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Abstract— The sun is an outstanding energy source for 

mankind. It is clean and comes to the earth for free. There is 

no need to drill and refine it or mine it out of the ground. 

The devices needed to gather its energy are simple, quiet 

and on-polluting. International environment protection 

initiatives have led to the intensification of research efforts 

on development of ozone and global warming safe 

refrigeration technology. In recent years, increasing 

attention is being given to the use of waste heat and solar 

energy in energizing refrigerating systems. Solar powered 

refrigeration and air-conditioning have been very attractive 

during the last twenty years, since the availability of 

sunshine and the need for refrigeration both reach maximum 

levels in the same season. Conventional cooling 

technologies are generally based on the electrically driven 

refrigeration system. These systems have several 

disadvantages: they require high levels of primary energy 

consumption, causing electricity peak loads and employ 

refrigerants with negative environmental impacts. Solar 

adsorption refrigeration is an option to overtake the 

drawbacks of the conventional cooling system.The 

adsorption refrigeration is based on the evaporation and 

condensation of a refrigerant combined with adsorption. 

This project will describes the design and fabrication of the 

experimental chamber, the experimental procedure and its 

feasibility towards development of an alternative eco-

friendly refrigeration cycle for replacement of 

chlorofluorocarbons. The objective of this project is to 

establish an alternative eco-friendly refrigeration cycle for 

producing a temperature usually encountered in a 

conventional refrigerator. By manufacturing such type of 

refrigerator adds new dimension to the world of 

refrigeration. This refrigerator gives some amount of relief 

to the refrigeration world by making it independent of 

electric power supply and zero running cost.This system 

designed by using pair of silica gel as adsorbing material 

and water as a refrigerant. This system is capable of cooling 

down a load of 10 litres initially at 35
o
C; down to 08

o 

Causing only solar energy produced by a flat plate solar 

collector. 

Key words: Chlorofluorocarbons, Solar Energy, Air-

Conditioning           

I. INTRODUCTION 

                                                       

                                                    

        the electricity driven compressor is replaced with a 

thermal powered one, Figure 1 shows t              

              integrated with a flat plate solar collector and 

contains a porous adsorbent medium. The solid adsorbent 

has the affinity to adsorb the refrigerant vapour. 

Furthermore, the thermodynamic cycle of the adsorption 

refrigeration system is illustrated on Clapeyron diagram, 

Figure 2.                            

                                                            

                                          -               

    constant pressure (isobaric heating process 2-3), 

depressurization at constant concentration (isosteric 

coo               -                                        

                           -     

 
Fig. 1;  Schematic Diagram of The Solar Adsorption 

Cooling System 

                                                     

          from both the condenser and the evap          

                                  saturated with the 

refrigerant. The pressure inside the reactor initially equals 

the evaporator pressure and its temperature is uniform 

and equals the ambient temperature , state 1 on Figure 

2. The pressure and t                                       

                                                   . This 

process continues till the pressure approaches      state 

    

 
Fig. 2: The Thermodynamic Adsorption Cooling Cycle 

                                                  

                                                      

                                                            

       heated by the solar radiation. The pressure inside the 

bed is fixed at the condenser                    

                                                     

                                                             

                            freed from the reactor. The 

condensed refrigerant is then collected and stored in the 

refrigerant storage tank. Pressure swing adsorption (PSA) - 

is the removal of water vapour from compressed air flows. 

This process uses the dried air expanded to a lower pressure 
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to purge the saturated bed for regeneration purposes. 

Temperature swing adsorption (TSA) - Regeneration of 

adsorbent in a TSA process is achieved by an increase in 

temperature. For any given partial pressure of the adsorbate 

in the gas phase, an increase in temperature leads to a 

decrease in the quantity adsorbed 

II. LITERATURE SURVEY 

Nanofluids are suspensions of metallic or nonmetallic nano 

particles in a base fluid; this term was introduced by Choi 

(1). A substantial increase in liquid thermal conductivity, 

liquid viscosity, and heat transfer coefficient are the unique 

characteristics of nanofluids. It is well known that metals in 

solid phase have higher thermal conductivities than those of 

fluids (2). For example, the thermal conductivity of copper 

at room temperature is about 700 times greater than that of 

water and about 3000 times greater than that of engine oil. 

The thermal conductivity of metallic liquids is much greater 

than that of nonmetallic liquids. Thus, fluids containing 

suspended metal particles are expected apparent enhanced 

thermal conductivities rather than pure fluids (3). Masuda et 

al. (4) dispersed oxide nanoparticles (Al2O3 and TiO2 with 

4.3 wt%) in liquid and showed that the thermal conductivity 

is increased by 32% and 11%, respectively. Grimm (5) 

dispersed aluminum particles (1–80 nm) in a fluid and 

claimed a 100% increase in the thermal conductivity of fluid 

for 0.5–10 wt%. Using the nanofluids in solar collectors has 

been subjected to a few recent studies.  

Yosefi et al. (6) investigated the effect of MWCNT 

as an absorbing medium on the efficiency of a flat-plate 

solar collector experimentally and reported 35% 

enhancement in the collector efficiency for 0.4 wt%. Also 

the same researchers (7) repeated the experiments with 

Al2O3–Water nanofluid and reported 28.3% enhancement 

in the collector efficiency for 0.2 wt%. Chaji et al. (8) used 

TiO2–Water nanofluid as a working fluid at a small flat 

plate solar collector and observed 15.7% enhancement in the 

collector efficiency (compared with pure water). Polvongsri 

and Kiatsiriroat (9) investigated the thermal enhancement of 

a flat plate solar collector with silver nanofluid. They 

concluded that using this nanofluid can improve thermal 

performance of flat plate collector compared with water 

especially at high inlet temperature. He et al. (10) 

investigated the light-heat conversion characteristics of two 

nanofluids, water–TiO2 and water–carbon nanotube (CNT), 

in a vacuum tube solar collector under sunny and cloudy 

weather conditions.  

