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Abstract: This paper presents the effects of implementing turbulence device on the 

effectiveness of catalytic converter which represents the reduction in pollution rate 

through vehicles by minimizing the harmful emissions. This effectiveness basically deals 

with the rate of redox reactions of exhaust gases with the catalysts present inside the 

catalytic converter such as palladium (Pd), platinum (Pt) and rhodium (Rh). Chief purpose 

of the turbulence is to increase the catalytic reactions in the catalytic converter for cleaner 

emissions. Devices used are designed in such a manner that they don’t cause any 

backpressure on the combustion system that might affect the engine performance. By 

creating turbulence just before the catalytic converter, it creates high degree of 

randomness in the exhaust gases particles and due to this random movement they face 

larger contact area with the catalysts inside the catalytic converter and thus improves the 

effectiveness of the catalytic converter by increasing the rate of redox reactions. Different 

sets of readings has been recorded by noting down the pre and post position temperatures 

of the catalytic converter at different engine speeds and analyzed to obtain the best out of 

the designed turbulence devices. 
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Notation 

NOx Nitrogen Oxide 

CO Carbon Mono oxide 

HC Hydro Carbon 

NO Nitrogen Oxide 

NO2 Nitrogen Di-oxide 

CO2 Carbon Dioxide 

𝜂𝑒 Net Conversion Effectiveness 

Lg Heat loss due to dry gas 

Lco Heat loss from formation of CO 

Wg The weight of the flue gases 

Cp Specific heat of the exhaust gas mix 

Tflue Flue temperature 

Tsupply Combustion supply air temperature 

Cb Specific carbon content of fuel 

RPM Revolution Per Minute 

Hf Flue Heat losses 

Ha Fuel Heating Value (42550 Btus/Kg) 

1. Introduction 

Emissions are the main cause of Air Pollution in the environment. The incomplete 

combustion of the fossil fuels in the Automobile engines lead to increase in the Pollution 

leading to global warming and depletion of the Ozone layer [1].The toxic pollutants from 

incomplete combustion are NOx, CO and HC [2, 3]. These toxic emissions and particulate 
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matter are present in the atmosphere in various percentages. The Main Pollutants released 

through the exhaust system are HC and CO, CO is the most toxic pollutant, which has no 

odor, taste and color and is thus difficult to be detected. The main element of Nitrogen 

oxides is NO and has a small amount of NO2 present in it [4]. 

The combustion process in the diesel engine produce smoke and other toxic 

particulate matter, which lead to harmful diseases of lung cancer, Asthma and other Life 

taking diseases [5]. These matters contaminate the air, which is harmful for the human 

beings. The properties or the factors which account for the level of pollution in the 

atmosphere are the ambient conditions, ambient temperature, condition of the vehicle 

being driven and the way the vehicle is being driven, and the maintenance and handling of 

the vehicle are a very important factor for the emissions of the engine [6]. As the age of 

the vehicle increases over the years of its manufacturing and its usage, the amount of 

emissions released by the vehicle also increases [7, 8]. 

With the increase in the manufacturing of the vehicles, the pollution percentage has 

also increased in the atmosphere. Thus to follow the rules of emissions the need of 

emission standards had arrived and these standards are followed by the manufacturing 

units while manufacturing the vehicles. These standards made way for the new way of 

designing the vehicle system, engine designing and advancement in the vehicle’s exhaust 

system, these new rules made a rise in the scope of increase in the use of fossil fuels 

leading to increase in the prices of diesel and petroleum [13, 14, and 15]. The alternative 

source of fuel got introduced in the automobile industry to make these regulations obeyed 

in the current manufactured vehicles. The use of Compressed Natural Gas (CNG) in the 

engine has shown some reductions in the emissions in the percentage of CO2 and CO but 

an increase in the emissions of HC was observed [9]. The use of the hydrogen-based fossil 

fuels has also showed some reduction in the exhaust emissions released during the run of 

an engine in normal conditions [10]. The Toxic emissions are reduced with the methods or 

measures which are of two types, Primary and secondary measures or methods. In the 

primary approach the processes are multistage injection of fuel, Exhaust gas Recirculation 

and loading of water inside the cylinder [11, 12]. In the secondary approach the processes 

used are oxidation and absorption of the toxic emissions and particulate matter which 

leads to reduction the percentage of CO, HC, NOx and toxic emissions which meet the 

standards of emissions [13]. 

