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Abstract: 

Now a days the global warming and air pollut ion are big issues in the world. The 70% of air pollution is due to emissions fro m an  

internal combustion engine. The harmful gases like NOx, CO, unburned HC and particu late matter increases the global warming, s o 

catalytic convertor plays a vital role in reducing harmfu l gases, but the presence of catalytic convertor increases the exhau st back 

pressure, due to this volumetric efficiency will decrease and the fuel consumption is higher. So analysis of catalytic co nvertor is very 

important. The rare earth metals now used as catalyst to reduce NOX are costly and rarely available. The scarcity and high demand of 

present catalyst materials necessitate the need for finding out the alternatives. Among all other particu la te filter materials, knitted steel 

wire mesh material is change and selected platinum, pallad ium and rhodium coated on the surface of ceramic honeycomb structures as 

filter materials in this paper. Though CFD analysis, various models with different wire mesh shapes rectangular, circular, diamond 

combinations were simulated using the appropriate boundary conditions. The comparison of back pressure of different catalytic  

converter model is made in this paper. 

 

1. INTRODUCTION 

 

A catalytic convertor is a vehicle emissions control device which 

converts toxic by-products of combustion in the exhaust of an 

internal combustion engine to less toxic substances by way of 

catalyzed chemical reactions. The specific reactions vary with 

the type of catalyst installed. Most present-day vehicles that run 

on gasoline are fitted with a “three-way” converter, so named 

because it converts the three main pollutants in automobile 

exhaust: carbon monoxide, unburned hydrocarbon and oxides of 

nitrogen. The first two undergo catalytic combustion and the last 

is reduced back to nitrogen. 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 US. Environmental Protection Agency 

regulations on automobile exhaust emissions. These were “two-

way” converters 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 (NOx). Catalytic converters are still most 

commonly used in exhaust systems in automobiles, but are also 

used on generator sets, forklifts, mining equipment, trucks, 

buses, locomotives, motorcycles, airplanes and other engine-

fitted devices. They are also used on some wood stoves to 

control emissions. This is usually in response to government 

regulation, either through direct environmental regulation or 

through health and safety regulations. Catalytic oxidization is 

also used, but for the purpose of safe, flameless generation of 

heat rather than destruction of pollutants, in catalytic heaters. 

Catalytic converters were first widely introduced in Ame rican  

production cars in 1975 due to EPA regulations on toxic 

reductions. The United States Clean Air Act required a 70% 

decrease in emissions in all new model vehicles alter 1975. Th is 

decrease was to be carried out with the use of catalytic 

converters. Without catalytic converters vehicles would release 

hydrocarbons, carbon monoxide, and nitrogen oxide. These gases 

are the largest source of ground level ozone, which causes smog 

and is harmful to plant life. Catalytic converters can also be 

found in generators, buses, truck, and train. A lmost everything 

with an internal combustion engine will have some sort of 

catalytic convertor attached to its exhaust system.  

 

 
Figure.1. Position of Catalytic Convertor  

 

1.1 BASIC COMPONENTS  

 

The catalytic converter assembly consists most of these 

components, inlet/outlet pipes/ flanges, Steel housing, insulation 

material, seals, inlet/outlet cones, substrate(s), coating and sensor 

boss.  

 Steel Housing provides protection and structure support 

for substrate; insulation material (mat or wire mesh) 

provides heat insulation and support between steel 

housing and substrate; seals are there to protect mat 

material from been burned by the exhaust gas.  
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 The Substrate is often called a "catalyst support". It is a  

ceramic honeycomb or a stainless steel foil honeycomb 

in modern catalytic converters. The ceramic substrate 

was invented by Rodney Bagley, Irwin Lachman and 

Ronald Lewis at Coming, in use to increases the amount 

of surface area available to support the catalyst.  

 The washcoat is used to make converters more 

efficient, often as a mixture of silica and alumina. When 

a washcoat is added to the substrate, it forms a rough, 

irregular surface, which has a far greater surface area 

than the flat core surfaces do which then gives the 

substrate a larger surface area, provid ing more sites for 

active precious metal -the catalytic which is added to 

the washcoat (in suspension) before being applied to the 

substrate. 

The Catalyst itself is most often a precious metal. Platinum is 

the most active catalyst and is widely used. However, because of 

unwanted additional reactions and/or cost, Palladium and 

rhodium are used as a reduction catalyst, while plat inum and 

palladium are used as an oxid izat ion catalyst. Cerium, iron, 

manganese and nickel are also used, although each has its own 

limitat ions. 

