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Abstract— Bio-diesel is one of the most promising 

alternatives for diesel needs. Use of edible oil may create 

shortage of oil seeds for daily food, which necessitates 

identification of new kinds of non-edible vegetable oil. The 

modernization of increase in the number of automobiles 

worldwide, the consumption of diesel and gasoline has 

enormously increased. As petroleum is nonrenewable source 

of energy and petroleum reserves are scarce now a day, 

there is a need to search for alternative fuels for 

automobiles. The intensive search for alternative fuels for 

compression ignition engines has been focused attention on 

fuels which can be derived from biodiesel in this regard 

cotton seed and castor seed oil is found to be a potential fuel 

for C.I. engines. The properties of Rice bran oil is 

determined by using standard methods. The experiment is to 

be conduct when the engine fueled with of 20%, 40%, and   

60%, blend with diesel. The injection pressure is used 180 

and 200 bar and engine speed is kept constant at 1500 rpm. 

Then investigate the performance, emission and combustion 

characteristics of single cylinder four stroke compressed 

ignition engine at different brake power outputs, and then 

compared with that of diesel. 

Key words: Biodiesel (Rice Bran Oil), CI Engine, Injection 

Pressure 

I. INTRODUCTION 

The energy consumption all over the world is increasing 

every year. After the United States, China and Russia, India 

is the fourth largest energy consumer in the world. India's 

economy grew at an annual rate of around 7 percent and 

proved relatively resilient to the global financial crisis in the 

world. India's policy of energy above all focuses on securing 

energy sources to meet the needs of its growing economy. 

Primary energy consumption is more than doubled. India's 

per capita energy consumption remains lower than 

developed countries. The government may not be able to 

deliver secure supplies because of fuel subsidies, 

inconsistent energy sector reform and increasing import 

dependency. Some parts of the energy sector, such as coal 

production, remain relatively closed to private and foreign 

investment. Despite having large coal reserves and a healthy 

growth in natural gas production over the past two decades, 

India remains very dependent on imported crude oil. India's 

largest energy source is coal, followed by petroleum and 

traditional biomass. Fig 1.1 shows total energy consumption 

in India. India's population increasing and moved to cities, 

and urban households have shifted away from traditional 

biomass to other energy sources. The industrial sector is the 

largest energy consumer, 40 percent of India's total primary 

energy demand. The power sector is the fastest growing area 

of energy demand, increasing 23 percent to 38 percent of 

total energyconsumption [1].     

 
Fig. 1: Total energy consumption in India 

But in recent times, the world is confronted with 

the twin crisis of fossil fuel depletion due to vehicular 

population growth and environmental degradations. The 

continuous rise in global prices of crude oil, increasing 

threat to environment due to exhaust emissions like 

hydrocarbons (HC), carbon monoxide(CO), carbon 

dioxide(CO2) and oxides of nitrogen(NO)[2]. The problem 

of global warming and the threat of supply fuel oil 

instabilities have adversely impacted the developing 

countries, more so to the petroleum importing countries like 

India [3]. Major portion of today’s energy demand in India 

is being met with indigenous sources. As India is an 

agricultural country, there is a wide scope for production of 

vegetable oil from different oil seeds. Search for renewable 

fuels has become pertinent for the engine manufacturers, 

users and researchers involved in the combustion research 

[4]. The situations have led to the search for an alternative 

fuel which should be not only sustainable but also 

environment friendly without sacrificing the performance. 

The different sources for alternative fuels are edible and 

non-edible vegetable oils, animal fats and waste oil 

(triglycerides). Vegetable oils, being renewable, are widely 

available from variety of sources have low sulphur contents 

close to zero and hence cause less environmental damage 

(lower greenhouse effect) than diesel [5].Biodiesel is one of 

the most promising alternative fuels for diesel engines. 

Biodiesel became more and more attractive in recent years. 

Biodiesel is defined as a fuel comprising of mono alkyl 

esters of long chain fatty acids derived from vegetable oil or 

animal fat [6]. Biodiesel contains no petroleum but it can 

blend at any level with petroleum diesel to create a biodiesel 

blend [7]. It can be used in compression ignition (CI) engine 

with no major modifications. It is simple to use, bio 

degradable, non-toxic essentially free of sulphur and 
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aromatics. The main commonly source for biodiesel in India 

can be non-edible oils obtained from plant species such as 

ricebran, jatropha curcus (ratanjyot), pongamia pinnata 

(karanja), calophyllum (nagchampa), hevccabrasiliensis 

(rubber), mahua, neem, castor oil, cotton seed etc.  

