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Abstract- An Adsorption refrigeration system are of significance to meet the need for cooling requirements such as ice 
making , food preservation and also it can works on solar energy or waste heat. Adsorption refrigeration system has various 
advantages over traditional refrigeration system.  A model is constructed for the experimental investigation of single bed 
silica gel adsorption refrigerating system using silica gel – water as the adsorbent-adsorbate pair. These systems are 
attracting increasing attention because they can be activated by low-grade thermal energy and use refrigerants having zero 
ozone depletion potential and low global warming potential. 
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I. INTRODUCTION 
 
After the Second World War the development of 
small hermetic refrigeration compressors evolved and 
refrigerators and freezers began to take their place in 
the home. Today, these appliances are regarded as 
normal household necessities. At the beginning of the 
last century, terms like bacteria, yeast, mould, 
enzymes etc. were known. It had been discovered that 
the growth of microorganisms is temperature-
dependent, that growth declines as temperature falls, 
and that growth becomes very slow at temperatures 
below +10 °C. 
 
Adsorption heat pump and refrigeration devices are 
of significance to meet the needs for cooling 
requirements such as air-conditioning and ice-making 
and medical or food preservation in remote areas. 
They are also noiseless, non-corrosive and 
environmentally friendly. For these reasons the 
research activities in this sector are still increasing to 
solve the crucial points that make these systems not 
yet ready to compete with the well-known vapor 
compression system. There is an increasing interest in 
the development and use of adsorption chillers due to 
their various economic and impressive environmental 
benefits, enabling solar energy or waste heat to be 
used for applications such as district networks and 
cogeneration plants. Compared to adsorption systems 
that require heat sources with temperatures above 
100°C (zeolite–water systems, activated carbon–
methanol systems and silica-water system) or 
conventional compressor chillers, a silica gel/water 
adsorption refrigerator uses waste heat with 
temperature below 100°C. This creates new 
possibilities for utilizing low temperature energy.  
Vapour Adsorption Refrigeration Systems used silica 
gel belong to the class of vapour cycles similar to 
vapors compression refrigeration systems. However, 
unlike vapour compression refrigeration systems, the 
required input to absorption systems is in the form of  

 
heat. An adsorption refrigerator is a refrigerator that 
uses a heat source (e.g., solar, kerosene-fuelled 
flame, waste heat from factories or district heating 
systems) to provide the energy needed to drive the 
cooling system. 
Adsorption refrigerators are a popular alternative to 
regular compressor refrigerators where electricity is 
unreliable, costly, or unavailable, where noise from 
the compressor is problematic, or where surplus heat 
is available (e.g., from turbine exhausts or industrial 
processes, or from solar plants). The absorption 
refrigeration system, which has some advantages, 
such as silent operation, high reliability, long service 
life, simpler capacity control mechanism, easier 
implementation, and low maintenance, is widely 
acknowledged as a prospective candidate for efficient 
and economic use of solar energy for cooling 
applications. 
 
Silica gel is a chemically inert, nontoxic, polar and 
dimensionally stable (< 400 °C or 750 °F) amorphous 
form of SiO2. It is prepared by the reaction between 
sodium silicate and acetic acid, which is followed by 
a series of after-treatment processes such as aging, 
pickling, etc. These after-treatment methods results in 
various pore size distributions. The properties of 
Silica gel's high specific surface area (around 800 
m2/g) allows it to absorb water readily, making it 
useful as a desiccant (drying agent). Silica gel is often 
described as "absorbing" moisture, which may be 
appropriate when the gel's microscopic structure is 
ignored, as in silica gel packs or other products 
 
II. LITERATURE  REVIEW 
 
L.W. Wang, R.Z. Wang, R.G. Oliveira, (2006) 
presents effective use of waste heat and solar energy 
as power source. It also includes the various design 
and performance parameters. C.J Chen, R.Z. Wang, 
Z.Z Xia, J.K.Kiplagat, (2010) used various 
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mathematical models, it shows the use of CaCl2. 
D.S.Kim, C.A. Infante Ferreira, (2008) presents the 
different technologies that are available to deliver 
refrigeration from solar energy. K. Smithy, K.H. 
Young, LiYong. (2003) covers the principle of 
adsorption, various mathematical model and 
properties of refrigerants and adsorbents. D.S. Kim, 
C. A. Infante Ferreira,(2008) Presents the different 
technologies that are available to deliver refrigeration 
from solar energy 
 
III. PRINCIPLE OF ADSORPTION 
 
Sorption phenomena  
The sorption phenomena could be absorption or 
adsorption, where absorption is the incorporation of a 

substance in one state in another of different state by 
dissolution of the molecules within a phase. The 
adsorption is a surface phenomenon based on the 
physical adherence of molecules onto the surface of 
another phase mainly by Van der Waals force.  
 
