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Abstract— The applications of diesel engines in the present 

scenario are vast. Generally these engines use conventional 

diesel oil as fuel. Probably in this century, it is believed that 

crude oil and petroleum products will become very scarce 

and costly to find and produce. The other major problem 

posed by these diesel fuels is air-pollution. This situation 

caused enticement in researchers to find a viable and 

alternative to conventional fuels and paved a way to 

alternative fuel technology. Many Straight vegetable oils have 

similar fuel properties to diesel fuel, except for higher 

viscosity and lower oxidative stability. If these differences can 

be overcome, Straight vegetable oil may substitute for diesel 

fuel. Straight Vegetable oils are renewable and their usage 

also helps to preserve diesel fuels for a longer time. In this 

project, the effect of supercharging is studied on the 

performance of a diesel engine with the use of Straight 

vegetable oil (RBO)as well as pure Diesel as fuels, under 

varying supercharging pressures. The performance of the 

engine is evaluated in both the cases in terms of various 

engine performance parameters (Brake power, Brake specific 

fuel consumption, exhaust gas temperatures, engine 

emissions etc.). The results are compared with these 

performance parameters in both Pure Diesel and Rice bran 

oil operation of the DI Single Cylinder Diesel engine. 

Keywords: compressed air, Diesel engine, Performance, rice 

brain oil. 

I. Introduction 

Energy is very important for life quality and social development 

of people as well as economic growth. Fossil fuels have been an 

important conventional energy source for years. Energy demand 

around the world is increasing at a faster rate as a result of 

ongoing trends in industrialization and modernization. Most of 

the developing countries import fossil fuels for satisfying their 

energy demand. Consequently, these countries have to spend 

their export income to buy petroleum products. Ozer Can et al; 

[1] investigated the effects of rice bran addition to Diesel No. 2 

on the performance and emissions of a four stroke cycle, four 

cylinders, turbocharged indirect injection diesel engine with 

different fuel injection pressures at full load. They showed that 

the rice bran oil addition reduces Carbon monoxide (CO), soot 

and Sulphur Dioxide (SO2) emissions, but increases Oxides of 

nitrogen (NOx) emissions. It was also found that increased 

injection pressure, reduced the CO and smoke emissions with 

some reduction in power. Andrzej Kowalewicz [2] ―emission 

characteristics of compression ignition engine fuelled with 

RME/DF and ethanol‖, jinching Huang et al [3] ―Experimental 

investigation on the performance and emissions of a diesel engine 

fuelled with ethanol-diesel blends‖,They showed that the thermal 

efficiencies of the engine fuelled by the blends were comparable 

with that fuelled by diesel, with some increase of fuel 

consumption. They also found reduced smoke emissions, CO 

emissions above half loads, and increased HC emissions with the 

blends comparing with the diesel fuel.However, ethanol and 

diesel fuel are inherently immiscible because of their difference 

in chemical structures and characteristics. The addition of ethanol 

to diesel affects properties such as viscosity, lubricity, Cetane 

number, energy content and mainly, volatility and stability. Phase 

separation occurs at relatively low temperatures, which are still 

used in the blending of anhydrous ethanol. The phase separation 

can be prevented in two ways. First is the addition of an 

emulsifier, which acts by lowering the surface tension of two or 

more substances and the second is the addition of a co-solvent, 

which acts by modifying the power of solvency for the pure 

solvent. Hadirahimi et al [4] showed that the bioethanol and 

sunflower methyl ester can improve low temperature flow 

properties of diesel-ethanol-biodiesel blends due to very low 

freezing point of bioethanol and low pour point of sunflower 

methyl ester. The power and torque produced by the engine using 

diesel-ethanol-biodiesel blends and conventional fuel were found 

to be very comparable. The CO and HC emission concentration 

of diesel-ethanol-biodiesel blends decreased compared to the 

conventional diesel fuel and even diesel– biodiesel blends. 

Hwanam Kim, Btungchul Choi. [5] Investigated the exhaust gas 

characteristics and particulate size distribution of PM on a CRDI 

diesel engine using diesel, biodiesel and ethanol blends. They 

observed the reduced CO, HC, smoke emissions and total number 

of particles emitted, but increased NOx emissions. Xiaoping Pang 

et al [6] reported that the use of biodiesel-ethanol- diesel blend 

could slightly increase the emissions of carbonyls and NOx but 

significantly reduce the emissions of PM and THC. Prommes 

Kwanchareon et al; [7] studied solubility of a diesel-biodiesel- 

ethanol blend, its properties and its emission characteristics from 

diesel engine. They found that the blended fuel properties were 

close to the standard diesel except flash point. It was also found 

that CO and HC emissions reduced significantly at high engine 

load, whereas NOx emissions increased compared to those of 

diesel.The above studies reveal that the diesel-biodiesel-ethanol 

blends reduce CO, HC, PM, Smoke emissions and increase NOx 

emission’s compared with the diesel fuel. There is a little 

research on the use of rice bran oil biodiesel in diesel-biodiesel-
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ethanol blends for diesel engines. ., Nanthagopal and Rayapati, 