 

 
 

Figure.2. Basic Components 

 

1.2 TYPES OF CATALYTIC CONVERTER  

 

 There are two main types of catalytic convertor used 

 

  1.2.1Two-Way or oxidation catalytic converter 

  1.2.2 Three way catalytic converter 

 

1.2.1 Two - way or oxidation catalytic convertor  

 

Early converters, called “Two-Way” (or oxidation) catalytic 

converter converts harmful carbon monoxide (CO) and 

hydrocarbons (HC) produced by the relatively inefficient, low 

compression engines of the day to harmless carbon dioxide 

(CO2) and water with the assistance of a precious metallic  

catalyst. This process “converts” these harmful gases into water 

vapour and harmless carbon dioxide (CO2). But these converters 

have little effect on nitrogen oxides (NOX) and particulate 

matter. It is important to understand that Two-way converters are 

most effective when used with engines that have a lean air/fuel 

mix, because this condition provides ample oxygen to “burn” the 

pollutants. 

 

1.2.2 Three - way catalytic converter  

 

Most cars today are equipped with a Three - way catalytic 

converter. The term 3 - way refers to the three emissions it helps 

to reduce, carbon monoxide, hydrocarbons or volatile organic 

compounds (VOCs) and NOx molecules. 3-way converters use 

two different types of catalysts, a reduction catalyst and 

oxidizat ion catalyst. Both types consist of a base structure coated 

with a catalyst such as platinum, rhodium and/or pallad ium. The 

scheme is to create a structure that expose the maximum surface 

area of the catalyst to the exhaust flow, while also minimize the 

amount of catalyst required. 

 

1.3 WORKING PRINCIPLE 

 

A catalytic converter is a very simple device using the basic 

redox reactions in chemistry to help reduce the pollutants car 

makers. It converts around 98% of the harmful fumes produced 

by a car engine into less harmful gases. It is composed of a metal 

housing that has a ceramic honeycomb-type interior with  

insulating layers. This honeycomb interior has thin wall channels 

that are coated with a wash coat of aluminum oxide. Th is is very 

porous and increases the surface area, which allows for more 

reactions to take place. This is where the precious metals are 

located. These metals include plat inum, rhodium, and pallad ium 

No more than 4-9 grams of these precious metals are used in a 

single converter. The converter utilizes simple oxidation and 

reduction reactions to convert toxic fumes into gases that are not 

nearly as harmful to the environment. Recall that oxidation is the 

loss of electrons and that reduction is the gaining of electrons. 

These precious metals listed earlier promote the transfer of 

electrons and in turn the conversion of toxic fumes.  

 

 
Figure.3. Basic conversion of catalytic converter  

 

3Way converters working as two catalyst process: 1. Reduction 

and 2. Oxidation and a sophisticated oxygen storage/engine 

control system to convert three harmfu l gasses HC, CO and 

NOx. This is not an easy task: the catalyst chemistry required to 

clean up NOx is most effective with a rich air/ fuel b ias. To 

operate properly, a three way converter first must convert NOx 

(with a rich air/ fuel bias), then HC and CO (with a lean bias).  

 

1.3.1 Reduction Catalyst 

 

The reduction catalyst is the first stage of the catalytic converter. 

It uses platinum and rhodium to help reduce the NOx emissions. 

When an NO or NO2 molecule contacts the catalyst, the catalyst 

rips the nitrogen atom out of the molecule and holds on to it, 
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freeing the oxygen in the form of O2. The nitrogen atoms bond 

with other nitrogen atoms that are also stuck to the catalyst, 

forming N2. 

 

 For Example: 

 

    2NO       N2 + O2  

 

Or 

 

    2NO2       N2 + 2O2  

 

 

 

 
Figure.4. inside flow Process 

 

 
 

Figure.5. Internal catalytic parts  

 

 
 

Figure.6. Transformation of gases from one phase to another 

phase 

 
Figure.7. Step by step working procedure  

 

1.3.2 Oxidation catalyst 

 

The oxidation catalyst is the second stage of the catalytic 

converter. It reduce the unburned hydrocarbons and carbon 

monoxide by burning (oxidizing) them over a platinum and 

palladium catalyst. This catalyst aids the reaction of the CO and 

Hydrocarbons with the remaining oxygen in the exhaust gas. 

 

For example:  

    2CO + O2         2CO2  

 

The diesel engine catalytic converter is a pure oxidation catalytic 

converter. It oxidizes HC and CO into water and CO2. It cannot 

reduce NO2. 