The most efficient device to reduce the exhaust emissions in the internal combustion 

engines is Catalytic Converter. It works on the principle of chemical reactions, which 

absorb these toxic emissions, and this device is an ideal sound device for reducing the 

toxic emissions [16]. In India, the installation of the catalytic converter is compulsory for 

the vehicles being manufactured in the current years to control the exhaust emissions and 

to meet the standard norms. The catalytic converter is a chemically passive device, which 

can control the light pressure during the engine run, and the device is stable at even high 

operating temperatures of 1300°C. The catalysts used in the instrument are rhodium, 

platinum, palladium, and gold, these catalysts undergo successive chemical reactions with 

the toxic emissions in different stages and phases to reduce these emissions [17]. 

In our process of testing, we achieved a reduction in the exhaust emissions from a 

2007 model of TATA INDICA engine. The three turbulence devices, Swirl Venturi, Swirl 

Blades and Swirl contour, used before the catalytic converter on installation have caused 

turbulence in the gases flowing through the exhaust system. The main objective of 

creating turbulence was to increase the contact area of the gases coming into contact with 
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the catalysts in the catalytic converter, thus as the surface area is increased the intensity of 

chemical reactions increases leading to a reduction in the percentage of exhaust emissions. 

During the test, a temperature was observed with the temperature gun at the point before 

the catalytic converter and the three devices. 

The effectiveness of the catalytic converter refers to the amount of toxic emissions 

absorbed and reduced by the catalytic converter. The catalysts used in the catalytic 

converter have reduced the emissions what refers to the term effectiveness. The 

turbulence devices installed before the catalytic converter has increased the emission 

effectiveness of the catalytic converter leading to a reduction in the percentage of toxic 

emissions being released from the engine. 

2. Experimental Setup and Description 

For the broad variety of applications, we fabricated and implemented the cost-effective 

testing devices. Figure 2 shows, the Swirl Venturi, Swirl Blades, and Swirl Contour are 

turbulence creating devices. The experimental setup consists of a test diesel engine, fuel 

tank, battery, and the exhaust assembly having a catalytic converter, resonator, muffler, 

the turbulence device, tachometer, and temperature gun.  The setup is mounted on a rigid 

frame to make it movable and convenient to perform the tests and to avoid vibrations.  

Fig.1 shows the line diagram of the experimental test. The four cylinders Tata Indica V2 

diesel engine is used as the test engine. Contact type tachometer measures the engine rpm. 

Temperature gun measures the pre and post catalytic converter temperatures during the 

operation. At different RPM, readings are taken and noted down. At various speeds and 

with various devices readings the noted before heating and after heating the catalytic 

converter. 

 
Figure 1: Line Diagram of the Test Model 

 

   

(a) (b) (c) 

Figure 2: (a) Swirl Venturi, (b) Swirl Blades, (c) Swirl Contour 
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Table 1: Temperature of the Devices at Different Engine Speeds 

 

 

 

 

 

 

 

3. Result and Discussions 

The test has been performed on a 4-cylinder diesel engine and three sets of experiments 

have been performed i.e. at engine idling condition, engine at 4600 rpm and at full throttle 

condition at 6432 rpm. The temperature (°C) readings have been taken for different 

turbulence devices at different rpm’s of engine. Table 1 shows the different temperature 

values obtained before entering the catalytic converter and after exiting the catalytic 

converter by clamping different turbulence devices before the catalytic converter of the 

exhaust assembly. 

Table 2 shows the effectiveness of emission reduction which has been calculated 

after finding out the flue heat losses, diesel fuel heating value and the carbon content of 

the diesel fuel. Conversion effectiveness is represented as a factor determined by, dividing 

a percentage of fuel’s heating value, from the total heating value of the fuel. 

                                                              𝜂𝑒 =  
𝐻𝑓

𝐻𝑎
     (1)                                                                       

                                                             𝐻𝑓 = 𝐿𝑔 + 𝐿𝑐𝑜    (2) 

                                                             𝐿𝑔 = 𝑊𝑔 ∗ 𝐶𝑝 ∗ (𝑇𝑓𝑙𝑢𝑒 − 𝑇𝑠𝑢𝑝𝑝𝑙𝑦)  (3) 

                                                          𝑊𝑔 =
44𝐶𝑂2+32𝑂2+28𝑁2+28𝐶𝑂

12(𝐶𝑂2+𝐶𝑂)
∗ 𝐶𝑏  (4) 

                                                           𝐶𝑝 = 0.240 + 0.000038 ∗ (𝑇𝑓𝑙𝑢𝑒 − 200) (5) 

                                                         𝐿𝑐𝑜 =
%𝐶𝑂

%𝐶𝑂2+%𝐶𝑂
∗ 10160 ∗ 𝐶𝑏   (6) 

Device 

Engine Idling 

(989 rpm) 

Engine at 

4600 rpm 

Engine at 6432 rpm 

(Wide open throttle) 

En. 

