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Abstract— All diesel engines are most trusted power source 

for automobile vehicles of all over the world. But, it emits 

more exhaust emissions like hydrocarbon (HC), carbon 

dioxide (CO2), carbon monoxide (CO) and oxides of 

nitrogen (NOx). The rapid depletion of conventional fossil 

fuels has promoted research towards alternative fuels for 

internal combustion(IC) engines. In this study rice bran 

biodiesel (RBBD) used as an alternate fuel as a substitute 

for diesel. From the experimental investigation, the diesel 

has lower brake thermal efficiency and higher brake specific 

fuel consumption. To overcome this, rice bran biodiesel 

without exhaust gas recirculation (EGR) is used in low heat 

rejection (LHR) engine. This results in the increase of brake 

thermal efficiency and correspondingly reduces the brake 

specific fuel consumption, but increases the NOx emissions. 

It is mainly due to the peak combustion temperature, oxygen 

concentration in the combustion chamber and the residence 

time of high temperature gas in the cylinder. To overcome 

this, EGR is being used to reduce and control the NOx 

emissions by lowering oxygen concentration in the 

combustion chamber. Hence by analysis, rice bran biodiesel 

blend with 5%, 10% and 15% EGR in LHR engine provides 

better performance, combustion and emission characteristics 

when compared with neat diesel without EGR in 

conventional engine and rice bran biodiesel without EGR in 

LHR engine. 
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I. INTRODUCTION 

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(NOx).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. 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. 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 

[1].  

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 [2]. Biodiesel 

contains no petroleum but it can blend at any level with 

petroleum diesel to create a biodiesel blends. 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 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 [3]. 

Biodiesel was used as fuel in LHR engine with 

ceramic coating on engine components. The use of biodiesel 

in conventional LHR engines results in substantial reduction 

of unburnt hydrocarbons, carbon monoxide and particular 

matters. LHR is one of the extensively used concepts for 

diesel engines, which results in low fuel consumption and 

increasing thermal efficiency but with higher amount of 

NOx for the same power output. The LHR engines employ 

suitable insulation coatings such as a ceramics etc., to the 

cylinder head and piston crown [4]. Due to the insulation 

provided on the required surfaces of the cylinder, the 

amount of heat loss to the coolant is reduced and hence 

results in high combustion chamber temperatures. This leads 

to some problems such as high NOx emissions and exhaust 

blow-down losses. The LHR engines are used for power 

generation, automobiles, ships and irrigation pumps [5]. 

The potential techniques available for the reduction 

of NOx from diesel engines using EGR. The effect of EGR 

are depletion of oxygen in the intake charge, increased 

intake temperature due to mixing with EGR, increased 

specific heat of intake charge, recycling of unburned 

hydrocarbons (opportunity for re-burn) [6]. EGR controls 

the NOx because it lowers oxygen concentration and flame 

temperature of the working fluid in the combustion 

chamber. The recirculated exhaust gas displaces fresh air 

entering the combustion chamber with carbon dioxide and 

water vapor present in engine exhaust. As a consequence of 

this air displacement, lower amount of oxygen in the intake 

mixture is available for combustion. Reduced oxygen 

available for combustion lowers air fuel ratio [7]. This 
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effective reduction in air ratio affects exhaust emissions 

substantially. In addition, mixing of exhaust gases with 

intake air increases specific heat of intake mixture, results in 

the reduction of flame temperature. Thus combination of 

lower oxygen quantity in the intake air and reduced flame 

temperature reduces rate of NOx formation reactions [8]. 

In the present work, biodiesel is prepared from the 

rice bran oil and an attempt has been made to investigate 

experimentally the performance, emission and combustion 

parameters on a single cylinder LHR diesel engine using 

rice bran biodiesel with exhaust gas recirculation (EGR). 

II. METHODOLOGY 

A. Biodiesel Preparation from Rice Bran Oil 

In order to 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. The below 

fig 2.1 show the transesterification reaction. 

 
Fig 2.1: Transesterification reaction 

Transesterification procedure- it is most commonly 

used and important method to reduce the viscosity of 

vegetable oils. In this process triglycerides reacts with three 

molecules of alcohol in the presence of acatalist producing a 

mixture of fatty acids, alkyl ester and glycerol. The process 

of removal of all the glycerol and the fatty acids from the 

vegetable oils in the presence of a catalyst is called 

esterification.  

