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Abstract—Better fuel economy and higher power with lower 

maintenance cost has increased the popularity of diesel 

engine vehicles. Diesel engines are used for bulk movement 

of goods, powering equipment, and to generate electricity 

more economically than any other device in this size range. 

The diesel engine is typically more efficient than the 

gasoline engine due to higher compression ratio. Diesel 

engines also do not suffer from size and acceleration 

limitations, which the SI engine is prone to. But now a day’s 

problems are arise with the energy crisis and air pollution 

across the world due to the vehicles. Energy crisis increase 

the demand of fuel economy of vehicles. EGR, WI, WDE, 

OEC technique displaces oxygen into intake air and lower 

oxygen concentration in combustion chamber, which lower 

the flame temperature and increase the specific heat of inlet 

charge, which control the NOx and improve performance. 

EGR, WI, WDE, OEC techniques does not give effective 

result at higher load. It also higher soot deposit on the 

combustion chamber parts. From the some changes in 

catalytic convertor it should give some positive result to 

reduce NOx. There are many work have been done on SI 

engine using different changes on catalytic convertor. And it 

gives very positive result on NOxemission and 

performance.So from analysis of literature survey it 

concluded that there is good scope of experimental study on 

CI engine with changes in catalytic convertor. 

I. HISTORY 

The catalytic converter was first invented by Eugene 

Houdry, Who was a French mechanical engineer and expert 

in catalytic reaction and he was lived in the U.S. around 

1950
[1]

. When the results of early studies of smog in Los 

Angeles were published, Houdry became concerned about 

the role of smoke stack exhaust and automobile exhaust in 

air pollution and founded a company, Oxy-Catalyst. Houdry 

first developed catalytic converters for smoke stacks called 

cats for short 
[1]

.Then he developed catalytic converters for 

warehouse forklifts that used low grade non-leaded gasoline. 

Then in the mid-1950s he began research to develop 

catalytic converters for gasoline engines used on cars. He 

was awarded United States Patent 2742437 for his work
 [1]

. 

Widespread adoption of catalytic converters didn't occur 

until more stringent emission control regulations forced the 

removal of the anti-knock agent, tetraethyllead, from most 

gasoline, because lead was a 'catalyst poison' and would 

inactivate the converter by forming a coating on the 

catalyst's surface, effectively disabling it
 [2]

.  

Catalytic converters were further developed by a 

series of engineers including John J. Mooney and Carl D. 

Keith at the Engelhard Corporation; created the first 

production of the catalytic converter in 1973.Dr. William C. 

Pfefferle developed a catalytic combustor for gas turbines in 

the early 1970s, allowing combustion without significant 

formation of nitrogen oxides and carbon monoxide
[1]

.  

The first widespread introduction of catalytic 

converters was in the United States market, where 1975 

model year gasoline-powered automobiles were equipped to 

comply with tightening U.S. Environmental Protection 

Agency regulations on automobile exhaust emissions. At 

that time a “two-way” converter is used which combined 

carbon monoxide (CO) and unburned hydrocarbons (HC) to 

produce carbon dioxide (CO2) and water (H2O). Two-way 

catalytic converters of this type are now considered 

obsolete, having been supplanted except on lean burn 

engines by “three-way” converters which also reduce oxides 

of nitrogen
 [2]

. 

II. PROBLEM DESCRIPTION 

Cars, the dominant source of road transport 

emissions, are one of the most important contributors to air 

pollution problems. To reduce the atmospheric emissions 

from passenger cars, the catalytic converter, and “end-of 

pipe” solution, was introduced and has become one of the 

most effective technologies. Since the introduction of cars 

with three-way catalytic converters, emissions of 

hydrocarbons, carbon monoxide, nitrogen oxides and other 

atmospheric pollutants from car exhausts have declined 

substantially. Catalytic converters(SI engine) are the most 

effectivemeans of reducing pollutant emissions from 

internal combustion engines under normal operating 

conditions. But the future emission requirements cannot be 

met by three way catalysts (TWC) as they cannot effectively 

remove hydrocarbon (HC) and carbon monoxide (CO) 

emissions from the outlet of internal combustion engines in 

the cold-start behaviour of catalytic convertors 
[1]

.For 

compression-ignition (i.e.,  diesel engines), the most 

commonly used catalytic converter is the Diesel Oxidation 

Catalyst (DOC). This catalyst uses oxygen in the exhaust 

gas stream to convert carbon monoxide to carbon dioxide 

and hydrocarbons to water and CO2. These converters often 

operate at 90 percent efficiency, virtually eliminating diesel 

odour and helping to reduce visible  particulates. These 

catalysts are not active for NOx reduction because any 

reductant present would react first with the high 

concentration of O2 in diesel exhaust gas. So from the CI 

engine Nox produce from the emission 350– 1000 ppm 
[2]

. 

