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Abstract 

Energy is the basic and essential requirement of human life. In fact, it is backbone of present day civilization. We are 

consuming disproportionate amount of energy and that day is not for when all our non-renewable energy sources 

will expire. Hence, it has become a matter of great concern to use the non- conventional source of energy or to 

recover the waste heat and energy liberated from the processes. The objective of this paper is to determine the 

energy savings associated with improved utilization of waste heat from a domestic refrigerator. The combination of 

air-conditioner, refrigerator & heater works on basic cooling cycle - vapour compression refrigeration cycle 

(VCRs). The system operates on a single compressor and performs both the refrigeration and air conditioning 

functions. It is an energy efficient system as it offers various benefits. This can be used for the commercial as well as 

domestic purposes. 

Index Terms-combining three units, refrigerator, air- conditioner, water heater, vapour compression refrigeration 

cycle. 

Keywords:- Energy conservation, VCRS, refrigerator, Tube in tube evaporator, air- conditioner, water heater, 

Time saving. 

 

I. INTRODUCTION 

The process of achieving and maintaining a temperature below that of the surroundings is called as refrigeration 

system, the aim being to cool some product or space to the required temperature. In simple words, refrigeration 

means the cooling of or removal of heat from a system. The equipment is use to maintain the system at a low 

temperature is termed as refrigerating system and the system which is kept at lower temperature is called 

refrigerated system. [12] 

Types of Refrigeration System: 

The various types of refrigeration system are as follows 

a. Ice refrigeration 

b. Air refrigerating system 

c. Vapour Compression Refrigeration System (VCRS) 
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d. Vapour Absorption Refrigeration System (VARS) [12] 

 

Simple Vapour Compression Refrigeration 

The vapour compression system is the most important system from the view point of commercial and domestic 

utility. It is the most practical form of refrigeration. In this system the working fluid is vapour. It readily evaporates 

and condenses or changes alternately between the vapour and liquid phases without leaving the refrigerating plant. 

It absorbs heatfrom the cold body during evaporation, . The heat which is absorbed during evaporation is used as its 

latent heat for converting it from liquid to vapour.. In condensing or cooling or liquidifying, it rejects heat to 

external body, thus creating a cooling effect in the working fluid. This refrigeration system thus acts as a latent heat 

pump since it pumps its latent from cold body or brine and rejects it or delivers it to the external hot body and 

cooling medium. The principle upon which the Vapour Compression Refrigeration System (VCRS) works apply to 

all the vapour for which tables of thermodynamic properties are available. [3] 

The vapour compression uses a circulating liquid refrigerant as the medium which absorbs and removes heat from 

the space to be cooled and subsequently rejects that heat elsewhere. Figure 1.1 depicts a typical, single-stage vapour 

compression system. Refrigerating systems consist of four components: a compressor, a condenser, a thermal 

expansion valve (also called a throttle valve or metering device), and an evaporator. Circulating refrigerant enters the 

compressor in the thermodynamic state known as a saturated vapour and is compressed to a higher pressure, 

resulting in a higher temperature as well. 

 

Fig. 1.1 Block Diagram of Vapour Compression Refrigeration System. 
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Fig 1.2 P-V Diagram of VCRS 

II. LITERATURE REVIEW 

Experimental investigation has been done on hybrid refrigeration system in order to evaluate the performance. Most 

of the industrial researchers as well as academic researchers contributed in this field , the review of the research 

work carried out in this area are as follows: 

1. “Comparative performance study of vapour compression refrigeration system with refrigerant 

R22/R134a/R410A/R407C/M20” by Vaibhav Jain and R. S. Mishra” on Jan 2011. [11] 

In this research paper they have deal with several refrigerants as substitutes to replace R22, the most widely used 

fluorocarbon refrigerants in the world. These include the environmentally friendly hydrocarbon (HFC) refrigerants 

R134a, R410A, R407C and M20. In the present research study a refrigerant property dependent thermodynamic 

model of a simple reciprocating system, which can simulate the performance of actual system as closely as possible, 

has been used to compare the characteristics of various refrigerants [R22, R134a, R410A, R407C and M20] used by 

world manufacturers to meet the challenges of higher efficiency and environmental responsibility while keeping their 

system affordable. Considering the recent trends of replacement of ozone depleting refrigerants and improvement in 

system efficiency, in the present study, R407C can be a potential HFC refrigerant replacement for new and existing 

systems presently using R22 with minimum investment and efforts. 