Physical and chemical properties are improved in 

esterifies vegetable oil because esterifies vegetable oil 

contains more cetane number than diesel fuel. These 

parameters induce good combustion characteristics in 

vegetable oil esters. So unburnt hydrocarbon level is 

decreased in the exhaust. It results in lower generation of 

hydrocarbon and carbon monoxides in the exhaust than 

diesel fuel. The vegetable oil esters contain more oxygen 

and lower calorific value than diesel. So it enhances the 

combustion process and generates lower nitric oxide 

formation in the exhaust than diesel fuel.   

To obtain biodiesel the oil or animal fats undergo 

chemical reaction called as transesterification. In the 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. The below fig: 

2.2 shows experimental setup of transesetrification process. 

 

 
Fig 2.2: Experimental setup of transesetrification 

process    

 
Fig 2.3: Separation process of rice bran biodiesel 

Table 3.1 shows the value of different properties 

such as density, kinematic viscosity, flash point, fire point, 

calorific value of diesel and neat rice bran biodiesel 

respectively.  

Sl. 

No 
Characteristics Diesel 

Rice 

bran 

biodiesel 

Apparatus 

used 

01 Density (kg/m
3
) 820 870 Hydrometer 

02 
Lower calorific 

value (kJ/kg) 
42500 38630 

Bomb 

calorimeter 

03 

Kinematic 

viscosity at 40º
C, (CST) 

3.21 5.34 
Redwood   

viscometer 

04 Flash Point, (ºC) 50 160 

Pensky-

marten‟s 

apparatus 

05 Fire Point, (ºC) 55 170 

Pensky-

marten‟s 

apparatus 

Table 3.1: Properties of diesel and rice bran biodiesel  

B. Low Heat Rejection (LHR) Engine 

The engine chosen to carry out experimentation in a single 

cylinder, four strokes, vertical, water cooled, direct injection 
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computerized Kirloskar TV-1 diesel engine to make LHR CI 

engine. Increasing thermal efficiency in LHR engines 

through low heat rejection concept is a feasible technique 

[9]. In LHR the high heat evolution is achieved by insulating 

the combustion chamber surfaces such as piston crown and 

cylinder head with partially stabilized zirconia coated 

material and the effective utilization of this heat depend on 

the engine design and operating conditions [10].  

In LHR engines, the formation of nitric oxide is 

more, to reduce the nitric oxide emission; the internal 

exhaust gas recirculation (EGR) is incorporated using 

modified piston crown and cylinder head [11]. LHR engines 

are classified depending on degree of insulation, such as low 

grade, medium grade and high grade engines. Modifications 

of gas exchange with internal exhaust gas re-circulation 

resulted in decrease in nitric oxide (NOx) emissions [12]. It 

increases the brake thermal efficiency and reduces the 

specific fuel consumption in this work; the parametric 

studies were carried out both theoretically and 

experimentally [13]. The combustion, performance and 

emission parameters were studied and were found to be 

satisfactory. Low heat rejection (LHR) engines are more 

suitable for automobile and stationary applications [14]. 

C. Exhaust gas recirculation (EGR) 

An air box is designed to measure the volumetric flow rate 

of intake air to the engine. It is mounted on the inlet pipe 

between the air filter and the inlet manifold of the engine as 

shown in fig 2.6. The air box dampens out the fluctuations 

of the intake air [15]. A diaphragm is provided on the side of 

the air box for dampening out the local undulations 

effectively. The air box is fitted with an orifice as shown in 

below fig 2.7 for volumetric flow rate measurement of air. 

Part of the exhaust gas is to be recirculated and put back to 

the combustion chamber along with the intake air. The 

quantity of this EGR is to be measured and controlled 

accurately; hence a bypass for the exhaust gas is provided 

along with the manually controlled EGR valve [16]. The 

exhaust gas comes out of the engine during the exhaust 

stroke at high pressure. It is pulsating in nature. It is 

desirable to remove these pulses in order to make the 

volumetric flow rate measurements of the recirculating gas 

possible. For this purpose, another smaller air box with a 

diaphragm is installed in the EGR route [17]. An orifice 

meter is designed and installed to measure the volumetric 

flow rate of the EGR. The detailed schematic line drawing 

of the experimental EGR system is shown in fig 2.6. 

