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ABSTRACT 

To meet stringent emission norms worldwide, several exhaust pre-treatment and post-treatment methods 

have been employed in diesel engines. Exhaust gas recirculation (EGR) is one of such methods used worldwide to 

reduce NOx emissions.  This study aims at the experimental investigation of the effects of hot and cold exhaust gas 

recirculation methods on engine emissions and the efficiency of an engine. The EGR system is of two types hot 

EGR and cold EGR. In cold EGR system heat exchangers are used, the exhaust gasses before recirculating to the 

engine they are allowed to pass through the heat exchangers. The heat exchangers cool the exhaust gasses before 

entering the combustion chamber which can improve the engine performance. This experiment is conducted in two 

cylinder 4 stroke Simpson’s engine at 1500rpm and different load conditions. However, the use of EGR leads to 

more soot concentration and increase in unburned hydrocarbons the concentration of NOx is greatly reduced. The 

experiments were carried out to evaluate emissions of hydrocarbons (HC), NOx, carbon monoxide (CO), exhaust 

gas temperature and smoke opacity of the exhaust gas etc. were measured. Performance characteristics like thermal 

efficiency, brake specific fuel consumption were measured, for effective working of EGR an optimum design of 

heat exchanger has required. EGR cooler is one of the most important parts in the cold EGR circuit. Experimental 

results shows that the Cold EGR is much effective than the hot and intermediate EGR for the reduction of NOx 

emission. The increase in temperature of EGR gasses causes the combustion temperature to increase which leads to 

increase in formation of NOx. By increasing the cooled EGR rates reduces the emissions more significantly. 
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1. INTRODUCTION 

Today most of the transport vehicles in countries like India were cost effective it is the predominant criteria to 

utilize diesel engines than petrol engines. Due to higher compression ratio, CI engines provide better power. CI 

engines have better efficiency, reliability, and performance than SI engines. This is why most of the on-road 

vehicles and off-road vehicles are equipped with CI engines. The cost of diesel fuel and efficiency of diesel 

engines made the use of CI engines wide. But when we look the worse side of diesel engines, emissions from 

diesel engines are high especially NOx. That is why researchers are turning their interest towards the 

implementation of new techniques for reducing emissions which became big problem in recent times (Ohigashi, 

1971). CI engines use many methods to reduce (NOx) emissions. Exhaust gas recirculation is one such technique 

which is not a new concept but there is great potential for this technique if proper research is done. The present 

research aimed at the experimental investigation of hot and cold exhaust gas recirculation methods on efficiency 

and emissions of the engine (Agrawal, 2004). The experiment is conducted on four stroke direct injection diesel 

engine. A heat exchanger is provided for the cold EGR testing process and the testing of hot EGR is done without 

the heat exchanger. The harmful effects of NOx emissions to health and environment are unavoidable, yet it can be 

reduced. The EGR valve recirculates the exhaust gasses into the intake system as the exhaust gasses coming out of 

the engine has high temperatures, a heat exchanger is used to cool the gases before they entered into combustion 

chamber again which can improve engine cooling performance (Yokomura, 2003). Exhaust gasses have already 

combusted, so they do not burn again when they are recalculated. These gasses displace some amount of the 

normal intake charge. This chemically slows down and cools the combustion processes greatly. The engine 

temperature can be reduced by hundreds of degrees thus reducing NOx emission. The exhaust gas coming out of 

these type of engines mainly contains water vapour, CO2, and N2. When some amount of exhaust gas is 

recirculated into the combustion chamber it can reduce the concentration of combustion mixture. Exhaust gasses 

have the capability of observing oxygen from the air, which leads to improper combustion due to lack of oxygen 

and this decreases the temperature of the flame (Ladommatos, 1998). Agrawal (2004) conducted an experimental 

investigation to observe the effect of exhaust gas recirculation on the temperature of exhaust gas and the opacity of 

exhaust gas in CI engines. He found that significant rise in EGR rate decreases the exhaust gas temperature 

accordingly. As the temperature of the engine decreases and results in the reduction in NOx by increasing EGR 

rate (Walke, 2008). An experiment conducted by Venkateswarulu (2012), using hot EGR along with cetane 

improver showed that there is significant improvement in the reduction of NOx emissions. Brake thermal 

efficiency increases with increase in the rate of EGR which in turn reduces brake specific fuel consumption. A 

Study by Senthilkumar (2015), states that compression ignition engines are widely used because of their high 

thermal efficiency and low maintenance cost. In spite of these benefits exhaust from the diesel engine is a major 

source of atmospheric pollution in the world about 60% is due to diesel engines. In the form of UBHC, CO, NOx. 

