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ABSTRACT 

            The aim of this research is modification of internal combustion engine for 
producing power from exhaust gases.  Energy is extracted by placing turbine in 
exhaust gas passage. Two-third of the energy from combustion in a vehicle is lost as 
waste heat, out of which 40% is in the form of exhaust gases. Turbine was installed in 
the exhaust passage to generate power which would be utilized to run the electrical 
accessories of the engine. SOLIDWORKS were used for 3D CAD modeling and flow 
analysis of turbine with radial inlet-axial outlet. In addition to that ANSYS was used 
for stress-strain analysis. In addition, research has been carried out to check catalytic 
activity of catalysts made from salts/metal precursors; Cerium Sulphate Tetra hydrate, 
Manganese Sulphate Mono hydrate and Copper Sulphate Penta hydrate that are not 
expensive and could be replaced by the nobel metals as they are very expensive and 
absolutely not abundant on Earth. Test sample catalysts were prepared through co-
precipitation method having different molar concentration and then tested the 
conversion efficiency by applying the catalysts on ceramic plates by using Flue Gas 
Analyzer. On basis of results, final catalysts was prepared and applied on monolithic 
ceramic plate and then tested concerning the resulting conversion rate of pollutants as 
compared to already installed Catalytic Converter. During the experimentation work it 
was observed that base metals catalyst have low thermal stability at higher 
temperature and it adversely altered the performance of the catalyst greatly. Future 
study can be done to do research on increasing the thermal stability of catalysts with 
different molar ratios. 
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CHAPTER 01 

1.1. Introduction  
 
An internal combustion engine (ICE) is a heat engine in which the burning of a fuel 
mix with air in a combustion chamber. In an internal combustion engine, due to the 
expansion of hot gases at high temperature and high pressure produced in the 
chamber, force is directly applied on pistons. This force further moves the component 
which transforms the heat or chemical energy into mechanical energy. In an IC 
Engine, exhaust gas recirculation (EGR) is a Nitrogen Oxide emissions reduction 
technique used in gasoline and diesel engines. EGR works by recirculating a portion 
of an engine’s exhaust gas back to cylinders. Internal combustion engines are further 
differentiated in two ways:  

 Spark-ignition (SI) Engine: Spark plug is used to initiate the combustion.  
 Compression-ignition (CI) engine: Air is compressed in the cylinder, heating 

it, so that the heated air ignites fuel that is injected in. 

1.2. Classification of Internal Combustion Engine (ICE) 

1.2.1. Reciprocating Engine 

A reciprocating engine is a type of engine that uses reciprocating pistons to 
convert pressure into a rotating motion. In reciprocating engine, the combustion of 
fuel takes place inside the cylinder and such engines are called as Internal 
Combustion Engine. These are mostly used in motor vehicles such as diesel, petrol or 
gas engines. 

1.2.2. Rotary Engine 

A rotary engine is usually designed in radial configuration with an odd number 
of cylinders per row. It is designed in a way in which the crankshaft remains 
stationary during the work with the entire crankcase and its attached cylinders rotating 
around it as a unit.  
 

1.3. Problem Statement 
 
Two-thirds of the energy from combustion in a vehicle is lost as waste heat, of which 
40% is in the form of hot exhaust gases which is also the reason for environmental 
pollution. Energy Split in Gasoline Internal Combustion Engine is shown in figure 
1.1. 
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Figure 1.1: Energy Split in Gasoline Internal Combustion Engine (www.ecomodder.com) 

 

1.4. Aims and Objectives 
 

 Selection of an engine 
 Selection of turbine  
 To take coordinates of turbine using coordinate measuring machine. 
 Stress-strain analysis of turbine 
 Mathematical calculation of power generation from turbine 
 To fabricate cost effective catalytic converter 
 To compare efficiency and cost of old and upgraded catalytic converter, 

 
1.5. Scope of Research 
 
The main focus of this research is modification of internal combustion engine for 
producing power from exhaust gases.  Energy is extracted by placing turbine in 
exhaust gas passage. Two-third of the energy from combustion in a vehicle is lost as 
waste heat, of which 40% is in the form of exhaust gases. Exhaust from an engine is 
used to generate electricity and can be stored in battery after rectification for later 
consumption in various utilities. First of all the complete exhaust system is studied to 
understand various parameters affecting the design of turbine. SOLIDWORKS were 
used for 3D CAD modeling and flow analysis of test bench of engine and turbine. In 
addition to that ANSYS was used for stress-strain analysis. In addition new catalysts 
material are studied in order to fabricate cost effective catalytic converter. 
 
 

1.6. Significance of Study 
 
Power Generation from Exhaust Gases of an IC Engine is a process of production of 
energy using the gases coming out of the engine outlet. Engine converts chemical 
energy into mechanical energy and waste is extracted in the form of exhaust gases 
from the engine which further moves towards the tail pipe of an engine. These gases 
move at high temperature and pressure towards the outlet. The turbine is placed in the 
pathway of these exhaust gases which is designed in a way that these exhaust gases 
tends to rotate the blades of turbine. So, depending upon the airflow coming out of the 
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exhaust, turbine will start rotating with a specific amount of speed. The turbine is 
connected to the dynamo with a shaft and dynamo produces power with it. A dynamo 
is a device which converts kinetic energy into electrical energy. Further this generated 
power is stored in the battery for further utilization.  
 

1.7. Motivation 

With the growing development in scientific field and public awareness on 
environmental and energy issues, it has urge people to search more around themselves 
for betterment and many developments are being made on high scale specially 
developing an efficient internal combustion engine. The level of energy consumption 
depends upon development and with the growing rate of population; energy demand 
is increasing with the time. So, to overcome those needs, many reforms are being 
made in the field of technology and power sectors. A heat engine is a system that 
performs the conversion of heat or thermal energy to mechanical work, for example 
the diesel engine, and the gasoline engine in an automobile. The efficiency of an IC 
Engine is calculated nearly equal to 35-40% in highly modified engines mostly used 
in sports cars. The energy in the form of heat is rejected from the exhaust. This energy 
can be further useful for producing power and can lead to help in the ever energy 
demands and economic issues. Moreover to reduce emission produced from the 
exhaust of an engine, cost effective catalytic convertor may be used. 

1.8. Equipment Components 
 

 Turbine 
 Petrol engine  
 Rechargeable DC battery 
 Dynamometer 
 Generator 
 Engine foundation 

 
Thesis Outline 
 
The solution to these research questions was obtained through a procedure, which is 
described in following chapters;  
 
 Chapter 2 is all about the overview of literature and from there research gap is 

identified. 

 Chapter 3 describes the implementation of engine on test bench. Firstly test 
bench is designed and fabricated after that engine along with accessories 
mounted on the test bench. Moreover it also includes information about all the 
selection of turbine, its coordinate’s extraction by using coordinate measuring 
machine (CMM), stress-strain analysis of turbine. 
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 Chapter 4 consists of mathematical calculation of power generated from 
turbine. Moreover it comprises on designing a catalytic converter with new 
materials which are cost effective, their preparation, testing by using flue gas 
analyzer. Moreover infrared spectroscopy of new catalysts to check their 
material characterization. 

 Chapter 5 is the chapter with the conclusions and future recommendations. 
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CHAPTER 02 

2.1. Literature Review 
 
Antonio Garcia et al. [1] examined the emissions and performance of the series hybrid 
vehicle which is powered by the partially gasoline premixed with the internal 
combustion of engine in 2019. This work explored the execution of two vehicles 
adjusted to an arrangement crossover power train idea furnished with the four 
chamber motor working on gas ignition mode. The multi-target Pareto streamlining 
process was completed to decide the quantity of internal combustion engine working 
terms and the conditions and particular estimations of motor speed and the brake 
mean effective pressure to limit both the fuel utilization and NOx outflows. From the 
examination, it was discovered that the quantity of internal combustion engine 
working focuses expected to charge batteries subject to the vehicle. The investigation 
of the immediate fuel utilization follows permitted to confirm the capability of 
hybridization in the urban rush hour gridlock terms. In such terms, regenerative 
braking and the low control demand results in the higher vitality investment funds. In 
expansion, the distinction of demonstrating that vehicle speed assumes a central job 
on cross breed execution. At last, the last driving cycle test results empowered the 
immediate examination versus the qualities got with diesel business vehicles. By and 
large, both the PPC half breed power-trains had the capacity to achieve comparable 
fuel utilization esteems amidst the range to these gotten by diesel business vehicles of 
percentage (22%- 7%). In these sense, it was normal that the fuel utilization 
advantages can be improved later on by enhancing the PPC burning maps. With 
respect to motor out emanations, while ash and the CO had the capacity to satisfy 
their standardizing limits for practically all terms. This outcomes demonstrate the 
possibility to limit the after treatment necessity versus a traditional diesel vehicle, 
turned out to be an option to the customary power-trains empowering the decrease of 
the tailpipe outflows esteems without pushing the execution and CO₂ esteems as 
shown in Figure 2.1. 
 

