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Abstract— Most of the refrigeration systems being used 

worldwide runs on the compression systems that produce 

the net refrigeration effect. These refrigeration systems 

operates on the principle of reverse Carnot cycle according 

to which some heat must be rejected at higher temperature. 

This cycle can be utilized to conserve some of the heat and 

use it for heating purpose. In this experimental work, we 

have built a refrigeration system with an additional 

condenser unit which is used to store some of the heat. This 

technique can be applied to the domestic refrigerators in 

which the frozen food products can be warmed and melted 

before cooking them. Adding the condenser is supposed to 

bring down the net COP of the system, this analysis is still 

left to be done. It is observed that the net heat conserved 

overshadows the decrease in the COP of the system. 
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I. INTRODUCTION 

Vapour compression refrigeration systems (VCRS) are the 

most commonly used among all refrigeration systems. As 

the name implies, these systems belong to the general class 

of vapour cycles, wherein the working fluid (refrigerant) 

undergoes phase change at least during one process. 

Refrigeration may be defined as lowering the temperature of 

an enclosed space by removing heat from that space and 

transferring it elsewhere. A VCRS is a type of air 

refrigeration system with improvements in which a suitable 

working substance like NH3, SO2, is used and is termed as 

refrigerants. A wide variety of refrigerants can be used in 

these systems to suit different applications, capacities etc. In 

a vapour compression refrigeration system, refrigeration is 

obtained as the refrigerant evaporates at low temperatures. 

The input to  the system is in the form of mechanical energy 

required to run the compressor. Hence these systems are 

also called as mechanical refrigeration systems. Refrigerant 

condenses and evaporates at temperatures and pressures 

close to atmospheric conditions. In this system refrigerant 

does not leave the system and circulates the system. The 

actual vapour compression  cycle is based on Evans-Perkins 

cycle, which is also called as reverse Rankine cycle. 

Now a days this system is used for all purpose 

refrigeration, from  small  domestic  refrigerator  to  a  big  

air conditioning plant. This system is small in size for given 

capacitive refrigeration, has less running cost and coefficient 

of performance is high. This system has high initial cost. 

Vapour compression refrigeration systems are available to 

suit almost all applications with the refrigeration  capacities 

ranging from few Watts to few megawatts. It is also used in 

domestic and commercial refrigerators, large-scale 

warehouses for chilled or frozen storage of foods and meats, 

refrigerated trucks and railroad cars, and a host of other 

commercial and industrial services. Oil refineries, 

petrochemical and chemical processing plants, and natural 

gas processing plants are among the many types of industrial 

plants that often utilize large vapour-compression 

refrigeration systems. 

Basically, vapour-compression refrigeration 

employs a heat engine run backwards, so heat energy is 

taken from a cold reservoir and deposited into a hot 

reservoir. By the Second Law of Thermodynamics, heat 

energy does not spontaneously transfer from a cold to a hot 

reservoir. In order to have heat transfer in that direction (and 

not from hot to cold, as the system is naturally inclined to 

do), it is necessary to do work on the system moves heat 

from the space to be cooled and subsequently rejects that 

heat elsewhere. 

A. Compression systems 

There are six main components in a refrigeration system, 

Compressor, Condenser, Metering Device or expansion 

valve, Evaporator and Refrigerant. 

Compressor is heart of the refrigeration system as it 

circulates the refrigerant in the system like the heart of a 

human being circulating the blood in the body. There are 

two different pressures in the refrigeration cycle. The 

evaporator / low pressure is being maintained by the 

expansion valve. Pipe from the outlet of evaporator to inlet 

of compressor is “Suction Line”. The pipe at the outlet of 

the compressor is called the “Discharge Line”. Three types 

of compressors used in refrigeration are reciprocating, rotary 

and centrifugal. 

The high pressure high temperature refrigerant 

enters the condenser through the discharge pipe. Cooling is 

achieved   in three steps in the condenser. Firstly the 

superheated vapour is de-super heated, secondly the vapour 

changed to liquid and thirdly the liquid refrigerant is sub-

cooled. Double pipe and shell and tube type condensers are 

quite common. The condensers use air or water or both air 

and water (evaporative cooled) as the cooling media and 

thus are 

 Natural air cooled (small capacity units like domestic 

refrigerator) 

 Forced air cooled (window air conditioner, water 

cooler) 

 Water cooled (Central air conditioning plant in a 

library, cinema house) 

 Evaporative cooled (ice plant unit or a cold storage unit 

or industrial unit). 