II. LITERATURE REVIEW 

Monika Choudhary et.al, [17] studied Rice Bran oil is less 

expensive nonconventional oil which has been found to 

improve the stability of the blended oil due its nutrient 

composition. Therefore, six Rice Bran oil blends were 

prepared in two ratios i.e. 80:20 and 70:30. These Rice Bran 

oil blends were analysed for fatty acid composition, 

oxidative stability, and antioxidant activity. 

Vinay Kumar Domakonda et.al, [18] investigated 

the use of reduced heat,rejection in LHR engines is least 

useful in naturally aspirated engines, more useful in turbo-

charged engines. In order to obtain better performance over 

a wide range of engine loads it becomes necessary to match 

the engine with a turbocharger. The higher temperatures of 

the c ombustion chamber surfaces of  LHR diesel engine 

deteriorate the properties of lubricating oil. The improved 

thermal efficiency, improved fuel economy and reduced 

emissions are attainable, but much more investigations 

under proper operating constraints with improved engine 

design are required to explore the full potential of low heat 

rejection engines. 

Vishnu Vijayan et.al, [19] found experimentally the 

LHR engine fuels gave higher efficiency than the standard 

engine due to reduction in heat loss. The specific fuel 

consumption biodiesel blend is comparatively higher in both 

the engines as the viscosity of the biofuel is higher which 

lead to poor mixture formation. The specific fuel 

consumption of LHR engine is lower value for both the 

fuels when compared to conventional engine. The 

hydrocarbon emission registered a lower value in LHR 

engine fuelled with biodiesel blend as the combustion 

temperature is high and the presence of oxygen in biodiesel. 

CO emission registered a lower value in biodiesel blend due 

to the presence of oxygen. The increase in temperature and 

the presence of oxygen results in increase in emission of 

NOx. 

M.V.S. Murali Krishna et.al, [20] experimentally 

found that the improvement in the performance was 

observed with the advancing of the injection timing and with 

the increase of injection pressure with the CRBO operation 

on both versions of the engine. While LHR diesel engine 

decreased smoke and NOx levels with the advancing of the 

injection timing. With increase in injection pressure, smoke 

and NOx. Lower peak pressures were observed in 

conventional engine (CE), while higher peak pressures in 

the LHR diesel engine with crude Rice Bran oil (CRBO) 

operation at the recommended injection timing and pressure. 

Dr. A. Siva Kumar et.al, [21] investigated the brake 

power is higher for LHR extended expansion engine at all 

speeds than the convention. It observed that the percentage 

increase in the nitric oxide concentration in the case of LHR 

diesel engine compared to conventional and LHR extended 

expansion engine. The trend shows that the LHR engines are 

producing higher nitric oxide concentration. The increase in 

nitric oxide concentration in the case of LHR engines is 

because of the higher cylinder mean peak temperature. The 

decrease in nitric oxide concentration in the case of LHR 

extended expansion engine when compared to LHR diesel 

engine its ability to reduce temperature during the 

combustion cycle leads to lower formation rates due to its 

lower operating temperature because of its lower 

compression ratio. 

Sunil I. Patel et.al, [22] experimentally investigated 

that the brake thermal efficiency increased with load for all 

fuel modes. The brake thermal efficiency of Rice Bran oil 

biodiesel blend is lower than diesel fuel. The brake thermal 

efficiency of B10, B20, and B40 is near to the diesel fuel. 

The maximum brake thermal efficiency of 20% was 

observed with diesel fuel. blends respectively compared to 

diesel fuel with EGR and smoke emissions were observed as 

increases, due to incomplete combustion. 

Banapurmath et.al, [24] found experimentally the 

LHR operation with honge oil methyl ester (HOME) and 

neem oil ethyl ester (NOME) produced an improvement in 

brake thermal efficiency when compared with standard 

engine operation. EGT increased with an increase in brake 

power for all fuel and engine conditions. Reduced smoke, 

lower level of HC and CO emissions and increased NO 

emissions when compared with standard engine operation.  

A Paykani et.al, [25] investigated that the engine fuelled 

with diesel results in brake thermal efficiency decreases due 

to the lower calorific value of biodiesel,.compared to net 

diesel fuel. It is observed that the NOx emissions increase 

directly with increasing biodiesel percentage. The emissions 

of CO and UHC were found to be lower with increasing 

biodiesel percentage. However, increasing EGR flow rates 

to high levels resulted in considerable rise in CO and HC 

emissions for both net diesel fuel and COEE blends. 