 
 Figure 2.1: Vehicle Model Developed for Volvo V-60 (Garcia et al.,2019)  
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Jianbing Gao et al. [2] analyzed the flow of energy in the engine of a heavy 
vehicle which is turbocharged in 2019. Brake warm performance or efficiency of 
diesel motor was over 33 percent at lion's share of motor task conditions and terms, 
with the most esteem which had been more than the 38 percent. So the coolant vitality 
extended from the 30kW– 190kW, and the base rate was over 26% of the absolute 
fuel synthetic vitality, likewise, the most extreme esteem was ∼66%. The possibilities 
of coolant vitality reusing were promising, in spite of the fact that the vitality grade 
level was low, if phenomenal warm administration strategies were utilized. Fumes 
vitality devoured by the turbine was in the scope of 1.6%– 10.4%, which changed the 
fumes vitality dispersions; in the interim, the progressions were significant when the 
motor burdens were littler than half. The propensity of the form lines of vitality 
conveyances were comparative for blower and intercooler, coming about because of 
the way that higher vitality utilization by blower would prompted higher warmth 
misfortune by intercooler. The reused fumes vitality in the end flowing into the motor 
barrels was in the scope of 1%– 3% because of much warmth misfortune in the 
intercooler. 

In 2019, the analysis of waste engine based oil in the process of CRDI diesel 
engine is done by Ramanathan et al [3]. The commonly thermo chemical change 
forms utilized for vitality recuperation is burning, pyrolysis, gasification.  Cremation  
causes dangerous and ozone harming substance emanations that represent an 
immediate peril to wellbeing of human and adds to the environmental change, mostly 
because of  undesirable agents occurs in the waste  and  gases produced from the 
gasification or burning process (for example, polychlorinated dibenzodioxins (PCBs) 
and fly fiery debris) shown in figure 2.2. 

 
 
              Figure 2.2: Pyrolysis Setup  (Ramanathan et al., 2019) 

Pyrolysis is known thermo chemical change process which has created to 
change over the waste material into diesel-like fuel and other progressively profitable 
substance stocks. Higher living arrangement timings and moderate level of warming 
rate leads to increment the burn yield normal amounts of side-effects, while habitation 
times and higher warming rates advance the arrangement of fluid or vaporous items. 
In this manner, the pyrolysis forms depend on two extraordinary ideas: 'quick' 
pyrolysis and 'moderate' pyrolysis. Instruments are being utilized for the quick 
warming process by the microwave and electrical changing. In this type of instrument 
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and the microwave frames and requires a particular method for warming where it can 
be seen that waves of electromagnetic process occurs.  

2.2. Heat Energy Analyzation 
 
Safarudin Gazali Herawan et al. [4] predicted the heat energy from exhaust gases of 
internal combustion engine by using the artificial neural network in 2018. As the 
waste warmth from fumes gases produce a lot of warmth vitality, which has for the 
most part been executed for joined power and warming uses. The paper portrays the 
warmth vitality from a normally suctioned inner burning motor in a vehicle. From 
exhaust fumes, which the heat vitality could be created, is introduced and 
recommended that heat vitality could altogether upgrade the effectiveness execution 
by recuperating the vitality. This idea is thermodynamically doable and relying upon 
the heap connected to the motor. In view of the outcomes, this was discovered that 
waste warmth vitality was 23 kW. Henceforth, to gather these fumes squander heat 
vitality was a commendable exertion and fake neural system forecast show is created 
to give sensibly great concurrence with deliberate data. The squander heat vitality 
could have reached to 23 kW, along these lines it was worth to recoup this waste 
warmth vitality from exhaust fumes framework. Henceforth, to collect this fumes 
squander heat vitality is a commendable exertion. Squander heat recuperation can be 
collected utilizing natural rankine cycle, thermoelectric, retention refrigeration, or 
something bad might happen. 

Kate Thompson and Anna cooper [5] in December 2018, worked on the diesel 
engine for removing the pollutants such as NOx or the other soot particles by using 
the utilization of catalytic with the help of oxidation. NO₂ has the capability to oxidize 
the amount of carbon that has been misused in the explosives, fireworks for a 
considerable length of time and, all the more as of late, in constantly recovering 
sediment channels fitted on hard core diesel vehicles. It additionally identifies  
potential for oxidizing ash at lower fumes  temperature, Paradoxically, N₂O is known 
to be put away via carbon , yet isn't prestigious as an oxidizing agent for residue at the 
scope of 400– 950 °C of temperature. Outcomes demonstrate that, in spite of the high 
liking among residue and N₂O, an impetus is used and requires for the main response 
in between the basic carbon and N₂O to happen underneath 400 °C of temperature A 
silver definition, it is observed that for the sediment burning, before head appears to 
be viable and it can be seen   for sediment oxidation process by using the C+N₂O 
response. It can be seen that oxidation of the ash explicitly happens amid the in-situ 
development of N2O by the silver impetus, amid non-specific decrease of NOx by 
response with NH₃, recommending surface N₂O is responsive oxidizing agent. 

In 2018 Dipak S.Patil et al. [6] created control from thermo electric generator 
and semi transmitter utilizing audit investigation. In present investigation, is can be 
seen that there is a criteria for study of the  heat exchangers and thermoelectric 
materials with the structures in the interior .Power can be generated by using 
thermoelectric generator and  the semiconductors. For the Reasonable usage of TEG, 
most highly Intense doped semiconductors shows high heat obstruction and very 
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minimum amount of electric opposition properties. It is very difficult for any 
thermoelectric generator for the assumption of waste heat exchanger. Essential heat is 
given by the heat exchangers to the thermoelectric based generators and also their 
ability and transformation proficiency rely upon the material of heat exchanger, its 
shape, and kind of the heat exchanger. By using different types of supplements, there 
can be an up gradation in the heat exchange rate and consistency of the heat 
exchanger. Blade structure, the main setup of heat exchanger and many other working 
conditions can also upgrade the heat exchange rate. Exhaust of the engine moves into 
the heat exchanger in the result of which there is a drop in the weight. So, it is very 
useful to check and assess weight drop dimension of the diverse structures as shown 
in figure 2.3. 

 
Figure 2.3: Schematic Diagram of thermoelectric power generator (Basel et al. 2009) 

2.3. Review of Turbocharger 
 
Working of  air-brayton cycle and low-pressure turbine and also the working of turbo 
compounding as heat recovery method had done by M.Yang et al. [7]  in 2018.This 
paper exhibits  an evenhanded examination of waste heat recovery strategy on an 
internal ignition engine utilizing turbine of low pressure and also the air-brayton 
cycle. 6.8 L, seven barrels turbocharged diesel engine is utilized for contextual 
analysis. Recovery strategies related to the system were recreated on AVL system in 
which the test information is verified by using the engine model and heat exchanger. 
It is discovered that the every one of the three strategies can't work adequately 
without decreasing the turbine size to intensify the blower power. It can be finished 
by utilizing turbocharger region over sweep proportion financially accessible, 
thereupon guaranteeing the least conceivable motor equipment changing.  In this case, 
the engine is guaranteed to convey benchmark brake control. It can be seen in the 
paper that lower pressure turbine can recover the most waste heat. In current paper, 
three fumes squander heat recuperation techniques that are appropriate for versatile 
motor application, low-weight turbine and Brayton cycle system are examined. So as 
to give an examination premise, the engine arrangements for every one of the three 
recovery techniques are kept indistinguishable. The examination starts by approving 
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the gauge regular suctioned engine modelor the turbo charger execution for model 
info, and HEX model.  
Andrew Royale [8] investigated the combustion of engine and thermal energy 
recovery systems in 2017.In this paper work, the alteration is done for diesel engine 
which is stationary for delivering the power by utilizing the turbine. These days in 
vehicle field numerous new advancing ideas has been created. We are utilizing basic 
power from vehicle exhaust which creates the power and could be put away in the 
battery for later utilization. In the paper, showing an idea of producing the power and 
the stationary single chamber diesel motor by use of turbines. So, putted a turbine in 
the way of exhaust gases through silencer. So, the turbine which is associated with the 
dynamo is used for creating power. As the exhaust gases hit the turbine, it starts 
rotating as the result of which dynamo would also continue to revolve. Actually, 
dynamo is a device which is used to create electrical energy. The produced power is 
transferred away to battery. This tends to be put away in battery for the rectification 
because it cannot be put directly into the battery. This electricity produced is then 
used in different accessories like indicators, head lights etc. 
Stefano Trabucchi et al. [9] had worked on the model, design and controlling of the 
waste heat recovery unit in 2017.  This research displays plausibility contemplate on a 
waste warmth recuperation framework for rock solid truck motors dependent on 
natural rankine cycle innovation. The components of oddity of this work are given as: 
The proposed plant arrangement and practicality think about that envelops the entire 
primer structure work process of the framework, in particular, from thermodynamic 
cycle streamlining and the segments starter measuring, to dynamic displaying and 
structure of the PI-based control framework. The considered rankine cycle turbo-
generator utilizes hexamethyl disiloxane as the working liquid and accomplishes the 
most extreme appraised mechanical intensity of roughly 5 kilo-watt for the structure 
direct, relating to the truck voyage speed and the diesel motor power yields 85 kilo-
meter per hour and 100 kilo-watt individually. Concerning dynamic execution, the 
higher reaction time delay of rankine cycle unit contrasted with the diesel motor 
makes the selection of a propelled control framework important. Specifically, the 
reenactment of the PI-based control framework demonstrates that this will end up 
difficult to keep the warm disintegration of the working liquid when the motor works 
ceaselessly for the higher power levels. So, this contextual investigation shows the 
significance for car oriented rankine cycle utilizations of playing out the examination 
of the dynamic execution and the control structure as of now in the early plan stage. 
The greater part of the investigations revealed by S. Lion et al. [10] in the recovery of 
the heat source by using exhaust gas so as to maintain the Inexhaustible and 
Sustainable Energy Reviews in 2017 by using engine fuel utilization using ORC.  
Building up a waste warmth recovery framework, operational system should be 
examined all together to pick the correct framework configuration. By this reason, 
examination of common obligation cycle or genuine operation based information is 
vital in the underlying phase of each venture. Among all waste warmth recuperation 
innovations, ORC are by all accounts one of the most encouraging, permitting a 
conceivable mileage up to conceivably 10%. Despite the fact that ORC innovation is 
outstanding since decades, and as of now effectively connected in stationary power 
age and modern procedures squanders heat recuperation, vehicle applications are still 
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in an innovative work stage and a potential for further advancement can be perceived. 
The most widely recognized design is the parallel boilers arrangement.  