A. Catalytic Convertor In SI Engine
[3]

 

There   are   two   types   of   catalytic   convertor   which   is   

used   in   the   SI   engine. 

1) Two Way Catalytic Convertor  

In two way convertor it was first introduction in the U.S., 

where 1975 model year automobiles were so equipped to 

comply with tightening U.S. Environmental Protection 

Agency regulations on automobile exhaust emissions. The 
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catalytic converters fitted were two-way models, combining 

CO and unburned HC to produce CO2 and H2O. Two-way 

catalytic converters of this type are now considered obsolete 

except on lean burn engines. Since most vehicles at the time 

used carburetors that provided a relatively rich air-fuel ratio, 

oxygen (O2) levels in the exhaust stream were, in general, 

insufficient for the catalytic reaction to occur. Therefore, 

most engines like this were also equipped with secondary, 

air injection systems to induct air into the exhaust stream to 

allow the catalyst to function.  

A two-way (or "oxidation") catalytic converter has 

two simultaneous tasks:  Oxidation of  carbon  monoxide to  

carbon dioxide:  

2CO + O2 → 2CO2 

Oxidation of  hydrocarbons (unburnt and partially burnt 

fuel) to carbon dioxide and  water:  

CxH2x+2 + [(3x+1)/2] O2 → xCO2 + (x+1) H2O 

This type of catalytic converter is widely used on  

diesel engines to reduce hydrocarbon (HC) andcarbon 

monoxide (CO) emissions.  

2) Three Way Catalytic Convertor  

Three-way catalytic converters have the additional 

advantage of controlling the emission of nitrogen oxides  

(NOx), in particular nitrous oxide, a greenhouse gas over 

three hundred times more potent than carbon dioxide, a 

precursor to acid rain and currently the most ozone-

depleting substance. Technological improvements including 

three-way catalytic converters Since 1981, "three-way" 

(oxidation-reduction) catalytic converters have been used in 

vehicle emission control systems in the United States and 

Canada; many other countries have also adopted stringent  

vehicle emission regulations that in effect require three-way 

converters on gasoline-powered vehicles.  

The reduction and oxidation catalysts are typically 

contained in a common housing, however in some instances 

they may be housed separately. A three-way catalytic 

converter has three simultaneous tasks: Oxidation of carbon 

monoxide to carbon dioxide: 

2CO + O2 → 2CO2 

Oxidation of unburnt hydrocarbons (HC) to carbon dioxide 

and  water: 

CxH2x+2 + (3x+1)/2] O2 → xCO2 + (x+1) H2O 

And it also treats them,  

Reduction of nitrogen oxides to  nitrogen and  oxygen:  

2NOx → xO2 + N2 

These three reactions occur most when the 

catalytic converter receives exhaust from an engine running 

slightly above the  stoichiometric point. This point is 

between 14.6 and 14.8 parts air to 1 part fuel, by weight, for 

gasoline engine. The ratio for  Auto gas (or  liquefied 

petroleum gas (LPG)),  natural  gas and  ethanol fuels is 

each slightly different, requiring modified fuel system 

settings when using those fuels. In general, engines fitted 

with 3-way catalytic converters are equipped with a  

computerized closed- loop feedback fuel injection system 

using one or more  oxygen sensors, though early in the 

deployment of three-way converters,  carburetors equipped 

for feedback mixture control were used. 

3) Catalytic Convertor In CI Engine 

For compression-ignition (i.e.,  diesel engines), the 

most commonly used catalytic converter is the Diesel 

Oxidation Catalyst (DOC). This catalyst uses oxygen in the 

exhaust gas stream to convert carbon monoxide to carbon 

dioxide and hydrocarbons to water and CO2. These 

converters often operate at 90 percent efficiency, virtually 

eliminating diesel odour and helping to reduce visible  

particulates. These catalysts are not active for NOx 

reduction because any reductant present would react first 

with the high concentration of O2 in diesel exhaust gas. So 

from the CI engine Nox produce from the emission 350– 

1000 ppm 
[3]

.  

Reduction in NOx emissions from compression-

ignition engines has previously been addressed by the 

addition of exhaust gas to incoming air charge, known as  

exhaust gas recirculation (EGR). There are two techniques 

that have been developed for the catalytic reduction of Nox 

emissions under lean exhaust conditions -  selective 

catalytic reduction (SCR) and the lean NOx trap or  NOx 

absorber. Instead of precious metal-containing NOx 

absorbers, most manufacturers selected base-metal SCR 

systems that use a  reagent such as  ammonia to reduce the 

NOx into nitrogen.
[4]

 

  Diesel exhaust contains relatively high levels of 

particulate matter, consisting in large part of elemental  

carbon.Catalytic converters cannot clean up elemental 

carbon, though they do remove up to 90 percent of the 

soluble organic fraction so particulates are cleaned up by a  

diesel particulate filter (DPF). Historically, a DPF consists 

of a Cordierite or Silicon Carbide substrate with a geometry 

that forces the exhaust flow through the substrate walls, 

leaving behind trapped soot particles. Contemporary DPFs 

can be manufactured from a variety of rare metals that 

provide superior performance. As the amount of soot 

trapped on the DPF increases, so does the back pressure in 

the exhaust system. Periodic regenerations (high 

temperature excursions) are required to initiate combustion 

of the trapped soot and thereby reducing the exhaust back 

pressure. The amount of soot loaded on the DPF prior to 

regeneration may also be limited to prevent extreme 

isotherms from damaging the trap during regeneration.  