Several methods are implemented to reduce the emissions. The present work considered the emissions and 
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performance of diesel engine when EGR is used and it compares the results obtained from experiments conducted 

on hot and cold EGR on the same engine and determine the best way of using EGR. 

2. EXPERIMENTAL SET UP AND PROCEDURE  

The engine used for conducting experiments was a Kirloskar make, water cooled, two 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 data 

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 analyser (AVL DI GAS 444). Smoke emission was measured in percentage 

of smoke opacity by Smoke Meter (AVL 415). For both hot and cold EGR techniques. The angle encoder (AVL 

365 C) was mounted at the shaft between engine and dynamometer to record the position of crank during its 

rotation with respect to top dead centre. Heat exchanger is connected to EGR system and exhaust gasses are 

allowed to pass through the heat exchanger in cold EGR technique and in hot EGR technique the exhaust gases are 

directly allowed to enter the cylinder. The pressure transducer was incorporated in cylinder head to record the 

variation of pressure for every degree of crank rotation. Plot of pressure variation and the heat release rate with 

crank angle, pressure variation with cylinder volume, cumulative heat release rate were recorded through data 

acquisition system interfaced with Software (AVL INDICOM V 2.5). The engine set up is shown in Fig.2 and its 

specifications are given in table 2. Initially experiments were conducted from 0 to 100% load, applying load in 

steps of 25% of rated load (0, 25%, 50%, 75%, and 100%) with hot and cold EGR techniques in order to get 

baseline data. Then engine was made to run with rubber seed biodiesel and its blends (10%, 20% and 30% by 

volume) by applying the loads as mentioned above. The water flow rate was adjusted to ensure effective cooling of 

the engine components. The voltage and current readings were noted by applying electric loading to the engine by 

switching on rheostat. Performance parameters such as BP, BTE, BSFC etc. were computed for the performance 

and emissions hot and cold EGR techniques and results were compared with each other. Pollutants (CO, CO2, 

NOx, and HC) were noted using gas analyser and smoke opacity (in percentage) was measured using smoke meter 

and values are compared between them. From the data acquisition system cylinder pressure rise and heat release 

rate with reference to crank angle position was extracted and plots were drawn. The exhaust emissions and 

combustion characteristics were compared with that of hot and cold EGR results. 

 
Figure.1. Experimental Setup 

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 

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 from Crank centre 282.6mm 
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Power take off From crankshaft axially. Gear drive PTO training gears 

 on LHS beneath fuel Pump 

 

3. RESULTS AND DISCUSSION 

Emission of CO2: The experiment was conducted in four stroke two-cylinder water cooled Simpson’s engine. At 

different speeds and at different load conditions. And the characterises like smoke density HC emission an NOX 

concentration operated with and without EGR. The figures show the variations of CO2 emissions of DF 

(deterioration factor) with various EGR rates. The CO2 emission increased with increasing amount EGR rates. 

More amount of CO2 in the exhaust emission is an indication of complete combustion of fuel. The CO2 emission of 

DF increased slightly, when EGR was operated. While, the CO2 emission of diesel fuel increased rapidly; 

especially at over 5% EGR at 1600rpm. As discussed before that the oxygen availability for combustion process 

decreased with increasing EGR rates. Thus, the phenomena for oxidizing CO to CO2 decreased, as well. Due to 

additional amount the oxygen present in the exhaust gas, CO2 emission increases for 5% EGR at 1600rpm. 

The tabulations show the amount of emissions for respective EGR rate and rated engine rpm  

Table.2. Emission Characterization  

Speed (rpm) Load 

Hot egr Cold egr 

CO2 CO HC NOx smoke O2 CO2 CO HC NOx smoke O2 

2000 Full load 3.8 0.1 1 413 0.58 14.99 3.5 0.13 1 315 10.99 10.99 
1800 Full load 4.6 0.11 1 464 4.57 14.06 3.9 0.25 1 382 10.99 10.99 
1600 Full load 5.4 0.13 1 765 4.13 13.12 7.2 0.39 6 875 10.44 10.44 
1500 Full load 6.1 0.17 3 889 3.68 11.78 7 0.41 7 861 10.44 10.44 
1400 Full load 7.6 0.21 6 1132 3.68 9.66 7.9 0.39 8 995 8.5 8.5 
1200 Full load 6.6 0.18 7 1102 3.62 11.28 8.6 0.37 8 1270 7.54 7.54 
1000 Full load 7.7 0.22 5 1320 3.01 9.54 9.1 0.45 11 1373 8 8 

Idling Speed  1.5 0.02 5 338 0 18.77 1.6 0.01 1 421 1.1 1.1 
The related values of hot and cold EGR emission rates of CO2 are given below. And the graph is plotted. 

