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Abstract:-

Sun contains huge amount of energy and this energy is transmitted to the earth in the form of solar
radiation. A solar cooling and refrigeration system is an excellent system and very useful in areas with
high insolation levels where there is a demand for cooling and there is not electricity to supply
conventional power system. This paper deals with the use of this solar energy for cooling and
refrigeration purpose by the use of a solar refrigerating system. This paper tries to present a review
about the solar adsorption and solar intermittent refrigeration system and using PCM as the storage
media for different applications in solar refrigerating system.
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Introduction

Now a days, energy requirement is very high
either in urban or rural areas and solar energy is
a very good means of energy to meet with the
demand .Solar energy is a non conventional
energy and this solar energy may be used for
cooling and refrigeration purpose by the most
suitable storage of solar energy. Thermal storage
of solar energy is done by suitable solar
collector, which collects solar radiation coming
from the sun. A solar cooling and refrigeration
system is an excellent system and very useful in
areas with high insolation levels where there is a
demand for cooling and there is not electricity to
supply conventional power system.

Solar  refrigeration  represents  an
important application of solar energy due to the
excellent matching between the high sunshine
and the refrigeration needs. It constitutes the
best manner of utilization of solar energy due to
the in-phase rapport between the availability of
the solar radiation and the cooling requirements.
Roughly 80% of our energy consumption comes
from fossil fuels and therefore nonrenewable
resources [1]. The use of such refrigeration
systems in the remote part of developing

countries, where there is a shortage of electricity
supply, is useful for storage of medical products,
foods or habitat comfort [2].An alternative
solution for this problem is to make use of solar
energy which is available in most areas and
represents a good source of thermal energy [3].

An adsorption refrigeration system is an
excellent means, which produces cooling or
refrigerating effect using solar energy. A solar
refrigeration system consists of all the essential
elements of a simple vapor compression cycle
with the addition of a solar collector. Adsorption
bed is a kind of environmental friendly
refrigeration that can use solar energy
effectively and do no harm to the environment.
While its structure is simple, without moving
parts, low noise, long service life, so it is very
potential refrigeration. Adsorption refrigeration
system is based on the consumption of heat
source; adsorption bed is the core component of
adsorption refrigeration system. [4,5] .

Solar energy is time dependent, the main
disadvantage of this energy resource is the
mismatch between the energy supply and the
energy demand. In solar vapor absorption
systems, the energy received from the solar
collector is given as heat input to the generator;
hence it has to assure a constant heat input
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to the absorption chiller during all the process.
Therefore, when energy is available but cannot
be given to the process, thermal energy storage
(TES) may become an important issue. TES is a
widely studied and used technology due to its
potential load reduction, energy savings, and
ability to overcome the disadvantage of the
intermittent energy supply and demand [6,7].
Storage systems could be based on sensible,
latent or thermo-chemical heat. Here, a TES
system based on phase change materials (PCM)
which absorb or release heat when the PCM
undergoes a phase change is analyzed.
Moreover, PCM systems have high-energy
storage capacity and isothermal behavior during
both charging and discharging processes. There
are different ways through which heat energy
can be stored [8]:

- External heat storage:

o0 Storing hot energy to supply the generator.

o Storing of produced cool energy.

- Internal heat storage:

0 In external thermal storage systems, the HTF
from the solar collectors could be circulated to
the hot thermal storage tank to store energy for
later use.

Solar Adsorption Refrigeration System
The adsorption refrigeration system using an
adsorbent /adsorbent working pair, is composed
by different elements: a solar collector which
contains the adsorbent /adsorbate working pair
(in our case it is the activated carbon/methanol),
a condenser where the adsorbate vapor
condenses, an evaporator where water plates are
laid out to be transformed into ice, in order to
store cold for deferred use, and a refrigeration
compartment. The development of solar
adsorption refrigeration systems appeared in the
late 1970s, following the needs of non-oil
countries, and several studies have been
undertaken [9] since that time a solar ice maker
based on adsorption/desorption phenomena
which operates intermittently and uses the
working pair activated carbon /methanol. A solar
adsorption refrigerator was built and tested in
2000 by Hildbrand [9] in Switzerland using the
pair Silica gel-Water. The system does not
contain any movable part, and the author has
obtained a COP between 0.12 and 0.23. Mayor
[10] made an adsorption refrigerator working