2. “Performance analysis of fin tube air cooled condensing unit of split air conditioner” by “B 

Shreelaxmi” on 2 Jan 2014. [4] 

The performance of residential and commercial air-conditioners has a large influence on electrical energy 

consumption. The performance or specific energy consumption of air conditioning system depends upon the 

performance of condensers, compressors and evaporators. Performance improvement of the condenser can be 

achieved by improving the heat transfer efficiency. In the present work, the performance analysis of air cooled 

condensing unit has been carried out by varying the fin material and fin thickness. At present aluminum alloy 204 is 

being used for fins. Two fin materials namely, Aluminum alloys 1100 and 6063were considered to study the effect of 
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fin’s thermal conductivity on the performance of the condenser. Pro Engineer is used to model the system. For 

thermal analysis purpose COSMOS Works software is used. Considering different factors for a condenser, such as 

heat transfer, density etc., and Aluminum alloy 1100 is found to be the best fin material. 

 

3. “Experimental investigation and performance investigation of 3 in 1 vapour compression system 

using refrigerant R134a” by “M Fande, K T Patil, A M Andhare” on 5 may 2015. [3] 

This research paper is concerned with the study and experimental investigation of the effect of HFC refrigerant 

R134a on a vapour compression refrigeration system by using two expansion devises with the conservation of 

energy by waste heat recovery system. Here two different evaporators are used for air cooling and water chilling 

respectively and a water cooled condenser is used to produce hot water. The existing system can be easily retrofitted 

as a waste heat recovery device and the existing R22 refrigerant can be replaced by R134a with minor modifications. 

R134a play a vital role for the protection of global environment and maintain ecological balance, from the view 

point of energy conservation. The maximum temperature achieved in water tank with 50 liter of water is 45 ºC 

during 3 to 4 working hour. After that performance of system decreases so it needs a regular use of that hot water 

which can be used for household and industrial purposes. 

 

4. “Improving the performance of household refrigerator by recovering heat from condenser” by “Y A 

Patil, H M Dange” on 6 June 2013. [9] 

Refrigerator has become an essential commodity rather than luxury item. The heat absorbed in refrigerated space 

and the compressor work added to refrigerant is too rejected to ambient through a condenser. Our aim is to recover 

waste heat from condenser unit of a household refrigerator to improve the performance of the system. The heat 

recovery from the household refrigerator is by thermo siphon. From the experimentation it was found that after 

recovering heat from the condenser of the conventional refrigerator its performance get improved than conventional 

refrigerator. The maximum temperature achieved in water tank with 100 liter of water is 45ºC at the full load 

condition. If the water tank contains 50 liter water then it gets heated to 45 ºC in just 5 to 6 hrs. After that 

performance of the system gets decreased. So it needs regular use of that hot water. 

 

5. “Effect of sub cooling and superheating on vapour compression refrigerationsystems using r-22 

alternative refrigerants” by “R.C.Gupta and Ashish kumar Paharia” on Jan 2013. [8] 

This paper present performance of three hydrofrulocarbon (HFC) refrigerants (R-410A, R - 507A, R-407C) selected 

to replace R-22 in a vapour compression refrigeration system using thermodynamic simulation. The effects of the 

main parameters of performance analysis such as refrigerant type, degree 
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of sub cooling and super heating on the refrigerating effect, coefficient of performance and volumetric refrigeration 

capacity were also investigated for various evaporating temperature. The result showed that R410A and R407C 

have thermodynamic performance similar to R-22. 

