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Abstract— This paper investigates the result of an 

experimental study carried out to determine the performance 

of electricity free refrigerator system. This system makes 

use of pressure energy of LPG cylinder which comprises of 

24.3% propane, 56.5% butane and 17.2% isobutene. The 

LPG is cheaper and possesses an environmental friendly 

nature with no Ozone Depletion Potential (ODP) and no 

Global Warming Potential (GDP). The refrigerator used in 

the present study is designed to work on LPG. When high 

pressure LPG allows to passes through a capillary tube 

pressure drop occurs due to which LPG changes from liquid 

to gases thus latent heat of refrigerant increases. This LPG 

after passing through evaporator produces some cooling 

effect. The performance parameters investigated is the 

refrigeration effect in certain time. The evaporator 

temperature reached 12.2OC from ambient temperature of 

34.5OC. From this experiment which done in atmospheric 

condition, we can predict the optimum value of cooling 

effect with the suitable operating condition of regulating 

valve and capillary tube of the system. 
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I. INTRODUCTION 

The term ‘refrigeration’ in a broad sense is used for the 

process of removing heat (i.e. Cooling) from a substance. It 

also includes the process of reducing and maintaining the 

temperature of a body below the general temperature of its 

surroundings. In a refrigerator heat is virtually being 

pumped from a lower temperature to a higher temperature 

by expense of energy (electricity). 

There is certain area where availability of 

electricity is not ensured continuously.  Again refrigerator is 

the 3rd heaviest consumer of power among household 

appliances. This project has the novelty of using LPG 

instead of electricity for refrigeration. This solution is 

convenient for refrigeration in regions having scares in 

electricity. It works on the principle that when liquid LPG is 

allowed to pass through a capillary tube pressure of gas 

dropped and converts into gas. During the conversion of 

LPG into gaseous form, expansion of LPG takes place. Due 

to this expansion there is a pressure drop and increase in 

volume of LPG that results in the drop of temperature and a 

refrigerating effect is produced. This refrigerating effect can 

be used for cooling purposes. So this work provides 

refrigeration for socially relevant needs as well as replaces 

global warming creator refrigerants. 

II. CONSTRUCTION AND WORKING 

The basic idea behind LPG refrigeration is to use the 

evaporation of a LPG to absorb heat. LPG is stored in 

cylinders at pressure at about 100 psi. We lowering this 

pressure to pressure of 5 psi, so that the heat absorbed 

adiabatically and cooling is obtained on evaporator. The 

simple mechanism of the LPG refrigeration working is 

shown in figure.  

 
Fig. 1: Schematic diagram of LPG Refrigeration system 

In this project instead of compressor, a compressed 

LPG cylinder is used. LPG is stored in the LPG cylinder 

under high pressure about100 psi. This LPG is passed 

through capillary tube where pressure is dropped with 

enthalpy remains constant. After capillary tube, low pressure 

LPG is passed through evaporator. LPG is converted into 

low pressure and temperature vapor from and passing 

through the evaporator which absorbs heat from the 

chamber. Thus the camber becomes cools down. Thus we 

can achieve cooling effect in refrigerator. After passing 

through the evaporator low pressure LPG is passed through 

pipe by burner. And we can uses the low pressure of LPG is 

burning processes.   

III. PARTS OF LPG REFRIGERATION SYSTEM 

There are main five parts in this system 

 LPG Gas Cylinder 

 Capillary tube 

 Evaporator 

 Pressure gauge 

 High pressure pipes 

A. LPG Gas Cylinder  

LPG is stored in a cylinder because this gas can be liquefied 

at a normal temperature by application of a moderate 

pressure. The pressure of LPG inside this cylinder is about 

100 psi. LPG is used as a fuel for domestic, industrial, 

horticultural, agricultural, cooking, heating and drying 

processes. LPG can also be used to provide lighting through 

the use of pressure lantern. 

 
Fig. 2: LPG Gas Cylinder 
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B. Capillary Tube 

The capillary tube is the commonly used throttling device 

made of   copper tube of very small internal diameter. It is 

of very long length and it is coiled to several turns so that it 

would occupy less space. The internal diameter of the 

capillary tube used in this project is 0.80 mm and length 

2.9m. When the refrigerant enters in the capillary tube its 

pressure drops down suddenly due to very small diameter. 

The decrease in pressure of the refrigerant through the 

capillary depends on the diameter of capillary and the length 

of capillary. 

 
Fig. 3: Capillary Tube 

C. Evaporator 

The evaporators are other important parts of the refrigerator.  