 

CO2 hot CO2 cold 

3.8 3.5 

4.6 3.9 

5.4 7.2 

6.1 7 

7.6 7.9 

6.6 8.6 

7.7 9.1 

1.5 1.6 
 

Figure.2. CO2 Emission 

 

Table.3. Comparison of CO2 Emission for hot and 

cold EGR 

Emission of NOx: Figure shows the variation of NOx emission of DF with various EGR rates. The results 

obtained for hot and cold EGR rates are tabulated and a graph is plotted. The NOx emission of test fuels is 

analysed related to the baseline value. Mostly the NOX formation depends on two factors. These are the 

combustion temperature and oxygen availability in the engine cylinder. The NOX emission increases with 

increasing combustion temperature, which in turn indicated by the prevailing EGT. The NOX emission decreased, 

when EGR was operated at 1800rpm, 1600rpm, 1400rpm and 1200rpm for 10% and 15%of Exhaust gas 

recirculation. This may be due to the decrease in flame temperature due to the reduction in oxygen concentration in 

the combustion chamber. At 10% EGR at 1600rpm, the maximum reduction in NOX emission was observed. It 

was around 87.19% for 10% EGR at 1600rpm as compared with DF. 

 

 

Nox hot Nox cold 
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Figure.3. NOx Emission Table.4. Comparison of NOx  Emission for hot and cold EGR 
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Smoke Opacity: Smoke opacity is the density of the smoke coming from the engine exhaust as the EGR rate 

increases the opacity of the smoke also increases the cold EGR can greatly reduce the smoke opacity. This could be 

due to the re-circulated exhaust gases which reduce the availability of oxygen amount for fuel combustion and lead 

to incomplete combustion, consequently increase the smoke opacity. The significant increase in smoke opacity 

occurred, at higher EGR rates and at higher speeds. The possible reason is the increase in re-circulated exhaust gas 

amount lead to significant reduction in oxygen amount sucked into the combustion chamber. At more 1500rpm for 

all EGR rates, the maximum level of smoke opacity of diesel fuel was 18m-1 at higher speed and minimum at 8m-1 

at 1400rpm. Engine should run at lower speed we will have slighter in smoke opacity for 5% EGR rates. 

 

Smoke hot EGR  Smoke cold EGR 

0.58 10.99 

4.57 10.99 

4.13 10.44 

3.68 10.44 

3.68 8.5 

3.62 7.54 

3.01 8 

0 1.1 
 

Figure.4. Smoke Emission Table.5. Comparison of Smoke Emission for hot and cold EGR 

Emission of CO: Variation of CO emission rates with hot and cold EGR along with different loads are presented 

in the graph by idling speed on X axis and rate of emission on Y axis. Hot EGR has comparatively lower 

emissions. The figure suggests the develop of CO emissions as the load raises. As the EGR cost is accelerated CO 

emissions also will get decreased. This may also be attributed to the discount of to be had oxygen to mix with 

carbon. Excess amount of oxygen can reduce the amount of co emissions by forming CO2.  

 

CO hot CO cold 

0.1 0.13 

0.11 0.25 

0.13 0.39 

0.17 0.41 

0.21 0.39 

0.18 0.37 

0.22 0.45 

0.02 0.01 
 

Figure.5. CO Emission Table.6. Comparison of CO Emission for hot and cold EGR 

HC Emissions: HC emissions are due to reduce in the temperature of combustion elements or due to lack of 

oxygen. Low oxygen content in the exhaust gasses casus deficient supply of oxygen to the combustion reactants 

which results in incomplete combustion so the un burnt carbon particles are released from the exhaust in the form 

of HC emissions. Hot EGR can reduce HC emissions due to the available temperature inside the combustion 

chamber some carbon particles burn to release energy. But cold EGR reduces the temperature of the combustion 

chamber so HC emission is more when compared with hot EGR. 

 

HC hot HC cold 

1 1 

1 1 

1 6 

3 7 

6 8 

7 8 

5 11 
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Figure.6. HC Emission Table.7. Comparison of HC Emission for hot and cold EGR 

 

4. CONCLUSION 

The effects of EGR rates along with different speeds on performance parameters and exhaust emissions 

were investigated in antwin cylinder diesel engine. The main conclusions from this study are summarized as 

follows:  

 Smoke opacity, CO and CO2 emissions increased with increasing EGR rates. On the other hand, NOX 

emission decreased with increasing EGR rates. 
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 At at higher speeds of all different flow rate of EGR, the smoke opacity level of diesel fuel was 

unacceptable;  

 The better trade-off between smoke opacity and NOX emissions can be attained within a limited EGR rate 

of 5-15% at lower speeds with little effects on engine performance.  
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