristics of biodiesel blends of B20, B30 and B100 at four different injection 

pressures from 160 to 180 bar with 20 bar increments were studied experimentally. From the investigations it was 

found that 200 bar was the optimum injection pressure with B20 and B30 blends, which resulted in better 

performance and emission characteristics with biodiesel blends as fuel [7]. İsmet Çelikten et.al have carried-out 

experiments with methyl esters of rapeseed and soybean oils in a diesel engine to evaluate the performance and 

emissions of engine and compared with diesel fuel. The tests were conducted at different injection pressures such 

as 200 bar, 300 bar, 350 bar with each of these fuel in order to evaluate the engine performance. Results revealed 

that the performance and emission values of rapeseed oil and soybean oil methyl esters were found to be nearly the 

same with those of diesel fuels when injection pressure was increased to 300 bar [8]. Raheman et.al were performed 

tests to evaluate the performance of Ricardo E6 engine using biodiesel obtained from Mahua oil (B100) and its 

blend with high speed diesel (HSD) at varying compression ratio (CR), injection timing (IT) and engine loading 

(L) has been investigated. The brake specific fuel consumption (BSFC) and exhaust gas temperature (EGT) 

Abstract: In this work, the objective is to investigate the effect of variation of fuel injection pressure on the 

performance characteristics such as Brake Thermal Efficiency (BTE), Brake Specific Fuel Consumption 

(BSFC), Brake Specific Energy Consumption (BSEC)  and Exhaust Gas Temperature (EGT) of compression 

ignition direct injection (CIDI) engine when fuelled with Jatropha Curcas Oil Methyl Ester (JCOME). The 

experimental results of a single cylinder, four-stroke, water cooled diesel engine fuelled with different blends 

(B20J, B40J, B60J and B100J) of JCOME at different fuel  injection pressures have shown that neat biodiesel 

has lower BTE, higher BSFC, BSEC and moderately higher EGT at all tested  injection pressures. The 

biodiesel percentage in blend is affecting inversely proportional to performance characteristics. The 

performance characteristics are optimal at fuel injection pressure of 220 bar and it can be treated as optimum 

injection pressure with reference to performance parameters. 
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increased, whereas brake thermal efficiency (BTE) decreased with increase in the proportion of biodiesel in the 

blends at all compression ratios (18:1–20:1) and injection timings (35–45° before TDC) tested. However, a reverse 

trend for these parameters was observed with increase in the CR and advancement of IT. The BSFC of B100 and 

its blends with high speed diesel reduced, whereas BTE and EGT increased with the increase in loading for the 

range of CR and injection timing tested [9]. Avinash Kumar Agarwal et al. were conducted the performance and 

emissions characteristics of  single cylinder diesel engine with diesel and blends of Jatropha oil at different loads 

and confirmed that the thermal efficiency was lower for Jatropha oil blends and BSFC and EGT were higher than 

that of diesel fuel. However the emissions from the engine with biodiesel were much lower than that of diesel [10]. 

The present research work is aimed to evaluate the effect of injection pressure on performance characteristics in 

terms of Brake Thermal Efficiency (BTE), Brake Specific Fuel Consumption (BSFC), Brake Specific Energy 

Consumption (BSEC)  and Exhaust Gas Temperature (EGT) of a single cylinder diesel engine using jatropha curcas 

oil methyl ester (JCOME) as fuel. 

II. Materials and Methods 

The jatropha curcas oil used in this study was collected from a local vendor and transesterification process was 

carried-out to reduce the viscosity of the oil and to prepare the jatropha curcas biodiesel. In the transesterification 

process, the carbonyl carbon of the starting ester (RCOOR) undergoes nucleophilic attack by the arriving alkoxide 

(R2O−) to give a tetrahedral intermediate, which either reverts to the starting material, or proceeds to the 

transesterified product (RCOOR2). The various species exist in equilibrium, and the product distribution depends 

on the relative energies of the reactant and product. 

 

Figure 1  Transesterification Reaction. 
 

 

 

 

 

 

 

The fuel properties of diesel fuel and JCOME are shown in Table I. 

 

Table I: Diesel Fuel and Jatropha Curcas Biodiesel Properties. 