with the pair silica gel/water. This refrigerator is
characterized by its compactness and its ability
to be transported. The working volume of this
refrigerator is 100 liters, the surface of the solar
collector is 1m2 and its mass reaches 150 kg.
This machine was built with materials to
minimize the mass of the system. For better
insulation of refrigeration compartment, vacuum
panels (VIPs) were used, while a large storage
volume capacity was maintained. An
independent valve was developed to eliminate
any human manipulation. Abu-Hamdeh [11]
investigated some work on solar adsorption
refrigerator using parabolic trough collector and
uses olive waste as adsorbent with methanol as
adsorbate. The author showed, from the COP
values, that the optimal adsorbent mass varied
between 30 and 40 kg while the optimum tank
volume varied between 0.2 and 0.3 m3. Wang
[8] developed a novel two-stage adsorption
freezing machine, which is powered by the heat
source with the temperature below 100°C. The
composite adsorbents of CaCl2 and BaCl2
developed by the matrix of expanded natural
graphite were chosen as adsorbents. The
experimental results showed that the optimal
coefficient of performance (COP) and specific
cooling power (SCP) at 15 °C refrigeration are
0.127 and 100W.kg-1, respectively. COP and
SCP increased with the increasing heat source
temperature and decreased with the decreasing
evaporating temperature.

manual

adsorption collector

pressure
gauge

condenser

evaporator

refrigerator
compartment

Fig.1.The adsorption Refrigerator [9]
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The following figure shows the prototype of the
machine adsorption in semi pilot scale
manufactured. The realization and test of a
prototype at this scale allows evaluating the
feasibility of the pilot scale adsorption
refrigerator and its operating parameters. The
prototype has the following components: a
thermally insulated refrigeration compartment,
an evaporator, a condenser and an adsorption
tube collector (see Fig.1). The operation
principle of the machine consists in heating by
solar radiation the adsorbent contained in the
adsorption  collector, which is disposed
horizontally. This energy should be sufficient to
desorb the molecules of the adsorbate
(methanol) and to be transformed from its liquid
phase into vapour. Then, the methanol vapours
are condensed in a condenser and collected in a
tank then evacuated towards the evaporator in a
liquid phase. The adsorbent starts to cool
gradually when solar radiation begins de
decrease in the evening to reach the ambient
temperature. This decrease in temperature
involves the adsorption phenomenon of the
activated carbon with the methanol. Cold
production is the result of the energy needed to
evaporate the methanol in the evaporator, which
will Be absorbed by the activated carbon. This
phenomenon will cease when the adsorbent is
completely saturated with methanol for a
temperature  slightly  higher  than  the
environmental temperature and the initial
vacuum pressure.[9]

Solar Intermittent Refrigeration system
The basic concepts of solar refrigeration
appeared since about five decades, to date there
are only a limited number of developed systems
reported in the open literature, some of the most
important works are the following. Erhard et al.
[12] reported the performance of a solar
refrigeration system operating with NHSISrCIZ.

The main part of the device is an
absorber/desorber unit which is mounted inside
a concentrating solar collector in which the heat
of absorption is transported out of the solar
collector by means of two horizontally working
heat pipes. The overall efficiency defined as the
cooling capacity to the solar radiation received

by the solar collectors of the cooling system
varied from 0.05 to 0.08. Wang et al. [13]
published the results of a combined adsorption
heating and cooling system which operated with
activated carbon/methanol. The system was
tested with electric heating and it was found that
with 61 MJ heating it was able produce up to 9
kg ice were made. The calculated Coefficient of
Performance (COP) which is defined as the
cooling capacity to the heat supplied to the
generator of the system was 0.0591. Li et al.
[14] published the experimental study on
dynamic performance of a flat-plate solar solid-
adsorption refrigeration for ice maker operating
with activated carbon/methanol. The
experimental results showed that this machine
can produce 4-5 kg of ice after receiving 14-16
MJ of radiation energy with a surface area of

2
0.75 m, while producing 7-10 kg of ice after
receiving 28-30 MJ of radiation energy with 1.5

mz. Hildbrand et al. [15] reported the results of
the performance of an adsorptive solar
refrigerator ~ built  in  Yverdon-les-Bains,
Switzerland operating with the adsorption pair
silicagel + water. Cylindrical tubes function as
both the adsorber system and the solar collector.
The condenser is air-cooled and the evaporator
contains 40 | of water that can freeze. The
results showed that the gross solar coefficient of
performance defined by the authors varied
between 0.1 and 0.25 with a mean value of 0.16.
Khattab [16] presented the description an
operation of a novel solar-powered adsorption
refrigeration system operating with activated
carbon/methanol. The system consisted of a
modified glass tube having a generator (sorption
bed) at one end and a combined evaporator and
condenser at the other end and a simple
arrangement of plane reflectors to heat the
generator. The daily ice production was 6.9 and

9.4 kg/m2 and the net solar COP was 0.136 and
0.159 for cold and hot climate respectively. Li et
al. [17] developed a no valve, flat plate solar ice
maker on the basis of previous research
achievements. The system operated again with
activated carbon/methanol. The authors reported
that the no valve solar ice maker prototype was
approached to practical application of mass
production from view of cost and techniques.