The experimental results show very good light heat 

conversion characteristics of the CNT–H2O nanofluid with 

the weight concentration of 0.5%. Because of the better 

light-heat conversion characteristics of the CNT–H2O 

nanofluid compared to the TiO2–H2O nanofluid, the 

temperature of the CNT–H2O nanofluid is higher than that 

of the TiO2–H2O one. Lue et al. [11] examined thermal 

performance of an open thermo-siphon which uses Cuo–

Water nanofluid for high-temperature evacuated tubular 

solar collectors. They showed that with optimal filling ratio 

60% and optimal mass concentration 1.2%, evaporating heat 

transfer coefficients may increase by about 30% compared 

with those of pure water.  

Keshavarz and Razvarz (12) experimentally studied 

the effect of Al2O3/Water nanofluid on the efficiency 

enhancement of a heat pipe at different operating conditions. 

They concluded that the thermal efficiency of a heat pipe 

charged with nanofluids is higher than that of pure water as 

working fluid. Saidur et al. (13) also theoretically 

investigated the effect of using Al2O3/Water nanofluid on 

the performance of direct solar collector. They showed that 

using nanofluids within 1.0% volume fraction gave a 

promising improvement on the direct solar collector 

performance. Sani et al. (14) introduced a new nanofluid, 

made from dispersing carbon nanohorn in ethylene glycol, 

for solar energy applications. Their results show that this 

nanofluid is useful for increasing the efficiency of solar 

thermal devices and costs reduction (in comparison with 

carbon-black nanofluid). Natarjan (15) investigated the 

thermal conductivity enhancement of a base fluid using 

carbon nanotube (CNT). According to their results, if these 

fluids are used as heat transport media, the efficiency of the 

conventional solar water heater will be increased.  

Tyagi et al. (16) studied the capability of using a 

non-concentrating direct absorption solar collector (DAC) 

theoretically and compared its performance with a 

conventional flat-plate collector. In their research, a 

nanofluid composed of water and aluminum nanoparticles, 

was used as the absorbing medium. According to their 

results, the efficiency of a DAC with nanofluid is up to 10% 

higher than that of a flat-plate collector. Otanicar (17) 

studied environmental and economical effects of using 

nanofluids to enhance the solar collector efficiency 

compared with conventional solar collectors. 

III. DESIGN AND DEVELOPMENT OF EXPERIMENTAL SETUP 

A schematic diagram of the experimental setup is as shown 

in Fig. 1. The solar collector performance is experimentally 

investigated in Pune. The working fluid is circulated through 

the collector by using an electrical pump. The solar system 

tank serves as a heat exchanger for absorbing the heat 

loaded from the collector and then delivering it to the 

cooling water. A heat exchanger is placed inside the tank to 

transfer heat load from the solar collector to the cooling 

water. A flow meter is installed on the pipe after the electric 

pump. A simple valve was also installed after the electric 

pump to control the working fluid mass flow rate. Two 

temperature sensors are used to measure the fluid 

temperature at the inlet and outlet of the solar collector. The 

ambient temperature is measured by a thermometer. The 

total radiations are measured with the help of radiation 

Pyranometer. 

 
Fig. 3.1: Schematic Diagram of The Experimental Setups 

1. Collector, 2.Pump, 3.Heat exchanger, 4.Tank, 

5.Thermometer, 6.Solar meter/ (Pyranometer) 7.Control 

valve, 8.Automate valve, 9.Rotameter 
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A. Formulae used Useful cooling produced (refrigerating 

effect)  

Quc This can be evaluated from: 

Quc = mwCpwΔ w 

Where, 

 mw is the mass of water cooled (10 kg).  

Cpw is the specific heat capacity for water. 

Δ wev is the water temperature change. 

Solar Energy 

Qe = I.A 

Where,  

sI is the isolation.  

A is the area of the absorber. 

1) Coefficient of performance (COP) 

The coefficient of performance (COP) for each day is 

defined as the ratio of the heat extracted from the evaporator 

Qe to the daily solar irradiation (I) received by the collector. 

This is given bys 

    
 

  
 

IV. RESULTS AND DISCUSSION 

A. Analysis of the evaporator temperature 

In figure 4.1 below, analysis of the evaporator temperature 

versus time over day/night period is presented.The 

evaporator temperature decreased gradually until it reached 

a minimum value of 12
o
C. The load of 10 litres of water, 

initially at a temperature of 35
o
C was cooled down to 12

o
C. 

 
Fig. 4.1: System Temperature Versus Time 

B. Analysis of temperature–pressure curve 

Figure 4.2 below represents working pressures and 

temperatures, for the tested silica gel/water pair. 

 
Fig. 4.2: Measured Temperature–Pressure of Adsorber 

 
Fig. 4.3: Measured Temperature–Pressure Of Adsorber 

 
Fig. 4.4: Measured Temperature–Pressure of Adsorber 

 
Fig. 4.5: Measured Temperature–Pressure of Adsorber 

Figure 4.6 Represents variations in system COP. Maximum 

COP of system is achieved up to 0.058. Variation in system 

COP depends on the Solar intensity. 

V. CONCLUSION 

 Test results show that the fridge is capable of 

cooling down a load of 10 liters initially at 35
o
C; 

down to 08
o 
Causing only solar energy produced by 

a flat plate solar collector; which was the main 

objective of this study. 

 Test results show that only chilled water with 

temperatures between 6 and 12
o
C is produced. 

 Final analysis shows that the process of solar 

adsorption-assisted cooling could be an alternative 
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for vapour compression system for cold room 

applications. 
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