 

1.4 FUNCTIONS  

 

A three-way catalytic converter has three simultaneous 

functions:  

 1. Reduction of nitrogen oxides into elemental nitrogen and 

oxygen. (N0x → Nx+ Ox)  

 2. Oxidat ion of carbon monoxide to carbon dioxide. (CO + O2  

→ Co2)  

 3. Oxidation of hydrocarbons into carbon dioxide and water.  

 (CH4x + 2xO2 →  xCO2 + 2xH2O) 

 

There are two types of "systems" that run in the catalytic 

converter - "lean" and "rich". When the system is running "lean", 

that means there is more oxygen than required, thus the reactions 

favour the oxidation of carbon monoxide and hydrocarbons (at 

the expense of the reduction of nitrogen oxides). On the contrary, 

when the system is running "rich", meaning there is more fuel 

than needed, the reactions favour the reduction of nitrogen 

oxides into elemental nit rogen and oxygen (at the expense of the 

two oxidation reactions). With a constant imbalance of the 

reactions, the system is never running at 100% efficiency. Note: 

converters can store “extra” oxygen in the exhaust stream for 

later use. This storage usually occurs when the system is running 

lean; the gas is released when there is not enough oxygen in the 

exhaust stream. The released oxygen compensates for the lack of 

oxygen derived from the reduction of NOx, or when there is hard 

acceleration and the air-to-fuel ratio system runs rich suddenly, 

faster than the catalytic converter can adapt to it. Also, the 

release of the stored oxygen helps in the oxidation process of CO 

and HC. 
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1.5 ENVIRONMENTAL EFFECT  

 

Catalytic converters have proven to be reliable and effective 

in reducing noxious tailpipe emissions. However, they also 

have some shortcomings and adverse environmental impacts 

in production; 

  

 Although catalytic converters are effective at removing  

hydrocarbons and other harmfu l emissions, they do not 

reduce the emission of carbon dioxide (CO2), one of the 

greenhouse gases indicated by the Intergovernmental 

Panel on Climate Change (IPCC) to be the leading  

cause of global warming.  

 

 An engine equipped with a three-way catalyst must run 

at the stoichiometric point, which means more fuel is 

consumed than in a lean-bum engine. This, means 

approximately 10% more CO2 emissions from the 

vehicle. 

 

Catalytic converter production requires palladium or 

platinum; part of the world supply of these precious 

metals is produced near Norilsk, Russia, where the 

industry (among others) has caused Norilsk to be added 

to Time magazine's list of most-polluted places. 

 

1.5.1 Dangers of pollutants  

 

 
Figure.8. dangers of polluatants  

 

Without the redox process to filter and change the nitrogen 

oxides, carbon monoxides, and hydrocarbons into less harmfu l 

chemicals, the air quality (especially in large cities) would reach  

a harmful level to the human being.  

  

Nitrogen oxides- these compounds are in the same family as 

nitrogen dioxide, nitric acid, nitrous oxide, nitrates, and nitric 

oxide. When NOx is released into the air, it reacts with organic 

compounds in the air and sunlight, the result is smog. Smog is a 

pollutant and has adverse effects on children's lungs. NOx 

reacting with sulphur dioxide produces acid rain, highly 

destructive to everything it lands on. Acid rain deteriorates cars, 

plants, buildings, national monuments and pollutes lakes and 

streams to such an acidity that is unsuitable for fish. NOx can 

also bind with ozone to create biological mutations, and reduce 

the transmission of light (like s mog).  

 

Carbon monoxide- this form of C02 is a harmful variant of a 

naturally occurring gas. Odourless and colourless, this gas does 

not have many useful functions in everyday processes.  

 

Hydrocarbons- inhaling hydrocarbons from gasoline, household 

cleaners, propellants, kerosene and other fuels can cause death in 

children. Further complicat ions can be central nervous system 

impairments and cardiovascular problems.  

 

1.5.2 Global Warming  

 

Though the catalytic converter has helped reduce toxic emissions 

from internal combustion engines, it has also done its part in 

harming the environment. During the conversion of 

hydrocarbons and carbon monoxide, carbon dioxide is produced. 

Carbon dioxide is one of the most common greenhouse gases and 

contributes immensely to global warming. Along with carbon 

dioxide, the converters sometimes rearrange the nitrogen-oxygen 

compounds to form nit rous oxide. This is the same stuff used for 

laughing gas and in cars as a speed boost. Nitrous oxide is much 

more potent than carbon dioxide as a greenhouse gas. It is 300 

times more potent and thus contributes to global warming that 

much more. 