 
Fig 2.6: Line diagram of the proposed EGR system 

A U-tube manometer is mounted across the orifice, 

to measure the pressure difference inside the air box and the 

atmosphere [18]. The coefficient of discharge of the orifice 

is found experimentally to be 0.602. Where „D1‟ be the 

inside diameter of pipe, „D2‟ be the orifice diameter and U1, 

U2 are the upstream / downstream velocity respectively 

[19]. 

 
Fig 2.7: Schematic diagram of orifice meter 

A U-tube manometer is mounted across the orifice 

in order to measure the EGR flow rate. Suitable 

instrumentation is provided to acquire useful data from 

various locations. Thermocouples are provided at the intake 

manifold, exhaust manifold and various points along the 

EGR route. An AVL smoke-meter is used to measure the 

smoke opacity of the exhaust gas. The pressure difference 

across the orifice is used to calculate the EGR rate. A matrix 

of test conditions is used to investigate the effect of EGR on 

exhaust gas temperature and exhaust smoke opacity [20].  

III. EXPERIMENTAL SETUP 

The experimental setup is done to conduct experiment on 

stationary single cylinder four strokes LHR diesel engine to 

analyze and compare the performance, emission and 

combustion characteristics using rice bran biodiesel and 

diesel fuel. The engine is coupled with an eddy currant 

dynamometer, exhaust gas analyzer, smoke meter and 

control panel. The below fig 3.1shows the photograph of 

experimental setup, fig 3.2 shows the layout of experimental 

setup and table 3.2 shows the engine notations. 

 
Fig 3.1: Photograph of experimental setup 

The below table 3.1 shows the engine specifications 
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Sl No Parameters Specification 

01 Manufacturer Kirloskar engine ltd, India 

02 Model TV1- SR, naturally aspirated 

03 Engine DI, single cylinder engine 

04 Bore/Stroke 87.5mm/ 110mm 

05 Compression Ratio 17.5:1 

06 Speed 1500 RPM, constant 

07 Rated power 5.2 KW 

08 Working cycle Four stroke 

09 Response time 4 micro seconds 

10 Type of sensor Piezo electric 

11 Crank angle sensor 1 Crank angle 

12 Injection pressure 200 bar/ 23 TDC 

13 Resolution of 1 360 with a resolution 

Table 3.1: Engine specifications 

 
Fig 3.2: Layout of experimental setup 

PT Pressure transducer 

N Rotary encoder 

Wt Weight 

F1 Fuel flow 

F2 Air flow 

F3 Jacket water flow 

F4 Calorimeter water flow 

T1 Jacket water inlet temperature 

T2 Jacket water outlet temperature 

T3 Calorimeter water inlet temperature = T1 

T4 Calorimeter water outlet temperature 

T5 Exhaust gas to calorimeter temperature 

T6 Exhaust gas from calorimeter temperature 

Table 3.2: Engine notations 

IV. RESULTS 

A. Performance characteristics of Rice bran biodiesel with 

EGR on LHR diesel engine 

1) Variation of brake thermal efficiency with brake  power 

 
Fig 4.1: Variation of brake thermal efficiency with brake 

power 

The above fig 4.1 shows the variation of the brake thermal 

efficiency with brake power for diesel on normal engine, 

pure rice bran biodiesel on LHR engine without EGR and 

5%, 10% and 15% EGR with pure biodiesel on LHR engine. 

The brake thermal efficiency for all the fuels increases as 

the load increases. For 75% of load all the fuels show the 

maximum brake thermal efficiency. At full load the brake 

thermal efficiency decreases. For diesel at 75% load the 

brake thermal efficiency is 27.39% and that for pure 

biodiesel is 26.88% without EGR. With increase in % of 

EGR the brake thermal efficiency decreases. Brake thermal 

efficiency at rated load for 5%, 10% and 15% is found to be 

21.18%, 24.79%, 23.60% respectively. At rated load thermal 

efficiency is reduced by 23.6% for 15% EGR compared 

with that of diesel normal engine. 

2) Variation of specific fuel consumption with Brake Power 

The below fig 4.2 shows the variation of specific fuel 

consumption with brake power for diesel on normal engine, 

pure rice bran biodiesel on LHR engine without EGR, 5%, 

10% and 15% EGR with pure biodiesel on LHR engine. 