Temp. 
(°C) 

Ex.Temp

.(°C) 

En.Te

mp. 
(°C) 

Ex. 

Temp. 
(°C) 

En. 

Temp. 
(°C) 

Ex.Temp

. 
(°C) 

Default Exhaust System 419 425 767 782 903 981 

Swirl Venturi 428 437 776 801 907 993 

Swirl Blades 431 442 773 796 918 1009 

Swirl Contour 430 439 776 799 913 996 

   
Figure 3:Emission Reduction 

Effectiveness of  the Devices at 
Engine Idling Condition 

Figure 4:  Emission Reduction 

Effectiveness of  the Devices at 
4600 Rpm 

Figure 5:  Emission Reduction 

Effectiveness of  the Devices at 
at Full Throttle Condition 



Effect of Creating Turbulence on the Performance of Catalytic Converter 

 

119 

Figure 3, figure 4, to figure 5 shows pie charts of calculated emission reduction 

effectiveness’s of the different devices at different engine speeds. It is found that the most 

effective result has been obtained from the Swirl Venturi device giving the most 

optimized results overall. However, it is also found that the Swirl Blades device has came 

up with significant results but only at wide open throttle (WOT) condition i.e. at high 

engine rpm. 

Table 2: Conversion Effectiveness 

Engine 

Speed 

Turbulence Devices Wg Cp Lg Lco Hf 𝜼𝒆 

980 RPM 

Default Exhaust System 3262 0.248555 320982 4100 325082 7.64 

Swirl Venturi 3392 0.249196 348319 1417 349737 8.22 

Swirl Blades 3096 0.249006 313812 2586 316398 7.43 

Swirl Contour 3005 0.249082 306171 3761 309933 7.28 

4600 

RPM 

Default Exhaust System 2434 0.262116 479788 19261 499049 11.73 

Swirl Venturi 3231 0.262838 654774 9454 664228 15.6 

Swirl Blades 3221 0.262648 648135 10773 658908 15.48 

Swirl Contour 3112 0.262762 628948 13004 641953 15.08 

6432 

RPM 

Default Exhaust System 1749 0.269678 448726 27542 525874 11.19 

Swirl Venturi 2551 0.270134 663817 19142 682960 16.05 

Swirl Blades 2759 0.270742 731422 18390 749813 17.62 

Swirl Contour 2472 0.270248 645349 22655 668005 15.69 

3. Conclusions 

The emission reduction effectiveness of the turbulence devices in a four cylinder diesel 

engine under different engine speeds have been investigated and significant conclusions 

has been drawn. Comparatively, lower concentrations of emissions, i.e., NOx, CO, CO2 

and HC were generated by mounting turbulence devices before the catalytic converter. 

The emissions were significantly reduced without causing any major backfire issues for 

all the turbulence devices even at full throttle conditions. The optimization of the devices 

has been discussed in the terms of emission reduction effectiveness. 

The tests performed has clearly shown that by the application of turbulence devices 

just before the catalytic converter has resulted in the increase in the chemical reactions 

i.e., the oxidation and reduction reactions, that occurs inside the catalytic converter when 

exhaust gases passes through it.  

A detailed study of the test and the calculated values shown in Table 2 has led to the 

conclusion that the Swirl Venturi device shows up to be the most effective turbulence 

device for the overall set of tests performed. The reason being the throughout constant 

variation of the cross-sectional contact area for the contact gases. It is also found that at 

wide open throttle condition (WOT) or high engine rpm conditions; the Swirl Blades 

device proves to be most effective for emission reduction and can be used for high-speed 

applications. 

References 

[1]. Tyagi, R. K., S. K. Sharma, A. Chandra, S. Maheshwari, and P. Goyal.  Improved Intake 

Manifold Design for IC Engine Emission Control. Journal of Engineering Science and 

Technology, 2015; 10(9): 1188-1202. 

