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ABSTRACT 

Exhaust Gas Recirculation (EGR) with bio fuel is being utilized broadly to lessen and control the oxides of 

nitrogen (NOx) discharge from diesel motors. EGR diminishes the NOx since it brings down oxygen focus and fire 

temperature of the working liquid in the ignition chamber. In any case, the utilization of EGR without intercooler 

prompts an exchange off as far as sediment discharges in addition it depleted more unburned hydrocarbons (25–

35%) contrasted with customary motors. Present test study has been completed to examine the impact of EGR on 

execution and emanations in twin barrels, air cooled and steady speed direct infusion diesel motor, which is 

regularly utilized as a part of genset. Such motors are ordinarily not worked with EGR. The analyses were done to 

tentatively assess the execution and outflows for various EGR rates of the motor. Discharges of hydrocarbons 

(HC), NOx, carbon monoxide (CO), fumes gas temperature, and smoke haziness of the fumes gas, and so forth 

were measured. Execution parameters, for example, warm proficiency, brake particular fuel utilization (BSFC) 

were computed. Decreases in NOx and fumes gas temperature were watched yet outflows of particulate matter 

(PM), HC, and CO were found to have expanded with use of EGR. The motor was worked for ordinary running 

conditions with EGR and the execution and emanation readings were watched. 
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1. INTRODUCTION 

A diesel motor is an interior ignition motor that uses the pressure to start the ignition and blaze the fuel 

which is infused in the burning chamber. The diesel motors have the most noteworthy warm productivity 

contrasted with the sparkle ignition engines. Regularly, low speed diesel motors have a warm productivity above 

half. Since the use of the car motors has expanded subsequently the use of the fuel for the motor has likewise been 

expanded. Because of intemperate utilization of the petroleum items from the world's petroleum holds and 

increment in the ecological contamination, the makers of the car organizations decide on bio energizes to run the 

motor and different other sectors. Biodiesel powers are eco-accommodating and have been the best option for the 

fills utilized today. The motivation to be the best option fuel is on the grounds that that it can be utilized as a part of 

any CI motor with no adjustment in the motor alteration. Jatropha oil which is a biofuel is utilized as a part of this 

investigation. The organic name of the jatropha oil is jatropha carcus. The jatropha oil is produced from the 

jatropha plant seeds which are exceptionally rich in oil around 40%. The jatropha oil has been utilized as a part of 

India for a long time. The rustic and woodland groups utilize the Jatropha oil as fuel for their diesel vehicles. When 

they are removed they can be straightforwardly utilized as a part of the motors, there is no need of refining the 

extricated oil. Despite the fact that the utilization of bio energizes lessen the use of measure of petroleum items, the 

vehicle don't give the required force. Accordingly to build the force of the motor and to lessen the measure of NOx 

from the motors the different charging advances have been developed. Also the execution of the motors and the 

fascination towards the driving execution and the low fuel utilization has prompted the improvement of the charger 

innovation which brought about noteworthy increment in the force thickness and mean viable weight. The different 

innovations created are turbocharger, supercharger, hot and chilly EGR, and so forth. The turbochargers innovation 

has been generally utilized as a part of the field of cars. Because of the utilization of turbochargers the force yield 

from the motors has expanded. They likewise have their own particular inconveniences like turbo slack, help edge, 

power surge and oil requirement. The other constraint of turbocharged motor is the transient reaction, restricted by 

the dormancy of the turbine, compressor and the turbine shaft. Despite the fact that the unfaltering state torque 

bend of a turbocharged motor can be made equivalent or bigger than comparable actually suctioned motor, the 

driver can see the distinction in the transient reaction. This can be overcome by either running the motor at higher 

motor velocity, which can facilitate diminish the mileage, or by the need to utilize multi-stage turbo charging 

which is costly. The EGR innovation is additionally utilized as a part of numerous vehicles. The EGR innovation 

was produced in 1940's and is known not utilized as a part of a few vehicles. The EGR framework sends back the 

fumes gas to the burning chamber. The measure of gas to be sent is controlled by the EGR valve. The EGR 

innovation lessens the measure of NOx from the motor. It keeps the development of NOx in the chamber. In this 

study the jatropha oil alongside the EGR innovation is utilized.  

A 9.0 kW assessed control twofold fuel (vaporous fuel-methane with diesel as pilot fuel) mode direct 

imbuement diesel engine to focus on the effect of delta air temperature by the technique for mixing of 

dissemination (EGR) can be used with biodiesel as a part of the diesel engines. EGR is a suitable strategy for 
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lessening NOx releases from the diesel engine vapor .Controlling the NOx chamber temperatures. In any case, the 

use of EGR results in higher fuel usage and transmission disciplines, also EGR extends HC, CO, and PM surges 

close by to some degree higher specific fuel use. EGR rates are sufficient for high load, additionally as the heap 

extends, diesel engines tend to make more smoke by virtue of reduced oxygen. In this way, EGR, yet capable to 

reduce NOx, further forms the smoke and PM transmissions. A 9.0 kW assessed control twofold fuel (vaporous 