Specific fuel consumption for rice bran biodiesel, for 5%, 

10%, and 15% EGR biodiesel is higher than diesel at lower 

load. For higher loads the specific fuel consumption remains 

nearly constant for all the fuels. At the full load specific fuel 

consumption is more for biodiesel and different % of EGR 

compared to diesel.  

 
Fig 4.2: Variation of specific fuel consumption with brake 

power 
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At the rated load specific fuel consumption of 

biodiesel without EGR is .37 kg/kW-hr, against .32 kg/kW-

hr of diesel. With increasing of EGR 5%, 10% and 15% 

with biodiesel increases the specific fuel consumption. 

Specific fuel consumption at rated load for 5%, 10%, and 

15% EGR biodiesel is found to be 0.44 kg/kW-hr, 0.35 

kg/kW-hr and 0.39 kg/kW-hr. It is found that specific fuel 

consumption is 5.12% increased in 15% EGR than that of 

biodiesel without EGR. 

3) Variation of exhaust gas temperature with Brake Power 

The fig 4.3 shows the variation of exhaust gas 

temperaturewith brake power for diesel on normal engine, 

pure rice bran biodiesel on LHR engine without EGR, 5%, 

10% and 15% EGR with pure biodiesel on LHR engine.As 

the load increases the exhaust gas temperature (EGT) also 

increases for all the fuels. EGT at full load without EGR for 

biodiesel is 520.8°C compared to diesel which is 505°C. 

 
Fig 4.3: Variation of exhaust gas temperature with brake 

power 

With increase in 5%, 10% and 15% of EGR, EGT 

is increased. At rated load for 5%, 10% and 15% EGR EGT 

found 523.3°C, 545.63°C and 537.21°C respectively. 

B. Emission characteristics of Rice bran biodiesel with 

EGR on LHR diesel engine 

1) Variation of carbon monoxide emission with brake 

power 

 
Fig 4.4: Variation of exhaust gas CO with brake power 

The fig 4.4 shows the variation of CO emission with brake 

power for diesel on conventional engine, pure Rice Bran 

biodiesel on LHR engine without EGR, 5%, 10% and 15% 

EGR with pure biodiesel on LHR engine. Up to 75% of 

engine load all the fuels without and with EGR have almost 

same amount of CO emission and having a typical value 

0.04% by volume. However at full load CO emission will 

increases. At rated load CO emission of biodiesel without 

EGR is 1.18% by volume against 0.84% by volume of 

diesel. With increasing % of EGR 5%, 10% and 15% with 

biodiesel increase in CO emission. At rated load for 5%, 

10% and 15% EGR is found to be 1.003% by volume, 

1.183% by volume and 1.4166% by volume respectively.  

2) Variation of hydrocarbon emission with brake power 

The fig 4.5 shows the variation ofhydrocarbon emission 

with brake power for diesel on normal engine, pure rice bran 

biodiesel on LHR engine without EGR, 5%, 10% and 15% 

EGR with pure biodiesel on LHR engine. Up to 75% of 

engine load the HC emission is more in diesel than that of 

biodiesel without EGR and with EGR.At 75% of engine 

load it is observed that HC emission for 5%, 10% and 15% 

with biodiesel increases with respect to diesel. 

 
Fig 4.5: Variation of hydrocarbon emission with brake 

power 

At rated load for 5%, 10% and 15% EGR HC emission is 

found to be 90.46 ppm, 110.766 ppm and 158.38 ppm 

respectively. It is observed that 70.15% HC emission is 

increased for 15% EGR with biodiesel than that of biodiesel 

without EGR. 

3) Variation of smoke emission with brake power 

 
Fig 4.6: Variation of smoke emission with brake power 

The above fig 4.6 shows the variation ofsmoke emission 

with brake power for diesel on conventional engine, pure 

rice bran biodiesel on LHR engine without EGR, 5%, 10% 

and 15% EGR with pure biodiesel on LHR engine. At full 

load the smoke emission is almost same for all fuels without 

EGR on LHR engine. At rated load on EGR 5%, 10% and 
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15% with biodiesel the smoke emission is 98.92%, 99.95% 

and 99.97% respectively. 