Available online:http://internationaljournalofresearch.org/

Page |3



International Journal of Researcl h

4

International Journal of Research (1JR)

R~
&%: IR e-1SSN: 2348-6848, p- ISSN: 2348-795X Volume 2, Issue 11, November 2015
Available at http://internationaljournalofresearch.org

Rivera et al [18] published a paper about the
development of a solar intermittent system
operating with the ammonia/lithium nitrate
mixture. The authors reported that solar
coefficients of performance as high as 0.08 can
be obtained whit the developed system

From the literature review it is clear that
although has been relevant research on
developing solar refrigeration systems the most
of them have been focused in adsorption
systems which have in general low coefficients
of performance. Because of this in the present
paper the system developed previously by
Rivera [18] was evaluated but using now the
ternary mixture ammonia/lithium nitrate/water
with the purpose to increase the mixture
conductivity and to decrease the mixture
viscosity trying to increase the system
efficiency.  Physical and thermodynamic
properties of the ternary mixture were taken
from Libotean et al [19,20].
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Fig. 2. Schematic diagram of the solar
intermittent absorpti frigeration system[21]
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Fig. 3.Photograph of the solar intermittent
absorption refrigeration system developed[21]

Materials for Solar cooling and Refrigeration
System
Material selection process for the solar cooling
or refrigerating system is very crucial stage
selected according to temperature range.
Different PCM with phase change temperature
in the range for solar cooling applications were
selected as candidates from literature review
[22-23]. Many researchers have dealt with both
experimental and numerical analysis of different
configurations of TES systems using PCM as
the storage media for different applications.
Medrano et al. [24] experimentally investigated
the heat transfer process during the melting and
solidification RT35 as PCM in five small heat
exchangers. The highest average thermal power
was obtained for the compact heat exchanger
which was a shell-and-tube which incorporated
fins. Later on, Adine and Qarnia [25] presented
a numerical analysis of the thermal behavior of a
shell-and-tube PCM system comparing the
utilization between one and two PCM. Similarly,
Trp et al. [26] analyzed numerically and
experimentally the transient phenomenon during
both charging and discharging processes of the
shell-and-tube latent energy storage system
using paraffin as PCM. The authors concluded a
general statement saying that the selection of the
operating conditions and geometric parameters
dimensions depends on the required heat transfer
rate and the time in which the energy has to be
stored or delivered. Moreover, and due to the
solar radiation intensity variation over time, the
phase change process can occur under the non-
steady-state inlet boundary conditions. Tao and
He [27] performed a numerical study on TES
performance of PCM using a shell-and-tube unit
under  non-steady-state  inlet  boundary
conditions. Their main conclusion was that
when the average HTF inlet temperature is fixed
at a constant value, the melting time decreases
with the increase of the initial inlet temperature.
Most of the researchers worked with PCM
having low phase change temperature however,
some other investigations using PCM with
higher melting point have been performed.
Agyeneim et al. [28] compared the performance
of a multi-tube system with that of a single tube
shell and tube system using a PCM with a phase
change temperature of 117.7 °C. The main
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conclusion of their study was that the multi-tube
system improved the heat transfer rate during
charging, and produced an output temperature
suitable to operate the absorption cooling
system, but showed large sub cooling effect.
Moreover, an eutectic mixture of KNO3/NaNO3
as PCM with a melting temperature of 221 °C in
a storage prototype with an expanded graphite
sandwich configuration for direct steam
generation in solar thermal power plants was
experimentally tested by Baydn et al. [29].

CONCLUSION
A solar refrigeration system is a very effective
system to produce refrigerating effect using
solar energy. The TES system is targeted for
solar cooling applications. The conclusion of
this paper is an adsorption refrigeration system
for cold production able to answer the
socioeconomic requirements, in particular in
term of total low costs as the economical solar
collector, equipment, and maintenance cost and
technological simplicity. Cold thermal storage is
used in order to store cooling energy use while
shifting. Simulation of the phase change
phenomena is undertaken in order to determine
the quantity of PCM (ice) required to counteract
the heat losses at the walls during its melting
cycle (night period). A solar intermittent
refrigeration system for ice production has been
evaluated with the ammonia/lithium
nitrate/water mixtures at the evaporator
temperatures as low as - 11°C were obtained for
a period of time up to 8 hours. The solar
coefficient of performance reached values up to
0.098, which is 24% higher than the maximum
obtained previously by Rivera [18] operating the
system with the ammonia/lithium nitrate
mixture.
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