[8]. It has been found that vegetable oil has special promise in 

this regard, since they can be produced from plants grounded in 

rural areas Babu et al[9] In this contest, many varieties of 

vegetable oils have been evaluated in many parts of world, but 

only very few oil such as jatropha oil and Karanja oil can be 

considered to be economically affordable to nations like India in 

particular. The use of straight vegetable oils is restricted. By 

some unfavorable characteristics, like carbon deposit buildup, 

poor durability, poor fuel atomization and also poor thermal 

efficiency. The problems associated with straight vegetable oils 

can be solved by any one of the four processes via pyrolysis, 

micro emulsification, dilution or transesterification of oil to 

produce biodiesel. Ramadhas et al.,[10]. It has been reported that 

transesterification process is the best effective method of 

biodiesel production and an important role in the viscosity 

reduction of vegetable oil.  

II. Materials & Methods 
In the present investigation the fuels used were conventional 

diesel fuel, rice bran oil biodiesel and compressed air. These 

fuels were purchased from the local markets. Fuel properties such 

as density, viscosity, flash point, Cetane number, rice bran oil 

and biodiesel were determined and shown in the Table 1. 

Table 1:properties of diesel, rice bran. 

Property parameters Diesel 

fuel  

Rice bran oil 

biodiesel  

Density at 20
0
 C, g/cm3 0.82 0.8742 

Viscosity at 40
0
C, mm2/s 3.4 4.63 

Flash point, 0C 71 165 

Auto-ignition temperature, 

0C 

225 320 

Pour point, 0C  1 3 

Cetane number 45  56.2 

Oxygen content, max wt% 0.4 11.25 

The experimental set up consists of a diesel engine, engine test 

bed, fuel and air consumption metering equipment’s The 

experimental set up consists of a diesel engine, engine test bed, 

fuel and air consumption metering equipment’s, Exhaust gas 

analyzer and smoke meter. The schematic diagram of the engine 

test rig is shown in Fig 1. 

  

 
 Fig. 1: Engine test rig 

The engine was first operated on diesel fuel with no load for few 

minutes at rated speed of 1500 rpm. The baseline parameters 

were obtained at 0 kg, 2.5 kg, 5 kg, 7.5 kg, and 12.5 kg of load on 

the engine with the diesel fuel (DF). The diesel fuel was replaced 

with the rice bran oil biodiesel B5, B10, B15 and B20. Test was 

conducted by varying the loads in the same manner and 

supplying 2.21kg/cm
2
pressure and 2.93 kg/cm

2
.  Online blending 

and dual-fuel systems can more easily adjust the percentage of 

rice bran oil in the diesel. The directly blended fuel does not 

require any modifications to diesel engines. Hence direct 

blending method was used in this test. The tests were conducted 

with these four blends by varying the load and air pressure on the 

engine. The brake power was measured by using dynamometer. 

The mass of the fuel consumption was measured by using a fuel 

tank fitted with a burette and a stop watch. The performance 

parameters such as brake thermal efficiency and brake specific 

fuel consumption were calculated from the observed values. The 

exhaust gas temperature was measured by using an iron-

constantan thermocouple. The exhaust emissions such as carbon 

monoxide, Carbon Dioxide, Nitrogen Oxides, hydrocarbons and 

unused Oxygen were measured by AVL Di Gas 444 exhaust 

analyzer and the smoke opacity by AVL smoke meter 437C for 

diesel fuel, biodiesel, a blend of diesel and rice bran oil all load 

conditions. The results from the engine with rice bran oil 

biodiesel, a blend of diesel and rice bran oil were compared with 

the baseline parameters obtained during engine fuelled with 

diesel fuel at rated speed of 1500 rpm.The specifications of the 

diesel engine are given in table 2. 

 

Table2. Specifications of the diesel engine 

Make  
 

Kirloskar model 

AV1  

No. of Strokes per cycle  
 

4 

No. of Cylinders  
 

1 

Combustion chamber position   
 

Vertical 

Cooling     method Water cooled 

Starting condition  Cold start 

Ignition technique Compression 

ignition  

Bore (D) 80mm 
 

Stroke ( L )  110 mm 

Rated speed 1500rpm 
 

Rated power 5 hp (3.72 kW) 

Compression ratio 16.5:1 
 

 

PERFORMANCE PLOTS 

 
Graph 1 Brake Power vs. Load plot for all Tests 
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Graph 2 Indicated Power vs. Load plot for all Tests 

 
Graph 3 Mechanical Efficiency vs. Load plot for all Tests 

 
Graph 4 Air/Fuel Ratio vs. Load plot for all Tests 

 
Graph 5 Brake Thermal Efficiency vs. Load plot for all Tests 

 
Graph 6 Indicated Thermal Efficiency vs. Load plot for all Tests 

 
Graph 7 BSFC vs. Load plot for all Tests 

 