Shivaji Barwe et.al, [26] experimented Rice bran 

oil is much effective than the hot and intermediate EGR for 

the reduction of NOx emission. The increase in temperature 

of EGR gases causes the combustion temperature which 

leads to increase in formation of NOx.   

Mrs. Rita. S. Pimpalkar [28] observed that the soot 

loading of lubricating oil was found higher in case of  

operated engine as compared to engine operating without 

EGR, which enhances wear of various vital engine parts in 

the engine. 

Wear test showed that wear of the engine 

components is more for lubricating oil than the without oil. 

Coefficient of friction increased withm EGR oil than the 

normal engine oil. Wear increases with temperature and 

percent carbon. Coefficient of friction increased with 

temperature and percent carbon. Coefficient of friction 

(COF) decreased with speed and increased with load. 

N. Ravi Kumar et.al, [29] investigated that the 

increase in compression ratio the brake thermal efficiency 

increases and specific fuel consumption decreases. It was 

observed that with raise in % of rice bran the percentage 

increase in brake thermal was up to 13.5%. The combustion 

duration was decreases by 2-30 with increase in 

compression ratio due to less ignition delay. It was found 

that with raise in % Rice bran  the NOx emissions was 

gradually decreases by 11% to 85% at  different 

compression ratios due to less flame temperatures and low 

oxygen 
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III. RICE BRAN OIL  

Rice oil, also called as Rice Bran oil has been used in asian 

countries such as Japan, Korea China, Taiwan, Thailand, 

India and Pakistan. It is the preferred oil in Japan for its 

subtle flavour and odour. The below fig 2.3 shows the 

products of paddy plant. More recently, interest in rice oil 

escalated with its identification as a healthy oil that reduces 

serum cholesterol. Rice oil is a minor constituent of rough 

rice when compared with the carbohydrate and protein 

content. Rice Bran is the main source of rice oil. Rice Bran 

oil is a potential source for production of biodiesel, because 

of its mineral diesel like properties to augment the diesel use 

in at least the sector like irrigation, water ways 

transportation and small diesel fuelled community power 

plants etc. Rice Bran oil is a non-conventional, inexpensive 

and low-grade vegetable oil. Thus, if the by products are 

derived from the crude NRice Bran oil and the resultant oil 

is used as a feedstock for biodiesel, the resulting biodiesel 

could be quite economical and affordable [14]. The below 

fig 2.3(A) shows rice plant plantation and fig 2.3(B) shows 

the paddy field.NM Rice (Oryza sativa linn) Bran is a by 

product, obtained from the outer layer of the brown (husked) 

rice kernel during milling to produce polished rice. Whole 

rice grain comprises (dry weight basis); endosperm, 70-72; 

Hull, 20; Bran, 7.0-8.5 and embryo, 2-3% as shown in fig 

2.3(E) structure of rice kernel. Rice Bran comprises 

pericarp, tegman, aleyrone and subaleurone. The Rice Bran 

contains oil (15-23%), which is one of the most nutritious 

oils because of its favourable fatty acid composition vis a 

vis those suggested by expert groups and a unique 

combination of naturally occurring biologically active and 

antioxidant compounds such as oryzanol, tocopherols and 

tocotrienols. Since 1930, the use of the Rice Bran oil (RBO) 

as edible oil has increased, particularly in Japan, where it is 

popularly known as “heart oil” as it keeps plasma 

cholesterol at low level and decreases the risk of 

cardiovascular diseases. However, crude RBO has been 

difficult to refine because of its high FFA content, 

unsaponifiable matter and dark colour based on the quality 

of bran wide range of variations in the composition of 

acylglycerol and FFA occurs in most oils extracted from 

various Rice Bran samples. RBO contains relatively lower 

content of triacylglycerol compared to other vegetable oils 

and high contents of partial glycerides, glycolipids, wax 

esters and unsaponifiable constituents. The presence of these 

components modifies the physic-chemical properties of 

RBO [15]. 

