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1. Abstract 
In order to increase the energy efficiency of hybrid cars, a promising technology is the heat loss recovery system for battery charging. The heat produced by the internal combustion engine is used by this system to create electrical energy that can be used to recharge the battery. I  have developed and evaluated a heat recovery system for battery charging in a series hybrid car in this project proposal. An generator, gear system, and turbocharger are all components of the system that transform mechanical energy into electrical energy. The system's effectiveness was calculated to be around 60%. The system was chosen for a 48V battery, and the price was predicted to be affordable. According to the study's findings, hybrid cars' energy efficiency could be greatly increased by using a heat recovery system for battery charging. However, additional study is required to resolve the issues, boost the system's effectiveness, and make it more compatible.



















2. INTRODUCTION
For many years, the idea of recuperating heat produced while battery charging has been in existence. However, due to the rising demand for energy-efficient solutions and the increased emphasis on reducing emissions, the adoption of heat loss recovery systems in battery charging has significantly increased in recent years. For many years, the idea of recuperating heat produced while battery charging has been in existence. However, due to the rising demand for energy-efficient solutions and the increased emphasis on reducing emissions, the adoption of heat loss recovery systems in battery charging has significantly increased in recent years.
 Heat loss recovery system for battery charging system is series hybrid system.  There are various types of energy losses in car like aerodynamic losses, Rolling resistance, Brake losses, Electric losses and heat losses. This proposal aims to address the issue of energy wastage which is common problem faced by many industries that rely on batteries for their operations. A heat loss recovery system is purpose of designed for use the waste exhaust energy to be improving and build the efficient charging system. IC engines make use of the benefits of petroleum fuels’. Technology for recovering waste heat that enhances the efficiency of automobile engines. The objective was to show how much fuel economy could be improved with an electric turbo compound system. A turbocharger with a generator built into the turbo shaft made up the device. The turbine's excess power is extracted by the alternator, which uses the electricity it generates to recover energy from waste gases in exhaust. Because the quantity of power extracted can be adjusted and turbo-Lage is decreased, the electric turbo compound system also offers greater control flexibility. For creating this system I am going to use Ricardo wave software for build engine and for testing I mostly approach Worldwide Harmonized Light Test Procedure (WLTP) in excel.
high energy density to deliver excellent performance and a long operating range. However, the drawbacks of conventional IC engine cars include bad fuel efficiency and environmental pollution. The main causes of their poor fuel efficiency are: (1) misalignment between engine fuel efficiency characteristics and actual operation requirements; (2) loss of vehicle kinetic energy during braking, particularly when driving in cities; and (3) low hydraulic transmission efficiency in today's cars when engaging in stop-and-go driving patterns. On the other hand, battery-powered EVs have some benefits over traditional IC engine cars, including high energy efficiency and low environmental pollution. The benefits of both IC engine vehicles and EVs are present in HEVs, which use two power sources (a main power source and a secondary power source), and these drawbacks are removed.









3. LITERATURE REVIEW 
1)Ulrich Hopmann on 17 December 04:  Diesel engine waste heat recovery utilizing electric turbo compound technology, this solution division use in heavy vehicles technology. This system design for improve the fuel economy on- highway truck engines. The design includes an electric motor/generator (M/G), which is a radical departure from traditional turbochargers. The turbocharger's main parts have all been created with the highest efficiency in mind.​

In this system is similar is then heat loss recovery system for battery charging system but this system is found in 2004 in heavy vehicles. The electrical machine on the turbocharger shaft turns the excess power generated by the turbocharger turbine into electrical power when it surpasses the power needed by the compressor. The ETC system can make use of this extra power by mounting an electric generator on the crankshaft, which helps the engine. This procedure leads to increased system effectiveness and better fuel economy. Compounding is an alternative to using the excess power, which can also be stored or used to operate other electrical on-board devices or truck loads. The electric machine on the turbocharger shaft acting as a generator and the electric machine on the engine crankshaft acting as a motor, respectively, is the main method of operation.
Apart from the lower fuel consumption they found various benefits as well like:
1) No wastegate or (Variable Geometry Turbine)
2) Flexible engine operation 
3) Turbo assist capability 
4) Capability For Improved Braking Power 
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Description automatically generated]2) Roll Switzerland, October 1, 2021: compony name Garrett Motion Award recognize innovation this technology use E-turbo its runs high-speed electric motor positioned on the turbo to compressor reduce lag and increases performance of engine moreover low engine torque this innovation might be use in future cars. 
Furthermore, the E-Turbo can recover otherwise lost energy as an electrical generator to directly power the hybrid motor or recharge the battery in specific driving conditions, giving manufacturers more freedom in the design of hybrid powertrains. 
Fig:1 e Garrett E-turbo

