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Abstract 

Magnetic field being a source of energy shows influence on various fluids which reacts to the magnetic field. The energy of 

permanent magnets used for the treatment on hydrocarbon refrigerant reduces energy consumption of the compressor enhances 

cooling capacity, condenser heat rejection in the vapor compression cycle. In this current research work four pairs of permanent 

magnet of 3000 gauss field strength; will be installed at fixed distance on the refrigerant liquid line (exit of condenser) of the 

VCC setup. The comparison of the set up performance will be done with and without application of magnetic field to estimate 

the improvement in the VCC system. Experiments will be carried out on hydrocarbon (R-404a) refrigerant. The test results 

mainly focus on the application of magnetic field which has a positive effect on the COP and power consumption of the system 

for the refrigerant. Literature has reported improvement in performance on application of magnetic field on account of decrease 

in the viscosity of the fluid, enhancing the flow rates and in turn cooling capacity simultaneously reducing the compressor 

power. The net result is improvement in the COP of the VCC and reduction in the compressor power consumption. 
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Vapor compression cycle is the most frequently used refrigeration cycle, traced in 1748 by Professor Williams Cullen of 

Glasgow University who produced refrigeration by partial vacuum over ethyl ether. Several studies have reported the use of 

magnetic elements for the improvement in the vapor compression cycle. Magnetism is a property of materials that respond at an 

atomic or subatomic level to an applied magnetic field. The study of magnetic refrigeration was started with the discovery of 

magneto caloric effect. Warburg first discovered the thermal effect of metal iron when applying it in a varying magnetic field in 

1881. Magnetic refrigeration is a cooling technology based on the magneto caloric effect (MCE). 

Application of the magnetic field is important in many aspects of research and practical applications. This is essential so as to 

utilize the high specific energy content of liquid hydrocarbon refrigerant since conversion of hydrocarbon refrigerant to power 

even with a relatively low efficiency would pave the way for increased lifetime as well as reduced weight of an electronic or 

mechanical system. A possible means to achieve the realization of these hydrocarbon fuelled power devices/sources could be the 

application of magnetic fields to fluid flow. This is concerned with the interactions between magnetic fields and electrically 

conducting fluids. However, this interaction is not limited to electrically conducting fluids. Magnetic fields can affect fluids that 

can exhibit paramagnetic and diamagnetic behavior (even if the fluid is not electrically conducting). 

 Para magnetism: 

It is a result of unpaired electrons within an atom that can cause a magnetic dipole to form in the presence of a magnetic field 

and, as a result, in the presence of a magnetic field this effect causes the fluid to be drawn in the direction of increasing magnetic 

field strength.  

 Diamagnetism:  

If the electrons are already paired, the atoms resist the formation of a dipole and this resistance causes the atoms to move in the 

direction of decreasing magnetic field strength, known as diamagnetism. 
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Gschneidddner and Pecharsky (1) in 1999 discussed about the research on magnetic calorific effect and its application regarding 

the cooling near room temperature. The study they conducted included the relationship between the nature of magnetic 

transformation and the temperature dependence of the magnetic calorific effect and the entropy utilized in the magneto-caloric. 

Richardson et al have investigated the performance of HC 290/HC 600a mixture in a vapor compression refrigeration system. It 

was shown that propane and propane/isobutene mixtures may be used in an unmodified R12 system and give better coefficients 

of performance (COP) than R12 under the same operating conditions. 

Sami et al.(1) have presented the test results of the performance of new alternative refrigerants such as R410A, R507, R407C, 

and R404A under various conditions of magnetic field. The test results reported that the increase in magnetic field force, 

increases compressor head pressure and discharge temperature slightly as well as less liquid refrigerant was boiling in the 

compressor shell. The magnetic field was applied to the working field in the liquid phase to disrupt intermolecular forces in the 

working fluid and enhance expansion of the -working fluid molecules. This reduces the amount of residual liquid that is boiled in 

the compressor shell, lowering the power consumption of the compressor and improving the performance of the system. The 

results also reported that the increase in the magnetic field force enhances the COP of the system. Sami et al. have presented the 

test results of the performance of new alternative refrigerants such as R410A, R507, R407C, and R404A under various 

conditions of magnetic field. 

