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Refrigeration is an interesting application of solar energy because the incident radiation and 

the need for cold production both reach maximum levels in the same period, i.e. summer. 

With the effect of global warming, temperature during summer is increasing every year. In 

developing countries like India, solar refrigeration is an increasingly acknowledged priority 

in view of the needs for food and vaccine preservation and due to the fact that solar energy 

is generally widely available.  The use of adsorption process to produce cooling has been 

extensively studied as a technological alternative to vapour compression systems. The 

present work focuses on development of innovative evaporative cooling system by 

adsorption and solar regeneration process. The study presents some of the experimental 

evaluations of a prototype system consisting of solar energy assisted regeneration and 

zeolite based adsorption.   It deals with technology innovation and challenges in developing 

low cost, low-maintenance, electricity free system for rural applications in the context of 

India.  The system consists of design of parabolic trough collector, vacuum pump, mobile 

adsorber and evaporator. Each component is designed and developed in the Institute 

laboratory. Wherever possible, individual component is tested for base line performance.  A 

prototype system is then assembled and tested for possible applications. The testing is 

conducted at central part of India, at Longitude of 79
o
 and Latitude of 23.5

o
. For practical 

feasibility study of the use of zeolite, the same sample of zeolite is reused over a period of 

12 months to observe changes in adsorptive capacity. At ambient conditions, 1.250 kg of 

zeolite is saturated by 450 grams (450ml) of water. Adsorptive capacity was found to be the 

same across all weather conditions. The experimental results show that the sample quantity 

of zeolite is regenerated with maximum temperature attainable through PTC at about 60-

65
o
C in all the weather conditions.  However, the time of regeneration varies with weather 

condition which is about 2.5 hours in winter, 6 hours in rainy season and 1.5 hours in 

summer. The efficiency of the collector is obtained as a function of heat of evaporation of 

water and direct solar incidence.  
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INTRODUCTION 

Refrigeration is an interesting application of solar energy because the incident radiation 

and the need for cold production both reach maximum levels in the same period, i.e. summer. 
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With the effect of global warming, temperature during summer is increasing every year. In 

developing countries like India, solar refrigeration is an increasingly acknowledged priority in 

view of the needs for food and vaccine preservation and due to the fact that solar energy is 

generally widely available.   

The use of adsorption process to produce cooling has been extensively studied as a 

technological alternative to vapour compression systems. Figure 1 shows schematic of the 

system.  Several theoretical and experimental studies demonstrated that sorption refrigeration 

systems are well adapted to simple technology applications [1]. They can operate without 

moving parts and with low-grade heat from varied sources such as residual heat or solar 

energy [2]. For the system to be effective for all ranges of temperatures, adsorbate should be 

having high latent heat of evaporation. 

Evaporative cooling system is used in varied applications.  The use of adsorption 

process to produce cooling effect has been extensively studied as a technological alternative 

to conventional vapour compression systems. The major advantage of adsorption process is 

compressor-free system, reducing dependence on electricity. On the other hand, adsorption 

cycle needs regeneration of adsorbate, requiring external energy source [3]. In the present 

work, regeneration of adsorbate is carried out in parabolic trough collector using solar energy. 

India is located in the equatorial sun belt of the earth, thereby receiving abundant radiant 

energy from the sun. The present study is conducted at central part of India, at Longitude of 

79
o
 and Latitude of 23.5

o
.  

The study presents some of the experimental evaluations of a prototype system 

consisting of solar energy assisted regeneration and zeolite based adsorption.  The system 

works on thermodynamic cycle of adsorption, using water as refrigerant and the mineral 

zeolite as adsorber.  The system uses a mobile adsorber, which is regenerated out of the 

refrigeration cycle.  The adsorbent is regenerated by trough collector in ambient condition, 

while adsorption is carried out at prescribed vacuum created by manually operated vacuum 

pump. Owing to widely available solar energy in India, the developed system can be put into 

direct use for food and vaccine preservation where no electricity is available.   

 

 

Figure 1. Schematic of the System 
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PARABOLIC TROUGH COLLECTOR FOR  

REGENERATION OF ZEOLITE 

 

The parabolic trough collector consists of low-cost Plexiglas sheet of 2.5 mm thickness, 

which has undergone a careful deformation process that was necessary to bring it to parabolic 

shape. The material is easily available and can be given requisite shape. For the easy 

manoeuvrability of the collector system, the aperture width of the trough is taken 1m and its 

focal length is 0.250 m. The aperture area of the reflecting surface is 1.890 m
2
. To maintain 

the parabolic shape intact, cross-ribs made of cast iron are provided on the back surface. For 

reflective surface of the collector, locally available silverite polymer mirror film (150 

microns) was tested for reflectivity and used on the collector. The trough collector is then 

mounted on wheeled stand made of slotted iron shown in Figure2a. The specific mirror film is 

economic, light and has a high reflectivity coefficient of 0.80. The environmental stability of 

the reflective surface was monitored for 12 months. 

The purpose of the designed parabolic trough collector was to regenerate zeolite at 

atmospheric pressure. Regeneration process was carried out in the receiver placed 

concentrically along the focal line of the collector. Out of many shapes thought of, from 

circular to square, rectangular section was finalized. The reason being larger spread area 

available for heat absorption from reflection. The section is opened from the top to give it the 

shape of channel section, which will serve as exit of evaporated water vapour. Channel 

section made of Aluminium is used for the purpose. Aluminium makes a good conductor of 

heat because of its free electrons that can quickly pass on the energy that is applied to it. 

