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Abstract: Refrigeration is an artificial withdrawal of heat production in a substance within a spaced 
temperature lower than that which will exist under the natural influence of the surrounding. The 
invention of a refrigerator has allowed modern families to purchase, store, and freeze, prepare and 
preserve food products in in a fresh state for human consumption. This work aims to construct a 
refrigerator using locally available materials neglecting import cost. The refrigerant (R-12) 
dichloroflouromethane or Freon 21 is a halomethane or hydrochlorofluorocarbon with the formula 
CHCl2F. It is a colorless and odorless gas. It is produced by fluorination of chloroform using a catalyst 
such as antimony trifluoride: CHCl3 + HF → CHCl2F + HCl .It shall be used for charging the system. 
For the reason of instability of power in the country, a stabilizer is recommended to keep the efficiency of 
the system. The (C.O.P) coefficient of performance of the refrigerating system is to be maximized. The 
refrigerating system would be affordable with low cost depending on the construction; the cost analysis 
incurred during the course of the construction of this refrigerator will be minimized. The purpose is to 
serve both for domestic and commercial activities such as small water cooling cold storage of food 
products as well as to display cabinets such as candy dry, meats etc. 
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1. INTRODUCTION: 

It is a known fact that the demand for preservation of food and perhaps perishable product are of 
the paramount importance to all household regardless of the part of the country they belong to, 
most of our food stuffs need to be stored below atmospheric temperature after harvesting. 
Similarly our diary and some of our pharmaceutical product required low temperature storage. 
To achieve all these goals, refrigeration are required (Ashrae Standard, 2013). 

Refrigeration is now part of our way of life.  It would be comfortable for it to be in any other 
way. It has even become an essential ingredient in improving the quality of life, the cooling 
chain enable storage, transport and use of food items in ideal hygienic condition reducing loss 
and water (Ashrae standard, 2009). 

The definition of refrigeration is the removal and relocation of heat forms an enclosed space or 
form a substance and moving it to a place where it   is unobjectionable. The primary purpose of 
refrigeration is covering the temperature of the enclosed space or form a substance and then 
maintaining that lower temperature (Ashrae, 2006) 
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The invention of the refrigeration has allowed the modern families to purchase, store, and freeze, 
prepare and preserve food products in a fresh state for much longer period of time than it was 
previously possible. Diary product, meat fish, poultry and vegetable can be kept refrigerated in 
the same space within the kitchen (Although raw meat should be kept separate from other food 
stuff for reasons of hygiene). The refrigerator allows families to consume more fresh fruits and 
vegetable during meals without having to own a garden or an orchard. Exotic food stuff from far 
off countries that have been imported by means of refrigeration can be enjoyed in the home 
because of the availability of domestic refrigeration.  

In commerce and manufacturing, there are many uses of refrigerator. Refrigeration is used to 
liquefy gases like oxygen, Nitrogen, propane and methane. In compressed air purification, it is 
used to condense water vapor from compressed air to reduce its moisture content, in oil refineries 
chemical plants and petro-chemical plants; refrigeration is used to reduce certain processes at 
their required low temperature. Metal workers use refrigeration to temper steel and artery. In 
transporting temperature, sensitive food stuff and other materials by trucks, trains, air planes and 
sea going vessels refrigeration is a necessity (Aprea, 2003) 

Although refrigerators are prevalent and are accepted as an important electronics gadget needed 
either domestically, commercially, industrially or otherwise, yet not all who want to afford one 
are able to. This could be as a result of its cost in a country where most of its population is below 
the standard of living they rarely think of owing a refrigerator which is as a result of cost or not 
giving them value for their money. Some refrigerators come to operate at lesser working capacity 
than expected by their users. Their cooling and freezing rate takes longer periods than expected.  

Another problem is the choice of refrigerant  or chlorofluorocarbons (CFCS) used as refrigerants 
in some commercial air conditioning and refrigeration system (Chlorofluoro Carbons are 
considered to be 100% ozone depleting meaning that they are the standard for efficiency in 
catalytic breakdown of ozone. In refrigeration system it is R-22 or Freon 21s which is 
hydrochlorocarbon or HCFCS. Hydrochlorofluorocarbon are considered to be 5% ozone 
depleting and are less of a danger to earth’s vital ozone layer. However, non-ozone layer 
depleting refrigerants are the most desirable (Andrew, 2003) 

2. LITERATURE REVIEW. 

The use of ice to refrigerate and preserved food goes back to prehistoric times.  Through their 
ages, the seasonal harvesting of snow and ice was a regular practice of most of the ancient 
culture, Chinese, Hebrew, Greek, Roman and Parisians stored in caves or dug out line with straw 
or other insulating materials the Parisians stored ice called Yakchals. Rationing of the ice 
allowed the preservation of foods. Over the warm periods. This practice worked well down 
through the century with ice house remaining in the use in to the twentieth century (Ashrae, 
2006).  