III. EXPERIMENTAL SETUP 

A. LINE DIAGRAM: 

 

 

Fig. 3.1 Working diagram of 4 in 1 VCRS 

 

 

Fig.3.2 Pressure Enthalpy Diagram of 4 in 1 VCRS 
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Fig.3.3 Actual Experimental Setup 

C. DESIGN PARAMETERS: 

(a) Condenser and Evaporator coil:- 

The condenser and evaporator coil are made up of copper tubes which is placed in box like structure having fins. 

The design specifications are as follows:- Length = 300 mm 

Width = 260 mm Height = 170 mm 

Volume = 13260000 mm3 Diameter = 10 mm 

(b) Water tank:- 

Water tank is a open box type structure used to store water which contains condenser. The design specifications are 

as follows:- 

Length = 518 mm Width = 408 mm Height = 135 mm Thickness = 1 mm 

Volume = 28531440 mm3 

(c) Frame:- 

Frame is a mechanical structure which gives support to whole assembly of system made of iron. The design 

specifications are as follows:- 

Length = 520 mm Width =410 mm Height = 710 mm Thickness =2 mm 

(d) Freezing unit:- 

It is a box type structure provided with a door used for cold storage which is surrounded by evaporator coil. It is 

made up of aluminium sheet of 0.5 mm thickness. The design specifications are:- 

Length =300 mm 

Width =260 mm 

Height =170 mm 

Volume =13260000 mm3 
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Diameter =10 mm 

IV. RESULTS AND DISCUSSION: 

Results are the pure comparison between the vapour compression system with the heat recovery unit and with water 

cooled condenser to check actual COP and rise in temperature of water in the tank. There are two different 

categories in which results are represented. 1. Performance of the system. 2. Rise in temperature of water in the tank. 

Table 4.1.1 Observations and Calculations for Air Conditioning Unit of R134a: 

 

Ti 

me 

Pe Pc T1 T2 T3 T4 H1 H2 H3=H 

4 

WC RE CO 

P 

3 3.0 20.0 20.0 74.5 35.5 15.6 415 440 255 25 190 7.6 

6 3.1 20.3 19.5 75.0 36.0 15.2 414 435 260 21 154 7.3 

3 

9 3.2 20.6 18.9 75.9 38.1 15.0 410 430 265 20 144 7.2 

12 3.3 21.0 18.5 76.0 40.0 15.0 410 432 270 22 140 6.3 

6 

15 3.3 21.0 18.0 76.4 40.0 15.1 410 428 280 18 130 7.2 

2 

Average COP of Air Conditioning System= 7.14 

 

 

Sample Calculation: 

Total mass flow of refrigerant (ṁ) 

Compressor power = ṁxR.E 650 = ṁ x (415-255) x 103 

ṁ = 0.00406 Kg/sec 

Work done by compressor (Wc) 

= (h₂-h₁) = (440-415) = 25 KJ/Kg 

Total refrigerating effect (R.E) 
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= (h1 - h4) = (415-255) = 190 KJ/Kg 

C.O.P. = R.E/Wc 

= 190/25 = 7.6  

 

Graph 4.1 Time v/s COP Curve for Air Conditioning Unit of R134a 

 

Graph 4.2 Time v/s COP for Water Chilling Unit of R134a 

 

Graph 4.3 Time v/s COP for Freezing Unit of R134a 
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Graph 4.4 Time v/s COP for Combined Unit of R134a 

IV. CONCLUSION 

From the above results it is concluded that 

 The COP of the combined system is more than the COP of the system working on a single evaporator 

system. 

 After recovering heat from the condenser the performance of system gets improved than the conventional air 

conditioning system. 

 The maximum temperature achieved in the tank is 45⁰C during 3-4 working hour. 
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