The high pressure liquid refrigerant from the 

condenser goes  to the expansion valve through a filter cum 

dryer unit to remove any dirt/ foreign particles and moisture. 

Filter cum drier contains a fine sieve (Jaali for filtering) and 

silica gel to absorb moisture. 

Expansion device decreases the high pressure into low 

pressure and also controls the flow of refrigerant as per  

cooling requirements. Commonly used expansion valves are 
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 “Capillary tubes” (small diameter thin copper tubes) are 

used in the domestic units 

 Automatic expansion valve (ice plant unit) 

 Thermostatic expansion valves, called “TXV’s is used 

in the commercial units 

 Low side float valve (industrial cooling units) 

 High pressure float valve (industrial cooling units). 

Evaporator is surrounded by room/ office or products to 

be cooled. In this, low pressure and low temperature liquid 

refrigerant coming from the expansion valve absorbs heat 

from the surroundings. The low pressure vapour formed is 

sucked into the compressor and the cycle repeats. 

Evaporators are two types. 

 Flooded evaporators necessitating the use of 

accumulators to permit only vapours to the compressor. 

These are used in industrial units 

 Dry expansion type evaporators which are used in 

domestic and commercial refrigeration units. 

Pipe material should have high thermal 

conductivity, low cost, easy working and inertness with the 

refrigerant. Till date most commonly used pipe material is 

soft copper with all refrigerants except ammonia. The pipe 

material used with ammonia is mild steel as ammonia is 

highly corrosive to copper. 

It is working substance in a refrigeration unit like 

blood in the human body. Various commonly used 

refrigerants are halogenated saturated hydrocarbons like R-

134a, R-22 and inorganic compounds like ammonia, water 

and air. Most common previously used refrigerants like R-

12 and R-11 has been banned because of their high ozone 

depletion and global warming potentials. Mixed refrigerants 

and azeotropes are  also in limited use. Its selection depends 

on many considerations like temperature to be produced, 

latent heat, ozone depletion potential, global warming 

potential, toxicity, inflammability, inertness, corrosion, 

erosion, action with water and lubricating oil, cost, 

availability, leak detection and power requirements for a 

certain amount of cooling needed. 

 

Fig. 1: Simple Compression Refrigeration System 

B. Working of the Experimental Setup 

This 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. All such systems have 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. The hot, compressed vapour is then in 

the thermodynamic state known as a superheated vapour and 

it is at a temperature and pressure at which it can be 

condensed with either cooling water or cooling air flowing 

across the coil or tubes. This is where the circulating 

refrigerant rejects heat from the system and the rejected heat 

is carried away by either the water or the air (whichever may 

be the case). the case). 

The condensed liquid refrigerant, in the 

thermodynamic state known as a saturated liquid, is next 

routed through an expansion valve where it undergoes an 

abrupt reduction in pressure. That pressure reduction results 

in the adiabatic flash evaporation of a part of the liquid 

refrigerant. The auto- refrigeration effect of the adiabatic     

flash evaporation lowers the temperature of the liquid and 

vapour refrigerant mixture to where it is colder than the 

temperature of the enclosed space to be refrigerated. 

The cold mixture is then routed through the coil or 

tubes in the evaporator. A fan circulates the warm air in the 

enclosed space across the coil or tubes carrying the cold 

refrigerant liquid and vapour mixture. That warm air 

evaporates the liquid part of the cold refrigerant mixture. At 

the same time, the circulating air is cooled and thus lowers 

the temperature of the enclosed space to the desired 

temperature. The evaporator is where the circulating 

refrigerant absorbs and removes heat which is subsequently 

rejected in the condenser  and transferred elsewhere by the 

water or air used in  the condenser. To complete the 

refrigeration cycle, the refrigerant vapour from the 

evaporator is again a saturated vapour and is routed back 

into the compressor. 