II. WORKING PRINCIPAL 

 
The working fluid was R404a. Drip-in experiments were carried out without any modifications to the experimental apparatus. An 

experimental setup of a vapor compression refrigeration system was built to investigate the performance R404a. A schematic 

diagram of the experimental setup is shown in figure above. It consisted of a main loop. The main loop was composed of 

compressor, condenser, flow meter, capillary expansion valve and evaporator. The compressor was a hermetically sealed 

reciprocating type. The rotating speed of the compressor was 2850 rpm. The condenser and evaporator were of both copper 

double/single tubes. In the single tube condenser, the refrigerant flows through the inner tube while the cooling water flows 

through the annular space between the inner and outer tubes. The refrigerant then flows into the evaporator through the flow 

meter and then through the capillary expansion valve.  The capillary expansion valves are used to control the mass flow rate of 

the refrigerant into the evaporator coils and also to set the pressure difference 

In the coil in tank evaporator the water solution is present in the tank and the refrigerant flows through the coils. For 

minimizing the heat loss, the outer tube was well insulated. The refrigerant (in gaseous form) is then passed into the compressor 

by the tubing/coils. 4 magnetic elements with a Gauss level of 3000 each were employed in this study. These magnets were 

placed on the refrigerant full liquid line at condenser outlet. Two pressure gauges are placed in the system to note down the 

compressor inlet (suction) and compressor outlet (discharge) pressures. Temperatures at various points in the system were noted 

with the help of a various RTD’s and a data logger. 

III. EXPERIMENTAL PROCEDURE 

The main objective of this study is to compare the compressor energy consumption and system coefficient of performance with 

and without the effect of magnetic field. Pressures were measured using calibrated pressure gauges with an accuracy of ±1* psi. 

The temperatures and pressures of the refrigerant and secondary fluid temperatures were measured at various locations in the 

experimental setup. An expansion device was used to regulate the mass flow rate of refrigerant and to set pressure difference. 

The working fluids were R404a. Drop in experiments were carried out without any modifications to the experimental apparatus. 
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The desired evaporating temperatures (Te) and condensing temperatures (Tc) were obtained by adjusting all the other parameters 

in the system such as cooling water, flow rate and its temperature, refrigerant flow rate. The readings were taken after the system 

had reached steady-state condition. The absolute errors in the refrigerating capacity (RC), compressor energy (CE), and COP 

estimated by the single sample analysis according to ASHRAE Guide line were ±0.044, ±0.015, and ±0.123 respectively. 

IV. EXPERIMENTAL SETUP AND TEST PROCEDURE 

 
Fig. 1: Pictorial representation of the VCC system 

1) Compressor  

2) Condenser  

3) Expansion Valve 

4) Evaporator  

5) Rota meter  

6) Magnets  

7) Charging unit 

8) Pressure gauge  

9) Computer 

10) Data Logger 

 Refrigerant Used In Experiment:  

R-404a (hydro fluorocarbon or HFC compound)  

Composition {HFC-125(44%), HFC-143a (52%), HFC-134a (4%) 

 Properties of Refrigerant – R404a:  

No ozone depletion potential, ODP = 0 and GWP = 3260, Boiling point = −46.45 °C (−51.62 °F), Density and phase 

0.00425g/cm³, gas. Melting point -103.3°C (169.85 K), Solubility in water Insoluble, Non Flammable, Nontoxic, Energy saving 

up to 20% due to lower molecular mass and vapor pressure, Flammable (2 and 10% when mixed with air). 

 Permanent Magnets: 

For the experiment we have used permanent magnets of field strength 3000 gauss. We have applied magnetic field with help of 

permanent magnets at exit of condenser (liquid line).  
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Fig. 2: When magnetic field is applied to liquid line 

V. EXPERIMENTAL ANALYSIS 

 Variation of evaporating inlet temperature VS time for R404a: 

 
Chart 1: Evaporator Inlet Temperature vs. Time 

The above graph shows the variation of evaporator inlet temperature with time. The graph is plotted with increasing number of 

magnetic pairs with magnetic field strength of 3000 gauss respectively and without any magnetic pair. The readings are 

considered with respect to the water temperature in the range of 24oC-5oC. It is found that after the application of magnetic 

field, time required to cool the water up to 5oC is reduced. When one magnetic pair is used, the time required for the refrigerant 

to cool the water temperature up to 5oC is reduced by 4% with respect to no magnetic pair applied. When further two magnetic 

pairs are used, the time reduction is by 16%. For three magnetic pairs, 8% time is reduced. The maximum time saved is found in 

case of two magnetic pairs. The reduction in time is obtained because of the increase in the specific heat of the refrigerant due to 

the magnetic field. 
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 Variation of Average Refrigerating Effect vs Number of Magnetic Pair: 

