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   Abstract  

 

The principle of this project is to recovering waste heat from automobile vehicle and utilizes it for refrigeration affection. The 

waste heat from engine is recovered by using a copper tube wound around exhaust pipe of engine which contains water, which 

absorbs heat from flue gasses and supplies it to ammonia container through tubes. The ammonia container contains liquefied 

ammonia under pressure. The tubes containing hot water supplies heat to liquefied ammonia which evaporates and evaporated 

ammonia is supplied to chiller box. And hence refrigeration is created by vaporized ammonia in chiller box. Waste heat is heat, 

which is generated in a process by way of fuel combustion or chemical reaction, and then “dumped” into the environment even 

though it could still be reused for some useful and economic purpose. The essential quality of heat is not the amount but rather its 

“value”. The strategy of how to recover this heat depends in part on the temperature of the waste heat gases and the economics 

involved. Large quantity of hot flue gases is generated from Boilers, Kilns, Ovens and Furnaces. If some of this waste heat could 

be recovered, a considerable amount of primary fuel could be saved. The energy lost in waste gases cannot be fully recovered. 

However, much of the heat could be recovered and loss minimized by adopting following measures as outlined in this chapter. A 

waste heat recovery is an energy recovery system which recovers heat from hot streams containing high potential energy, such as 

hot flue gases from a diesel generator or steam from cooling towers or even waste water from different cooling processes such as 

in steel cooling or automobiles. 
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I. INTRODUCTION 

In refrigeration the work is done to transfer heat from one place to another by removing heat energy from a surrounding, or from 

a body, and moving it to a place where it is not objected. The primary purpose of refrigeration is to reduce the temperature of the 

enclosed controlled space to a desired level and then maintain the lower temperature of the space as compared to the 

surroundings. The commonly used method of cooling used in vehicles is Vapor Compression Cycle, but the refrigerants in vapor 

compression refrigeration systems using are mainly hydrocarbons like HCFCs and HFCs, which are not environmental friendly, 

resulting in vast changes in the atmosphere and environment like global warming, ozone layer depletion, etc. Also the system 

applies more load on the system for the power from the engine shaft to operate the condenser of the vapor compression system. 

This results in the Production of excessive work and energy which accumulates and results in adverse environmental changes. 

The basic objective of developing a vapor absorption refrigerant system for automobiles is to lower the temperature of a small 

space inside the vehicle by utilizing waste heat and exhaust gases from engine. It is a factor that an IC engine has an efficiency of 

about 35%-40%, which means that only one-third of the energy produced by the combustion of the fuel is converted into useful 

work done i.e. mechanical output and about 60-65% of the energy in the form of heat is lost to environment. In which about 

28%-30% is lost by coolant and lubrication losses, around 30%-32% is lost thorough exhaust gases from the exhaust pipes and 

remainder of the energy is lost by radiation and convection. In a Vapor Absorption Refrigerant System, the heat required for 

running the system can be obtained from that which is wasted into the atmosphere from IC engine. Hence to utilize the exhaust 
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gases and waste heat from an engine the vapor absorption refrigerant system can be put into practice which increases the overall 

efficiency of a car. 

A. Problem Statement 

After analyzing effectiveness of an IC engine we found that most of the heat energy is waste from cooling and exhaust which 

leads to various losses like economical environmental. A thought of using this waste heat energy to create refrigeration is given 

which helps in improvising efficiency of IC Engine. 

B. Objective 

Our aim in this project is to make equipment which uses heat leaving from exhaust of engine to create refrigeration effect.      

This will help in improvising the cost effectiveness, environmental issues. 

C. Scope 

The engine waste heat can be recovered by using radiator water as source /generator for VARS. The arrangement of various 

components of air conditioning system is also a challenge because of the fixed size of vehicles. In the proposed model condenser 

and evaporator will be arranged same as the conventional unit. 

D. Methodology 

The principle of this project is to recovering waste heat from automobile vehicle and utilizes it for refrigeration affection.         