C. Refrigerant Used 

Dichlorodifluoromethane (R-12) is a colourless gas usually 

sold under the brand name Freon-12, and a 

chlorofluorocarbon halo methane (CFC) used as a 

refrigerant and aerosol spray propellant. Complying with the 

Montreal Protocol, its manufacture was universally banned 

in 1996 due to concerns about its damaging impact to the 

ozone layer. Its only allowed usage is as fire retardant in 

submarines and aircraft. It is soluble in many organic 

solvents. Dichlorodifluoromethane was one of the original 

propellants for Silly String. R-12 cylinders are coloured 

white. Refrigerant R12 or Freon 12 is said to be the 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 ranges of applications 

of the refrigerant are due to its safe properties. 
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The refrigerating effect of R12 per pound of its 

weight is low compared to the other refrigerants. However, 

this is not the major disadvantage as it can be used 

constructively in some cases. In the smaller systems, the 

greater weight of the R12 helps controlling the refrigeration 

system in a better way. In the larger systems this 

disadvantage is offset by the higher vapour density of the 

refrigerant thus the compressor displacement required per 

ton of refrigeration with the R12 refrigerant is not much 

higher than compared with the other refrigerants. The high 

heat transfer rates in the condenser and the evaporator due to 

absence of the oil also helps reduce the effects of this 

disadvantage. 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, R-

401b. 

II. PREVIOUS STUDIES 

Geng et al. [1] aimed to reduce the throttling loss in the 

vapour compression refrigeration cycle using an ejector as 

an expansion device with R134 as refrigerant. The effects of 

operating conditions and compressor frequency were 

studied. Yin et al. [2] made energy efficient oriented cascade 

control for VCRS cycle. As compared to other schemes, this 

proposed cascade control strategy can improve energy 

efficiency by up to 5.8%.The multi-input multi-output 

(MIMO) cascade control architecture developed in this 

research provides an effective method to reduce the energy 

consumption and to meet cooling requirements 

simultaneously. Ahammed et al. [3] studied on 

thermodynamic design and simulation of a CO2 based 

transcritical VCRS with an ejector. They used converging 

diverging nozzle as primary nozzle of the ejector with 

efficiency 85%. It resulted in 21% improvement in COP. 

Bejarano et al. [4] identified steady state parameters of an 

experimental mechanical compression refrigeration plant. In 

this paper they described the thermodynamic model of a 

VCRS, focusing on the performance of the heat exchangers. 

They presented a new methodology to identify parameters 

of VCRS. Chauhan and Rajput [5] did parametric analysis 

of a combined dew point evaporative VCRS based AC  

system. This system provides good human comfort 

conditions at low costs. They showed that the purposed 

system is working reasonably well for dry and moderate 

humid condition but not suitable for very humid condition. 

Dalkilic and Wongwises [6] did performance comparison of 

VCRS using various alternative refrigerants. They did study 

using refrigerant mixtures based on HFC134a, HFC152a, 

HFC32, HC290, HC1270, HC600 and HC600a with various 

ratios and compared with CFC12, CFC22 and HFC134a. 

Ding [7] reviewed recent developments in simulation 

techniques for VCRS. The simulation has been widely used 

for performance prediction and optimum design of 

refrigeration systems. He did a brief review on history of 

simulation for VCRS. Garimella et al. [8] conceptualized 

and analysed waste heat driven absorption/vapour-

compression cascade refrigeration system for megawatt 

scale, high-flux, low-temperature cooling. This cycle was 

found to exhibit very high COPs over a wide range of 

operating conditions and was found to avoid up to 31% 

electricity demand. 

Jing he et al. [9] did experimental study of a 

miniature vapour compression refrigeration system with two 

heat sink evaporators connected in series or in parallel. In 

this the performance of the series system was studied and 

compared with that of the parallel system. In the 

experiments, when the cooling load is beyond the cooling 

capacity of a VCRS, the cooling performance of parallel 

system is better than that of series system. Koeln and 

Alleyne [10] did experiments on optimal subcooling in 

VCRS via extremum seeking control. In this an alternative 

system architecture, which utilizes a  receiver and an 

additional electronic expansion valve, is used to provide 

independent control of condenser subcooling. The results 

demonstrate a 9% increase in efficiency. Lee and Mudawar 

[11] Investigated flow boiling in large micro- channel heat 

exchangers in refrigeration loop for space applications. The 

main goal of the study is to investigate the two-phase  heat  

transfer  characteristics  of  two  large  micro-channel heat 

exchangers that serve as evaporators in the vapour 

compression loop using R134a as refrigerant. Maurizio et al. 

[12] experimented for power reduction in Vapour 

Compression Cooling Cycles by power regeneration. They 

deled with the adoption of a special technique based on the 

power regeneration by internal cycles to reduce the VCRS 

Plant Power. They possibly optimized a cooling plant layout 

leading to an expected power decrement of some 23 - 26% 

is demonstrated. Ribeiro [13] purposed a novel VCRS loop 

for high ambient temperatures. The proposed cooling unit 

was compared with two thermoelectric units. The novel loop 

allows the unit to operate under ambient temperatures up to 

55°C. The proposed unit presented COP two times higher 

than the thermoelectric units. Saleh [14] did parametric and  

working fluid analysis of a combined organic Rankine-

vapour compression refrigeration system activated by low-

grade thermal energy. The effects of different working 

parameters such as the evaporator, condenser, and boiler 

temperatures on the system performance are examined. 