fuel-methane with diesel as pilot fuel) mode direct imbuement diesel engine to inspect the effect of delta air 

temperature by the technique for mixing of diesel engines. The usage of biodiesel in diesel engines does not require 

any engine change. Biodiesel gives stunningly bring down radiations of PM, carbon monoxide (CO) and 

hydrocarbon (HC) with no fuel usage or engine execution disciplines. Various investigators have found that with 

biodiesel stimulated engine produces higher NOx spreads stood out from diesel. To finish diminishments in NOx 

transmissions, vapor gas circulation (EGR) can be used with biodiesel as a part of the diesel engines. EGR is a 

convincing technique of diminishing NOx releases from the diesel engine exhaust. Controlling the NOx 

transmissions chiefly requires diminishing of in-chamber temperatures. In any case, the usage of EGR results in 

higher fuel use and outpouring disciplines, furthermore EGR extends HC, CO, and PM surges nearby 

insignificantly higher specific fuel use. EGR rates are satisfactory for high load, as the pile manufactures; diesel 

engines tend to deliver more smoke in light of diminished oxygen. Along these lines, EGR, but fruitful to reduce 

NOx, further extends the smoke and PM releases performed examines a 9.0 kW assessed control twofold fuel 

(vaporous fuel-methane with diesel as pilot fuel) mode direct mixture diesel engine to mull over the effect of inlet 

air temperature by the technique for mixing of hot EGR and development of diluents gas for instance, CO2 and 

N2.They reported that the extension of CO2 gas in the confirmation charge realized moderate diminishment of NOx 

release yet Un duplicated hydrocarbon transmission (UBHC) was extended. By growing the confirmation charge 

temperature coming to fruition in extension of NOx transmission with decreasing in UBHC, the brake warm 

viability and power yield extended on account of reduced ignition delay. In like manner they prescribed that the 

execution was improved at low load condition when the admission air temperature was extended. Driven a test on a 

solitary chamber DI diesel engine and measured the execution additionally, outpouring properties with rice wheat 

methyl ester (RBME) likewise, its blends as fuel with EGR structure. They progressed and reported that 20% 

biodiesel blends with 15% EGR produce the less NOx, CO and HC surges moreover improved warm capability 

and diminished BSFC. Using 3Dmulti dimensional model to investigate the effect of EGR temperature on a turbo 

blamed DI diesel engine for three differing engine speeds, and they reported that high EGR temperature impacts 

the engine brake warm efficiency, top blazing weight, air fuel extent besides dregs outpourings, and the joined 

effect of extended temperature and decreased O2 obsession came to fruition low NOx transmissions. Also they 

suggested that EGR cooling assumes a crucial part in bringing down NOx discharges and thwart climbing of 

buildup spreads without affecting the engine capability at high EGR rates. Really suctioned single barrel DI diesel 

engine with various mixes of EGR, fuel imbuement weights, implantation timing besides, permit gas temperatures 

impact exhaust releases and they found that NOx reducing extent has a strong association with oxygen center 

paying little notice to mixture weight or timing. Progression of test on single chamber water cooled DI diesel 

engine with hydrogen was used as twofold fuel mode with EGR strategy and their results exhibited extension in 

brake warm adequacy and cut down smoke level, particulate and NOx surges as a result of nonappearance of 

carbon in hydrogen fuel. The rule objective of the present examination is to explore the effect of exhaust gas 

appropriation with sunflower methyl ester (SFME) blends and diesel fuel moreover is to inquire about the 

outpourings and execution of a diesel engine with biodiesel as fuel. In this test study, 15 % EGR has been taken as 

perfect sum for examination. 

2. MATERIALS AND METHODS 

Jatropha oil is as feedstock for the biodiesel era. The technique for biodiesel era is known as trans-

esterification. The trans-esterification reaction is given underneath. Trans-esterification is a substance technique of 

evolving broad, fanned, triglyceride particles of jatropha oil is humbler, straight chain iotas, skirting on similar in 

size to the molecules of the reacting the vegetable oil with an alcohol in the proximity of force. Methyl esters are 

favored as methanol is non-hygroscopic and is less excessive than various alcohols. 

 

Triglyceride structure 
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The engine used in this was a twin cylinder four stroke water cooled DI diesel engine coupled with 

mechanical loading. A digital AVL-444 five gas analyzer is set up to find the emission characteristics of the 

engine. Instrumentation is provided for the measurement of fuel consumption and load on brake drum. 

Experimental set up and procedure: The engine used for conducting experiments was a Kirloskar make, air 

cooled, single cylinder, four stroke diesel engine used for agriculture/generator set applications. The engine was 

coupled with a swinging field dynamometer for motoring the engine as well applying the load through electric 

rheostat system. Fuel consumption rate was measured using a burette and measuring the time taken to consume 

10cc of fuel. The air flow rate was measured by an air box fitted with sharp edge orifice meter connected to U-tube 

manometer which gives reading in meters of water column and which is converted to meters of air column. The 

water inlet & outlet temperatures, exhaust gas inlet & outlet temperatures were recorded using thermocouples 

through digital indicators of date acquisition panel of the engine. The pollutants - CO, CO2 were noted in 

percentage volume, whereas NOx and HC were noted in ppm volume by five gas analyzer (AVL DI GAS 444). 

