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Abstract: This paper describes the experimental optimization of capillary tube for choosing best suitable capillary
in domestic refrigerator and comparison in performance of two different refrigerants (R134a and R600a). This
experiment deals with optimization performance testing for a domestic refrigerator using experimental method.
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I. INTRODUCTION

Prior to the invention of the household refrigerator snow and ice were used to refrigerate and preserve food. Historically,
ancient cultures (Chinese, Hebrews, Greeks, Romans, and Persians) stored snow and ice throughout the year in different
types of ice houses or covered wells. The ice was harvested from winter lakes or was brought down from the mountains.
Later, ice boxes were used in homes in which the ice were stored to keep the internal box cold. This highly work intensive
transport of thermal energy existed at least into the 1950s when it was outclassed by the household refrigerator. In 1958,
94 % of the U.S households owned refrigerators. Today almost all modern homes have household refrigerators, typically
powered by electricity and operating by the vapour compression cycle

1.1 Refrigeration System: Working Principle and Construction:

A domestic refrigerator is in complete compliance with the Clausius statement of the second law of thermodynamics. The
Clausius statement simply states that a refrigerator cannot operate unless its compressor is driven by an external power
source, such as an electric motor. In this case, the compressor leaves a trace in the surroundings by consuming some
energy in the form of work by the electric motor so that to transfer heat from the colder body to a warmer one.
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Figurel. P-h diagram of Vapour Compression Refrigeration System [15]
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» Process 1 — 2: Isentropic compression in compressor.

» Process 2 —3: Constant pressure heat rejection in condenser.

» Process 3 — 4: Isenthalpic expansion in expansion device.

» Process 4 — 1: Constant pressure heat absorption in evaporator

Household refrigerators and freezers are found in almost every home in the industrialized parts of the world and in
increasingly larger number elsewhere. It is estimated that the global annual production is more than 90 million units.
Therefore energy consumption is an important factor for the consumer, the first cost, as seen on the price tag is often the
most important. Therefore it is interesting to explore other low cost solutions to lower the energy consumption. Of course,
if such solutions can increase the operational efficiency without increasing the unit price it is even better.

Il. EXPERIMENTAL SET UP
Introduction of test rig:

The schematic Diagram of experimental set-up of domestic refrigerator has been shown in fig. The test section was a
copper capillary tube in which the refrigerant expands from high pressure side to low pressure side. Three helical coiled
capillary tubes were put in parallel position having 0.71120 mm, 0.78740 mm and 0.9144 mm internal diameters and
2.4384m Length of capillary tubes used in the experiment. Hand shutoff valve were provided at the ends of the capillary
tube. So that while changing the capillary, no loss of refrigerant takes place. The refrigerant entered into evaporator from
capillary tube which consists of copper coil wound on aluminum box called de-freezer; where heat was absorbed from
cabinet. Vapour refrigerant from evaporator entered into single phase hermetically sealed 1/8 HP compressor. The energy
consumption of system was measured with the help of energy meter which was connected across the compressor.

High pressure superheated vapour emerging from compressor entered into condenser. The superheated vapour was
condensed in coiled condenser. Heat is rejected by natural convection condenser coil having wire fins. Drier-cum-filter
was also installed after condenser to remove unwanted solid particles and moisture. Five calibrated digital temperature
sensors were attached to the external surface of copper tube at different locations of the setup. The working range of
temperature sensors is between -30°C to 80°C. Experimental setup was instrumented with bourdon tube pressure gauges at
inlet and outlet of test section for measuring suction and discharge pressure.
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Figure 5 Schematic Diagram of Experimental Setup
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1. Main Switch 7. Compressor

2. ON/OFF Switch 8. Service Line

3. Digital Temperature Indicator 9. Hand Setup Valve

4. Energy meter 10. Evaporator

5.Capillary Tubes 11. Ps-Suction Pressure

6. Condenser 12.P4-Discharge Pressure

The refrigeration cycle is charged by refrigerant with charging system and evacuated with vacuum pump to remove the
moisture and to create vacuum in system. After charging refrigerants, data were collected at interest point with same
operating condition. The system attains steady state condition after a run of one hour, after which experimental
observations were made. The following parameters were obtained to compare refrigerant like refrigerating effect,
compressor work, mass flow rate and coefficient of performance.