 
(A)  

 
(B)  

 
(c) 

 
                     (D)                                   (E) 

Figure [A]: Rice plant plantation Figure [B]: Paddy field 

Figure [C]: Paddy Figure [D]: Polished rice 

Figure [E]: Structure of rice kernel Figure [F]: Rice Bran oil 

Fig. 2: Cultivation and Products of Paddy Plant 

The paddy is harvested from farms. It consists of 

the edible portion of rice that is covered with an outer layer 

known as the husk or hull. Paddy as shown in fig 2.3(C). 

After drying the paddy, it is shelled and the protective husk 

is removed. Brown rice thus obtained has a thin bran layer 

surrounding the starchy white rice kernel. Polished or white 

rice as shown in fig 2.3(D). The milling machine removes 

the outer bran layer and white rice is obtained. White rice is 

eaten after remaining bran layers are removed by further 

polishing. Thus rice husk and Rice Bran are obtained as by-

products of the rice milling industry. The structure of rice 

grain is shown in fig 2.3(E). This Rice Bran about 10% of 

the weight of rough rice is rich in oil (15-22 %), depending 

on the milling procedure and the rice variety [15]. Rice Bran 

Oil (RBO) is miracle product obtained from the outer brown 

layer of rice. Current annual world Rice Bran oil production 

is estimated to be less than 8 lakh tons or about 1 per cent of 

all vegetable oils used for human consumption. India is the 

second largest producer of crude Rice Bran oil in the world 

and second is China. India produces 129 million metric tons 

of paddy annually which contain 6-7 per cent of rice bran, 

leading to production of 7-8 million tons of Rice Bran oil. 

Rice Bran contains 16 per cent oil, hence there is a potential 

forproduction of 1- 1.5 million tons of Rice Bran oil in the 
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country but the actual production of Rice Bran oil is only 

0.5-0.6 million tons [16]. 

A. Methodology 

This chapter focuses on the experimentation of the study and 

is divided into four sections The first will followed by a 

description of the experimental methods applied in this 

study in order to achieve setup and test procedures. Lastly, 

the procedure followed for the data analysis will be outlined 

and discussed. Experiments were conducted in the internal 

combustion engine laboratory, Department of Mechanical 

Engineering, PDA College of Engineering Kalaburagi. 

B. Biodiesel Preparation from Rice Bran Oil 

The reduction of viscosity of triglycerides process is called 

as transesterification of vegetable oils, triglycerides react 

with alcohol in the presence of a strong acid or base 

producing a mixture of fatty acid esters and glycerol. One 

ester id converted into another. The reaction is analyzed by 

either acid or base involving reaction with an alcohol, 

typically methanol if a biodiesel is the desired product. This 

section deals with steps involved in the preparation of 

biodiesel from untreated vegetable oils. A stochiometric 

material balance yields the following simplified equation. 

Fig 3.1 shows the transesterification reaction. 

 
Fig. 3: Transesterification reaction 

C. Transesterification Procedure 

To obtain biodiesel, the oil or animal fats is subjected to 

chemical reaction termed as transesterification. In organic 

chemistry, transesterification is the process of exchanging 

the organic group R of an ester with the organic group R of 

an alcohol. In this reaction, the oil or animal fat is reacted in 

the presence of catalyst (usually is strong base acid) with an 

alcohol to give corresponding alkyl esters of fatty acid 

mixture that are found in the oil animal fat. 

Transesterification of oil was conducted as early as 1853 by 

E. Duckky and J. Patrick many years before the first LHR 

diesel engine designed by Rudolf Diesel (1893) became 

functional. The fig: 3.2 show the experimental setup of 

transesetrification process. And fig: 3.3 show the Separation 

process of Rice Bran biodiesel. Fig 3.3: Separation process 

of Rice Bran biodiesel 

 
Fig. 4: Experimental setup of transesterification process 

IV. EXPERIMENTAL SETUP 

 
Fig. 5: 

The Oil extraction plant consist of:  

 Reactor 

 Condenser  

 Temperature controller 

 Pressure gauge  

A. Reactor 

The reactor consists of electrical heating coil and bricks 

around the reactor where the combustion takes place. 

B. Condenser 

In condenser the change of phase takes place i.e.vapour to 

liquid. 

C. Temperature Controller 

The temperature controller controls and sets the temperature 

which is required for reactor to carryout combustion. 