 
Chart 2: Average Refrigerating Effect vs Number of Magnetic Pairs 

The above fig 5.1.2 shows the refrigerating effect with respect to the number of magnetic pairs. As the number of magnetic pair 

increases, the refrigerating effect also increases up to 4 magnetic pairs. As the specific heat of the refrigerant increases, the heat 

transfer rate increases. As a result of the increased heat transfer rate, the refrigerant absorbs relatively more heat from the water 

and hence the refrigerating effect increases. It is found that when a single magnetic pair is used, the increase in the refrigerating 

effect obtained is by 5% with respect to no magnetic pair applied. When two magnetic pairs are used, the 2% increase in the 

refrigerating effect, whereas when three pairs are used the 5.3% increase in the refrigerating effect. For four magnetic pairs, the 

increase in the refrigerating effect was 6.66%. 

 Variation of Average VI vs Number of Magnetic Pairs: 

 
Chart 3: Average VI vs Number of Magnetic Pairs 

The above graph shows the average voltage (V) current (I) of the compressor with respect to the number of magnetic pairs. With 

increase in the magnetic pairs, the VI goes on decreasing. As the number of magnetic pairs is increased, the vaporization of the 

refrigerant in the evaporator goes on increasing. As the vaporization increases, the amount of liquid refrigerant entering the 

compressor reduces. As a result of this, the compressor power required to convert this liquid refrigerant into the vapour state is 

reduced. Hence, the average VI of the compressor reduces with the increasing number of magnetic pairs. It is found that when a 

single magnetic pair is used, 3.784% of average VI is reduced with respect to no magnetic pair applied. When two magnetic pairs 

are used, 5.14% average VI is reduced, whereas when three and four magnetic pairs are used, 6.83% and 7.26% of the average 

VI is reduced respectively. 
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 Variation of Average Flow meter Range vs Number of Magnetic Pairs: 

 
Chart 4: Average Flowmeter Range Vs Number of Magnetic Pairs 

The above fig.5.1.4 shows the average flowmeter range with respect to the number of magnetic pairs. As the number of 

magnetic pairs increases, the flowmeter range increases up to 4 magnetic pairs. 

 Variation of Average Water Temperature vs Time: 

 
Chart 5: Average Water Temperature vs Time 

The above graph shows the average water temperature with respect to the number of magnetic pairs. As the magnetic pairs are 

applied cooling capacity increases which can be seen from the above figure easily. 
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 Variation of Compressor Power vs Time: 

 
Chart 6: Compressor Power vs Time 

When the magnetic field is applied because of the magnetic dipole moment various thermodynamic properties of refrigerant 

changes such as increase in specific heat of the refrigerant. As the specific heat of the refrigerant increases the evaporating effect 

increases and as a result evaporation of refrigerant increases. As a result of above effects the compressor power reduces. From 

above graph it can be concluded that maximum compressor power is saved when four magnetic pairs are used. Due to 

application of magnetic field compressor power reduced by 12%. 

 Variation of COP vs Number of Magnetic Pairs: 

 
Chart 7: COP vs Number of Magnetic Pairs 

The above chart shows the graph of Coefficient of performance (COP) with respect to number of magnetic pairs. It is observed 

that the magnetic field also affects the COP of the system. From the above graph the COP increased for single magnetic pair is 

9.21%, for two magnetic pairs 9.68%, for three magnetic pairs 14.16%, for four magnetic pairs 17.89% COP is increased. For 

pairs of magnet because of increase in refrigerating effect and decrease in compressor power the COP increases. 
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VI. CONCLUSION 

The test results shows application of magnetic field has positive effect on the COP of the system for Hydrocarbon refrigerant. 

Thus this study has been able to validate the reported phenomena of improvement in COP refrigerant systems on application of 

magnetic field between condenser outlet and TXV. By application of magnetic field to vapour line (i.e. compressor inlet) there is 

no change in refrigeration capacity or compressor power consumption. Performance defoliates after certain magnetic field 

strength COP = Mwater*CPw*(Tinitial – Tfinal) / Compressor power Mwater = 15 kg, Cpw = 4187.23 J/kg-K  

Improvement in COP = (COP with application of magnetic field/ COP without application of magnetic field) * 100. 18% COP 

improvement is experimentally observed with application of the magnetic field on R404a. 
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