The waste heat from engine is recovered by using a copper tube wound around exhaust pipe of engine which contains water, 

which absorbs heat from flue gasses and supplies it to ammonia container through tubes. The ammonia container contains 

liquefied ammonia under pressure. The tubes containing hot water supplies heat to liquefied ammonia which evaporates and 

evaporated ammonia is supplied to chiller box. And hence refrigeration is created by vaporized ammonia in chiller box. 

II. LITERATURE REVIEW 

Habib (1994) presents an analysis of a cogeneration system. The analysis quantifies the irreversibility’s of the different 

components of each plant. Additionally, the influence of the heat-to-power ratio and the process pressure on the thermal 

efficiency and utilization factor is presented. The results show that the total irreversibility of the cogeneration plant is 38 percent 

lower compared to the conventional plant. This reduction in the irreversibility is accompanied by an increase in the thermal 

efficiency and utilization factor by 25 and 24 percent, respectively. The results show that the energy destruction in the boiler is 

the highest.[1] 

Bejan, et al (1996) provides comprehensive and rigorous introduction to thermal system design and optimization from a 

contemporary perspective. The book includes current developments in engineering thermodynamics, heat transfer, and 

engineering economics relevant to design. The use of energy analysis and entropy generation minimization is featured. A 

detailed description of engineering economics and thermo economics are also presented. Moreover, a case study is considered 

throughout the book for continuity of the presentation. The case study involves the design of a gas turbine cogeneration 

system.[2] 

Rolf Kehlhofer (1997) provides the study of thermodynamic principles of combined cycle power plants and co-

generation system. The book includes the different layout system of combined cycle power plants. It describes the effect of 

operating variables and part load behavior of combined cycle power plants. [3] 

Karthikeyan et al (1998) gives energy balances for a one pressure level heat recovery steam generator. Effects of pinch 

and approach points on steam generation and also on temperature profiles across heat recovery steam generator are investigated. 

The effects of operating conditions on steam production and also on exit gas temperature from the heat recovery steam generator 

are discussed. It is concluded that low pinch point results in improved heat recovery steam generator performance due to reduced 

irreversibility’s. Additionally, the supplementary firing enhances the steam production.[4] 

Tawney, et al. (2000) focuses on several ranges of process steam flows and conditions in order to provide a basis for 

comparison of the most common cycle configurations in combined cycle applications. Plant design, cycle performance, and 

economics of each configuration are evaluated based on requirements of flexibility and process steam flows. Rather than self-

establishing the energy balances, Gate Cycle TM Heat Balance software developed by GE Enter Software, Inc. is used to build 

thermal models. Additionally, a financial software tool developed within Bechtel is used to construct an economic model for 

each cycle configuration. It is concluded that, the selection of a cogeneration facility type and the economic parameters are very 

much site specific and are based on numerous variables such as site ambient conditions, the level of desired power output and 

steam demand, capacity factor, flexibility, power purchase agreement and steam purchase agreement requirements, and owner’s 

economic parameters for return on equity.[5] 

Boyce (2002) covers all major aspects of power plant design, operation, and maintenance. It covers cycle optimization 

and reliability, technical details on sizing, plant layout, fuel selection, types of drives, and performance characteristics of all 

major components in a cogeneration or combined cycle power plant. Comparison of various energy systems, latest cycles and 

power augmentation techniques, reviews and benefits of latest codes, detailed analysis of available equipment, techniques for 
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improving plant reliability and maintainability, testing and plant evaluation techniques, and advantages and disadvantages of fuel 

are also included in this book [6] 

III. DESIGN 

 
Fig. 1: Basic Concept Design 

 
Fig. 2: Vapor Absorption Refrigeration System 

 Basic Components 

1) Vapor Absorption System  

2) Refrigerants  

3) Copper Tube 

A. Vapor Absorption System 

An absorption refrigerator is a refrigerator that uses a heat source (e.g., solar, kerosene-fuelled flame, waste heat from factories 

or district heating systems) to provide the energy needed to drive the cooling system. In the early years of the twentieth century, 

the vapor absorption cycle using water-ammonia systems was popular and widely used.  Ammonia-water combination possesses 

most of the desirable qualities which are listed below: 

1) 1m3 of water absorbs 800m3 of ammonia (NH3). 