4) Variation of NOx emission with brake power 

 
Fig 4.7: Variation of NOx emission with brake power 

The fig 4.7 shows the variation of NOx emission with brake 

power for diesel on conventional engine, pure rice bran 

biodiesel on LHR engine without EGR, 5%, 10% and 15% 

EGR with pure biodiesel on LHR engine.The quantity of 

NOx emission increases and then decreases at full load. The 

NOx emission is high for biodiesel than that of diesel at all 

loads. For biodiesel NOxemission is 1250.166 ppm against, 

1100.8181 PPM of diesel without EGR. At rated load with 

increase in 5%, 10% and 15% of EGR with biodiesel there 

is decrease in NOx emission. The maximum NOx for rice 

bran biodiesel in LHR engine is higher 1855.033 ppm at 

75% load against 1700.670 ppm of diesel. It is also seen that 

by increasing the % of EGR NOx emission considerably 

decreases.  

C. Combustion characteristics of Rice bran biodiesel with 

EGR on LHR diesel engine 

1) Variation of crank angle with cylinder pressure 

 
Fig 4.8: Variation of cylinder pressure with crank angle 

The fig 4.8 shows the variation of cylinder pressure with 

brake power for diesel on normal engine, pure rice bran 

biodiesel on LHR engine without EGR, 5%, 10% and 15% 

EGR with pure biodiesel on LHR engine. From the figure it 

can be seen that biodiesel on LHR engine starts early 

combustion (6° BTDC) compared to that of biodiesel (5° 

BTDC). Peak pressure for biodiesel is little close to TDC 

than that of diesel. For EGR peak cylinder pressure falls 

between the limit of biodiesel and diesel as shown. 

2) Variation of crank angle with net heat release rate 

 
Fig 4.9: Variation of net heat release rate with crank angle 

The fig 4.9 shows the variation of net heat release rate with 

brake power for diesel on normal engine, pure rice bran 

biodiesel on LHR engine without EGR, 5%, 10% and 15% 

EGR with pure biodiesel on LHR engine. Due to the early 

combustion in biodiesel more heat will be released at the 

early stage of the combustion followed by that of diesel. 

Due to early burning of biodiesel exhaust temperature will 

be lower than that of diesel. By increasing EGR in biodiesel 

increases the pressure and temperature compared to 

biodiesel. 

3) Variation of crank angle versus cumulative heat release 

rate 

 
Fig 4.10: Variation of cumulative heat release rate with 

crank angle 

The fig 4.10 shows the variation of cumulative heat 

release rate with brake power for diesel on normal engine, 

pure rice bran biodiesel on LHR engine without EGR, 5%, 

10% and 15% EGR with pure biodiesel on LHR engine. The 

cumulative heat release rate is same for the entire test 

carried out. Slight higher value is obtained for the 15% EGR 

compared to other. For 15% EGR the maximum cumulative 

heat release rate is obtained between 164
0 

to 173
0
which is 

1.47 kJ. The cumulative heat release is lower for biodiesel 

followed by diesel, 5%, 10% and 15% EGR. By increasing 

% more amount of heat is added during induction and so the 

cumulative heat release. 
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V. CONCLUSIONS 

 It is observed that the density, viscosity of rice bran 

biodiesel found to be higher than that of diesel and 

the calorific value of biodiesel is lower than that of 

the diesel. 

 Neat rice bran biodiesel on LHR engine starts 

burning before than that of diesel, due to inbuilt 

oxygen content in rice ban biodiesel. However 

rates of pressure increase for diesel is more than 

that of neat biodiesel on LHR engine. 

 The smoke emission for biodiesel increases with 

increase in % of EGR, smoke emission is more in 

5%, 10% and 15% EGR than that of diesel in 

conventional engine. 

 The CO and HC emission is lower for Rice bran 

biodiesel without EGR than that of conventional 

diesel engine for entire load of operation. The 

increase in % of EGR increases the CO and HC 

emission. 

 The NOx emission increases with increase in load 

and reaches maximum at 63-75% of load and then 

decreases. NOx emission is almost all comparable 

with diesel except a narrow band of part load. By 

increasing the % EGR there is a considerable 

reduction in the NOx formation. 

 NOx emission with 5%, 10% and 15% is 36%, 47% 

and 63% respectively lower than that of neat diesel. 

 A considerable reduction in NOx formation is 

possible at 15% EGR with a little scarifies in BTE. 

Hence 15% EGR is optimum. 
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