William Cullen demonstrates the first known method of artificial refrigeration at the University 
of Glasgow in Scotland in 1756. Cullen used a pump to create a partial vacuum over a container 
or diethyl leather, which when boiled, absorbs heat from the surrounding air, the experiment 
even created a small amount but had no practical application at that time (Dossat, 1978). In 1920, 
the British scientist Michael Faraday obtained the first patient for a vapor compression 
refrigeration system. In 1834, Jacob Perkins built a prototype system and it actually worked 
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although it did not succeed commercially. (Dossat, 1978). An American physician John Go 
designed the first system for refrigeration water to produce ice. He also conceived the idea of 
using his refrigeration system to cool air for comfort in homes and hospitals (i.e. air 
conditioning). His system compressed air then partially cooled the hot compressed air with water 
before allowing it to expand while doing part of the work required driving the air compressor. 
That isentropic expansion cooled the air to a temperature low enough to freeze water and 
produce ice, or to flow “through a pipe for effecting refrigeration otherwise” as a state his patent 
granted by the US patent in 1951 (Anderson, 1972).  

James Harrison from Scotland began operation of a mechanical ice making machine in 1851 on 
the banks of the Barwon River at rocky point in Geelong, Victoria. His first commercial making 
machine followed in 1854 and his patent for an either liquid vapor compression system was 
granted in 1855. Harrison introduced commercial vapor compression refrigeration to breweries 
and meat packing houses and by 1861 a dozen of his system was in operation.  

Types of refrigeration  

For convenience of study, refrigeration application may be group into the following  

Domestic refrigeration: Domestic refrigeration is concerned with household refrigerators and 
home freezers. However, because the number of unit in service is quite large, domestic 
refrigeration represents a significant portion of the refrigeration industry. The domestic units are 
usually small size, having is hermetically sealed type. (Andrew 2003). 

Commercial Refrigeration  

This is concerned with designed installation and maintenance of refrigerated fixtures of the types 
used by retail stores, restaurant, hotels and institution for storing, displaying, processing and 
dispensing of perishable commodities of all types. (Andrew, 2003). 

Industrial Refrigeration: Industrial refrigeration is often confused with commercial 
refrigeration because the division between these two areas is not clearly defined. As a general 
rule, industrial applications are larger than the commercial application and also with an attendant 
on duty, usually a licensed operating engineer. (Andrew, 2003). Typically application of 
industrial refrigeration includes ice plants, large packing plants (meat, fish, and frozen foods)   
breweries and industrial plan etc. Industrial refrigeration includes also those application 
concerned with the construction industries (Andrew, 2003). 

Marine and transport refrigeration: Application falling into this category could be listed 
partly under industrial refrigeration. However, both these areas of specialization have grown to 
scientific size to warrant special mention. Marine refrigeration refers to refrigeration about 
marine vessels and in boats and for vessel transporting perishable goods as well as refrigeration 
for shops stores on vessels of all kinds. 

Transportation refrigeration is concerned with refrigeration equipment as it applied is concerned 
with refrigeration equipment as it applied to trucks, both long distance transport and local 
delivery and to refrigerated  railway cars (Andrew, 2003).  

Method of refrigeration  
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Method of refrigeration can be classified as non-cyclic and thermoelectric 

Thermoelectric refrigeration: Thermoelectric cooling uses the patter effect of create a heat flux 
between the junctions of different types of materials. This effect is commonly in camping and 
portable coolers and for cooling electronics components and small instrument (Dossat, 1978).       

Magnetic refrigeration: Magnetic refrigeration or a diabetic demagnetization is a cooling 
technology based on the magneto caloric effect, an intrinsic property of magnetic solids. The 
refrigerant is often a paramagnetic salt, such as cerium, magnesium, and nitrate. The active 
magnetic dipoles in this case are those of the electron shells of the paramagnetic atoms (Dossat, 
1978).  

Heat naturally flow form hot to cold; work is applied to cool a living space or storage volume by 
pumping heat from a lower temperature heat source into a higher temperature heat sink. 
Insulation is used to reduce the work and energy required to achieve and maintain a lower 
temperature in the cooled space. The operating principle of the refrigeration cycle was described 
mathematically by Carnot in 1824 as a heat engine. (Anderson 1972). The most common types 
of refrigeration systems use the reverse ranking vapor-compression refrigeration cycle although 
absorption heat pumps are used in minority of application. Cyclic refrigeration can be classified 
as  

 Vapor cycle and gas cycle 
 Vapor cycle refrigeration can further be classified as  vapor compression refrigeration 
 Vapor absorption refrigeration. 