Graph 8 ISFC vs. Load plot for all Tests 

ENGINE EMISSION PLOTS 

 
Graph 9 Carbon Monoxide Emissions vs. Load for all Tests 



         International Journal of Engineering Research                        ISSN:2319-6890)(online),2347-5013(print) 

         Volume No.3 Issue No: Special 1, pp: 65-69                                                       22
nd

 March 2014 
 

NCETMESD@2014 Page 68 
 

 
Graph 10 Unburnt Hydro Carbon Emissions vs. Load for all 

Tests 

 
Graph 11 Carbon Dioxide Emissions vs. Load for all Tests 

 
Graph 12 Unused Oxygen Emissions vs. Load for all Tests 

 
Graph 13 Oxides of Nitrogen Emissions vs. Load for all Tests 

III. RESULTS &DISCUSSION 

1.  The performance parameters such as Brake Power, Indicated 

Power, Brake thermal efficiency, Indicated thermal efficiency, 

mechanical efficiency air-fuel ratio, Brake specific fuel 

consumption etc., are measured in both pure diesel and pure rice 

bran oil operations of the engine. The following results were 

observed: 

 Break power and mechanical efficiency are increased 

with supercharging pressure both in pure diesel and pure 

rice bran oil operations of the engine. 

 Indicated power is first decreased and then increased, 

with increase in supercharging pressure in pure diesel 

operations, but increased in pure rice bran oil operations. 

 Air-fuel ratio decreased with increase in load in both 

diesel and RBO operation. It is decreased with increase 

in supercharging pressure in both diesel and RBO 

operations. Air-fuel ratio is lesser in diesel operation 

than in RBO operation at a particular inducting/ 

supercharging pressure. 

 Brake thermal efficiency is slightly decreased with 

increase in supercharging pressure in both diesel and 

RBO operations. And it is more in Diesel operation than 

RBO operation at a particular inducting/supercharging 

pressure. 

 BSFC is increased with supercharging pressure in both 

diesel and RBO operations. And BSFC is more in RBO 

operation than in Diesel operation at a particular 

inducting/supercharging pressure. 

 

2. Exhaust gas analysis is done at various test loads in both pure 

diesel and pure rice bran oil operations of the engine, in both 

naturally aspirated and supercharged conditions. The following 

results can be claimed. 

 CO emissions tend to increase with supercharging 

pressure in both diesel and RBO operations. These 

levels are more at part load operation (at below 60% 

rated load) in supercharged condition. But in naturally 

aspirated condition these are almost at constant levels in 

both diesel and RBO operations. And CO levels are 

lesser in diesel operation than in RBO operation at a 

particular inducting/supercharging pressure.  

 Below supercharging pressure 2.9364atm abs., Unburnt 

HC emissions are lesser in RBO operation than in diesel 

operation. But above that pressure these emissions are 

more in RBO than in diesel operation.  

 CO2 levels are almost similar at part load operation (at 

below 60% rated load) at all test conditions applied. But 

tend to increase with supercharging pressure in both 

diesel and RBO operations with loads near to rated load 

of the engine. And these emissions are more in RBO 

operation than in diesel operation at a particular 

inducting/supercharging pressure. 

 Unused oxygen levels are almost similar at part load 

operation (at below 60% rated load) at all test conditions 

applied. But tend to decrease with supercharging 

pressure in both diesel and RBO operations with loads 

near to rated load of the engine. And these emissions are 
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more in naturally aspirated diesel operation than all 

other conditions. 

 NOx emissions are more in RBO operation than in diesel 

operation in naturally aspirated condition. But with 

supercharging these emissions are reduced in both diesel 

and RBO operations. And this reduction is more in RBO 

operation than in diesel operation. 

 

IV. CONCLUSTIONS 

The main conclusions are that: 

1. Specific fuel consumption is more in RBO operation 

than in diesel operation, which is because of lower 

calorific value of RBO. CO and Unburnt HC emissions 

are more in RBO operation than in diesel operation, 

which signifies the existence of incomplete combustion 

due to poor atomization of RBO. So there should be 

some means (catalytic converters) to prevent these 

harmful emissions. 

2. Straight Vegetable Oil does represent an option, which 

in some technical and environmental aspects is superior 

to other alternative fuels. On the other hand use of 

Straight Vegetable Oil entails a need for engine 

modifications as well as a need for a separate 

distribution infrastructure. 

3. Supercharging improved the engine performance in 

terms of brake power, mechanical efficiency, indicated 

power and knocking characteristics. But it is associated 

with a slight increase in Brake thermal efficiency, 

decrease in BSFC and decreased levels of pollutants 

such as CO, Unburnt HC and Smoke density in both 

pure diesel and straight rice bran oil operation, except 

NOx which are reduced with supercharging. 
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