Smoke emission was measured in percentage of smoke opacity by Smoke Meter (AVL 415). The EGR inlet mouth 

is attached to the exhaust tail pipe of the engine and the outlet mouth is attached to the inlet manifold of the engine 

through the EGR valve. 

The motor set up is appeared in Fig.2 and its details are given in table.2. At first examinations were 

directed from 0 to 100% burden, applying load in ventures of 25% of appraised burden (0, 25%, half, 75%, and 

100%) with petro-diesel keeping in mind the end goal to get standard information. At that point motor was made to 

keep running with elastic seed biodiesel and its mixes (10%, 20% and 30% by volume) by applying the heaps as 

said above. The water stream rate was changed in accordance with guarantee viable cooling of the motor segments. 

The voltage and current readings were noted by applying electric stacking to the motor by exchanging on rheostat. 

Execution parameters, for example, BP, BTE, and BSFC and so forth were figured for biodiesel and its mixes and 

results were contrasted and petro-diesel. Poisons (CO, CO2, NOx, and HC) were noted utilizing gas analyzer and 

smoke murkiness (in rate) was measured utilizing smoke meter and values are contrasted and petro-diesel. From 

the information obtaining framework barrel weight rise and warmth discharge rate with reference to wrench edge 

position was separated and plots were drawn. The fumes outflows and ignition qualities were contrasted and that of 

petro-diesel results. 

 
Figure.1. Schematic diagram of Experimental setup 

 

  
Fig.2. Engine Test Rig Fig.3. AVL 444  5 gas analyser 

Table.1. Engine specification 

Capacity 21kw (28bhp @ 2000rpm) 

Type/configuration Vertical In-line Diesel Engine 

Bore 91.44mm 

Aspiration Natural 

Combustion system Direct Injection 

Cycle 4 Stroke 

Engine starting system Electrical 
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Cooling System Water 

Electrical system 12v (dynamo or alternator) 

Flywheel/ Flywheel housing Can be made to suit application/SAE 1 

Weight 200kg 

Length x Breadth X height 489x536x756mm 

Fan centre fromCrank centre 282.6mm 

Power take off From crankshaft axially. Gear drive PTO training gears on LHS beneath fuel Pump 

Air compressor Optional 

 

3. RESULTS AND DISCUSSION 

Specific fuel consumption: Graph.1 shows the variations of BSFC for diesel with and without EGR. The brake 

specific fuel consumptions for diesel are almost similar at lower loads when engine is operated with EGR 

compared to without EGR. However, at higher engine loads, the brake specific fuel consumptions with EGR are 

higher to that of without EGR for diesel fuel. The brake specific fuel consumptions are decreased with increasing 

concentration of EGR rate due to unburned hydrocarbon present in the EGR.  

 
Graph.1. Variation of Specific Fuel Consumption with Load 

Brake thermal Efficiency: Graph.2 shows the variations of brake thermal efficiency of diesel with and without 

EGR. It is observed that from the figure the brake thermal efficiencies are increased with increase in load with 

EGR at lower load due to re-burning of hydrocarbons that enter in to the combustion chamber with the re-

circulated exhaust gases and at full load operation the brake thermal efficiency not affected by exhaust gases.  

 
Graph.2. Variation of Brake Thermal Efficiency with Load 

Emission: Impact of EGR on unburned hydrocarbon (HC) and carbon monoxide (CO) are appeared in Graphs 3 

and 4, separately. These charts demonstrate that HC and CO outflows increment with expanding EGR. Lower 

overabundance oxygen focus results in rich air–fuel blends at various areas inside the ignition chamber. This 

heterogeneous blend does not ignition totally and results in higher hydrocarbons, and carbon monoxide 

emanations. At part stacks, incline blends are harder to touch off due to heterogeneous blend and create higher 

measure of HC and CO. Fig. 9 demonstrates the principle advantage of EGR in diminishing NOx discharges from 

diesel motor. The level of decrease in NOx at higher burdens is higher. The purposes behind lessening in NOx 

outflows utilizing EGR as a part of diesel motors are diminished oxygen focus and diminished fire temperatures in 

the ignitable blend. 

 
Graph.3. Variation of CO Emission with Load 
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Graph.4. Variation of HC Emission with Load Graph.5. Variation of NOx Emission with Load 

 

4. CONCLUSION 

EGR is a very useful technique for reducing the NOx emission. In the present research, experimental 

investigations were conducted to study the effect of EGR on performance and emissions of a diesel engine. EGR 

displaces oxygen in the intake air by exhaust gas re-circulated to the combustion chamber. Exhaust gases lower the 

oxygen concentration in combustion chamber and increase the specific heat of the intake air mixture, which results 

in lower flame temperatures. Reduced oxygen and lower flame temperatures affect performance and emissions of 

diesel engine in different ways. Thermal efficiency is slightly increased and BSFC is decreased at lower loads with 

EGR compared to without EGR. 
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