 

Figure 1 Vapour compression refrigeration 

Typical Single Stage  

Vapour compression refrigeration figure 1 

1 to 2 = compressor of vapor  

2 to 3 = vapor super heat removal in condenser  
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3 to 4 = vapor converted to liquid in condenser 

4 to 5 = liquid flashes into liquid + vapor across expansion valve  

5 to 1 = liquid vapor converted to all vapor 

 

Other method of refrigeration include the air cycle machine used in aircraft, the vortex tube used 
for spot cooling when compressed air is available and thermo-acoustic refrigeration using sound 
waves in a pressure gas to drive heat transfer and heat exchange   

Component of Refrigerator  

Refrigerating machine comprise of several components explain below  

 Compressor 

 Condenser  

 Evaporator 

 Accumulator  

 Capillary tube  

 Thermostat   

 Refrigerants.  

Environmental alternative refrigerant for HCFC-22 

The present invention discloses ternary mixtures of fluorine (HFL-101) pentaflouro ethane. 
Pentaflouro ethane (HFC-125) and difluoromethane. (HFC-32) used as environmentally friendly 
alternative refrigerants to HCF-22. The mass rations of ODP are zero with no depleting potential 



International Academic Journal of Information, Communication, Technology & Engineering 

          www.accexgate.com | papers@accexgate.com                                                                         34|page 
 

to ozone layer. Its GWP is smaller and close to those of HFC-22. With few changes to system 
components, it can be used as a potential substitute refrigerant for HCFC-22. 

2.1 Review of Related Past works  

R.Z.Wang. (2001) work on the adsorption and discovered that various adsorption refrigeration 
cycles have been investigated, such as continuous heat recovery cycle, cascade multi effect 
cycle, hybrid heating and cooling cycle. Reasonable experiment shows that with a heat source 
temperature of 1000c, the refrigeration can obtain specific refrigeration power for 5.2kg-ice/day 
per Kg. 

Mohammed et al. (2008) corroborated that a lubricating agent is necessary in almost all the 
refrigeration vapor for compression systems, particularly for correct operation of the compressor. 
His findings are at the origin of deviation from the theoretical behavior (i.e. based on pure 
refrigerant) of the components. 

3. RESULTS AND DISCUSSION 
 
Design Analysis and Construction 
In the designing the refrigerating system, there are major factors upon which the heat transfer 
capacity of an evaporator and condenser depends on, yet the following are important from 
the subject point of view and have been taken into consideration. 
Materials 
In order to have rapid heat transfer in evaporation, the material used for construction should 
be of good conduction. Since metals are best conductors of heat, therefore they are always 
used. Here galvanized sheets of metals were used. Also, material which is not being sealed 
affected by refrigerator must also be sealed.  
Temperature Difference:  The temperature difference between the refrigerant within the 
evaporator and product to be cooled plays an important role in the heat transfer capacity of an 
evaporator. 
Thickness of the Material: The thickness of the material affects the heat transfer capacity of 
evaporator and medium that flow through it. The thickness, the evaporator wall, and the 
slower the rate of heat transfer.  
Contact Surface Area: The amount of contact surface area, in turn, depends basically on the 
physical size and shape of the evaporator coil. 
 
Cabinet Size for Total Surface Area 
L = 465mm 
 = 0.465mm 
Width , W = 417mm = 0.417m 
Height, H = 735mm = 0.735m 
Area of upper and lower floor 
L x W x 2 = 0.465 x 0.417 x 2 = 0.3878m2 
Area of both sides 
W x H x 2 = 0.417 x 0.735 x 2 = 0.6130m2 
Area of front and back 
L x H x 2 = 0.465 x 0.735 x 2  = 0.683m2 
Total surface area, TSA  = 0.387 + 0.6130 + 0.6836 = 1.6844m2 



International Academic Journal of Information, Communication, Technology & Engineering 

          www.accexgate.com | papers@accexgate.com                                                                         35|page 
 