III. PROBLEM FORMULATION 

Urea or carbamide is an organic compound with 

the chemical formula CO(NH2)2. The molecule has two —

NH2 groups joined by a carbonyl (C=O) functional group
[5]

. 

Urea serves an important role in the metabolism of 

nitrogen-containing compounds by animals and is the main 

nitrogen-containing substance in theurine of mammals. It is 

a colorless, odorless solid, highly soluble in water and 

practically non-toxic
[7]

. Dissolved in water, it is 

neither acidic nor alkaline. The body uses it in many 

processes, the most notable one being nitrogen excretion. 

Urea is widely used in fertilizers as a convenient source of 

nitrogen. Urea is also an important raw material for 

the chemical industry. 

More than 90% of world industrial production of 

urea is destined for use as a nitrogen-release fertilizer. Urea 

has the highest nitrogen content of all solid nitrogenous 

fertilizers in common use. Therefore, it has the lowest 

transportation costs per unit of nitrogen nutrient. The 

standard crop-nutrient rating (NPK rating) of urea is 46-0-

0.Because of the high nitrogen concentration in urea, it is 

very important to achieve an even spread. The application 
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equipment must be correctly calibrated and properly used. 

Drilling must not occur on contact with or close to seed, 

due to the risk of germination damage. Urea dissolves in 

water for application as a spray or through irrigation 

systems.  Urea is a raw material for the manufacture of two 

main classes of materials:  

Urea-formaldehyde resins and urea-melamine-

formaldehyde used in marine plywood
[6]

.Urea can be used 

to make urea nitrate, a high explosive that is used 

industrially and as part of some improvised explosive 

devices. It is a stabilizer in nitrocellulose explosives. The 

main objective is to reduce NOx from the exhaust of the CI 

engine. For the reducing Nox from the CI engine, to inject a 

urea solution in the exhaust pipe, before it gets to the 

converter, to evaporate and mix with the exhaust and create 

a chemical reaction that will reduce NOx.  

This chemical reaction works for urea with NOx, 

4NO + 2(NH2)2CO + O2 → 4N2 + 4H2O + 2CO2 

Urea mixes with the nitrogen oxides and converts 

into the nitrogen and the carbon dioxide. 

IV. EXPERIMENTAL SETUP 

The setup consists of single cylinder, four stroke, multi-

fuel, research engine connected to eddy type dynamometer 

for loading. The operation mode of the engine can be 

changed from diesel to Petrol of from Petrol to Diesel with 

some necessary changes. In both modes the compression 

ration can be varied without stopping the engine and 

without altering the combustion chamber geometry by 

specially designed tilting cylinder block arrangement. The 

setup enables study of VCR engine performance for brake 

power, indicated power, frictional power, BMEP, IMEP, 

brake thermal efficiency, indicated thermal efficiency, 

Mechanical efficiency, volumetric efficiency, specific fuel 

consumption, A/F ratio, heat balance and combustion 

analysis. Lab view based Engine Performance Analysis 

software package “Engine soft” is provided for on line 

performance evaluation. 

 
Fig. 1: Block diagram of experimental set up 

Technical Specification of Engine 

Model  TV1 

Make Kirloskar Oil Engines 

Type Four stroke Single cylinder, 

Water cooled, Diesel 

No. of cylinder One 

Bore 87.5mm 

Stroke 110mm 

Combustion principle Compression Ignition 

Cubic Capacity (cc) 0.661 liters 

Max. Speed 2000 rpm 

Min. operating speed 1200 rpm 

Connecting rod length 234 mm 

Emission is measured by the GA-4040 type gas 

analyzer and it is used to measure the level of pollutants in 

the exhaust of the engine. Exhaust gas analyzer is also 

tuned an engine for optimum mileage. K- type 

thermocouple attached with catalytic convertor to measure 

the temperature of it at different position.It is inexpensive, 

and a wide variety of probes are available in its −200 °C to 

+1350 °C / -330 °F to +2460 °F range. 