 
Fig. 4: Evaporator  

It is the evaporator when the actual cooling effect 

takes place in the refrigeration systems.  The evaporator is 

heat exchanger surface that transfer the heat from the 

substance to be cooled to the refrigerant, thus removing the 

heat from the substance. In the evaporator the refrigerant 

enters at very low pressure and temperature after passing 

through the capillary tube 

D. Pressure Gauge 

This is an instrument used to measure pressure of the gas. 

There are two types of gauge use in this project viz. high 

pressure gauge and low pressure gauge. 

 
Fig. 5: Pressure gauge 

E. High Pressure Pipes 

 
Fig. 6: High pressure pipe 

High pressure pipes are used to transfer high pressure gas 

from cylinder to capillary tube. These pipes are tested to 

100Mp over recommended working pressure. They consist 

of a steel pipe with steel ball fitted to both ends. Two 

swiveling connection nipples press these balls against the 

seating of the connecting hole and thus sealing against gas 

leakage. 

IV. SPECIFICATION OF COMPONENT 

Copper Tubes: According to the pressure 100 psi the outside 

diameter of tube = 7 mm and the thickness of the tube is = 

1.5 mm.  

 Capillary tube: By considering the pressure and flow 

rate we select the capillary tube with internal diameter 

0.8mm and length 2.9m. 

 Evaporator: We select the evaporator of standard size of 

domestic refrigerator which is plate and tube type 

evaporator. The evaporator has following dimensions: 

Length = 325 mm, Breadth = 265 mm and Height = 135 

mm. The evaporator is enclosed by a box made from six 

steel sheets of 2mm thickness which enclose thermocol 

sheets of 12 mm thickness so as to prevent heat transfer. 

V. CALCULATION PROCEDURE 

A. Observation Tables 

The experiment of this project was done on May 19, 2017 at 

2:30 p.m. and readings were taken under ten minute’s 

intervals which are under as follow: 

S. 

No. 

Inlet 

Pressure 

(Bar) 

Outlet 

Pressure 

(Bar) 

Time 

(min) 

Evaporator 

Temp. (c◦) 

1 5 0.8 10 34.5 

2 5 0.8 20 31.6 

3 5 0.6 30 28.1 

4 5 0.5 40 25.7 

5 5 0.5 50 21.9 

6 5 0.4 60 18.8 

7 5 0.3 70 16.4 

8 5 0.2 80 14.8 

9 5 0.2 90 12.2 

Table. 1: Experimental Readings 

 
Fig. 7: Evaporator temperature vs. time 

B. Calculations 

From Observation Tables, We have 

 Inlet pressure of LPG -5.2 bar 

 Outlet pressure of LPG- 0.2 bar 

Now, 

1) From p-h chart of LPG 

 The properties of LPG at 5.2 bar 

Enthalpy,h1 = 430.3 kJ/Kg 

 The properties of LPG at 0.2 bar 
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Enthalpy, hf = 107.3 kJ/Kg 

 Dryness fraction of LPG, x 

xLPG = 0.5 

 Specific heat capacity of LPG,C 

C= 1.67 J/KgK 

 hfg = 375 J/KgK 

Now, 

 h2 = hf + X.hfg = 107.3 + 0.5×375 = 294.8 KJ/Kg 

And, 

hg = hf + hfg = 107.3 + 375 = 482.3 KJ/Kg. 

Similarly, 

h3 = hg + Cp. ΔT = 482.3 + 1.67× (31.5 – 12.2) = 

514.53KJ/Kg 

Thus, the refrigerating effect is, 

RE = h3 – h2= 514.53– 294.8 = 219.73KJ/Kg 

Now, for calculating the COP of the system, we 

required the work input. 

For work input, we have a 14.5 Kg of LPG 

cylinder. 

Thus, input work is the amount of power required 

for filling 1 cylinder. 

A general LPG bottling plant has the following 

major energy consuming Equipments. 

1) LPG pumps. 

2) LPG compressors. 

3) Conveyors. 

4) Blowers. 

5) Cold repair facilities including painting. 

6) Air compressors and air drying units. 

7) Transformer, MCC & DG sets. 

8) Fire-fighting facilities. 

9) Loading and unloading facilities. 

Some of the LPG bottling plants use a 

comprehensive monitoring technique for keeping track of 

energy / fuel Consumption on per ton basis. According to 

PCRA Energy Audit, The total energy consumption can be 

summarized as- 

1) One pump having 40 kW motor with annual operating = 

4200 hrs 

Thus, total consumption = 40×4200=168000kWh 

2) For lighting energy consumption= 227340kWh 

3) LPG compressor consumption= 153360 kWh 

All other energy consumption is negligible, thus 

can be ignored. 