" 48-volt or 400-volt components can be used on electrified hybrid powertrains, which are the fastest-growing market in the global auto industry. This is a practical way for OEMs to meet stringent environmental regulations and establish new performance standards for cars. This E- turbo deliver electrically assisted boosting under extreme conditions while providing energy recovery to the vehicle's electrical system by integrating our in-house developed high-speed electric motor running at more than 200,000 rpm only inches away from exhaust temperatures exceeding 1,000°C. 




3) A. Picarelli, M. Dempsey. Simulating the complete 2014 hybrid Formula 1 cars: this project design for formula 1 they use 1.6 litter V6 turbocharged spark ignition engine they research on system call MGUH : motor generator unit–heat is what it stands for. It collects thermal energy produced by vehicle exhaust. The exhaust pipe is typically where hot exhaust from the engine's combustion chamber is wasted. This thermal energy is recycled by the thermal energy recovery device to produce electricity.
When turbocharged vehicles slow down, the flow rate of exhaust gas drops, delaying the turbine's operation and adding extra time to the acceleration process. The term "turbo lag" refers to this brief delay. This issue is resolved by the MGU-H by using a generator to drive the compressor instead of requiring the turbine to wait for exhaust gas.
The MGUH's regen and assist were then increased, initially by 10% and then by 20% over the standard. This led to increases in heat energy produced by the ERS system of 2.73% and 5.11%, respectively. The amount of energy harvested remained essentially unchanged, but there was a 1.94% and 3.52% decrease in the amount of battery electrical energy released. Lap speeds indicate marginal improvements of 0.02 and 0.04 seconds, respectively. 





4. METHODOLOGY
1) Specific approach for this project.
Heat loss recovery system for battery charging to recover waste heat from the exhaust gas of the internal combustion engine and transform it into electrical energy that can be used to recharge the hybrid battery. The precise strategy for implementation. Choose this technology that is efficient suited for the particular hybrid car application. This may entail picking a particular Heat loss recovery system for battery charging design, like a turbo-generator or exhaust-driven generator, based on the vehicle's operating circumstances, energy needs, and expense factors. Create a method that is best suited for the application of the particular hybrid vehicle. This could entail matching the heat loss recovery system for battery charging with the vehicle's existing electrical and mechanical systems, choosing the suitable components and materials, and designing the system to match the power output and efficiency requirements of the vehicle. Create a method that is best suited for the application of the particular hybrid vehicle. This could entail matching the heat loss recovery system for battery charging with the vehicle's existing electrical and mechanical systems, choosing the suitable components and materials, and designing the system to match the power output and efficiency requirements of the vehicle.




.DESIGEN 
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Fig 2: Basic figure of heat loss recovery system for battery charging

In a heat loss recovery system for battery charging, a series hybrid system is used where an internal combustion engine generates electricity that is used to charge the battery. The system is designed to recover waste heat from the exhaust gas and convert it into electrical energy to charge the battery.
The system works by utilizing the exhaust gas and pressure to give rotation to a turbocharger turbine. The turbine is connected to a compressor through a turboshaft. In between the two turbines, gears are placed on the turboshaft to manage the required RPM for the alternator. This is necessary because both turbines run at very high RPM, which may not be suitable for directly driving the alternator.
The turbocharger turbine extracts energy from the exhaust gas and transfers it to the compressor through the turboshaft, which is fitted with gears to manage the speed. The compressor then compresses air and feeds it into the engine, increasing its efficiency.
Finally, the alternator converts mechanical energy from the turboshaft into electrical energy, which is used to charge the battery system. The recovered waste heat from the exhaust gas is thus used to generate electricity and charge the battery, increasing the overall efficiency of the system.
Overall, the heat loss recovery system for battery charging is designed to optimize energy recovery from the exhaust gas and convert it into electrical energy to charge the battery system, resulting in improved energy efficiency and reduced emissions.