V. RESULTS AND DISCUSSIONS 

The most trustworthy information about a physical process 

is often given by the actual measurement. An experimental 

exploration involving full scale equipment can be used to 

predict how identical copies of the equipment would 

perform under the same conditions. Experimentation for the 

present study included both standard and urea based 

catalytic convertor for emission analysis. The primary aim 

of carrying out experimental work is to reduce Nox from the 

emission of the CI engine. 

A. Case 1:-Standard Catalytic Convertor At N=1100 RPM 

The experiment is carried out on above mentioned process 

with standard catalytic convertor. All the components fitted 

as shown in fig. Emission is measured by the analyser with 

varying the different load at 0 kg, 2 kg, 4 kg, 6 kg, 8 kg  

with maintain the time interval 10 minutes. 
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Fig. 2: 

B. Case 2:- Urea Based Catalytic Convertor at N=1100 

RPM 

The experiment is carried out on above mentioned process 

with urea based catalytic convertor. All the components 

fitted as shown in fig. Emission is measured by the analyser 

with varying the different load at 0 kg, 2 kg, 4 kg, 6 kg, 8 kg  

with maintain the time interval 10 minutes. 
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C. Case 3:-Standard Catalytic Convertor at N=1200 RPM 

The experiment is carried out on above mentioned process 

with standard based catalytic convertor. All the components 

fitted as shown in fig. Emission is measured by the analyser 

with varying the different load at 0 kg, 2 kg, 4 kg, 6 kg, 8 kg  

with maintain the time interval 10 minutes. 
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Fig. 4: 

D. Case 4:- Urea Based Catalytic Convertor at N=1200 

RPM 

The experiment is carried out on above mentioned process 

with urea based catalytic convertor. All the components 

fitted as shown in fig. Emission is measured by the analyser 

with varying the different load at 0 kg, 2 kg, 4 kg, 6 kg, 8 kg  

with maintain the time interval 10 minutes. 

Urea Based Catalytic convertor

Load

0 2 4 6 8 10

Em
is

si
on

 L
ev

el

0

100

200

300

400

500

600

CO %

HC (PPM)

CO2 %

O2 %

NOX (PPM)

Temp 
0
C

 
Fig. 5: 

E. Case 5:-Standard Catalytic Convertor at N=1300 RPM 

The experiment is carried out on above mentioned process 

with standard catalytic convertor. All the components fitted 

as shown in fig. Emission is measured by the analyser with 

varying the different load at 0 kg, 2 kg, 4 kg, 6 kg, 8 kg  

with maintain the time interval 10 minutes. 
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Fig. 6: 

F. Case 6:- Urea Based Catalytic Convertor at N=1300 

RPM 

The experiment is carried out on above mentioned process 

with urea based catalytic convertor. All the components 

fitted as shown in fig. Emission is measured by the analyser 

with varying the different load at 0 kg, 2 kg, 4 kg, 6 kg, 8 

kg  with maintain the time interval 10 minutes. 
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Fig. 7: 

G. Case 7:- Standard Catalytic Convertor at N=1400 RPM 

The experiment is carried out on above mentioned process 

with standard catalytic convertor. All the components fitted 

as shown in fig. Emission is measured by the analyser with 

varying the different load at 0 kg, 2 kg, 4 kg, 6 kg, 8 kg  

with maintain the time interval 10 minutes. 
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H. Case 8:- Urea Based Catalytic Convertor at N=1400 

RPM 

The experiment is carried out on above mentioned process 

with urea based catalytic convertor. All the components 

fitted as shown in fig. Emission is measured by the analyser 

with varying the different load at 0 kg, 2 kg, 4 kg, 6 kg, 8 kg  

with maintain the time interval 10 minutes. 
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I. Case 9:- Standard Catalytic Convertor at N=1500 RPM 

The experiment is carried out on above mentioned process 

with standard catalytic convertor. All the components fitted 

as shown in fig. Emission is measured by the analyser with 

varying the different load at 0 kg, 2 kg, 4 kg, 6 kg, 8 kg  

with maintain the time interval 10 minutes. 
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J. Case 10:- Urea Based Catalytic Convertor at N=1500 

RPM 

The experiment is carried out on above mentioned process 

with urea based catalytic convertor. All the components 

fitted as shown in fig. Emission is measured by the analyser 

with varying the different load at 0 kg, 2 kg, 4 kg, 6 kg, 8 kg  

with maintain the time interval 10 minutes. 

 
Fig. 11: 

From the above shown tables and graphs, we can 

say that the from the exhaust of the diesel engine NOX is 

decreased in large range compare to the standard diesel 

engine, which are the desirable effects. Achieved these 

results by supplying the Urea at inlet of the catalytic 

convertor. At a different rpm 1100, 1200, 1300, 1400, 1500 

and varying the different load 0 kg, 2 kg, 4 kg, 6 kg, 8 kg. 

The emission parameter is much less compare than the 

standard diesel engine. Nox is reduced 10% to 20% 

compare than the standard diesel engine. 
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