Sarbu [15] made a review on substitution strategy 

of non- ecological refrigerants from VCRS, AC and heat 

pump systems. This review contains a good amount of 

information regarding the environmental pollution produced 

by the working fluids of the air-conditioning, heat pump and 

commercial refrigeration applications and the ecological 

refrigerant trend. Staicovici [16] proposed a method of 

improving the effectiveness of a mechanical vapour 

compression process and its applications in refrigeration. 

This proposes a thermodynamic method for increasing the 

effectiveness of the polytropic and adiabatic compression 

processes. The method is further used for improving the 

COP of the compression refrigeration cycles. Tassou and 

Grace [17] developed a method for fault diagnosis and 

refrigerant leak detection in VCRS based on artificial 

intelligence and real- time performance monitoring. The 

system has been used successfully to distinguish between 

faulty and fault free operation, steady-state and transient 

operation, leakage and over charge conditions. Toublanc and 

Clausse [18] did analysis of a novel refrigeration Carnot 

type cycle based on isothermal vapour compression. 

Ammonia and CO2 were used for analysis. Compared to 

conventional cycles, the Carnot- type cycle leads to COP 
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increase by 4–70% depending on the application. Turkakar 

et al. [19] did entropy generation analysis of a microchannel 

condenser for use in a vapour compression refrigeration 

cycle. They performed analytical optimization of a 

microchannel-condenser of a VCRS. Wang et al. [20] did 

performance analysis of an absorption compression hybrid 

refrigeration system recovering condensation heat for 

generation. They investigated an absorption-compression 

hybrid refrigeration system. The performance of the hybrid 

refrigeration system with NH3- H2O is simulated the 

primary energy efficiency of the hybrid system can be 

97.1% higher. 

III. FUTURE SCOPE 

This novel approach can be utilized in all the refrigeration 

applications especially domestic refrigeration systems. The 

excess amount of heat that is released into the environment 

can be harnessed. 

A. Experimental Setup 

As we all know, world is improving and so are old 

inventions. Such as removing of defects, improving 

efficiency or addition deduction of new and old technology. 

In this way, we also tried to improve the vapour 

compression refrigeration system especially home 

refrigeration. In Refrigerators, heat is extracted from the 

food and is given out to surrounding. We have made an 

attempt to make use of this extracted heat and make 

refrigeration efficient by making refrigerant easily lose heat 

it gained from food. This heat is used to warm food/water or 

any other object. 

 
Fig. 2: Circuit Diagram of Dual Condenser System 

Technically we have trapped heat from condenser. 

This heat is used to heat food or water up to 50o-60o C. We 

have used R12 refrigerant cause of its cheaper cost and 

easily availability. It is a safe refrigerant and so if by chance 

leakage occurs there is no fear of explosion. We have used a 

common compressor. For heating purpose we have used 

copper coil in which refrigerant flows from after passing 

through compressor, as copper is a good conductor of heat. 

As for expansion purpose, we have used thin capillary coil. 

The refrigerant start is journey from compressor. There it 

gets compressed and its temperature increases with liquid 

and partially vapours form. This mixture is then passed from 

two condensers where in first one, it loses heat to the 

chamber in which heating is to be done and then in second  

chamber, where it loses leftover heat to surroundings and 

gets cool and takes form of liquid with very low vapour 

content. This vapour gets converted to liquid in expansion 

device, the capillary tube. After this, liquid flows from 

through tubes surrounding evaporating chamber where this 

liquid transforms to vapour gaining heat from the food to be 

refrigerated. And the cycle continues. 

 
Fig. 3: (a) Complete Setup, (b) rear view, (c) Cold Chamber, 

(d) Hot Chamber 

IV. CONCLUSIONS 

We have tried to make an attempt to make refrigerator more 

useful. We trapped the heat from the condenser to heat 

anything. The efficiency of this refrigerator is increased as 

we are using the heat which in return helps the condenser to 

cool down frequently. As per our knowledge we have made 

an attempt to reduce the excess heat which makes the room 

hot in summer times. Further development in this field and 

improvement in nowadays refrigerators can be done in terms 

of COP. 
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