D. Pressure Gauge 

Pressure gauge indicates the pressure in the reactor. 
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Fig. 6:  

V. RESULT AND DISCUSSION FOR 180 PRESSURE 

PERFORMANCE CHARACTERISTICS  

 
Fig. 7: Variation of brake thermal efficiency with brake 

power 

FIG SHOWS, the variation of brake thermal efficiency with 

brake power for rice bran and its blends with diesel. From 

Fig 4.17 it is evident that the brake thermal efficiency  is 

highest with the blend B100 at medium load which is nearer 

to diesel. The increase in brake thermal efficiency due to 

high percentage of oxygen presence in the biodiesel, the 

extra oxygen leads to causes better combustion inside the 

combustion chamber. The brake thermal efficiency of the 

engine is improved by increasing the concentration of the 

biodiesel in the blends and also the additional lubricant 

provided by biodiesel. The reason for increase in efficiency 

at blend of 100% may be the property of blend, probably the 

lower viscosity of biodiesel which helps in better 

atomization and effective utilization of air resulting in 

increased efficiency. 

 

Fig. 8: Variation of Specific fuel consumption with Brake 

power 

Fig variation of specific fuel consumption with 

brake power for Rice bran biodiesel and its blends with 

diesel. From fig it is observed that biodiesel blend  have 

specific fuel consumption for away  to diesel. 

However if the concentration of rice bran oil in the 

blend is more than 20%, the specific fuel consumption is 

found to be higher than diesel at all loads. Biodiesel blend 

B100 shows higher SFC than other blends at all loads. 

As the load increases specific fuel consumption 

decreases for all fuel blends. It is due to the fact that engine 

consumes more fuel with biodiesel blends than with the neat 

diesel fuel to develop same power output due to lower 

calorific value of biodiesel blends. 

 
   Fig. 9: Variation of Air fuel ratio with Brake power 

Fig. shows the air fuel ratio of plastic pyrolytic oil 

blends and diesel comparing between air fuel ratio and brake 

power. High latent heat of vaporization and high volatility 

so it will vaporize easily to form a homogenous mixture 

with air. B100 is best for low fuel consumption. At no load 

conditions the B20 has the highest air fuel ratio of 70.69, 

whereas B60 has the lowest ratio of 35.8 .And at full load 

conditions all the blends have nearly same ratios but 

comparatively B40 has the highest air fuel ratio  . As the 

load increases the air fuel decreases this is due to more 

consumption and also because of the air fuel mixing process 

is affected by the difficulty in automization of biodiesel due 

to its higher viscosity. 

 
Fig. 10: Variation of Mechanical efficiency with Brake 

power 

Fig.  focuses on the variation of Mechanical 

Efficiency with loads for various Fuel and Blend 

Proportions. Mechanical Efficiency increases gradually with 
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increase in loads. At lower loads, mechanical efficiency is 

minimum and at full load condition, we get maximum 

mechanical efficiency. Comparing, different Fuels and 

Blends, we get maximum Mechanical Efficiency for B20  

It becomes almost constant up to the 100% 

proportion of rice bran oil and efficiencies of 60%and 100% 

blends are almost similar, which is nearly comparable to 

diesel fuel. So, in Mechanical Efficiency, the comparison of 

Mechanical Efficiency for Different Fuel and Blends at 

different loads is easily visible and understood from the 

figure. 

 
Fig. 11: Variation of Volumetric efficiency with Brake 

power 

Fig shows the variation of Exhaust gas 

Temperature (E.G.T) with brake power for Rice  Bran oil 

and its blends with diesel. The exhaust gas temperature of 

D100 blend of Rice  Bran oil has lower values compared 

with all other blends and B60 and B100 is well comparable 

with diesel. The exhaust gas temperature of all blends and 

diesel increases with increase of operating loads. It is 

observed that, at full load the exhaust gas temperature is 

maximum, this is because at full load the chemically correct 

ratio of air and fuel is used, due to chemically correct ratio 

of air and fuel and high heat is generated inside the cylinder. 

A. Emission Characteristics 

 
 Fig. 12: Variations of Unburnt Hydrocarbon Vs Brake 

power 

Fig.  variation of hydrocarbon (HC) with brake 

power for rice bran oil and its blends with diesel. The HC of  

D100 blend has lower emissions compared with all other 

blends. While, HC of B60 blend of biodiesel compared well 

with diesel. This is due to the lower HC emissions in the 

exhaust gas of the engine may be due to the efficient 

combustion of biodiesel blend with diesel and due to the 

presence of fuel bound oxygen and warmed-up conditions at 

higher loads. This is due to the reason that at lower loads the 

lower cylinder pressure and temperatures were experienced 

that was caused by lower rate of burning. This feature 

results in higher HC emissions. 