2.4. CFD Analysis of Turbo-charged Turbine 
 
Naveen B et al. [11] experimented the CFD analysis of turbocharged turbine in 2015. 
This paper shows that scaling back is a pattern in engine advancement that permits 
better proficiency and over discharges dependent on the expansion of intensity yield 
in diminished removal engines. A flammable gas engine for maker gas activity was 
embraced. The Producer gas fuelled Engines are the up and coming Technology and 
all the more agreeable to the earth contrasted with diesel and petroleum Engines. 
There are a few issues identified with power de-rating from the engine identified with 
the fuel properties. The primary driver for the power de-rating is expected to the 
moderately lower warming estimation of stoichiometric blend of maker gas and air. 
This misfortune in influence can be recouped to a much vast extent by Turbo-
charging. Coordinating of the right turbocharger to an engine is of incredible 
significance and is essential for fruitful activity of a Turbocharged motor. It is vital to 
have a Turbine Map for coordinating the Turbocharger with an engine. The qualities 
of the Turbocharger's Turbine from the first producers were not accessible. CFD 
analysis for radial turbine has done for various mass stream as for the distinctive 
rotational rates. From the above Graph it has been affirmed that the turbine is 
coordinating with the engine, over the recreation were conveyed for just for impeller, 
the further work must be completed with amassing the packaging with same 
conditions. 

Different innovations have been created for waste heat recuperation by H. 
Aghaali [12] in 2015, for example, turbo compounds, the first one is Rankine cycle 
and second is Thermo-electric generator that lessens utilization of fuel and CO₂ 
emanations. A thorough survey of turbo intensifying of ICEs was done with spotlight 
on its fuel-sparing potential to find imperative factors pertinent to the theme, set up 
the setting of the point, comprehend the structure of the subject and give experiences 
in to that to scholastic research and mechanical R&D. Formation of waste energy 
through the exhaust of IC engine is around 33% of the energy of the fuel, and on 
present day substantial, light-obligation Diesel, and light-obligation SI engines. 
AWHR framework, as turbo exacerbating, can hypothetically recovery up to a limit of 
66% of this waste energy. In any case, accomplishing this most extreme isn't useful 
because of a few constraints, particularly the lower efficiency of turbine and 
additional gases reverse-weight on the engine that prompts maximum siphoning 
misfortune along the searching stage of the exhaust. By using Turbo compounding 
technique, consumption of an engine can be decreased with the help of low volume 
and low weight requirements. Turbo compounding give extra power to the engine to 
accomplish impeded start time, high ability of the driving of EGR, and improved 
reaction at homeless people, also. Turbo compounding considers more opportunity in 
structure and advancement of internal combustion motor. All of this is because of the 
way that for enhancing the framework, there can be a change in few parameters, for 
example, measure, extension proportion, effectiveness and speed of intensity the 
turbo, ventilation system geometry, the ratio of air and fuel proportionality, blower 
weight proportion, motor pressure proportion, admission and fumes valves timings, 
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beginning of burning planning, EGR frameworks, and fumes. In the improvement of 
turbo-compound motors and the choice of arrangements, more consideration ought to 
be given to the effectiveness of the turbine or made siphoning take a shot at the motor 
as shown in figure 2.4. 

 
 

 
 

  Figure 2.4: Schematic Diagram of Turbo-compounding (Aghaali et al., 2015) 
 
In 2015, Modification in the diesel engine is finished by the Kranthi Kumar et 

al. [13] for creating power with the assistance of turbine. From the investigation, it 
has been distinguished there can be many possibilities of the energy recovery by the 
help heat of the waste, its recovery and its advancement. Waste heat recovery consists 
of reuse of the waste heat from the internal burning of combustion engine and then 
use it for heating purpose and can be used as any mechanical or electrical work.  
Examination additionally distinguished possibilities of innovations one the time when 
joined to different gadgets for augment potential vitality effectiveness of the engine. It 
can be used for producing power in the vehicle unit exhaust system. By the help of 
examination, there is the settlement in the diesel engine for providing the power with 
the help of the turbine. In the Automobile field, there are many ideas now a days for 
the betterment of the system. Now we can use power generated from the exhaust 
which can be stored in there battery and can be used whenever required. 

Chou et al. [14] investigated the possibilities of using micro turbine as energy 
saving or scavenging device in 2014The paper examines the likelihood of utilizing the 
turbine (Micro Turbine) as a vitality rummaging gadget to produce storing power 
using the vitality of waste gases coming from a car’s exhaust. A pivotal stream 
miniaturized scale turbine is planned with the end goal that might be the fitted in pipe 
of the exhaust for a vehicle. The experimented model is the 12 cutting edge of turbine 
having width 4 centimeter sharp edge channel, edge of 00 with an edge outlet point of 
30º. The front and back plate is additionally demonstrated to give a help to shaft of 
turbine. Computations have done to demonstrate the sharp edge profile and after that 
the CAD display is created on programming Solid Works. The recreations give bits of 
knowledge into the back weight following up on the get together just as the 
disturbance attributes of the stream. The CFD examination of a vitality searching the 
turbine (Micro Turbine) has completed utilizing the standard of (k-ε) turbulence 
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show. The outcomes got are attractive as far as the prompted back weight with a 
weight drop of 0.1atm just subsequently opening the likelihood of introducing the 
fumes pipe of a car for reinforcement control age. 

Rongchao Zhao et al. [15] worked to gain waste in the form heat from exhaust 
and to minimize the consumption of fuel in an internal combustion of engine in 
2014Turbo-compounding is the promising innovation to recuperate squander heat 
from fumes and decrease fuel utilization for interior burning motor. So, plan of the 
power turbine assumes a key job in turbo-compound motor execution. So, the paper 
introduces a lot of parametric investigations of intensity turbine performed by using 
turbo-compound diesel motor by methods for turbine through-stream demonstrates 
created by the creators. This reenactment show was checked and approved utilizing 
motor execution test information and accomplished sensible precision. The paper 
originally broke down the impact of three key geometrical parameters (sharp edge 
stature, cutting edge span and spout leave edge) on turbine extension proportion and 
motor fuel utilizations. From that point forward, the effects of different parameters for 
power appropriation, mass of fluid stream rate, fumes temperature had dissected. So 
the results demonstrated that the parameters affected the motor brake specific fuel 
consumption and power. For high motor rates, an ideal estimation of geometric 
parameters is existed to acquire the most minimal brake specific fuel consumption. 
For low motor speeds the motor brake specific fuel consumption continued expanding 
or diminishing persistently as the geometric parameters are changed. The research 
additionally discovered the motor specific brake fuel consumption had the most 
touchy to spout leave sharp edge, which ought to be considered cautiously amid the 
structure procedure. This paper gives a valuable strategy to coordinating and 
structuring of a power turbine for turbo-compound motor. 

M. Hatami et al. [16] took the short audit of technologies for heat recovery 
waste in 2014.The short audit of heat gaining innovations in (motors) engines and the 
exchangers (heat exchangers) had been displayed as well as a survey of heat waste 
recuperation innovations from the diesel motors, heat exchangers utilized in fumes of 
engines. Along these lines, the survey of innovations that expansion the heat move in 
heat exchangers were appeared and had been utilized by these in exhaust of engine 
was assessed and a total audit of different heat energy exchangers which beforehand 
were used for the expanding the exhaust squander recovery of heat is exhibited. 
Additionally, the future view focuses the next heat exchangers structures has been 
proposed to build the recovery of heat from exhaust of diesel motors. It appears that in 
a large portion of these advancements for which heat exchangers had a critical job to 
exchange heat for recovery process so an appropriate plan for  exchangers ought to be 
connected as per this reality that heat exchange increments when weight drop is in as 
far as possible. Some exploratory and numerical investigates about different 
exchangers of heat plans existing in writing which every one of them had been 
inspected here. This tends to be reasoned that utilizing fins was more pertinent and 
suitable than froths and permeable materials because of lower weight and eventually 
exchange rate is high. Additionally, it appears that different techniques for expanding 
the heat exchange, for example, vortex generators, nana-fluids, utilizing the PCM as 
warmth stockpiling source.  