2) Latent heat of ammonia at-15ᴼC = 1314 kJ/kg. 

3) Critical temperature of NH3 = 132.6ᴼC. 

4) Boiling point at atmospheric pressure = -33.3ᴼC 
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The NH3-H2O system requires generator temperatures in the range of 125°C to 170°C with air cooled absorber and 

condenser and 80°C to 120°C when water-cooling is used. These temperatures cannot be obtained with flat-plate collectors. The 

coefficient of performance (COP), which is defined as the ratio of the cooling effect to the heat input, which vary between 0.6 to 

0.7. Ammonia is highly soluble in water. 

B. Refrigerants 

1) Ammonia Refrigerant 

Ammonia (chemical formula NH3) is a gas comprised of two other gases nitrogen and hydrogen. Whether found in nature or 

made by man, ammonia is colorless but has a sharp, pungent odor. Ammonia, frequently used commercially in large freezing and 

refrigeration plants is also called “anhydrous ammonia” because it contains almost no water (it is 99.98% pure). Household 

ammonia, by comparison, is only about 10% ammonia by weight mixed with water. 

As a refrigerant, ammonia has four advantages over CFCs and HCFCs: 

 An ammonia-based refrigeration systems costs 10-20% less to build than one that uses CFCs because narrower-diameter 

piping can be used. 

 Ammonia is a 3-10% more efficient refrigerant than CFCs, so an ammonia-based system requires less electricity, resulting 

in lower operating costs. 

 Ammonia is safe for the environment, with an Ozone Depletion Potential (ODP) rating of 0 and a Global Warming Potential 

(GWP) rating of 0. 

 Ammonia is substantially less expensive than CFCs or HCFCs 

 There are two key disadvantages to using ammonia as a refrigerant: 

 It is not compatible with copper, so it cannot be used in any system with copper pipes. 

 Ammonia is poisonous in high concentrations. Two factors, however, mitigate this risk: ammonia’s distinctive smell is 

detectable at concentrations well below those considered to be dangerous, and ammonia is lighter than air, so if any does 

leak, it will rise and dissipate in the atmosphere. 

a) Properties of Ammonia 

Ammonia is a chemical containing one atom of nitrogen & three atoms of hydrogen. It is denoted in chemical notation as NH3. 

Ammonia is highly soluble in water and is used as a water solution called aqua ammonia. Ammonia chemically combines with 

water to form ammonium hydroxide. Household ammonia is a diluted water solution containing 5 to 10 percent ammonia. On the 

other hand, anhydrous ammonia is essentially pure (over 99 percent) ammonia. "Anhydrous" is a Greek word meaning "without 

water;" therefore, anhydrous ammonia in ammonia without water. 

2) Dichlorodifluoromethane Refrigerant 

Refrigerant R12 is most widely used of all the refrigerants being used for different applications. The chemical name of 

refrigerant R12 is dichlorodifluoromethane and its chemical formula is CCl2F2. The molecular weight of R12 is 120.9 and its 

boiling point is -21.6 degree F. Since R12 has the molecules of chlorine and fluorine, it is called as chlorofluorocarbon (CFC). 

R-12 is a highly versatile refrigerant that is used for wide range of refrigeration and air conditioning applications though 

in many air conditioning applications it is now replaced by R22 refrigerant. Refrigerant R12 is used in domestic refrigerators and 

freezers, liquid chillers, dehumidifiers, ice makers, water coolers, water fountains and transport refrigeration. The wide range of 

applications of the refrigerant are due to its safe properties. 

a) Properties of R12 and its Advantages 

1) Safe properties: Refrigerant R12 is nontoxic, non-flammable, and non-explosive. This makes it highly popular for the 

domestic as well as the commercial applications. 

2) Stability: R12 is highly stable chlorofluorocarbon and it does not disintegrate even under the extreme operating conditions.  