[2]. Rao, M. N., and H. V. N. Rao. Air Pollution, Tata McGraw-Hill, New Delhi, 1989. 

[3]. Kathuria, Vinish. Vehicular Pollution Control in Delhi. Economic and Political Weekly, 

2002; 37(12): 1147-1155. 

[4]. Wasser, J. Reduction of NOx and PM from Navy Diesel Engines: A Feasibility Analysis. 



M. Kumar, M. Bhandwal, M. Sharma, A. Verma, U. Srivastava and R. K. Tyagi 

 

120 

US EPA APPCD Research Triangle Park NC 27711, USA, 8926.001, July 1996. 

[5]. Straif, K., L. Tallaa, N. Gaudin, and F. Chaib. Diesel Engine Exhausts Carcinogenic. 

The International Agency for Research on Cancer, Press Release Number 213-12. 2012. 

[6]. Real, J. Comparative Vehicles Emissions Study. Commonwealth Department of 

Transport and Regional Services, Canberra Act 2601, Australia. 2006. 

[7]. Kuhns, H., V. Etyemezian, and G. Nikolic. Precision and Repeatability of the TRAKER 

Vehicle-Based Paved Road Dust Emission Measurement. Division of Atmospheric 

Sciences, 2004; 40(16): 2953-2958. 

[8]. Chan, T. L., Z. Ning, C. W. Leung, C. S. Cheung, W. T. Hung, and G. Dong. On- Road 

Remote Sensing of Petrol Vehicle Emissions Measurement and Emission Factors 

Estimation in Hong Kong. Atmospheric Environment, 2004; 38(21): 055-2066. 

[9]. Aljamali, S., S. Abdullah, W. Faizal, and A. Yusoff. Comparison of Performance and 

Emission of a Gasoline Engine Fuelled by Gasoline and CNG under Various Throttle 

Positions. Journal of Applied Sciences, 2014; 14(4):386-390.  

[10]. Tyagi, R. K., and R. Ranjan. Effect of Hydrogen and Gasoline Fuel Blend on the 

Performance of S.I. Engine. Journal of Petroleum Technology and Alternative Fuels, 

2013; 4(7): 125-130. 

[11]. Harrison, R. M. Pollution Causes, Effects & Control. The Royal Society of Chemistry, 

2001. 

[12]. Wark, K., G. Warner, and W. Davis. Air Pollution and its Control. Wesley Longmann. 

1997. 

[13]. Kisku, G. C. Nature and Type of Pollution from Automobiles and Strategies for its 

Control. Industrial Toxicology Research Centre, Environmental Monitoring Division, 

Lucknow.  

[14]. Lenaers, G., and M. Van Poppel. Mobile Emission Measurements for Assessing Low 

Emitting Vehicles Exemplified on a CRT-Equipped Bus. International Journal of Energy 

Clean Environ, 2005; 6(1): 55–69. 

[15]. Pundir, B. P. Engine Emissions Pollutant Formation and Advances in Control 

Technology. Narosa Publishing House, New Delhi, 2007. 

[16]. Sharma, S. K., P. Goyal and R. K. Tyagi. Conversion Efficiency of Catalytic Converter. 

International Journal of Ambient Energy, DOI:10.1080/01430750.2015.1020567. 

[17]. Tyagi, R. K. and R. Ranjan. Effect of Heating the Catalytic Converter on Emission 

Characteristic of Gasoline Automotive Vehicles. International Journal of Ambient 

Energy, DOI:10.1080/01430750.2013.853205. 

Manthan Kumar, Manish Sharma, Anmol Verma and Utkarsh Srivastava are 

working currently towards B.Tech. degree in Mechanical and Automation in Amity 

University Uttar Pradesh. There research interest is focused on automotive intake and 

exhaust system, and catalytic converter. 

Mohit  Bhandwal is currently working as assistant professor in Amity University and co-

guide of the students in the above topics. He has M.Tech from SRM University Chennai 

in the field of Robotics. He has filled 4 patents in different fields. His research areas are 

AI, design aspects of I.C. engine, Robotics, automotive exhaust system. 

R. K. Tyagi is currently working as associate professor in department of Mechanical and 

Automation Engineering in Amity University Uttar Pradesh. He has an M.Tech. in design 

and Ph.D. in non-traditional machining process. He has filled 19 patents in different field. 

His research area is composite material, design aspects of IC engine, non-traditional 

machining process and automotive exhaust system. 