Fuel Property Unit 
ASTM 

Standards 
Diesel JCOME 

Kinematic Viscosity @ 400C CST D445 3.52 5.4 

Flash Point 0C D93 49 169 

Density @ 300C kg/m3 D1298 830 872 

Calorific Value kJ/kg D4868 42850 38500 

Cetane Number -- D613 50 53 

Ash % by mass D1119 0.01 0.03 

 

III. Experimental Setup 

The experimental set-up which was used for the present study consists of a single cylinder water cooled and  four-

stroke diesel engine of 3.7 KW power as shown in Figure 2.  An eddy current dynamometer of water cooling was 

used as loading unit. The instrumentation attached to the test rig measures the air consumption, fuel consumption, 

in cylinder pressure, crank angle, cooling water flow rate, exhaust gas temperature. A separate gas analyser was 

used which was coupled to the computerized test rig to measure the emissions. The lubricating oil, fuel and ambient 

temperatures are measured by thermocouples .The computed values are recorded by considering the error analysis 

of the respective devices. The specifications of the engine are given below in Table II. 

Table II: Engine Specifications 

 
 

 

 

 

 

 

 

 

 

Type Kirloskar, AV1 

Details 
Single cylinder,  Direct injection,   4-Stroke, 

Water cooled engine 

Bore & Stroke 80 × 110 mm 

Rated   Power  3.7 KW at 1500 rpm 

Compression Ratio  16.5 :1 

Rated Injection Pressure 200 bars 
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Figure 2  Experimental Setup. 
 

 
 

Nomenclature:  

2: Outlet engine Jacket Water Temperature (0C);      3: Inlet water temperature (0C);  

4 & 6: Exhaust Gas Temperature before and after Calorimeter (0C);   12: Pressure Transducer 

 
IV. Results and Analysis 

A. Brake Thermal Efficiency (BTE) 

Figure 3 shows the variation of brake thermal efficiency with injection pressure at constant engine speed of 1500 

rpm. As shown in graph, increase of BTE was observed from 200 bar to 220 bar of injection pressure and decreased 

afterwards. The highest BTE was noticed at fuel injection pressure of 220 bar and can be considered as optimum 

injection pressure. The reduction of BTE was observed with the increase of biodiesel percentage in the blend.  

 

Figure 3 Injection Pressure vs. BTE for different blends of Jatropha Biodiesel 
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B. Brake Specific Fuel Consumption (BSFC) 

Figure 4 shows variation of BSFC at different fuel injection pressures. The higher BSFC observed at rated injection 

pressure of 200 bar. The graph clearly indicated that the BSFC has decreased initially and then raised like U curve. 

The low BSFC was noticed at 220 bar of injection pressure. As the biodiesel content percentage increases in the 

blend, the BSFC also increased.  
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Figure 4  Injection Pressure vs. BSFC for different blends of Jatropha Biodiesel 
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C. Brake Specific Energy Consumption (BSEC) 

Brake specific energy consumption (BSEC) can be defined as the energy required producing a unit power in unit 

time. Figure 5 illustrates the variation of BSEC with injection pressure for different blends of jatropha biodiesel. 

The BSEC of the engine with neat jatropha biodiesel at all engine loads is higher and B20 biodiesel was lower 

when compared with all blends. This is because of the lower calorific value of biodiesel.  For addition of 20% 

biodiesel content in the blend increasing the brake specific energy consumption (BSEC). 

 

Figure 5  Injection Pressure vs. BSEC for different blends of Jatropha Biodiesel 
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D. Exhaust Gas Temperature (EGT) 

The exhaust gas temperature (EGT) reflects the utilization of energy by the engine, which in turn represents the 

engine’s thermal efficiency.  Figure 6 shows the variation of EGT with the injection pressure for different blends 

of jatropha biodiesel. B20 blend has lowest and jatropha biodiesel in its neat form has highest EGT when compared 

with all blends. EGT initially decreased from 200 bar to 220 bar and then increased, but 220 bar has lowest exhaust 

temperature. As biodiesel content in the blend increases, the EGT has increased.  
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Figure 6  Injection Pressure vs. EGT for different blends of Jatropha Biodiesel 
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V. Conclusions 

The fuel injection pressure is one of the significant engine parameters that affect the performance characteristics of 

diesel engine. The present test results of single cylinder, 4-stroke, water cooled diesel engine fuelled with different 

blends (BR20, BR40, BR60 and BR100) of jatropha curcas biodiesel at fuel injection pressures of 200 bar, 210 bar, 

220 bar, 230 bar and 240 bar at full load condition revealed that BR20 blend has highest brake thermal efficiency 

(BTE), lowest BSFC, BSEC and EGT when compared with all blends of biodiesel. The optimum engine 

performance characteristics were found at 220 bar of injection pressures. The results have also revealed that the 

BTE has decreased and the BSFC, BSEC and EGT increased with the increase of biodiesel percentage of JCOME 

in the blend.  
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