. ENGINE AND COMPONET 
For Heat loss recovery system for battery charging, I will going to use data of 1.9liter TDI VGT diesel engine this engine made by Volkswagen group. This engine use in many cars like Passat, Audi A3 and Golf. The VGT is variable geometry turbocharger. Which is designed to improve engine performance and efficient which is allow take air depend on their speed,  it has very advances turbocharger. This turbo also tuning again Garrett. 
Here are some basic details of 1.9L engine. 
· This engine has 4 cylinders. 8 valvetrain.
· Common rail direct injection fuel system 
· 19.5.1 has compression ratio
· Power output 74kW to 96kW (100-130hp)
· Torque output240 Nm to 310Nm
· Emissions compliance is Euro 4 
· Bore and stroke 79.5mm and 95.5mm. 
Way I am going to use this engine for this project?
· The VGT is able to vary the flow of exhaust gas through the turbine to optimize efficiency depending on engine speed and load.
· The 1.9 TDI engine has an established track record of reliability and durability, which can be beneficial when used in a hybrid powertrain. This can help guarantee the dependability and longevity of your engine.
· Since the 1.9 TDI engine was manufactured in plenty for many years, it might be simple to locate and acquire the necessary parts and materials for your hybrid powertrain project.
· The 1.9 TDI engine can be tuned and changed to fit a variety of uses, making it adaptable to operate in a variety of hybrid powertrain configurations.
· This engine would have ben tested under New European Driving Cycle or equivalent test cycle.


















. TURBOCHARGER 
A turbocharger is an essential component of a heat loss recovery device for battery charging because it makes it possible to recover waste heat from engine exhaust gas. The turbocharger boosts engine efficiency by converting the energy from waste gas into a turbine that drives a compressor that raises air pressure entering the engine. Hear some important measurement of turbine. 

	compressor
	HP
	Inducer 
	Exducer
	Trim
	Turbine 
	Inducer
	Exducer
	trim

	
	175
	36mm
	49mm
	55
	
	43mm
	38mm
	76


Table:1 1.9Lmeasurement of turbines



 Inducer: The size of the compressor wheel's lower end, which is where air enters the wheel in a turbocharger.
Exducer: the measurement of the compressor wheel's larger end, where pressurised air leaves the wheel in a turbocharger.
Trim: the compressor wheel's compressor wheel's exducer diameter to inducer diameter relationship.
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For turbocharger design I am using Ricardo Wave and figure out all important parameters which is mentioned below 
· Turbocharger speed 
· Turbocharger Power 
· Turbocharger gas In and Out 
· Turabian Efficiency 
· Turbocharger Shaft Speed
Fig 3: 1.9L Turbocharger 


A crucial part of the system, the turbocharger aids in recovering waste heat from engine exhaust gas that would otherwise be wasted. The system can increase engine efficiency and lower fuel usage by using this heat to power a compressor and a turbine. In applications where fuel efficiency is a top concern, like in heavy-duty vehicles, this can lead to significant fuel savings, which are especially significant.

Overall, the turbocharger plays a crucial role in deciding the power output and efficiency of the heat loss recovery device for battery charging because it makes it possible to recover waste heat from engine exhaust gas.






. Speed reducing gearbox. 
In Heat loss recovery system for battery charging turbocharger turbine runs on 100000 to 200000 Rpm which is way more higher RPM for alternator. for that RPM manage between two component, design speed reducing gearbox. There is various type of gear box like Helical gearbox, planetary gearbox and Epicyclic gear box. But for design gear box I am going to  follow few steps and formulas, which is mention. 
Finding the gearbox's input and output speeds, as well as any necessary torque or power, is the first step in determining the input and output needs. You can use this to help you decide on the gear ratios and other construction criteria.
Choose the component categories: Select the gear kinds you'll use in the gearbox. Spur gears, helical gears, bevel gears, and worm gears are examples of typical gear kinds. Each gear variety has advantages and disadvantages of its own, and the selection will be based on the particular application.
Calculate the gear ratios: To determine the necessary gear ratios, divide the input and output velocities by two. The amount of teeth on each gear, as well as their size and spacing, will be determined by the gear ratios.
Equation 1: (number of teeth on driven gear) / (number of teeth on driving gear)
Establish the gear sizes: Based on the gear ratios and the required power, establish the sizes for each gear. This requires choosing an appropriate module or diametral pitch, along with an appropriate face breadth and thickness.
Equation 2: Module = pitch circle diameter / number of teeth.
It's crucial to construct test the gearbox after you've designed it to make sure it complies with the specifications. A complex procedure that calls for careful consideration of numerous variables is gearbox design.
For example 
gear ratio: if (Total turbine RPM )/ (Total alternator RPM) = gear ratio 
Turbine  Rpm 200000 / Alternator RPM 6000 = 3.333 which is we accepted 1/3 gear ratio. 