 
   Fig. 13: Variations of Carbon dioxide Vs Brake power 

Fig shows the variation of carbon dioxide with load 

at different proportions . At no load conditions B80 has the 

minimum carbon dioxide emmission  compared to other 

blends i.e 1.76% and at  load 2 it was 2.8% later as there is a 

increase in load then the emmission decreases  finally at full 

load it was 1.87%. similarly for D100 at no load condition 

carbon dioxide emmission is 2.21% , and it has higher 

emmission at load 1 i.e 3.78% later at full load it will 

decreases and reaches to 2.37%. similarly all blends 

(B20,B40,B60,B100) also corbon dioxide emmissions are 

decreasing with increasing load. 

 
   Fig. 14: Variations of Carbon monoxide Vs Brake power 

Fig. shows variation of Carbon Monoxide (CO) 

with brake power for rice bran  oil and its blends with diesel. 

The plot shows the decrease in CO emissions when 

substituting diesel fuel with biodiesel. Since biodiesel is an 

oxygenated fuel, it promotes complete combustion and 

results in reduction in CO emissions. However as the 

biodiesel concentration increases, the negative effect due to 

high viscosity and small increase in specific gravity. 
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Fig. 15: Variations of Oxides of nitrogen Vs Brake power 

Fig  shows the variation of nitrogen oxides (NOx) 

with brake power for castor oil and its blends with diesel. 

The NOx of  D100  is slightly higher than that of diesel at 

medium loads. The diesel has higher NOx emissions 

compared with all other blends throughout low loads and 

slightly lower at medium and full loads. The NOx in that 

emissions decrease with an increase in the biodiesel content 

of diesel. They say this is due to higher combustion 

temperatures and longer combustion duration. 

B. Combustion Characteristics 

 
Fig. 16: Variation of Pressure with Crank angle 

Fig. variation of cylinder pressure with respect to 

crank angle for diesel and castor biodiesel. The peak 

pressures of 70.14 bars and 67.87 bars are found for B100 

and diesel respectively. From the test results it is observed 

that the peak pressure variations are less. Since the 

properties such as calorific value, viscosity and density are 

brought closer to diesel after transesterification of the castor 

seed biodiesel, no major variation in the pressures is found. 

 

  Fig. 17: Variation of Cumulative heat release with Crank 

angle 

Fig shows variation of cylinder pressure with 

respect to crank angle for diesel and castor biodiesel. The 

peak pressures of 70.14 bars and 67.87 bars are found for 

B100 and diesel respectively. From the test results it is 

observed that the peak pressure variations are less. Since the 

properties such as calorific value, viscosity and density are 

brought closer to diesel after transesterification of the castor 

seed biodiesel, no major variation in the pressures is found. 

 
Fig. 18: Variation of Net heat release with Crank angle 

Fig.  shows the variation of net heat release rate 

with crank angle. From the figure it is evident that pure 

biodiesel fuel has high net heat release rate of 25.23 KJ/deg 

at370°crank angle. Among the diesel has recorded high net 

heat release rate of 26  KJ/deg at 360 crank angle. Other 

blends B20,B40,B60 having net heat release rate of 25.08 

KJ/deg  25.01KJ/ deg,25.24KJ/ deg and 25.01 KJ/deg at 

360°,crank angle respectively. Heat release rate in the 

biodiesel is much earlier than that of the diesel. Rate of heat 

release is lower in premixed combustion phase in the 

biodiesel. This is due to low vaporization, high viscosity, 

and low peak pressure of blends as compared to that of 

diesel. 

VI. RESULT AND DISCUSSION FOR INJECTION PRESSURE 200 

 
Fig. 19: Variation of Brake thermal efficiency with Brake 

power 

Fig  shows the variation of brake thermal efficiency 

with brake power for  Rice bran biodiesel and its blends 

with diesel. From Fig 4.1 it is evident that the brake thermal 

efficiency is highest with the blend B60 at medium load 

which is nearer to diesel. The increase in brake thermal 

efficiency due to high percentage of oxygen presence in the 
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biodiesel, the extra oxygen leads to causes better 

combustion inside the combustion chamber. The brake 

thermal efficiency of the engine is improved by increasing 

the concentration of the biodiesel in the blends and also the 

additional lubricant provided by biodiesel. The reason for 

increase in efficiency at blend of 20 %  rice bran  biodiesel 

may be the property of blend, probably the lower viscosity 

of biodiesel which helps in better atomization and effective 

utilization of air resulting in increased efficiency. 