3) Suitable for wide range of operating conditions: R12 has the boiling point of -21.6 degree F (-29.8 degree C) due to which it 

condenses at the moderate pressures at the atmospheric temperature. 

4) Miscibility with oil: Refrigerant R12 is miscible with the compressor oil under all the operating conditions. There is no 

problem of the oil return back to compressor. Some particles of the oil from compressor tend to get carried away with the 

discharged refrigerant, because of the property of miscibility of R12, these particles return back to the compressor easily. 

b) Disadvantages of Refrigerant R12 

1) Low refrigerating effect per pound: The refrigerating effect of R12 per pound of its weight is low compared to the other 

refrigerants.  

2) R12 is CFC: R12 is the most widely used refrigerant, unfortunately it is the CFC and it has unusually high potential to cause 

the depletion of the ozone layer. R12 is being replaced by other refrigerants and some of the suggested replacements for R12 

are: R-134a, R-401a, and R-401b. 

3) Carbon Dioxide Refrigerant 

CO2 is termed a “Natural Refrigerant”. Release into the atmosphere from refrigeration systems has a negligible effect compared 

to other CO2 sources that are driving the global warming debate. As a refrigerant, it is a manufactured product that conforms to 

strict purity specifications. Its physical properties require special handling. The system pressures are much higher than in 
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conventional systems, and all the components are designed accordingly. Today there is no difficulty in sourcing all the necessary 

equipment. High investment costs were characteristic of early CO2 projects, but these costs are now on a downward trend. The 

refrigerant itself is a fraction of the cost of some of the specialty HFCs. 

a) Advantages of R744 as a refrigerant 

 High heat transfer in evaporators and condensers due to the high pressure and density. This will either allow lower 

temperature differences between the refrigerant and the air; therefore improving efficiency, or allow the use of smaller 

evaporators and condensers. Tubing wall thickness may need to be increased to handle the higher pressures, so careful 

design is required to take advantage of the R744 properties. 

 The pressure drop across an expansion valve is greater than with other refrigerants, so the minimum setting for head 

pressure control can be lower. This improves efficiency. 

 Lower compression ratios leading to higher compressor isentropic efficiency. 

b) Disadvantages of R744 as a refrigerant 

 High operating and standstill pressures are more hazardous and increase the leak potential. Specially designed components 

are required. 

 The greater complexity also increases the probability of poor performance and reliability, particularly if commissioning is 

not done well. 

C. Copper Tube 

Copper tube is used often to supply hot and cold water, and in refrigerant line in HVAC systems. Two basic types of copper 

tubing are present namely, soft copper and rigid copper. Copper tube is connected by flare connection, compression connection, 

or solder. Corrosion resistance is high in copper, but is becoming very costly. 

Copper tubing common wall-thickness in the USA are "Type K", "Type L", "Type M", and "Type DWV". 

 Type K is the thickest wall among the three types of pressure rated tubing and use for deep underground burial such as under 

sidewalks and streets, with a suitable corrosion protection coating or continuous polyethylene sleeve as it is required by 

code. In USA it usually has green colored printing. 

 Type L is thinner pipe wall section, and is used in commercial & residential water supply and pressure applications. In USA 

it has blue colored printing. 

 Type M is even thinner pipe wall section, and is used in residential and commercial water supply and pressure applications. 

In USA it has red colored printing. 

 Type DWV is the thinnest wall section, and is only suitable for unpressurized applications, namely drains, waste & vent 

lines. In USA it has light orange or yellow colored printing, common sizes are 1-¼", 1-½", and 2". 

IV. OBSERVATION 

Table 1: Physical properties of ammonia 
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Table 2: Physical properties of Refrigerants 

 

V. CONCLUSION 

The waste heat recovery refrigeration system can be widely used in transport for preservation of perishable articles.       

It is totally free from any hazardous gases causing pollution.                                                                           

This system will be helpful in transportation of medical drugs, vaccine, serum which requires cold storage.                  

This system will be helpful to human being to carry cold items like beverages water bottle eatables during long tour and travels. 
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