 

II. PROBLEM FINDING 

 

2.1 THE S CIENCE BEHIND CATALYTIC CONVERTERS  

 

Once the catalytic converter reaches its operating temperature 

(known as "light off temperature" and usually between 400 and 

600 degrees Fahrenheit) the catalyst compound coating the inner 

ceramics start to convert the three regulated harmful emissions 

into less harmfu l emissions. The three harmful emissions 

regulated by the EPA are Carbon monoxide (CO), Hydrocarbons 

(or VOCs for Volat ile Organic Compounds), and Nitrogen 

compounds (NOX). 

 

Carbon monoxide: Most of the used air leaving your engine is 

Carbon dioxide or Co2. But since combustion isn't always 

perfect or complete, some of the Carbon molecu les only pick up 

one oxygen molecule to create carbon monoxide, a deadly, 

odourless gas. The catalytic converter creates a reaction between 

the CO and its surrounding air particles to create Co2 and H20 

(water). 

 

Hydrocarbons: A Hydrocarbon is any compound made of 

Carbon and Hydrogen that can be burned. Hydrocarbon 

emissions cover a range of harmfu l emissions, but they are all 

made up of unburned Carbon and Hydrogen. Hydrocarbons are 

harmful when breathed and contribute greatly to smog build up 

in urban areas. 

 

NOx: Nitrogen compounds referred to as NOx have caused many 

an emissions test failure. NOx emissions are basically Nitrogen 

molecules that have combined with Oxygen and escape the 

engine unburned. NOx emissions cause smog and acid rain. 

 

The compounds coating the inner structure of the cat literally  

strip, ram together, and otherwise muscle these emissions into 

less harmful gases and water, leaving the stuff that comes out of 

your tailpipe in much better shape. 



International Journal of Engineering Science  and Computing, November 2016       3507                                                                      http://ijesc.org/ 

2.2 ENVIRONMENTAL IMPACT 

 

Catalytic converters have proven to be reliable and effective in  

reducing noxious tailpipe emissions. However, they must have 

some adverse environmental impacts in use: 

 

 The requirement for a rich burn engine to run at the 

stoichiometric point means it uses more fuel than a 

"lean bum" engine running at a mixture of 20:1 or less. 

This increases the amount of fossil fuel consumed and 

the carbon dioxide emissions of the vehicle. However, 

NOx control on lean burn engines is problemat ic.  

 Although catalytic converters are effective at removing  

hydrocarbons and other harmful emissions, most of 

exhaust gas leaving the engine through a catalytic 

converter is carbon dioxide (Co2), one of the 

greenhouse gases indicated by the Intergovernmental 

Panel on Climate Change (IPCC) to be a “most likely" 

cause of global warming.  

 Catalytic converter production requires pallad ium 

and/or platinum; part of the world supply of these 

precious metals is produced near the Russian city of 

Norilsk, where the industry (among others) has caused 

Norilsk to be added to Time Magazine's list of most 

polluted places. 

 

2.2.1 Surveying of Emission Vehicle 

 

 
 

Figure.9. Surveying of Emission Vehicle  

 

III. OVERVIEW OF OUR PROJECT 

 

3.1 THIN WALL CHANGE CERAMIC STRUCTURES  

 

They are extruded from dense, high strength ceramic substrate 

without sacrificing mechanical strength, total surface area 

remains same, back pressure reduces, conversion efficiency 

increases and thermal expansion reduces. 

 

 1. Circu lar structure 

 2. Triangular St ructure  

 3. Diamond (Honey comb) type structure 

 

3.2 MATERIAL COATING PROCESS 

 

Catalytic converters are used in automobile and industries for 

pollution abatement. They usually consist of cordierite ceramic 

extruded to form a structure of honeycomb-like cells that extend 

as channels along the catalytic converter length. A paint-like 

liquid containing the precious metal catalyst is coated on the 

channel walls. During operation, exhaust gases are conveyed 

with low pressure drop through the catalytic converter. Coating 

processes for catalytic converters present several challenges that 

have been tackled in the visual analysis lab. Catalytic converter 

manufacturers complained that quality control of catalyst coat 

thicknesses is difficult. In addition the coating liquid often clogs 

several of the catalytic converter channels. Usually,the monoliths 

are sprayed with a non-viscous solution containing dissolved 

catalyst. Sometimes the monoliths are coated by dipping into 

catalyst enriched slurry and then blowing out the slurry with air. 