Saiful Bari and Sheikh Rubaiyat [17] worked together for generating more 
power as compared to previously diesel motor engine models from exhaust gas of 
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diesel motor engine in 2014.The heat energy from waste gases of diesel motor engines 
could be the essential heating source which will give the extra power by utilizing the 
other rankine cycle. Water is to be the number one working liquid for all kind of 
utilizations as far as effectiveness of the RC framework, accessibility and natural 
amicability. In any case, for little engines and furthermore the part load tasks, the 
fume gas temperature isn't sufficiently adequate to increase the temperature of steam 
to the  superheated zone, which is after then the development in turbine  and should 
be in superheated zone. Smelling salts were observed to be the other working liquid 
for these kinds of uses which can keep running at low fumes temperature. PC 
recreation was completed with the improved heat exchanger which gauges extra 
energy with the help of water and alkali as the working liquids. Programming was 
utilized for recreation. It had been discovered that the total burden 24 and 11 percent 
extra energy was accomplished with utilizing water and smelling salts as working 
liquids individually. Be that as it may, for 25 percent part load, smelling salts with 
11.2 percent extra power work superior to water which had the capacity to create just 
2.6 percent extra power. Most extreme recuperated extra powers product 9.9 kilo-
watts at 30 bars and 5 kilo-watts at 50 bar as for working weight for the water and 
smelling salts separately. In this manner, an extra 2 percent and 11 percent energy can 
be accomplished by utilizing water, smelling salts used as a working liquid for the 
parallel stream course of action thinking about 70% proficiency of the turbine. 

Yong Wang et al. [18]  in 2014 proposed and studied two novel turbo charging 
approaches that are steam turbo charging and steam-assist turbo charging .Steam 
turbo charging consist of more power   than the  two turbo charging methods. In the 
research, there are 2 types of methods of approaches, the first one is steam turbo 
charging and second is steam-helped turbo charging. What's more, both of them 
depend on the standard of interior burning (IC) engine recovery system. So as we 
know that there are two types of turbo approaching ideas, a near report between fumes 
turbo charging, steam turbo charging and steam-helped turbo charging was put into 
the traveller fuel motor, impacts of different  weight approaches of upgrading on IC 
motor exhibitions just as turbo charging framework energy stream were examined. 
The results demonstrate that, steam turbo charging can accomplish the objective 
admission weight on whole engine efficiency, whereas turbo related to steam charging 
can improve IC motor admission weight at the minimum and low working conditions. 
vitality sparing possibilities starts by higher to low pressure the sequence of turbo 
charging, steam-helped turbo charging or fumes turbo charging; with the expanding of 
IC motor speed, the fumes gas vitality recuperation productivity of turbo steam 
charging framework diminishes and its most extreme esteem is 6.5%, while the fumes 
gas vitality recuperation effectiveness of steam helped turbo charging and fumes turbo 
charging first increments and after that diminishes. 

Y.Yang [19] in 2014 proposed the studies the turbo methods and their approaches 
by using IC engine   system. In this research paper, there are two sorts of weight 
approaches, the first one is steam turbo-charging and the second is steam-helped 
turbo-charging. Furthermore, both these two depends on the standards of the interior 
ignition engine waste heat vitality recuperation. So as to exhibit the benefits of the 
both sorts of new turbo-charging ideas, a near report among fumes of the turbo-
charging technique, steam turbo-charging system  and steam based turbo-charging 
system was directed on a traveler vehicle fuel motor, and  impacts of different 
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approaches on IC engine exhibitions just as turbo-charging frame network vitality 
stream were broke down. The outcomes revealed that the technique of steam turbo-
charging can accomplish the objective admission weight in the whole IC motor speed 
extend, whereas, steam-helped turbo-charging improves the IC engine admission 
weight at the low-speed working conditions. By expanding of motor efficiency, the 
fumes vitality recuperation productivity of the turbo charging framework diminishes 
and its most extreme esteem is 6.5. 

2.5. Recovery of Energy from Exhaust 
 
Tanya Wang et al. [20] worked for enhancing efficiency of an IC engine and to reduce 
carbon-dioxide emissions from exhaust in 2013.In this paper, The exhaust recovery of 
energy had been generally sought after for enhancing the complete productivity and 
lessening the carbon dioxide outflows of inside burning motors, the enhancement for 
motor proficiency has been researched with test work and mathematical reenactment 
dependent on the ranking cycle of steam(exhaust recovery of energy framework).Test 
was led on the light-obligation fuel engine associated with the multi-curl helical 
exchanger of heat. Joining those trials and displaying results it exhibits that the stream 
rate of liquid working plays an imperative and complex job for controlling outlet of 
steam weight and over-heat degrees. For accomplishing required over-heat and weight 
of steam, the stream rate should be cautiously managed. The stream rate had 
additionally noteworthy effect on the heat exchanger proficiency. To accomplishing 
good exchange heat proficiency, the stream rate ought to be kept up as high above as 
could be allowed. From reproduction, it was discovered the framework dependent on 
light-obligation test motor could build the motor fuel change productivity up to 
fourteen percent, however the general vehicle working conditions , simply somewhere 
in the range of  3 percent and 8 percent. 

In June 2013, Banglin Deng et.al [21] combined thermodynamic cycle based 
on methanol dissociation for IC engine exhaust heat recovery system. In the research, 
a methodology of recovery of waste was given to maintain IC (inner burning) motor 
eco-friendliness and furthermore to accomplish the objective for utilization of the 
methanol dissociation as fuel in IC engine. In base cycle, the current substance 
initially experiences separation and extension forms, and is coordinated to IC engine 
in the form of fuel.  Outer base with the IC motor principle cycle are joined together, 
by combining it makes a thermo approach. At that point, the idea was connected to 
the turbo-charged engine, and the comparing recreation model was working for the 
outer base with the motor primary system. The vitality sparing capability of 
consolidated cycle was assessed by parametric checking. Contrasted with the  vapor 
of methane engine,  engine in-chamber proficiency have an expansion of rate focuses 
with all burden circumstances, whereas the outside base  can build the eco-
friendliness up to3.52 rate focuses at the weight by 29bar. Most extreme development 
to the IC motor worldwide eco-friendliness achieves 6.8 rate focuses. 

Emission of CO and HC can be controlled in the muffler exhaust system of 
vehicle by the heap of fly ash because it can be used as the catalytic convertor. It was 
proposed by W.M Yang [22] in 2013.The ideal air pressure to diminish HC also, CO 
discharges was 0.1 MPa. Expanding speed of the engine diminished the discharges of 
CO and HC. After extending length of exhaust system, the discharges of HC and CO 
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diminished. The least HC and CO content was seen at speed of 1900 rpm, length of 9 
cm and pneumatic stress of 0.1 MPa, which are 1250 and 8500 rpm, individually. The 
use of three-way exhaust systems is created in light of the respectable metal impetus. 
Impetuses are prepared to do productively changing over the toxins of HC to CO₂ and 
H₂O, CO to CO₂ and NOx to nitrogen .To diminish measure of honorable metal 
impetuses, supports, for example, alumina and silica or clay cradle have been utilized. 
This method accomplishes very higher transformation about 80%; in any case, the 
strategy is very costly in manufacture and less reasonable to be connected in nations 
having and providing fuel with Pb. 

R.Saidur et al. [23] focused their study for developing waste heat recovering 
technologies in 2012. There is a short review of recovering more energy from waste 
heat recovering technologies using the heat exchangers as a common way. The 
exchangers of heat used in the engine exhaust are introduced as like the common way. 
It also reviews the technologies which increases the heat transfer rate resulting in the 
overall efficiency of exhaust heat recovery system. New designs are presented and the 
future viewpoints are reviewed for the new designs of heat exchangers which will 
increase the exhaust heat recovery of an automobile engine motor. Technologies i.e. 
(Turbo-charging, ORC, TEG and other technologies etc.) the exchangers played vital 
role in transferring the heat in the recovery procedure.  

A.Kusztelan et al. [24] focused their work and research on turbochargers in 
2011. Turbochargers are broadly utilized all through the car business as they can 
improve the yield of an inner ignition (IC) engine without the need to build its barrel 
limit. The use of such a mechanical gadget empowers car producers to receive littler 
dislodging engines, usually known as "motor cutting back". Verifiably, turbochargers 
were regularly used to expand the capability of an officially ground-breaking IC 
engine, for example those utilized in Motorsport. The accentuation today is to give a 
doable designing answer for assembling financial matters and "greener" street 
vehicles. It is a result of these reasons that turbochargers are presently winding up 
significantly more mainstream in industry applications. The writing audit consider 
exhibited in this paper gives a general blueprint concerning how engine test methods 
are utilized for the test investigation of turbo-charger as shown in figure 2.5.  