The size of the channel was decided based on two factors, 1. Availability of channel 

section in local market, and 2. Concentration ratio [4, 5] desirable.  The opening of the 

channel section was carefully designed taking into consideration the maximum tilt of the 

collector while tracking the sun during the day and to avoid spilling of the zeolite. The final 

channel dimensions used for the present study are 1.910 m * 6.500 cm * 3.800 cm with the 

opening of 3.900 cm at the top. Three gates are provided on one side of the channel for easy 

removal of the regenerated zeolite. 

Manually operated bi-axis sun-tracking system was designed and manufactured in the 

Institute laboratory. The tracking mechanism was developed on abrasive water jet machine to 

rotate the collector about east-west axis. It consisted of semi-circular toothed gear with 18 

teeth, each providing step rotation of 10 degrees. Two such toothed gears were mounted on 

either side of the shaft that in turn is mounted on the bearings and carrying receiver section. 

The second i.e. north-south axis tracking is simply obtained through wheeled stand and based 

on manual observation of reflection of the sun on the reflective surface. 

 

VACUUM PUMP 

 

Refrigeration Effect can be achieved either by closed cycle vapour compression system 

or by closed cycle vapour adsorption system. The system has been designed combining the 

two systems. The compressor of the vapour compression cycle has been replaced by the 

vacuum pump. While the compressor consumes electricity, the vacuum pump is operated 

manually making the system electricity free. With the help of manually operated pump, 

vacuum is obtained in the evaporator. A foot operated bicycle pump is converted to vacuum 

pump that is used for obtaining the required pressure level of 2 hPa. The operation time of this 

mechanical pump to obtain the low pressure in the system was of about 10 minutes.  Figure 

2b.  Shows photograph of fabricated pump along with locking mechanism. 
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Figure 3. Evaporator 

 

ZEOLITE BOX 

 

The Zeolite (adsorber) is contained in the vacuum tight box made of plastic. The box is 

connected to the evaporator through a pressure tight hose.  Air tight connectors are used to 

connect the box to the evaporator (under vacuum). On saturation of adsorber, box is removed 

and replaced by similar one filled with regenerated Zeolite of 1.25 kg mass.   

 

SYSTEM PERFORMANCE 

 

In the present work, Zeolite-water pair is selected as adsorbate-adsorbent.  The system 

operates under an intermittent cycle, without heat recovering, and is aimed to regenerate 

Zeolite (adsorber) with solar energy, using a parabolic trough collector of requisite size and 

capacity. The Zeolite box in turn is connected to enclosure (consisting of evaporator and 

cooling chamber surrounded by water) through a pressure tight hose. Vacuum is then 

generated in the enclosure as well as box for the possible adsorption process to keep the 

object at designed temperature.   

Vacuum is generated with the help of foot operated vacuum pump. When requisite 

vacuum is obtained in the evaporator, the water surrounding cooling storage chamber inside 

the evaporator starts evaporating and the temperature starts decreasing. The water vapors from 

the evaporator travels to the zeolite box. The Zeolite adsorbs the vapors and continues to do 

so till it is saturated (white colored Zeolite balls changes to pink on saturation). After 

saturation Zeolite is no longer adsorbing water vapor and hence temperature starts rising. The 

zeolite box is then removed and taken away for regeneration in Solar Parabolic trough 

collector [7]. It is replaced by another box filled with regenerated Zeolite. The cycle once 

again is repeated starting from vacuum generation to saturation of Zeolite. The whole system 
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operates under two pressure limits. The higher pressure being atmospheric and the lower 

being vacuum.  

Present study is carried out with the designed system to maintain 20
o 
C inside the cold 

storage chamber. The space between the evaporator and the chamber is filled with water. 

When vacuum of 70 hPa is created in the evaporator with the vacuum pump, the water 

surrounding the cooling chamber gets evaporated, shown in Figure 4. With the reduction in 

the pressure the saturation temperature of water also decreases. The water liberates � apour 

extracting the latent heat from the chamber. The evaporation process thus achieved maintains 

the temperature of the chamber. At the time of changing the Zeolite box, quantity of water is 

added to restore the requisite volume, Figure 4.  

 

 

Figure 4. Designed Evaporative Cooling System 

 

REFERENCES 

 

[1] B. Singh, M. Singh, and F. Sulaiman; “Designing a solar thermal cylindrical parabolic 

Trough concentrator by simulation”, in Proceedings of the International Rio3 

Congress, World Climate and Energy Event, Rio de Janeiro, Brazil Brazil.. December 

1-5, pp.1-6, (2003). 

[2] F. Struckmann; Analysis of a flat plate Collector, Project Report 2008 MVK160. Lund, 

Sweden, Heat and Mass Transport, (2008). 

[3] I. Palavras and G.C. Bakos, Development of a low-cost dish solar concentrator and its 

application in zeolite desorption, Renewable Energy Vol. 31 pp. 2422–2430, (2006).  

[4] M. Ramos, R. L. Espinoza, and M. J. Horn; “Evaluation of a zeolite-water solar 

adsorption Refrigerator”, in  Proceedings of  ISES Solar World Congress, Goteborg, 

Sweden, (2003). 

[5] S. Kreussler, and D. Bolz. "Experiments on Solar Adsorption Refrigeration using 

Zeolite and Water." Laboratory for Solar Energy, university of Applied Sciences 

Germany, (1999). 

[6] Mani, Anna. "Handbook of solar radiation data for India." Resonance-Journal of 

Science Education Vol. 13 no. 11 pp. 1082-1086, (2008). 

[7] V.  Arora,  and T. Sheorey, “Development and performance characteristics of a low-

cost Parabolic Solar Collector”, in Proceedings of  2nd International Conference on 

Power and Energy Systems, Pune, India, November 17-18, (2012).                                                                                   