The air clears the channels leaving a layer of deposited slurry 

solids on the channel walls. A solid coat of catalyst, called the 

wash coat, is left alter the liquid components dries out. A third 

method is to suck the slurry through the monoliths by lowering  

one end of the monolith into catalyst slurry and applying a 

vacuum at the other end of the monolith. This vacuum coating 

method has been the focus of our research and is illustrated 

below. 

 

3.3 DETAILED COATING PROCESS  

 

a) Magna Flow engineers its converters with maximum airflow 

in mind. The large surface area of the honeycomb ceramic 

catalyst combines with a detailed coating process to allow the 

most exhaust to flow through the converter. Innovative 

technology allows each catalyst to both oxid ize and reduce 

harmful emissions.  

 

 b) A ribbed body encases the ceramic to reduce expansion and 

distortion when the converter reaches its high operating 

temperature. The ribs form channels that hold the ceramic in  

proper alignment and protect the cushioning mat from direct  

exposure to exhaust gases. 

 

 c) Magna Flow converters have a smooth-flowing, 1/ 2" lap  

joint where the neck and body connect. This joint prevents the 

neck from extending into the body, where it could impede 

exhaust flow.  

 

 d) Magna Flow maintains separate dies for several converter 

body sizes and corresponding neck sizes. This process eliminates 

the need to adapt neck sizes to make them fit on a single 

converter body size, which would increase back pressure and 

decrease airflow and horsepower.  

 

 e) The ceramic catalysts are seam welded to a heavy-gauge, 

stainless steel converter body. Furthermore, a stainless steel heat 

shield is seam welded to the inner converter body. This style of 

weld ing forms a strong bond between the converter’s 

components and prevents the ceramics from shifting.  

 

 f) Ribbing on the shield 03ers a final layer of protection  

against heat damage while reinforcing the structural stability of 

the entire converter. 
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3.4 CATALYS T MATERIALS  

 

A catalytic is a substance that causes chemical reaction without 

being changed by the reaction. Noble metals are used as 

catalysts. 

 

 Oxidation converters: 70% platinum & 30% pallad ium 

is not as efficient as platinum but it is used to reduce 

overall cost of the unit.  

 Reduction converters: it consists of platinum & 

rhodium. 

 
Figure.10. methodology 

 

IV. DATA COLLECTION 

 

Before going for computational modelling the data required for 

the Catalytic converter with catalyst area its data of parameters 

collected from journals referred from Monolith catalytic 

converter systems have demonstrated potential in enabling 

vehicle to comply emission standards. The monolith surface is 

coated with a resin that contains noble metals like Platinum (Pt) 

and Pallad ium (Pd) that allow oxidation and Rhodium (Rh) that 

is used in reduction. One of the most important parts in catalytic 

converters is inlet diffuser. The in let diffuser has an important 

effect on distribution flow at the entrance face of the monolith. 

One of the most important problems that occur in the catalytic 

converter is misdistribution flow. Large d iffuser cone angles lead 

to non-uniform in let velocity distribution flow; therefore, the 

turbulent exhaust gas flow from the exhaust pipe into the diffuser 

separates horn the walls and tends to enter the central channels of 

the monolith [1].  Thus, the highest portion of the exhaust flow 

passes through the centre of the monolith with a velocity that is 

significantly higher than the ideal form in an ideal converter; the 

flow at the exit of the in let diffuser would be uniform and, thus, 

would be evenly distributed to all monolith passages. The flow 

distribution across the monolith frontal area depends on the 

geometry of a specific design of inlet diffuser of drawings create 

modelling at done the models were done. At first we are doing 

numerical analysis of models being used in using experiments. 

The data’s collected include,  

 

 Dimensions for flow fill setup. 

 Scaling measure at reengineering.  

 Conversion data analysis in Inches in to metr ic. 

 

4.1 DIMENS IONS FOR FULL ASS EMBLY MODEL  

 

 The details of the parameters are given in the following 

 

Table.1. dimensions for full assembly model 

 

DES CRIPTION DETAILS  
UNITS  

Monolith diameter 72 
mm 

Monolith length 120 
mm 

Channel density 200-400 
Channel/cm

2
 

Monolith type 
TWC –  

metallic  

--- 

Precious metals Pt / Rh  
--- 

Surface area  2.41 
m

2
 

Wash coat 45 
Gr/m

2
 

 

4.2 EXPERIMENTAL S ETUP OR TES T RIG  

 

In order to perform experimental tests, the engine was connected 

to an Eddy Current Dynamometer. The objective is to simulate 

realistic vehicle operating conditions in the test bed. As shown in 

Fig.5.3, two axial fans with accompanied ducting were employed 

to generate the air flow over moving vehicle. The engine was SI 

type, L4, 1.3 litre with a multi point he] injection (MPFI) system. 