 
         Figure 2.5: Typical Diagram of turbocharger (Kusztelan et al., 2011) 
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In 2011, R.Saidur [25] proposed the idea to save the energy from electric 
motor as well as their usage in the best way. From the survey, it has been recognized 
that vitality review is a successful apparatus that gathers information vital for 
evaluating engine vitality use. This audit likewise demonstrated as quantitative bases 
in extraordinary kinds of misfortunes that occur in electric engines. It is noticed that 
most astounding sum of misfortune (for example 58%) occurs at the rotor parts of an 
engine. It was discovered that about 75% of engines are worked beneath 60% load. 
Now and again it was discovered that engines are worked at 40% burden. It was 
accounted for by numerous specialists that engines are productive on the off chance 
that they are worked above 75% of their heap. Along these lines, there are gigantic 
potential to spare vitality and stay away from backhanded outflow by legitimate 
estimating/determination of engines. VSDs are a choice in such circumstances to 
coordinate the required loads subsequently funds vitality. In any case, it ought to be 
noticed that VSDs are conservative just for huge engines. In light of the talks it has 
been discovered that engines are not utilized at full burden and as a rule they are 
larger than usual that empower wastage of vitality. A standout amongst the best 
answer for beat this issue is to utilize PC instruments, for example, Motor Master+, 
Euro DEEM, Can MOST, etc. It massy additionally be noticed that vitality can be 
spared utilizing high-productive engines of standard-productive engines. Numerous 
analysts discovered utilization of effective engines financially suitable dependent on 
the estimation of compensation period. Along these lines, vitality productivity 
guidelines (for example administrative, willful, motivator based) now and again 
assume an essential job in decreasing vitality utilization and natural contaminations. 
Be that as it may, appropriate test technique must be created to set up such guidelines. 
As the worldwide market is getting borderless, a fit test method will be progressively 
helpful.  

It was discovered that mechanical part devours significant offer of absolute 
vitality utilization of a nation by R.Saidur [26] in 2011.  In this way, it is a potential 
segment that can be focused for decreasing vitality utilization, utilizing elective 
wellsprings of vitality to moderate natural contamination. Oil based powers and coal 
observed to be prevailing energizes in this segment as innovation is developed. These 
powers are moderately less expensive contrasted with option or inexhaustible powers. 
In any case, these energizes are in charge of ecological contamination. Consequently, 
natural amicable, spotless, safe and monetarily feasible fills must be scanned for. It 
might be noticed that numerous nations are setting arrangements and needs for 
elective wellsprings of vitality to energize their utilization. Ventures are utilizing 
diverse wellsprings of elective energies to some degree. These are not to a great 
extent utilized on account of numerous difficulties should be looked with the 
utilization of elective powers. Cost, vitality transportation, inventory network, 
significant ability, innovation development also, fitting approach are the significant 
provokes that need to be tended to so as to utilize elective wellsprings of vitality. 
Discoveries condensed in this paper are relied upon to help in choosing an elective 
fuel for modern activity. The criteria appeared in this paper may fill in as a rule in 
choosing an elective fuel for an industry. It might likewise be proposed that 
innovative work exercises are expected to conquer the difficulties revealed in this 
paper. 
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Saidur et al. [27] in 2010, saves the waste energy and generated power from 
the help of thermo electric generators and semiconductors. The temperature 
appropriation of the fume using exchanger is exceptionally critical for a thermo 
coupled generator. These type of exchangers give essential warmth to generators, and 
all to their ability or transformation proficiency rely upon the material of the heat 
exchanger and shape of this exchanger, and also the kind of exchanger. In any case, 
these energizes are in charge of ecological contamination. Consequently, natural 
amicable, spotless, safe and monetarily feasible fills must be scanned for. It might be 
noticed that numerous nations are setting arrangements and needs for elective 
wellsprings of vitality to energize their utilization. Ventures are utilizing diverse 
wellsprings of elective energies to some degree. These are not to a great extent 
utilized on account of numerous difficulties should be looked with the utilization of 
elective powers. Exhaust of the engine streams in the exchanger and exchanges the 
energy in the form of the heat, which will undoubtedly result in weight drop. That is 
how it is important to check and assess weight decrement dimension of diverse 
pattern by large scope of working patterns.  

In 2010, Pengpengjia et.al [28] combined with point by point synergist 
response system, the process of transforming the gases was recreated in the fixed type 
bed reactor utilizing permeable model to research changing qualities under various 
beginning conditions. Impact of gas hourly speed, feeding segment, expansion of 
steam and methane temperature changing rate, yielding of hydrogen and the other 
parameters related to the trademark are dissected. Reproduction demonstrates that by 
entering the improving gas in response zone, oxygen is expended very quickly and 
changing of the stream assumes an overwhelming job in the last part. The fumes 
changing procedure essentially includes oxidation response, steam improving 
response and moving response of the water gas. The changing in methane and 
creation of hydrogen decline with the ascent of GHSV.As per proportion of the 
methane, a more molar can be accomplished or completed of the hydrogen at outlet 
portion of hydrogen and can be accomplished inferable from greater extent of 
fractional changing response of methane, and change rate of methane diminishes.   

Necla Kara Togun and Sedat Baysec [29] worked together to develop an 
artificially controlled neural network which help in prediction of torque and brake 
specific fuel consumption in 2009. This examination exhibits a fake neural system 
model to anticipate torque and the brake explicit fuel utilization of the gas motor. An 
express network based plan is created to foresee the torque and the brake explicit fuel 
utilization of the gas motor as far as sparkle advance, the throttle point and motor 
speed. The proposed network show depends on exploratory outcomes. Test thinks 
about were finished to get preparing and testing information. Of every one of the 81 
informational collections, the preparation and the test sets comprised of arbitrarily 
chosen the 63 and for the 18 sets, separately. The under consideration network 
demonstrate dependent on the back-spread learning calculation for motor created. The 
execution and a precision of proposed network demonstrate are discovered tasteful. 
This investigation shows that chosen network is proficient for anticipating the motor 
torque and the brake explicit fuel utilization. Also, the proposed network 
demonstration is exhibited in unequivocal structure as a numerical capacity. 

Zhang Yang Jun et al. [30] designed a new model of turbocharger to increase the 
efficiency of engine in 2009.Turbo-charging innovation is today considered as a 
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promising route for interior burning motor vitality sparing and carbon-dioxide 
decrease. Turbocharger configuration is a noteworthy test for turbocharged motor 
execution improvement. The turbocharger fashioner must draw upon the data of 
motor task conditions, and a fitting connection between the motor necessities and 
configuration highlights must be deliberately created to produce the most reasonable 
plan suggestion. The target of this examination is to build up a turbocharger 
configuration approach for better turbocharger coordinating to an interior ignition 
motor. The advancement of the methodology depends on the idea of turbocharger 
structure and cooperation connects between motor cycle necessities and plan 
parameter esteems. A turbocharger through stream demonstrated is then used to create 
the structure choices. This coordinated technique has been connected with progress to 
a gas motor turbocharger get together. 

2.6. Way to Reduce Toxic Gases and Catalytic Convertor                      
 
P. Leduc et al. [31] worked together with the purpose of downsizing of a gasoline 
engine in 2003. So as to meet responsibilities regarding vehicle carbon-dioxide 
outflow decrease for the entire armada of autos for the year 2008, motor innovative 
work is today investigating a few fields. From carbon-dioxide perspective, gas motors 
experience the ill effects of an impediment in contrast with Diesel motors. Decrease 
of size of gas motor (scaling back) has all the earmarks of being the promising 
method to enhance the motor effectiveness and is liable to broad research. Viewing 
the long haul, the point ought to be to lessen considerably the motor removal volume. 
Estimation results from a vehicle reproduction represent that even a so broad scaling 
back won't be sufficient to convey the whole gas armada to mentioned carbon dioxide 
levels. This would simply be adequate to achieve the focused in 2008 for the middle-
class vehicle controlled by the scaled back 0. 8 l motor rather than a present 1.6l gas 
motor. Decrease of carbon dioxide emanation is all things considered as 18% warmer 
in motor conditions.  
A Catalytic Converter is a device which converts the harmful pollutants such as CO, 
Nitrogen oxides and unburnt hydrocarbons into less harmful pollutants by catalytic 
activity through the process of redox reactions. The pollutants are converted to CO2, 
N2, O2 and H2O respectively which are less harmful to humans as well as to the 
environment. Typical Diagram of Catalytic Converter is shown in figure 2.6. 