Thermodynamic Cycle 
The thermodynamic cycle consists of two sources and 
two sink, which operates using three temperature 
levels. Two of them are used to drive the thermal 
“Reactor” that replaces the mechanical compressor in 
a vapour compresson refrigeration cycle which shows 
in Figure 1. The sorption refrigeration cycle operates 
between two pressures and two refrigerant / sorbent 
concentration levels as shown in Figure 1. 
 

 

 
 

 
Figure 3.  sorption clapeyron diagram 
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IV. EXPERIMENTAL SET-UP 
 
The schematic diagram of experimental set-up with various components is shown in figure 3. 
 

 
Figure 3. Set-up of Silica Gel-Water Adsorption System 

 
Adsorption pairs 

Table 1. Characterstics of commonly used adsorption pairs 

 
 
Evaluation of adsorbent or adsorbate (refrigerant) 
independently is not sufficient, where adsorption 
characteristics vary based on adsorption pairs. Table 
1 presents the characteristics of the most commonly 

used adsorption pair based on the practical operating 
conditions. The best adsorption pairs are the one that 
satisfies the important requirements which differs 
depending on the  application. 
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V. RESULT AND DISCUSSION 
 
Heat transfer in the adsorbent bed 
The adsorption refrigeration cycle is a heat powered 
cycle, where the adsorbent bed is the thermally driven 
compressor. The adsorption compressor operates in 
two modes adsorption and desorption when it is 
interconnected to the evaporator and condenser 
respectively. To switch between adsorption and 
desorption modes, an intermediate period is required 
to heat up the cold bed and cool down the hot bed and 
reverse their operating modes. In the simulated chiller 
the switching period is two sequential processes. The 
first is the mass recovery process where the 
refrigerant vapour in the high-pressure / high-
temperature bed reactor moves towards the low-
pressure / low-temperature bed reactor until 
mechanical equilibrium. The second is the heat 
recovery process, where the cooling water flows 
through the hot bed and the heating water flows 
through the low temperature bed. 
 
There are three resistances to heat transfer namely; 
(1) radial convective thermal resistance from the 
secondary fluid stream to the internal tube wall, (2) 
conduction thermal resistance through tube wall (3) 
Conduction thermal resistance through silica gel 
granules. The overall heat transfer conductance is  
written as,              

 
 
The  heat transfer is then written as Q = U Abed ∆T 
Based on experimental test rig performance, the 
experimental data is obtained under different 
operating processes of the adsorption ssystem. The 
experimental results is obtained at the hot water inlet 
temperature 88 °C and the cooling water temperature 
32 °C, The predicted cooling temperature difference 
is 2.5 to 3 °C and with COP is 0.27 which is 
considerable. The COP is obtained by using 
following mathematical relations. 
 

 
 
 
 
 

CONCLUSION 
 
Adsorption cooling systems have received significant 
interest during the last few decades in order to satisfy 
the market demand of cooling systems and cope with 
the current environmental issues. This paper 
investigates experimentally and theoretically the 
performance of silica gel / water adsorption cooling 
systems. It also evaluates the effect of various 
geometric and physical parameters on the cooling 
load and the coefficient of performance of the 
adsorption cooling systems. However the main 
disadvantages as long, adsorption and  adsorption 
time have become obstacles for industrial as well as 
commercial used of the adsorption system. Hence to 
compete with the traditional absorption and vapour 
compression refrigeration systems more efforts 
should be made in enhancing the COP by using 
different pairs. If there will be significant 
development in adsorption system then it will be the 
future of cooling industries and also it can widen the 
area of application of adsorption technologies and 
mak the adsorption refrigeration more cost effective. 
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