The catalytic monolith was a three-way catalyst model in which  

its properties are summarized in Table. The thickness of NiCr 

thermocouples used in the experiment was 2 mm. Several 

thermocouples protruded their heads 5 mm out of the channels 

for measuring the inflow gas temperature. Along radial direction, 

they were located at the positions with r coordinates of 0.2R, 

0.5R and 1R. The differential pressure transducer was a digital 

type with diaphragm sensor calibrated between 0-50 mbar. 

Exhaust gas velocity was measured by vane. Torque and engine 

speed were measured by the Eddy Current dynamometer.  

Pollutant concentrations, namely CO and HC were measured by 

an AVL model 4000 gas analyzer before and after catalytic 

converter in order to determine its conversion efficiency in  

different conditions of engine load and engine speed. A 

schematic installation of thermocouples, differential p ressure 

transducer, and gas analyzer is shown in Fig.. The catalytic 

converter under the test is  shown in Fig. 
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Figure.11. Experimental setup or Test Rig  

 

4.3 OPTIMIZATION  

 

It is a systematically approach used to find out the best possible 

results among the various possible values. In recent years it plays 

a vital role to enhance the technological growth in all fields. This 

approach improves the method of selection parameters  in each  

and every level of selection process. In automobile field it  

increases the effective selection of component materials and its 

geometrical structures among the various available resources.  

 

 1. Material Opt imization 

 2. Shape optimization. 

 

4.3.1 Material optimization 

 

It mainly concerns with the selection of best and suitable 

material fo r a part icular application based on its performance 

requirements (light weight, higher thermal conductivity, etc.) In 

this project material selection plays a vital role to achieve the 

required performance (reduced emission values).1n order to  

achieve this reduced emission values laminating materials are 

introduced to absorb the carbon particles inside the catalytic 

converter.  Presently the material it’s obtained to  considering 

the most of material shown in Ceramic type material.  

 

 
Figure.12. ceramic type material  

4.3.2 Shape optimization 

 

It mainly concerns with the selection of best and suitable cross 

section for a particular applicat ion based on its performance 

requirements. In this project cross section optimization also plays 

a vital ro le to achieve the required performance (reduced 

emission values). Generally inside the catalytic converter 

honeycomb structure with hexagonal shape is used to absorb the 

carbon particles using reduced carbon reduction method. In order 

to achieve this reduced emission values another possible 

technique is changing the cross section of catalytic converter 

interior geometry. By changing the cross section shape like 

circular, square & Diamond(Honey comb)may causes the 

reduction of emission from the outlet of the catalytic converter 

these cross sectional shapes are to be analyzed from these 

analysis best cross section will be selected. 

 

V. RES ULTS AND DIS CUSSIONS  

 

NUMERICAL VALUES  ANALYZ ED RES ULTS IN 

DYNAMIC PRESS URE 

 

  
Figure.13.  CO2- Graph analysis in dynamic pressure values  

 

 
 

Figure.14. H2O- Graph analysis in dynamic pressure values  

 

 
 

Figure.15. N2- Graph analysis in dynamic pressure values  

 

honey comb 

circular 

square 

honey comb 

circular 

square 

honey comb 

circular 

square 



International Journal of Engineering Science  and Computing, November 2016       3510                                                                      http://ijesc.org/ 

NUMERICAL VALUES  ANALYZED RES ULTS IN 

TEMPERATURE IN OUTER S URFACE 

 

 
Figure.16.  Numeric analysis CO2 Graph analysis in 

temperature 

 

 
Figure.17. Numeric analysis H2O Graph analysis in 

temperature 

 

 
 

Figure.18. Numeric analysis N2OGraph analysis in 

temperature 

 

NUMERICAL VALUES ANALYS ED RES ULTS IN 

VELOCITY 

 

  
Figure.19. Numerical analysis CO2- Graph analysis in 

velocity values 

 
 

Figure.20. Numerical analysis H2O- Graph analysis in 

velocity values 

 

 
Figure.21. Numerical  analysis N2- Graph analysis in velocity 

values  
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