 

 

 

 

 

 

 

 

 

 

Figure 2.6: Typical Diagram of Catalytic Converter (www.catsays.blogspot.com)  
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Guo et al. studied copper oxide along with cerium oxide and combined the doping of 
manganese oxide and the final catalysts was CuOx-MnOx-CeO2 which gave about 
more than 99% conversion of CO [32]. Qi and Li considered oxidization of NO to 
NO2 by using the catalyst which was mixture of manganese and cerium oxides and 
catalysts gave conversion at about 350oC with percentage of about 50 to 70% [33]. 
Zhao et al. prepared CuO/Ce-Mn-O catalyst for the conversion of CO to CO2 [34]. 
The catalyst gave almost complete conversion of CO at 160oC.  Alphonse used 
CoxMn3−xO4 oxides as a catalyst for the oxidation of CO and propane at mild 
temperature .Co-Mn oxide spinel catalyst gave conversion of CO from 20 to 300°C 
[35]. Vasilyeva et al. prepared catalyst with Mn oxides, Si oxides and Ti oxides for 
the conversion or oxidation of CO [36]. This catalyst gave 50 % conversion at 150oC 
and 100 % conversion at about 210oC. (Srivastava et al., 2012) used carbon supported 
palladium catalyst for removal of carbon mono oxide and 5% Pd was coated on CeO2 
and ZrO2 which have a CO to CO2 conversion of 100% at 108oC and 140oC [37]. 
Pakharukova et al. used catalysts copper cerium oxide with monoclinic zirconia for 
checking oxidation of CO with excess of hydrogen and the catalyst gave 100% 
conversion at 130oC [38]. Wojciechowska et al. used catalyst for oxidation of CO by 
using copper and manganese or cobalt oxides supported on MgF2 and Al2O3 [39]. This 
catalyst gave very less percentage of CO conversion that is 51% at 300oC for 15 
minutes. Marbán and Fuertes used copper oxide and cerium oxide for oxidation of 
CO. This catalyst gave 90% conversion at about 165oC [40]. Hoflund et al. used Gold 
with MnO catalyst for low temperature oxidation of CO. This catalyst gave about 90 
to 100 % conversion at about 225oC in 17000 minutes [41]. 
 

2.7. Research Gap 
 
Two-third of the energy from combustion in a vehicle is lost as waste heat, of which 
40% is in the form of exhaust gases. Most of the research has been conducted on 
turbocharged and supercharged engines but none of them utilized waste heat for later 
consumption of various electric utilities of four stroke petrol engine. Energy is 
extracted by placing turbine in exhaust gas passage and analysis of turbine by using 
CFD techniques. Moreover, from the literature review it has been observed that the 
cerium, manganese and copper nano particles have great conversion rate for CO, NOx 
and HC. So, they are the best option for synthesis of catalytic converter. Selected 
sulphates of these metals are Cerium Sulphate Tetra hydrate (CeO8S2.4H2O), 
Manganese Sulphate Mono hydrate (MnSO4.H2O) and Copper Sulphate Penta hydrate 
(CuSO4.5H2O) which fulfills all required factors explained above for the selection of 
best catalysts to achieve the maximum conversion of pollutants. 
 
 



20 

CHAPTER 03 

3.1. Research Methodology 
 

3.1.1. Fabrication of Test Bench 
  

Test bench was fabricated in order to mount engine and its accessories in it, 
moreover static structural consideration were kept to avoid structural failure due to 
laod and vibrations. 
 

3.1.2. Turbine Selection 
 
Best suited turbocharger turbine was selected in order to place in it the exhaust 

passage of engine to produce power generation. 
 

3.1.3. 3D Modeling of Turbine 
 
Turbine and its coordinates were extracted by using CMM as it was aforesaid 

that turbine was selected. Coordinate extracted from CMM enabled to develop 2D 
drawing sheet through which 3D CAD modeling using SOLIDWORKS. 3D generated 
model was then used for further requirements. 
 

3.1.4. CFD Analysis of Turbine 
 
Once the STEP file was imported on ANSYS, mesh independent study, stress-

strain analysis and flow analysis were studied in detail. 
 

3.1.5. Install Catalytic Converter with Engine 
 
A Catalytic Converter is a device which converts the harmful pollutants such 

as CO, Nitrogen oxides and unburnt hydrocarbons into less harmful pollutants by 
catalytic   activity through the process of redox reactions. Catalytic convertor with 
new catalysts was installed after turbine in order to reduce emissions from engine. 
 

3.1.6. Calculation of Emission Produce from Engine 
 
In order to calculate the exhaust emissions, flue analyzer were used to 

calculate the amount of CO, NO and HC. 
 
Flow chart of research methodology is shown in figure 3.1. 
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Figure 3.1: Flow Chart of Research Methodology 

3.2. Engine Specification and Fabrication of Test Bench 
This research has been carried out on 200cc single cylinder petrol engine and 
Specification of 200cc single cylinder petrol engine is shown in Table 3.1: 
 

 
 
 
 

Fabrication of  Test 
bench

Turbine Selection

3D Modelling of Turbine

CFD Analysis of Turbine

Install Catalytic 
convertor with an Engine

Calculation of Emmision 
of CO, NOx and HC

Results and Conclusion
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Table 3.1: Engine Specification  

Cooling Type Water Cooled Engine 

Engine name G200-A   

Engine Type 1-cylinder, 4-stroke,water-cooled 

Displacement 197cc 

Net weight(kg) 33 

Max.Power (KW/min) 10.3/7500 

Max.Torque (N.m/min) 14.2/6000 

Compression ratio 10.5:1 

Bore and Stroke (mm x mm ) 63.5x 62.2 

Ignition method CDI 

 

3.3. Solid Works Model of Test Frame:  
The solid work model of the test frame is design for the engine is shown as in figure 
3.2. 

 

Figure 3.2: 3D view of test frame 

 

3.4. Dimension of the Test Frame 
Dimensions can be defined as the length, width, height, or depth of something. 
Dimension of physical quantity is more fundamental then scalar units. The 
dimensions are shown in figure 3.3. 
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Figure 3.3: Dimensions of test frame 
 

      3.5. Material Properties 
Material properties of test frame which shows the value of yield and tensile strength 
are shown in table 2. Solidworks simultaneously makes it easy to determine whether a 
structure satisfies it design criteria for a particular set of loading conditions. 

 
Table 3.2: Material Properties  

Model Reference Properties 

 

Name: AISI 1010 Steel, hot 
rolled bar 

Model type: Linear Elastic 
Isotropic 

Default failure 
criterion: 

Max von Misses 
Stress 

Yield strength: 1.8e+08 N/𝑚  
Tensile strength: 3.25e+08 N/𝑚  
Elastic modulus: 2e+11 N/𝑚  

Poisson's ratio: 0.29   
Mass density: 7,870 kg/𝑚  

Shear modulus: 8e+10 N/𝑚  
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3.6. Stress Analysis of frame 
Determination of the stresses in the component part of a structure when subjected to 
load. Stress is defined as ratio of force over area. Figure 3.4 shows stress analysis of 
frame on Solid Works. 
 

Figure 3.4: Stress Analysis of Frame 

3.7. Displacement Analysis  
In case of displacement method work by satisfying equation of equilibrium Unknown 
displacement is written in the term of load by using load displacement relation, and 
then these equations are solved for the displacements as shown in figure 3.5. 

Figure 3.5: Displacement Analysis of frame 

 Name Type Min Max 
Stress1 VON: von 

Mises 
Stress 

0.000e+00N/m^2 
Node: 18014 

3.006e+07N/m^2 
Node: 13653 

 

Name Type Min Max 
Displacement1 URES:   Resultant 

Displacement 
0.000e+00mm 
Node: 18014 

4.951e-01mm 
Node: 13781 

 



25 

3.8. Strain Analysis 
Strain analysis (or stress-strain analysis) is to change effect of material under various 
loadings conditions. This can be done by both physical and optical testing 
methodology in working environment. Figure 3.6 shows the strain Analysis on test 
frame. 
 

Figure 3.6: Strain Analysis on test frame 
 
From all these analysis it is concluded that: 

 The maximum Yield Strength = 1.8e+08 N/𝑚  

 The maximum Tensile strength = 3.25e+08 N/𝑚  

 The Elastic Modulus = 2e+11 N/𝑚  

 The Shear Modulus = 8e+10 N/𝑚  

 The main thing is factor of safety of any material 

 The factor of safety of structure is 5.98 

 The factor of safety of the required loading is 3.75 

3.9. Fabrication of Engine Test Bench: 

After complete analysis, the frame of an engine has been fabricated as shown in figure 
3.7. Then engine is mounted on the frame as depicted in figure 3.8. 

 

 

Name Type Min Max 
Strain1 ESTRN: Equivalent Strain 0.000e+00 

Element: 7665 
8.430e-05 
Element: 5684 
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Figure 3.7: Engine Frame 

 

 

 

 
 

Figure 3.8: Engine Mounted on Frame 

All the accessories like radiator, engine battery, ignition coil, air duct have been 
attached with the engine and complete test bench is shown in figure 3.9. 

 

 

 

 

 

 

 

 

 

         Figure 3.9: Engine Test Bench with all accessories 
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3.10. Coordinate Extraction, Modeling of Turbine   
The aim of the research to install the turbine in the exhaust passage is to extract the 
power from the exhaust gases which would later utilize to run the electrical 
accessories of the engine. Turbine and its coordinates were extracted by using CMM 
as shown in figure 3.10 and figure 3.11. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                      Figure 3.10:  Turbine 
 

 

 

 

 

 

 

 
 

 

 

Figure 3.11: Coordinates Extraction of Turbine by using CMM       

With the help of CMM the following Dimension were obtained as shown in figure 
3.12. 
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Figure 3.12: Dimensions of Turbine       

 
 
Then turbine was them modeled over SOLIDWORKS to get 2D and Isometric views 
of turbine as shown in figure 3.13. After that turbine was import into ANSYS for 
stress and strain analysis as shown in figure 3.14. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.13:  2D and Isometric view of Turbine   
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             Figure 3.14: Import Turbine on ANSYS      

 

3.11 Mesh Independent Study: 
 
Mesh will be considered as independent when the pressure difference between two 
consecutive terms was found to be less than 1%. Various cases were solved having number of 
mesh elements.1402154, 2010124, 25213658, 30111249, 35008547 and 40149871. The 
pressure difference was recorded case 5 and case 6 having number of elements 35008547 and 
40149871, pressure difference were found to be approximately 0.5%. So in order to reduce 
the memory and computation time case 5 was considered with 35008547 elements for current 
study. The graph of independent mesh study was shown in figure 3.15. 
 