. Alternator 
In Heat loss recovery system for battery charging alternator is very essential component, alternator convert mechanical energy to electrical energy. Alternator is connected with speed reducing gear because alternator has very low Rpm compare to the turbine speed. There is few steps to design alternator or selecting alternator which I am going to follow for this system. 
The power needs of the battery system and the mechanical power offered by the system's turboshaft will both play a role in the decision of which alternator to use for a heat loss recovery system for battery charging. Here are some procedures and methods you can use to choose the right alternator.
Identify the battery's voltage and power requirements: Identifying the voltage and power requirements of the battery you want to charge is the first stage in designing an alternator. To charge a 48V battery in your situation, you must generate an output voltage more than 48V. I will also need to determine the power requirements of the battery, which will depend on the capacity of the battery and the charging rate needed.
Pick an alternator with a lot of rods and a high RPM rating: I need to pick an alternator that is made to run at high speeds and has a high number of poles in order to create a higher voltage output at a higher RPM. This will guarantee that the alternator can generate enough voltage at the needed RPM. Which is also I have to find brush less alternator because its constantly connected to turbo shaft and its also might be damage alternator. 
There is few types of alternator operate at high range RPM.
1. Permanent Magnet Alternators.
2. High-speed Brushless Alternators.
3. High -output Traditional Alternators.
For figure out which Alternator suitable for this system I have to know how much power alternator get from turboshaft and how much power I required to charge my battery there is formula to find out for alternator. 
Equation 3: Power output = Voltage x Current
Where is Voltage is the alternator's rated output voltage, which is usually expressed in volts. (V). The alternator's rated output current, measured usually in amperes, is called current. (A)
In this case, the alternator would generate watts of power. The power output of any alternator, including those used in the heat loss recovery device for battery charge project, can be determined using this equation.




 
. Battery 
For this system I will propose to 48V battery for heat loss recovery device for battery charge. For this system Lithium-iron battery is might be suitable for system. Usually this type of battery  is use in golf cart and now days Volvo hybrid system also use that battery. For selecting proper batteries I would like to suggest few step to find appropriate battery for this system. 
Find out how much electricity your system needs: Based on the battery capacity and intended charging time, determine the amount of power needed to charge the battery. For instance, if you want to charge a battery with a capacity of 10 kWh in 2 hours, you will require a charging capability of 5 kW (10 kWh / 2 hours).
Choose a battery with a sufficient capacity to satisfy I needs: Once I have calculated the power demands of your system and the anticipated output of the alternator, I can choose a battery with a sufficient capacity to do so. To take into account for system inefficiencies and losses, I might want to select a battery whose capacity is just a little bit greater than what you anticipate being needed.
Calculate the recharge system's energy efficiency: Analyze the charging system's effectiveness, which includes the generator and any other parts that turn mechanical energy into electrical energy. A charging system's usual efficiency is in the range of 60%.
Equation 4: Efficiency = (Output Power / Input Power) x 100%


