Blend B20 shows the minimum efficiency at 

medium load. The decrease in brake thermal efficiency for 

higher blends may be due to the lower heating value and 

higher viscosity of blends with a higher proportion of 

biodiesel. 

 
Fig. 20: Variation of Specific fuel consumption with Brake 

power 

Fig  shows the variation of specific fuel 

consumption with brake power for Rice bran biodiesel and 

its blends with diesel. From Fig 4.5 it is observed that Rice 

bran biodiesel blend B60  have specific fuel consumption 

close to diesel. 

However if the concentration of Rice bran oil in the 

blend is more than 20%, the specific fuel consumption is 

found to be higher than diesel at all loads. Biodiesel blend 

B40 shows higher SFC than other blends at all loads. 

As the load increases specific fuel consumption 

decreases for all fuel blends. It is due to the fact that engine 

consumes more fuel with biodiesel blends than with the neat 

diesel fuel to develop same power output due to lower 

calorific value of biodiesel blends. 

 
Fig. 21: Variation of Volumetric efficiency with Brake 

power 

Fig.shows the variation of volumetric efficiency 

with brake power for rice bran biodiesel and its blends with 

diesel. The efficiency of the engine with pure rice bran 

biodiesel and blends of biodiesel is observed to be greater 

than that of the diesel. This may be due to low exhaust gas 

temperature. Irrespective of the load on the engine 

volumetric efficiency is observed to be maximum for the 

blends of B20 and 40 at full load.volumetric efficiency  

decreses as the brake power increases and slight increases in 

B20  

Because, the volumetric efficiency of the diesel 

engine mainly depends up on the combustion chamber 

temperature. The increase in the chamber temperature 

increases the intake air temperature and consequently 

reduces the mass of air drawn in each cycle. Further the 

volumetric efficiency decreases. The properties of rice Bran 

is nearer to the diesel, so the drop in efficiency is marginal 

compared to diesel. There will be an undesirable effect on 

the power output with the drop in volumetric efficiency. So 

for the diesel engine with biodiesel the power  output is 

lower than normal engine. 

 
Fig. 22: Variation of Exhaust Gas Temperature with Brake 

power 

Fig shows the variation of Exhaust gas 

Temperature (E.G.T) with brake power for cotton seed oil 

and its blends with diesel. The exhaust gas temperature of 

D100 blend of Rice  Bran oil has lower values compared 

with all other blends and B100 is well comparable with 

diesel. The exhaust gas temperature of all blends and diesel 

increases with increase of operating loads. It is observed 

that, at full load the exhaust gas temperature is maximum, 

this is because at full load the chemically correct ratio of air 

and fuel is used, due to chemically correct ratio of air and 

fuel and high heat is generated inside the cylinder. 
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A. Emission Characteristics 

 
Fig. 23: Variations of Unburnt Hydrocarbon Vs Brake 

power 

Fig. variation of hydrocarbon (HC) with brake power for 

Rice Bran oil and its blends with diesel.  The HC of D 100  

blend has lower emissions compared with all other blends. 

While, HC of B60 blend of biodiesel compared well with 

diesel. This is due to the lower HC emissions in the exhaust 

gas of the engine may be due to the efficient combustion of 

biodiesel blend with diesel and due to the presence of fuel 

bound oxygen and warmed-up conditions at higher loads. 

This is due to the reason that at lower loads the lower 

cylinder pressure and temperatures were experienced that 

was caused by lower rate of burning. This feature results in 

higher HC emissions. 

 
Fig. 24: Variations of Carbon dioxide Vs Brake power 

Fig. shows variation of Carbon Dioxide (CO2) with 

brake power for rice bran oil and its blends with diesel. The 

plot shows the increase in CO emissions when substituting 

diesel fuel with biodiesel. This is due to the higher amount 

of oxygen in the biodiesel, which will promote the further 

oxidation of CO2 during the engine process.  B60 is 

decreses  ass the brake power increases The CO2 emissions 

higher than the diesel fuel with addition of biodiesel blends. 

The reason could be the high amount oxygen in the 

specified fuel blends which converting CO emission into 

CO2 emission content. 

 
  Fig. 25: Variations of Carbon monoxide Vs Brake power 

Fig. shows variation of Carbon Monoxide (CO) 

with brake power for rice bran and its blends with diesel. 

