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ABSTRACT 

In this study the performance and emission characteristics were compared for a Jatropha B30 blend with that of diesel 

in a Low Heat Rejection Engine. The engine cylinder, piston crown and cylinder head were coated with a stabilized Zirconia 

coating using a plasma spray gun to obtain a Low Heat Rejection system. A single cylinder, four stroke, constant speed, water 

cooled direct injection engine was used for the experiments. The acquired data were analyzed for various parameters such as 

thermal efficiency, specific fuel consumption, CO, HC, particulate matter and NOx emissions.  
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INTRODUCTION 

Ever since the demonstration of the diesel engine using groundnut oil in the Paris expo:1900, the biodiesels have 

pretty much been a topic of research due to several reasons mainly including the current world energy crisis and their cheap 

cost. Vegetable oils have been found to possess similar properties to that of diesel. As vegetables oils have high viscosity, low 

volatility and poor cold flow properties therefore they cannot be used directly in the diesel engine. However the problems 

associated with them can be eliminated via any of the four processes: pyrolysis, micro emulsification, dilution and 

transesterification to produce biodiesel. Transesterification process has been reported to be the most effective method in the 

production of biodiesel and simultaneous reduction of viscosity. There have been several reports with the testing of different 

oils and varied performance and emissions results. 

To enhance the performance and emission characteristics of the engine thermal barrier coatings are used. Generally 

the cylinder liner, cylinder head and piston crown of the engine are coated be a thermal insulating material such as ceramics 

(stabilized Zirconia, Alumina). This process is used to suppress the heat transfer from the combustion chamber to the cooling 

medium. The system thus may eliminate the cooling system and the retained heat energy can be used for enhancing the engine 

performance parameters such as improved fuel consumption. Thus, there is an increase in in-cylinder temperature which 

results in better vaporization of fuel drops, shorter ignition delay period and better combustion and hence improves power and 

torque. In LHR, the temperature in combustion chamber is higher than that of uncoated engine, so lower cetane number fuels 

can be used in LHR engine.  

EXPERIMENTAL 

Bio-Diesel Production 

Transesterification is also known as alcoholysis. In this process, triglyceride molecules react with alcohol to form 

methyl ester (biodiesel) and glycerol. To complete a transesterification process, 6:1 molar ratio of alcohol is needed. Enzymes, 

alkalis or acids can catalyze the reaction, i.e. lipases, kOH, NaOH and sulphuric acid respectively. Among these, alkali 

transesterification is faster, hence it is used commercially. Transesterified Jatropha oil was blended with diesel oil in 30:100 

proportions (B30 Blend) with the intention of practical use and reducing its viscosity close to that of the diesel fuel. The blend 

prepared was stable under normal conditions. The fuel properties of Jatropha methyl ester and diesel are summarized in a 

tabular form (Table 1). 

Engine Test Rig 

A 3.7 kW single cylinder, four-stroke, naturally aspirated, water cooled, direct injection vertical diesel engine coupled 

with an eddy current dynamometer is used in this analysis. Engine torque was measured with a strain gauge type load cell 

mounted between the stator and the base frame of dynamometer. The major pollutants in the exhaust of a diesel engine are 

smoke. AVL smoke meter was used to measure the smoke density of the exhaust from diesel engine. HORIBA-MEXA 

analyzer was used for the measurement of CO, HC and NOx emissions. The engine was operated on diesel first and then on 

methyl ester of Jatropha. The performance data were then analyzed from the graphs regarding thermal efficiency, brake-

specific fuel consumption and smoke density of all fuels. 

Table 1. Properties of Fuel 

Property Diesel Jatropha methyl ester 

Density(kg/m3) 850 873 

Viscosity at 40°C (Cst) 2.87 4.53 

Flash Point(°C) 76 176 

Cetane No. 63 51 

Calorific Value (kJ/ kg) 44000 42763 
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Thermal Barrier Coating 

The Grey Cast Iron cylinder liner, cylinder head and piston crown substrate was coated with a thermal barrier coating 

of stabilized Zirconia (Y2O3ZrO2) using a SG100 Plasma Spraying Gun. The 50µm bond coat of NiCrAl was applied followed 

by 300 µm of stabilized Zirconia. Plasma spraying method is used because of its ability to melt the substrate at high 

temperature and it provide high bond strength, low porosity and wide range of coating thickness. The purpose of bond coat is  

to relax the thermal stresses which arises due mismatch of thermal expansion coefficient between TBC and substrate. It also 

prevents oxidation and corrosion of substrate. 

Table 2. Coating parameters 

Type of 

Coating 

Primary 

Gas-psi 

Secondary 

Gas-psi 

Carrier 

Gas-psi 

Stand Off 

Distance-cm 

Current 

amperes 

Voltage 

volts 

Powder Feed  

Rate(g/min) 

Thickness 

(mm) 

Ni-Cr-Al 

(bond 

Coat) 

60 40 20 40 750 35 1.5 .05 

Zirconia 56.5 59.5 20 35 800 40 3 .300 

RESULT AND DISCUSSION 

Brake Thermal Efficiency (BTE) 

The comparison of BTE for the given blend of Jatropha B30 and diesel is shown in Figure 3a. The BTE for diesel fuel 

was found to increase by 5.61% for LHR engine than that of standard engine and for Jatropha B30 was found to increase by 

6.02% at a load of 3.56kW. For LHR engine diesel fuel gives 3.42% more BTE than biodiesel at a load of 3.56kW because of 

poor spray characteristics, higher viscosity, poor air-fuel mixing, higher volatility and lower calorific value of biodiesel than 

that of diesel. 