. Software and WLTP 
Ricardo Wave: for heat loss recovery device for battery charge I am going to design the 1.9liter TDI-VGT  engine in Define the engine specifications, such as the power output, torque output, and other performance characteristics, as the first stage in depend on data  an engine in Ricardo Wave. This will support in providing direction for the process and guarantee that the finished engine satisfies the needs of the intended for engine. 
Then I will Make a  model of the engine: The next stage is to make a 3D model of the engine in Ricardo Wave. This model should include every component of the engine, including the cylinder block, pistons, crankshaft, camshaft, and valves and give the measurement as in the same engine . The efficiency of the engine will be simulated using this model, and its design will be improved. 
made up boundary conditions: After creating the model, the simulation's boundary conditions need to be made up. Defining the fuel injection system, the geometry of the intake and exhaust systems, and other engine characteristics fall under this category and run engine and check its work properly or not. 
Set up Turbocharger: As data base and Ricardo manual I am going to set up turbocharger and then run simulation and check graph in R-desk. That graph I am going to export in normal excel that I discuss in  graph is in results and analysis. 
White engine data, emission data, and how much power produce by engine and turbocharger I will make WLTP excel after calculating this system how much power generate by alternator and pass battery system then I am going to test this cycle on WLTP and get how much efficient is  heat loss recovery device for battery charge. 















RESULTS AND ANALYSIS
In result and analysis, I would like discuss about results of heat loss recovery device for battery charge experiments some of data collection during project. 
1.9-liter Engine Graphs 
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Description automatically generated]This is exhaust port pressure graph in this the peak pressure is around 3.5 bar around 4000rpm of engine  and then start falling down 

Graph 1: Exhaust port pressure
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Description automatically generated]In this graph mention turbine speed of 1.9liter its as I mention earlier is to much high RPM, its around 200000 to 100000 that’s turbine fan speed and turbine shaft speed is also like turbine speed. 
Graph:2 turbine speed
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Description automatically generated]In this graph, when engine speed around 4000 to 2500 RPM graph has pressure around 2.5 bar but after however in engine starting RPM like 1000RPM (between 7 to 8) presser falling to below 1.5bar. 
Graph 3: Turbo IN
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Description automatically generated]The BSFC chart is very useful graph for evaluating engine performance because it allows engine to deter mine the efficient operating for given engine. In this engine in middle RPM consume more fuel to produce power. But in in higher RPM it is good kW/hr.  
Graph 4: BSFC



Comparison with other hybrid system.
An internal combustion engine and an electric motor are both coupled to the same transmission in a parallel hybrid system, enabling the car to be propelled by either or both of the power sources. Parallel hybrids are typically more complex and call for a bigger electric motor and battery to achieve comparable levels of fuel efficiency than the heat loss recovery system.
Parallel hybrids and plug-in hybrids are both hybrid vehicles, but plug-in hybrids have a larger battery pack that can be filled by an external power source. This enables them to travel a certain distance on electric power alone before requiring the internal combustion motor. Plug-in hybrids have a longer electric-only range than the heat loss recovery device, but they also need a bigger, more expensive battery pack. moreover this hybrid system use waste heat recovery system and in plug -in hybrid use external source to charge battery. 

Limitation of heat recovery system for battery charging
System efficiency: The efficiency of this system may be impacted by various factors like temperature of gases, high RPM. 
Cost: the cost of this system may be high then other hybrid limit widespread adoption this system 
Further work 
Enhancing system performance: By enhancing the design of heat exchangers and other components, future study can concentrate on creating more effective heat recovery systems for battery charging.
Future research can concentrate on creating heat recovery systems that are compatible with other hybrid automobiles.
Cost-cutting measures: Future research can concentrate on finding methods to lower the cost of putting these systems in place, like using less expensive materials or creating more economical manufacturing procedures.

Conclusion 
In conclusion, a potential strategy for raising internal combustion engine vehicle fuel efficiency is the heat loss recovery system for battery charging. This method decreases the amount of fuel required to charge the battery and can help to increase the vehicle's range by capturing and converting waste heat into electrical energy. In addition, the use of gears and a turbocharger can improve the system's effectiveness and raise the alternator's efficiency. Although there are other hybrid systems available, the heat loss recovery system provides a special and cutting-edge way to increase vehicle fuel economy.
The compatibility with various hybrid car models and the effectiveness of the heat recovery process are two limitations of the suggested system that need to be addressed. To enhance the system's efficiency and optimise the design, more study and development are required. All things considered, the heat loss recovery system for battery charging has the potential to be a useful technology for enhancing energy efficiency and lowering the environmental effect of hybrid vehicles.
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