 

 
 

             Figure 3.15: Mesh Independent Study      
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Meshing of turbine and shaft were shown in figure 3.16 and 3.17. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.16: Meshing of Turbine and Shaft 
 

 

 
 

Figure 3.17: Views of Turbine and Shaft 
   

3.11.1. System Specification and Software 
 

ANSYS FLUENT Version 16.2 and SOLIDWORKS 2020 
Corei7 10th Generation @ 2.9 GHz, 2.9 GHz, turbo-boost 4.5GHz, RAM 32 GB 
DDR/4. 

 
3.11.2. Boundary Conditions 

 
Uniform velocity was considered at the inlet of turbine  
 
At y=h, u=0, v= -Uin, w=0 
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Surface of turbine was considered as adiabatic 

At x=0,  = 0 

 
Exhaust gases inlet temperature was considered as constant  
At y=h, T=Ti 

3.12. Strain Analysis of Turbine 
 
Results of strain analysis of turbine was done at 5500 engine speed (rpm), are shown 
in Figure 3.18. Static structural analysis was carried out and equivalent elastic strain 
distribution on various section of turbine was shown below with minimum value at 
the turbine shaft i.e 6.5x10-9 m/m and maximum value was observed where the 
exhaust flow at inlet of turbine casing thereby exert a force on the turbine blade which 
producing maximum elestic strain at the edge of the turbine blade right in front of 
turbine casing inlet. The maximum value of equivalent ealstic strain observed is 
1.42x10-6 m/m. 
 

 

 

 

 
 

 
 

Figure 3.18: Strain Analysis of Turbine 

3.13. Stress Analysis of Turbine 

Results of stress analysis of turbine was done at 5500 engine speed (rpm), are shown 
in Figure 3.19. Static structural analysis was carried out and equivalent elastic stress 
distribution on various section of turbine was shown below with minimum value at 
the turbine shaft i.e 932.35Pa and maximum value was observed at the edge of the 
turbine blade right in front of turbine casing inlet is 2.46x105 Pa which is in range and 
majority section observed von-mises stress value is 55588Pa. 
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   Figure 3.19: Stress Analysis of Turbine 

3.14. Pressure and Velocity Contours of Turbine 

These analysis are done to check the in and out flow of exhaust flue gases on turbine. 
From figure 3.20 and figure 3.21, it is clearly seen that there is no backflow of 
exhaust gases, hence there is no excess load produced on engine. Inlet and outlet 
value of pressure is 136846.86Pa and 101718.72Pa. Inlet value of velocity is 7.6m/s 
and outlet value is in range of 3.04m/s-6.08m/s. 

 

 

 

 

 

 

 
 

 

      Figure 3.20: Pressure Contours of Turbine             
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    Figure 3.21: Velocity Contours of Turbine  
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CHAPTER 04 

4.1. Results and Discussion 

Power Generation from Exhaust Gases of an IC Engine is a process of production of 
energy using the gases coming out of the engine outlet. Engine converts chemical 
energy into mechanical energy and waste is extracted in the form of exhaust gases 
from the engine which further moves towards the tail pipe of an engine. These gases 
move at high temperature and pressure towards the outlet. The turbine is placed in the 
pathway of these exhaust gases which is designed in a way that these exhaust gases 
tends to rotate the blades of turbine. Following measurement were taken by help of 
tachometer as shown in Table 4.1. 
 

Table 4.1: Turbine Speed 
 

 
 
 
 
 
 
 

4.2. Power Generated from Turbine: 

Power generated by turbine can be calculated by suing following formula: 
 

P =  
 
Where, T = F x R 
F = Applied force 
R = Radius of the shaft of turbine 
 
At F = 4.905 N   

T= F x R 
T = 4.905 N x 0.05m 
T = 0.245 Nm 
 
When N=110  
 

P =  

Sr. No Engine  Speed 
(RPM) 

Turbine Speed 
(RPM) 

1 1000 110 
2 3500 318 

3 5500 451 
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P = ∗ . ∗ ∗ .  
 
P = 2.82 Watts. 
 
When N= 318  
 

P =  
 

P = 
∗ . ∗ ∗ .

 
 
P = 8.15 Watts. 
 
When N= 451   
 

P =  

 
P = 

∗ . ∗ ∗ .
 

 
P = 11.56 Watts. 
 
All these results are mentioned in the table 4.2 and graph between turbine speed and 
power generated from turbine is depicted in figure 4.1. 
 
 

Table 4.2: Power generated from Turbine 
Sr. No Engine  

Speed 
(RPM) 

Turbine 
Speed 
(RPM) 

Mass 
 (kg) 

Force 
(N) 

Torque 
(Nm) 

Power 
(Watts) 

1 1000 110  
0.5 Kg 

 
4.905 

 
0.2452 

2.82 

2 3500 318 8.15 

3 5500 451 11.56 
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      Figure 4.1: Power generated from Turbine 

 
From the above line graph it is clearly seen that when turbine speed is increased, the 
more power is generated which can be utilized in various engine utilities. 
 

4.3. Catalytic Converter 
A Catalytic Converter is a device which converts the harmful pollutants such as CO,  
Nitrogen oxides and unburnt hydrocarbons into less harmful pollutants by catalytic   
activity through the process of redox reactions. The pollutants are converted to CO2, 
N2, O2 and H2O respectively which are less harmful to humans as well as to the 
environment. 
 

4.4. Preparation of Sample Catalysts 

Firstly for the preparation of saturated solution of each salt, for the purpose of co-
precipitation of catalysts, distilled water was selected as a solvent because all three 
base salts are easily soluble in water at room temperature. For preparation of sample 
catalysts the correct molar ratio for each base metal was selected for the best 
combination as shown in Table 4.3. 

                 

                  Table 4.3: Molar ratio for base metal 

Cu Ce Mn 

1(2.49g) 1(4.04g) 1(1.69g) 

1(2.49g) 2(8.08g) 1(1.69g) 

1(2.49g) 1(4.04g) 2(3.38g) 

2(4.98g) 1(4.04g) 1(1.69g) 
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For first sample catalyst having all the base metal in 1:1:1 combination, the correct 
molar ratio for each base metal was selected. For measurement of each metal salt, 
Electronic Balance having precision up to three decimals was used according to the 
required weights as shown in above table 4.3. For four test samples the required 
combination of metals are weighed in grams in electronic balance apparatus which is 
shown in figure 4.2. 

 
        Figure 4.2: Metals weight on Electronic Balance 

For (CeO8S2.4H2O) having molecular weight of 404.304 g/mol and yellow in color, 
0.001 molar solution was prepared in a 10ml of distilled water by dissolving 4.04 g of 
salt with constant stirring of 5-10 minutes. After it the solution was placed on 
magnetic stirrer for 30 minutes for complete dissolution of Cerium Sulphate in water 
and saturated solution was obtained. In the same manner the Manganese Sulphate 
Mono hydrate (MnSO4.H2O) having pale white color and Copper Sulphate Penta 
Hydrate (CuSO4.5H2O) which has blue physical appearance, having molecular weight 
of 169.02 g/mol and 249.677 g/mol respectively were dissolved in 10ml of distilled 
water to prepare 0.001 molar solution of each base metal salt with constant stirring on 
magnetic stirrer for about 30 minutes each. Molar solution of each base metal in 
distilled water is shown in Figure 4.3. 
 

 
                     Figure 4.3: Metal salts solution 

All the above sample solutions of metal salts were poured down in a beaker with 
constant stirring and a chemical reaction occurred between base salts metals. The 
resultant solution was dark brown in color which indicated that the reaction has been 
completed. The resultant solution contains the precipitates of catalyst. Like the 
preparation of sample 1, all the four samples were prepared by dissolving the base 
metals in water in different ratios after weighing through electronic balance and 
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stirring through magnetic stirrer according to the table provided above so that the best 
combination of base metals could be selected for the preparation of final catalyst 
which gives best results for conversion of pollutants to less harmful pollutants. 
According to table 6.1, four samples were prepared having different molar ratios as 
shown below. 

Cu: Ce: Mn = 1:1:1 
Cu: Ce: Mn =  1:1:2 
Cu: Ce: Mn =  1:2:1 
Cu: Ce: Mn =  2:1:1 

These all four samples obtained were kept at room temperature for 4-6 days in open 
air and a vibration less place because otherwise the base metals catalyst particles 
could again dissolve back to solution and lengthen the process. The process of 
crystallization of saturated solutions is referred as co-precipitation method. After 2 
days crystals were started initiating in the solutions and started settling down at 
bottom of beaker. The process of crystallization was completed in 6 days where 
matured crystals were developed in solution which can be seen easily by naked eye. 
To completely filter the catalysts, Vacuum Suction Assembly Apparatus was used. 
The dark brown color of catalyst was obtained which was kept at room temperature to 
completely dry the catalyst. Four sample catalysts were obtained in dried form which 
will act as a conversion agent for pollutants. 
 