Heat Transfer Capacity Q, of an Evaporator through Composite Way in the System 
Heat transfer takes place from the vapor refrigerant to the outside through condensing film. 
The value of this transfer of heat is giving by:  
Q = hA (T1 – T2)  OR 
  T1 – T2  = Q/hA    (1) 
Where:   
T1 = Temperature of refrigerant vapor condensing film in K. 
h = Coefficient of heat transfer in W/m 2K 
A = Surface area in m.  
Heat transfer taken place from the outside surface to the inside surface of the system. The 
value of this heat transfer is giving by:  
Q = K1A (T2 – T3) 
          X1 
Or; 
T2 – T3 = Q (X1)     (2) 
     K1A 
Where; 
A = Area of surface in m2 
K = Thermal conductivity of the material in wink 
X  = Thickness of galvanized and outside temperature respectively 
Heat transfer from boundary layer to the liquid in the condenser is;  
Q = K       (3) 
Adding equation (1), (2) and (3) 
T1 – T4 = Q (1 +  X1  +  X2) OR 
    hA  K1  K2 
Q = T1 – T4 
  1 +  X1  +  X2  
  Ha   K1      K2 
Temperature Readings 
Assuming the temperature of the evaporator to be -150C and 260C at 200m temperature for 
the thickness and conductivity of the cabinet material. 
Galvanized sheet 
Thickness X1 = 7 x 10-4m 
Conductivity K = 400W/mK 
Insulator foam 
Thickness X2 = 40 x 10-3m 
Conductivity K2 = 0.04W/mK 
Refrigerant Vapor R 
Coefficient of heat transfer R 
Q = A    (T1  –  T4) 
  1 +  X1  +  X2  
  Ha   K1      K2 
Q = 1.6 (299 – 258) 
     1  +  7 x 10-4 +  40 x 10-3 
  1000   4000      0.04 
Q = 77W. 
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            Calculation of coefficient of performance of the system. 
Assuming the temperature line of the refrigerating system to be 250C and -100C for 
calculating the coefficient of performance (C.O.P) 
T1 = -100C  = 263K 
T0 = 250C  = 298K 
S1 = SF1 + X1 hfg1 
          T1 
= 0.1080 + X1  (156.32) 
      263 
= 0.1080 + 0.5944 X1     (1) 
S2 = Sf2 +  hfg2 
     T  
= 0.2239 + 138.03 
         298 
= 0.2239 + 0.4632 
= 0.6871        (2) 
 
Equation (1) and (2) 
0.1080 + 0.5944 X1 = 0.6871 
0.5944 X1 = 0.6871 – 0.1080 
0.5944 X1 = 0.5791 
X1 = 0.5791 
  0.5944 
X1 = 0.974 
h1 = hf1 + X1 hfg1 
h1 = 26.87 + 0.974 (156.32) 
h1 = 179.13Kg 
h2 = hf2 + hfg2 
h2 = 59.70 + 138.03 
h2 = 197.73kg/kgk 
C.O.P  = Qe 
             W 
 = Heat absorbed  
    Work done 
= h1 - hf2  
 h2 - hf1 
C.O.P  = 178.50 – 59.70 
  197.73 – 178.50 
= 118.8 
 19.23 
C.O.P  = 6.2 
For actual coefficient performance of the refrigerating system 
Let  T1 = lower temperature 
 T2 = higher temperature   
C.O.Pref =      T1 
    T2 – T1 
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= 263  = 263  = 7.5 
     9298 – 263   35 
C.O.P (actual) = 7.5 
Relative C.O.P  =    Actual C.O.P 
    Theoretical C.O.P 
   = 7.5  = 1.2091 
    6.2 
From the above calculation:  
Let  X = Dryness fraction 
 S1 = Entropy at point 1 
 S2 = Entropy at point 2 
 hf3 = Enthalpy of refrigerant 
 h1 = Enthalpy at point 1 
 h2 = Enthalpy at point 2 
 hfg2 = Latent heat of refrigerant at condenser 
 hfg1 = Latent heat of refrigerant at condenser 
 Sf2 = Liquid entropy leaving the condenser 
 Sf1 = Liquid entropy entering the evaporator 
 
Name of parts needed for the construction 
1. Galvanized sheet (for exterior and interior cabinet) 
2. Compressor 
3. Evaporator 
4. Condenser 
5. Foam 
6. Capillary tube 
7. Door hinge 
8. Rivets 
9. Refrigerant and refrigerant oil 
10. Expansion valve 
11. Cabinet gasket 
 
Electrical components 
1. Flexible wire cable 
2. Fused plug 
 
Construction sequence 
The conduction of this refrigerator consists of primarily of three (3) parts namely: 
1. Construction of the body 
2. Assembling and installing of the mechanical (compressor, condenser and evaporator) 
3. Electrical connection. 
 
4   CONCLUSION 
Our research design and construction of a refrigerator with visible bar ware compartment 
mostly to be used at homes, motels, shops and restaurants etc. has much to be desired 
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especially in the use of local sophisticated equipment and materials of high quality are used 
in the cases of foreign systems.  
The purpose is to serve both for domestic and commercial activities such as small water 
cooling, cold storage of food products as well as to display cabinets such as candy, dry 
meats, frozen foods, drinks etc. The cost of foreign ones despite the fact that its materials 
used is gotten from local retailers. The needs for this protect necessary because it will save 
Nigeria foreign exchange and improve high foreign reserve of product, on commercial 
quantity. Although during performance analysis, it was discovered that the performance new 
refrigerator is bare better than this constructed ones, but this has open up and welcome any 
means for improvement, just because it retained much ice needed for efficient performance. 
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