 Annual energy 12 hrs /day in 350 days 

= 168000+227340+153360 = 548700kWh 

 Per day consumption 

= 548700/350 =1567.71 kWh 

500 cylinders are refilled every day, so per cylinder 

electricity consumption. 

=1567.71/500 =3.1354kWh 

Thus, From the PCRA energy audit report, 

Power required to refill 1 LPG cylinder is 3.1354 

KWh. 

Therefore, for filling 1 kg of LPG, 

Power required = 3.1354/14.5 = 0.2162 KWh 

We run the setup for 1.5 hr. for that power is = 

0.2162×1000/(9.45×10-4 ×5400) = 42.36W 

C. COP of the LPG Refrigeration System 

COP = Refrigeration effect/Work input 

COP = (h3-h2)/W = 219.73/42.36 = 5.18 

Now, this LPG is used for burning to liberate heat 

energy after producing refrigeration effect in evaporator. 

Now, Heat liberated by LPG in burner, 

QL= m×Cv 

The volume flow rate of LPG is 0.1 liter per min. 

and, 

The specific volume of LPG at 1.22 bar pressure is 

1.763×10-3 m3/Kg. 

Therefore mass flow rate of LPG = 

0.0001/1.763×10-3 = 0.0567 Kg/min = 9.448×10-4 Kg/sec 

And 

Cv= 46.1 MJ/Kg = 46.1×103 

Thus, 

QL = m × CV 

QL= 9.448×10-4 × 46.1×103 = 43.56 W 

Hence, by this way we have got both the 

refrigerating effect as well as heat energy from the LPG 

refrigeration system. 

D. Comparison with Domestic Refrigerator 

COP of the Domestic refrigerator using R134a refrigerant of 

capacity of 165 liters having a compressor pressure of 10 

bar and evaporator pressure of 1.4 bars. 

Work done on the compressor is -54 Kj/Kg 

The heat absorbed by the evaporator is137Kj/Kg 

and that rejected by the condenser is -191Kj/Kg. 

The COP of the refrigerator is COPR = 2.53. 

VI. RESULT AND CONCLUSION 

After performing this experiment and calculations, the 

performance of coefficient of LPG refrigeration system is 

found 5.18. Again exhaust LPG produce 46.56W heat 

energy on burning. This heat energy can be utilized for 

cooking purposes and for running heat engine. 

Thus, it is concluded that the refrigerating effect is 

produced with the use of LPG by using high pressure energy 

in the LPG cylinder. The quantity of refrigerating effect we 

get is 219.73 KJ/kg. We have the LPG at a pressure of about 

100 psi in Domestic 14.5 kg cylinder equipped with a high 

pressure regulator and this pressure has reduced up to 10psi 

with the help of capillary tube. In this refrigeration system 

capillary tube is more adjustable and better device.  

We also conclude that, we try to utilize the heat 

energy of the exhaust LPG, as we daily do but also the 

refrigeration effect is obtained which is inherent process 

takes place daily as after producing refrigeration effect. This 

low pressure LPG is then used for running the generator or 

burner. 

 
Fig. 8: Comparison of COP of Domestic and LPG 

Refrigerator 
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This refrigeration system is worked on the principle 

of adiabatic expansion of a refrigerant (In this case LPG) 

from 100 psi to 10 psi so that thermodynamically it absorbs 

heat from evaporator and cooling may done. Expected 

cooling is predicted up to range of 10 to 5 degree. 

This paper concluded that the COP of LPG 

refrigerator (5.18) is greater than COP of domestic 

refrigerator (2.53) using conventional refrigerants. In this 

system this refrigeration is amplified remarkably and thus a 

cheaper and eco-friendly method is developed. We get slow 

rate of refrigerating effect because of leakages present in the 

system. This can be improved by using precise 

manufacturing techniques and methods. For input energy we 

have taken the amount of energy required to refill 1 kg of 

LPG through the bottle filling plant which is 0.216 kWh. 

The input energy for different plant might be different. If we 

give an energy input in this way we get the COP of the LPG 

refrigerator 5.18 and which is again higher than the 

domestic refrigerator. 

There also may be a change in future scope if the 

energy input for 1kg of LPG filling would be taken from any 

of the refinery energy audit report. Using the sophisticated 

data and instruments the relevant refrigeration system will 

be develop practically. 
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