Specific Fuel Consumption 

From figure 3b, the SFC is found to decrease with the increase in brake power and is found to be the minimum for 

diesel in Low Heat Rejection condition. As the calorific value of Jatropha B30 is lower than that of diesel, therefore there is 

higher fuel consumption and hence increase in SFC. Also the density of biodiesel blend is higher; therefore higher mass of fuel 

is injected for the same volume and injection pressure. The SFC is found to decrease by 10.9% for diesel and 11.3% for 

Jatropha B30. 

Emission of Oxides of Nitrogen 

From fig. 3c, the NOxemissions are found to be lower for Jatropha B30 compared to diesel both in the Direct Engine 

and LHR engine. The NOxemissions are found to increase by 9.7% for diesel and 18.5% for Jatropha B30 in the LHR System. 

The increase in NOx emission in LHR engine is because of higher combustion temperature and decrease in combustion 

duration. As the combustion duration increases, more fuel is injected and fraction of fuel that burns in late combustion phase 

increases hence NOx emission decreases. 

Carbon Monoxide Emissions 

CO emission mainly depends on cylinder temperature and pressure. Since in conventional diesel engines most of the 

heat generated is lost to the cooling medium through walls of cylinder hence sufficient amount of temperature is not reached 

for the complete combustion or oxidation of fuel leading to higher CO emission. In LHR engine as there is negligible heat loss 

through cooling medium and higher cylinder temperature leads to complete combustion of fuel. Further presence of higher 

oxygen content in biodiesel contribute to even lesser CO emission when biodiesel is used as fuel.The comparative analysis is 

shown in Figure 3d. Jatropha B30 gives less carbon monoxide than compared to diesel but both are found to decrease by 71% 

and 40% respectively in the low heat rejection system.  

Hydrocarbon Emissions 

Figure 3e shows the variation of HC emission with brake power. As can be observed the HC emissions are less for 

lower loads and gradually increase with the increase in Brake Power. This is because at higher engine loads, with the high 

amount of fuel injection, the amount of oxygen available is scarce. It can also be observed that the HC emissions decrease by 

18.3% in the case of diesel and 15.3% in the case of biodiesel. Decrease in HC emission from LHR engine than from uncoated 

engine, this is because of shortened ignition delay and higher in-cylinder temperature which decreases the probability of over 

mixing of fuel beyond lean combustion limit. 

Particulate Matter 

Particulate Matter emission increases with the brake power or load as there is a decrease in oxygen-fuel ratio at higher 

load which leads to incomplete combustion hence more smoke emission. As shown in figure 3f the particulate matter emission 

is more for biodiesel because of its higher density. The particulate matter is found to decrease in the case of Low Heat 

Rejection system by 3.2% in the case of diesel fuel and 8.7% in the case of Jatropha B30. 



National Conference On Recent Trends And Developments In Sustainable Green 

Technologies 
Journal of Chemical and Pharmaceutical Sciences       www.jchps.com                                                    ISSN: 0974-2115 

JCHPS Special Issue 7: 2015                                                           NCRTDSGT 2015 Page 394 

  

Fig 3a Fig 3b 

 

  

Fig 3c Fig 3d 

 

  
Fig 3e Fig 3f 

The figures show the comparison of (a) Brake Thermal Efficiency vs Brake Power, (b) Specific Fuel Consumption vs 

Brake Power, (c) Oxides of Nitrogen vs Brake Power, (d) Carbon Monoxide emissions vs Brake Power, (e) 

Hydrocarbon emissions vs Brake Power and (f) Particulate Matter emissions vs Brake Power for the given Jatropha 

B30 blend 

CONCLUSIONS 

The performance and emissions characteristics of the biodiesel from Jatropha are analyzed and compared with that of 

Diesel. There is a decrease in Brake Thermal Efficiency in the case of biodiesels comparative to diesels. Specific fuel 

consumption was recorded more for LHRE working on biodiesel than LHRE fuelled with diesel. However the SFC is found to 

be lower in LHRE in comparison to uncoated engine. Since biodiesel has low calorific value and high viscosity therefore it 

results in its higher consumption but it can be countered by cheap availability of biodiesel. The CO and HC emissions were 

found to be minimum in the case of LHRE operating on biodiesel. In all the cases the HC and CO emissions were found to be 

less in biodiesel compared to diesel. This is attributed to high operating temperature and more availability of oxygen for 

complete burning. The NOx emission is higher in case of LHRE compared to normal diesel engine as operating temperature is 

higher in case of LHRE. Moreover the NOxemissions are higher for biodiesel due high viscosity. The particulate matter of 

uncoated diesel engine with Biodiesel fuel is lower than uncoated engine fuelled with diesel due to complete combustion. The 

particulate matter was found to be minimum in the case of LHRE working with diesel. The particulate matter emission was 

recorded to be slightly higher in the case of LHRE working with biodiesel. Since emissions of CO, HC and particulate matter 

are lower for low heat rejection engine working on biodiesels compared to diesel. Thus suggesting a bright future for this 

technology as practical emerging source.  
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