The plots show the decrease in CO emissions when 

substituting diesel fuel with biodiesel. Since biodiesel is an 

oxygenated fuel, it promotes complete combustion and 

results in reduction in CO emissions. However as the 

biodiesel concentration increases, the negative effect due to 

high viscosity and small increase in specific gravity. 

 
      Fig. 26: Variations of Oxides of nitrogen Vs Brake 

power 

Fig shows the variation of nitrogen oxides (NOx) 

with brake power for rice bran oil and its blends with diesel. 

The NOx of B60 is slightly lower than that of diesel at 

medium loads. The B20 mdiesel has higher NOx emissions 

compared with all other blends throughout low and medium 

loads. The NOx in that emissions decrease with an increase 

in the biodiesel content of diesel. They say this is due to 

higher combustion temperatures and longer combustion 

duration. 
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B. Combustion Characteristic 

 
Fig. 27: Variation of pressure with crank angle 

Fig. variation of cylinder pressure with respect to 

crank angle for diesel and Rice bran biodiesel. The peak 

pressures of 67.39 bars and 68 bars are found for B60 and 

diesel respectively. From the test results it is observed that 

the peak pressure variations are less. Since the properties 

such as calorific value, viscosity and density are brought 

closer to diesel after transesterification of the Rice Bran 

biodiesel, no major variation in the pressures is found. 

 
Fig. 28: Variation of Cumulative heat release with Crank 

angle 

Fig shows the variation of cumulative heat release 

rate with crank angle. From the fig it is clear that high 

cumulative heat release occurs for the diesel and CS20 is 

recorded as 1.6 KJ and 1.58KJ at -158⁰ crank angle. Other 

blends CS40, CS60, CS80, and CS100 having cumulative 

heat release rate of 1.54KJ, 1.55KJ, 1.57KJ, and 1.55KJ 

respectively. This may be due to once the ignition delay 

period is passed. The premixed fuel air mixture burns very 

fast. Releasing the heat very rapidly and then diffusion 

combustion takes place. During the latter it is possible to 

control the burning rate by regulating the quantity of 

available air-fuel mixture. 

 
Fig. 29: Variation of net heat release rate with Crank angle 

Fig. shows the variation of net heat release rate 

with crank angle. From the figure it is evident that diesel 

fuel has high net heat release rate of 27.12KJ/deg at 370 

crank angle. Among the blends B40 has recorded high net 

heat release rate of 25.29KJ/ deg at 350° crank angle. Other 

blends B20, B60,,and B100 having net heat release rate of 

26.57 KJ/ deg,25.09 KJ/ deg,22.92KJ/deg, and 20.85 

KJ/deg, at 370⁰crank angle respectively. The heat release 

rate for all other tested fuel was slightly less than that of 

diesel. This is due to low vaporization, high viscosity, and 

low peak pressure of blends as compared to that of diesel. 

CONCLUSION 

 By the experimental investigation we conclude that for 

various injection pressure there is no much variations in 

the engine characteristics like brake thermal efficiency , 

volumetric efficiency , mechanical efficienciy etc.  

 The CO  and HC well reduced by increasing the 

injection preesure for the fuels tested  

 The nox emissions are increasing with the increasing 

percentage of biodiesel in the blends and also with 

injection preesure fopr all the fuels used  

 The smoke capacity will decrese  

 The CO2 emmisisons are incresing with both the 

injections pressure and the percentage of bran biodiesel 

in the blends 

 The optimum fuel blend is B20 and the optimum 

injection pressure is 200 bar with respect to emissions    

 By using the rice bran oil the brake thermal efficiency 

which is going to increase by the addition of the diedel  

it is very less compared to the diedel finaly the increase 

depends on the quantity of the blend  

 From the rice bran oil the hydrocarbon and the carbon 

monoxide emissions are very high as compare o the 

diesel, By blending with diesel it will reduces  

 Here the calorific value of the biodiesel is seen as very 

lower than  as compared to the diesel . the flash point of 

biodiesel is very high as compared to the diesel  

 It also Reduces emmsisions and brake specific fuel 

consumption is found out for th B40%  higher  

concentration of  biodiesel  blends higher is the 

reduction of smoke density in exhust gas     

 Finaly it is conclude that 30 to 70 % of rice bran  oil can 

be added  to diesel and it can be used as a substitute fuel 

for diesel engine without any disturbance   
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