4.5. Preparation of Test Samples 

The next step was the application of the catalysts on the ceramic plates having 
uniform thickness and pores so that the exhaust gases can easily flow out and react on 
its way out to atmosphere. Ceramic plates also have great thermal resistance as 
exhaust gasses have very high temperature. The catalysts were dissolved in Acetone 
which is excellent solvent and evaporates easily and give great adhesion to the 
catalyst on ceramic plate. These catalysts were applied on the ceramic plate. By the 
same way different catalysts were dissolved in Acetone and were applied on different 
ceramic plates. Four test samples were obtained and dried at room temperature. 
 

4.6. Testing and Analyzing  

The all four plates were installed in a box wrapped in aluminum foil so that exhaust 
gasses could not escape from the box without coming in contact with the catalysts. 
The testing was done on the engine exhaust. The boxes were cut according to the 
dimensions of silencer and were fitted on it with plate facing the front face of exhaust. 
The Flue Gas Analyzer placed in the exhaust to take the sample of gasses coming out 
from the catalyst to give results. All the four samples with different molar ratios were 
tested one by one through the Flue Gas Analyzer (E-Instruments Model: E-4400-S, E-
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4400-C) to check the conversion of pollutants by each catalyst. Each catalyst gave 
different rate of conversion of pollutants as shown in Table 4.4. 
     Table 4.4: Results without catalytic converter and with different ratio of materials  

 

Test 

# 

Molar Ratios Pollutants (ppm) 

Cu Ce Mn CO NO HC 

1 Without 
Catalytic 
Converter 

36400 95 37400 

2 1 1 1 27400 45 25400 
3 2 1 1 28100 61 27700 
4 1 2 1 31300 84 29000 
5 1 1 2 31100 73 28600 

 
The graph below (Figure 4.4) shows the comparison between different catalysts. 
 

 
Figure 4.4: Comparison of conversion of all pollutants by each catalyst 
 

On the basis of above discussion and verified results it was decided to choose the base 
metals in ratio of Cu (1): Ce (1): Mn (1) due to more conversion rate of pollutants as 
compared to other molar ratios of Cu, Ce and Mn. 
 

4.7. Preparation of New Catalytic Converter 

 The final catalyst was prepared according to the above given ratios of base metals. 
The method used for the preparation of the catalyst was same as before when the 
sample was prepared. The ratios used for preparation of catalyst are shown in table 
4.5 

  Table 4.5: Ratio used in preparation of catalytic converter 
 
 
 

Cu Ce Mn 
5(12.45g) 5(20.2g) 5(8.45g) 



40 

After weighing on Electronic Balance, the solution of each was made by dissolving 
them into a 30ml of distilled water with constant stirring on Magnetic Stirrer. The 
resultant black solution was obtained after mixing all the solutions. Solution was left 
for about 5-6 days to obtain mature catalyst. The resultant catalyst was obtained by 
evaporating the water by use of Rotary Evaporating Apparatus for 3-4 hours which 
was further crushed into fine powder. After dissolving it in acetone, catalysts were 
applied on monolithic honeycomb structure of catalytic converter because it counters 
the phenomenon of back pressure and due to its greater cell density for conversion to 
less harmful gasses. 
 

4.8. Infrared Spectroscopy of Synthesized Materials 
 
Spectroscopy is a useful method to provide structural clues to the overall molecular 
structure of the unknown chemical composition, in order to identify them. The large 
number of wavelengths emitted by this technique, makes it possible to investigate 
their structures .In figure 4.5, 4.6 and 4.7 it was clearly seen that transmittance value 
was above 95% which showed that new catalysts materials absorbed less amount of 
radiation. In figure 4.5, large broad band at 3415 cm−1 is ascribed to the O-H 
stretching vibration in OH− groups of absorb water molecules. The intense band at 
500 cm−1 corresponds to the Ce-O stretching vibration. A band near 1625 cm-1 
represents the carbonate like group on the surface of catalyst. Overall FTIR spectra 
confirm the formation of desired catalyst. 
 

 
 

Figure 4.5: Spectroscopy of Cerium Sulphate Tetra hydrate (CeO8S2.4H2O) 
 
 
In Figure 4.6 FTIR spectra of MnSO4.H2O. The bands at around 3200 and 1499 cm−1 
correspond to the O–H vibrating mode of traces of absorbed water. The bands at 
about 761.9, 623.6 and 604.3 cm−1 that are below 750 cm−1 can be attributed to the 
Mn–O vibrations. Overall FTIR spectra confirm the formation of desired catalyst. 
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     Figure 4.6: Spectroscopy of Manganese Sulphate Mono hydrate (MnSO4.H2O)  
 
In Figure 4.7, CuSO4.5H2O  spectrum  have  the  characteristic  peaks  at  the band  
values  of  3114,  1667,  1063  and  860  cm-1.  In these spectra, the peaks over 3000 
cm-1 may explain with the crystal water in structure.  The peaks at lower band values 
can be explained with the vibrations between O and non-metal atoms. Overall FTIR 
spectra confirm the formation of desired catalyst. 
 

 
Figure 4.7: Spectroscopy of Copper Sulphate Penta hydrate (CuSO4.5H2O) 

 

4.9. Final Testing and Comparison with Old Installed 
Catalytic Converter 
The original company provided Catalytic Converter that contains the catalyst 
combination of noble metals like Platinum, Rhodium, and Palladium. Noble metals 
are very expensive because of limited production which increases their cost. The old 
catalytic converter was first tested by using flue gas analyzer. The results obtained are 
shown in Table 4.6. 
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                               Table 4.6: Old Catalytic Converter results 
Old Catalytic 

Converter 

CO(ppm) NO(ppm) HC(ppm) 

17400 213 2900 

 
After removing the old catalytic converter, the upgraded catalytic converter was 
installed on Engine Test Bench. It was then tested by the flue gas analyzer by placing 
its probe in exhaust duct. The results obtained are shown in table 4.7. 

 
                              Table 4.7: Upgraded Catalytic Converter results 

Upgraded Catalytic  

Converter 

CO 

(ppm) 

NO 

(ppm) 

HC 

(ppm) 

7000 203 3800 

 
 
4.10. Conversion Comparison of Exhaust gases produced by 
both Catalytic Converter 
A graph was plotted to have a clear idea about the conversion efficiency of old and 
upgraded catalytic converter as depicted in figure 4.8. 
 

 
Figure 4.8: Conversion rate of both Catalytic Converter 

Figure 4.8 shows that there has been a great increase in the conversion rate of CO but 
slight increase in NO, but there is decrease in conversion rate of HC as compared to 
the Original Catalytic Converter. The efficiency of conversion of newly manufactured 
catalytic converter is: 
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For CO  

% Increase= × 100 = 59.77%                  

 
For NO 

% Increase= × 100 = 4.69%                          
 
For HC 

% Decrease= × 100 = 23.68%                   
 
Upgraded catalytic converter 59.77% and 4.69% efficient in reducing CO and NO 
respectively. In old manufactured catalytic converter, the precious noble metals like 
Platinum, Rhodium and Palladium were used which also have limited production. 
Base metals salts of Cu, Ce and Mn were used as catalysts in newly manufactured 
catalytic converter which are easily available as well as cost effective.  
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CHAPTER 05 

5.1. Conclusions 
 
It is concluded that when turbine speed is increased, the more power is generated 
which can be utilized in various engine utilities in addition pressure reduction form 
inlet to outlet indicates transfer of momentum from the exhaust gases to the turbine. 
Further focusing on the velocity contour and pressure contour it is clearly indicated 
that there is no backflow of exhaust gases in an engine. Moreover, it is concluded that 
the base metal have greater conversion efficiency of CO into CO2 & NOx into N2 as 
compared to noble metals but in case of HC, original catalytic converter gives good 
results. But on the basis of prior discussion, it is proved that the base metals have 
greater efficiency according to its performance and it is economical as well. So, the 
noble metals which are Platinum, Palladium and Rhodium could be replaced by the 
base metals Cerium, Manganese and Copper. During the experimentation work it was 
observed that base metals catalyst have low thermal stability at higher temperature 
and it adversely alters the performance of the catalysts.  

 
5.2. Future Recommendations 
 

 Fabrication of turbine with different material. 

 Making the turbine enclosure more compact. 

 To change turbine blade geometry and turbine housing. 

 To change inlet/outlet diameter (converge/expand). 

 Compare results of petrol engine with diesel engine of same specification. 

 The results were obtained by performing tests on different molar ratios (1:1:1, 
2:1:1, 1:2:1 and 1:1:2) for the preparation of catalyst. Future study can be done 
with variation of molar ratios of base metals. 

 For current study base metals Cerium, Manganese and Copper were used. In 
future various base metals can be used as catalysts. 

 During the experimentation work it was observed that base metals catalyst 
have low thermal stability at higher temperature and it adversely altered the 
performance of the catalyst greatly. Future study can be done to do research on 
increasing the thermal stability. 
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