I11.  RESULTS AND DISCUSSION
Following graph are deduced and can be taken for design purpose:

a) Compressor work:

Compressor Work for R 134a
30
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B Morning 21.6277 17.1734 20.7409
m Afternoon 24.5739 18.9178 24.1129
W Evening 21.2135 18.9748 23.92

Graph 1: Compressor work for different capillary diameter at different time R 134a

Compressor Work for R 600a
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Graph 2: Compressor work for different capillary diameter at different time R 600a
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The above graph shows the variation of compressor work for R134a and R600a for different capillary tubes inner
diameter. Figure shows that compressor work is high for the capillary 28 and low for capillary 31. In afternoon,
Compressor work required is more than whole day. In morning, compressor work required is less. Compressor work
decreases with increase in diameter of capillary tube.

b) Refrigerating effect:

Refrigerating Effect for R 134a
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Graph 3: Refrigerating Effect for different capillary diameter at different time R 134a

Refrigerating Effect for R 600a
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Graph 4: Refrigerating Effect for different capillary diameter at different time R 600a

In case of refrigerating effect for both refrigerant R134a and R600a, We get better results for capillary tube diameter of 31
as shown in graph 3 and 4. Refrigerating effect is less for capillary 28. Refrigerating effect increases with increase in

capillary tube inner diameter.
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¢) Mass Flow Rate:

Mass Flow Rate for R 134a
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Graph 5: Mass flow rate for different capillary diameter at different time R 134a

Mass Flow Rate for R 600a
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Graph 6: Mass flow rate for different capillary diameter at different time (R 600a)

The above graph shows the variation of mass flow rate for R134a and R600a for different capillary tubes inner diameter.
Figure shows Mass flow rate required for one ton of refrigeration is less for 31 capillary and high for 28. Mass flow rate is
inversely proportional to refrigerating effect. Mass flow rate required for one ton refrigeration decreases with increase in
capillary tube inner diameter. Mass flow rate increases with increase in capillary inner tube diameter.

d) Coefficient of performance:

Coefficient of Performance for R 134a
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Graph 7: Coefficient of Performance for different capillary diameter at different time (R 134a)
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Coefficient of Performance for R 600a
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Graph 8: Coefficient of Performance for different capillary diameter at different time (R 600a)

Graph 7 and 8 shows that for R134a and R600a, we get better COP for capillary tube diameter of 31. The COP is higher at
morning for both refrigerant and different capillary tubes. The COP is less for capillary 28. For capillary 31 refrigerating
effect is more and compressor work is less as compared to other capillary hence COP is high.

e) Power per Ton of Refrigeration:

Power Per Ton Of Refrigeration for R 134a
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Graph 9: Power per ton of refrigeration for different capillary diameter at different time (R 134a)
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Graph 10: Power per ton of refrigeration for different capillary diameter at different time (R 600a)

Paper Publications

Page | 64



ISSN 2393-8471

International Journal of Recent Research in Civil and Mechanical Engineering (IJRRCME)

Vol. 2, Issue 1, pp: (59-65), Month: April 2015 — September 2015, Available at: www.paperpublications.org

As shown in above graph, power per ton of refrigeration is less for 31 capillary and maximum for 28 capillary. In case of
power per ton of refrigeration (PPTR) is more at afternoon for all capillary tube diameter. Power per ton of refrigeration
decreases with increase in capillary inner tube diameter.

IV. CONCLUSION

In this study, a domestic refrigerator working on vapour compression refrigeration is used for optimization capillary tube
inner diameter and performance analysis with refrigerant R 134a and R 600a. The effect of capillary inner tube diameter
on the coefficient of performance (COP), mass flow rate, and power per ton of refrigeration is reviewed. The following
conclusion can be drawn from the analysis and discussion of the results:

i. R 134a exhibited lower compressor work than R 600a, but R600a exhibited significantly high refrigerating effect,
which is compensation for its high compressor work.

ii. R 600a has the higher COP. The average COP’s obtained for R 600a were 23% higher than that of R 134a.

iii. Out of three capillary tubes investigated, capillary with 0.031 inch inner tube diameter offers best desirable
requirements; it has high refrigerating effect with low compressor work. It results in higher COP compare to other.

iv. In morning, refrigerating effect were more and compressor work were less as compared to whole day time.
Compressor work and power consumption were more for same refrigerating effect in afternoon.
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