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Abstract: Environment and energy problems over the world have motivated researchers to develop
energy systems more sustainable, having as one of the possible alternative the use of solar energy as
source for cooling systems. Adsorption refrigeration systems are regarded as environmentally
friendly alternatives to conventional vapour compression refrigeration systems, since they can use
refrigerants that do not contribute to ozone layer depletion and global warming. In this paper a
performance comparison between a solar continuous adsorption cooling system without mass
recovery process and solar continuous adsorption cooling system with mass recovery process is
carried out. Silica-Gel as adsorbent and water as refrigerant are selected. The results show that the
adsorption refrigeration machine driven by solar energy can operate effectively during four months
and is able to produce cold continuously along the 24 hours of the day. The importance of the mass
recovery is proved in this study by increasing the coefficient of performance and the cooling
capacity produced. For the same cooling capacity produced, the required number of solar collectors
with mass recovery system is lower than the required number of solar collectors in the case of the
refrigeration unit without mass recovery. For the same cooling capacity the system with mass
recovery process allowed lower generation temperature.

Introduction

The production of cold water for air-conditioning uses several refrigeration cycles. Among these
cycles the adsorption refrigeration systems have attracted more attention in research and
development. Adsorption refrigeration systems employ natural substances as refrigerant, such as
water, methanol and ammonia among others, which have zero GWP and ODP. Adsorption
refrigeration systems refrigeration systems can be powered with waste heat or solar energy, hence
could contribute greatly to electricity energy conservation. Silica-gel is most widely used adsorbent
while water, is most widely used adsorbate (refrigerant) in solar-powered or waste heat-driven
adsorption refrigeration systems [1]. Several researchers have studied adsorption refrigeration
system [2-9]. In this paper a performance comparison between a solar continuous adsorption
cooling system without mass recovery process and solar continuous adsorption cooling system with
mass recovery process is carried out using the pair silica-gel/water as adsorbent and adsorbate
(refrigerant) respectively.

System Description

Fig. 1 presents the working principle of the solar adsorption chiller. The proposed system
consists of a two-bed adsorption chiller, solar collectors and a storage tank of the solar energy.
Fig.2. presents the description of the two-bed adsorption chiller with and without mass recovery.
The two-bed adsorption chiller is composed of an evaporator, a condenser and a pair of sorption
elements (SE1 and SE2). ES1 and ES2 are connected through the valve 5. The operation of the
machine goes through six modes.
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Fig. 1: Schematic diagram of the coupling of Fig. 2 Schematic diagram of two-bed
solar system with the adsorption chiller adsorption chiller with mass recovery

Mathematical Model

In this study the following assumptions were adopted:
e It is considered that the system is well insulated then there are no heat losses to the
environment.
e All the quantity of vapour transferred in the mass recovery mode is adsorbed by the
adsorbent
e [t is assumed that the gases are perfect.
e The values of the pressure and temperature are uniform in the adsorber, the generator, the
condenser and the evaporator.
According to these assumptions, the dynamic behavior of heat and mass inside the different
components of the adsorption chiller has been written.

System Performance

The cooling output Q.y, the heat supplied to desorber Qy i, and COP are calculated by the following
relations:

tcycle .
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Results and Discussion

In order to study the influence of the mass recovery on the performance of the refrigeration unit, a
Fortran program based on the resolution of simultaneous differential equations according to the
operation modes of the two-bed adsorption chiller was written assuming that during one hour the
cycles of the adsorption chillers are identical (it is considered that the temperature of the storage
tank is constant for one hour time). Figs. 3-6 show the variation of the coefficient of performance
COP, the cooling capacity Q.y, the temperature of the solar energy storage tank T, and heat supplied
to the generator Qy, for the day 17™ of the month of July in Constantine (Altitude 689m, Latitude
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36.28N, Longitude 6.37E). It can be seen that the variation of the four parameters are identical and
there are four zones:

The first zone between 8hr and hr: there is a decrease of the four parameters. At 8hr the circuit
between the solar collectors and the storage tank is open. Solar radiation received by the solar
collectors is lower than thermal losses of the solar collectors therefore; the outlet temperature of the
solar collector is lower than the temperature of the storage tank which implies a cooling of the water
in the storage tank which also leads to a decrease of the temperature of the storage tank T (Fig. 5).
The decrease of the temperature T causes an increase of the minimum mass which reduces the
mass cycled and in turn causes a decrease in refrigeration load Q., (Fig. 4) which leads to a
decrease in the COP values (Fig. 3).

The second zone between Shr and 18hr: there is an increase of the four parameters to reach a
maximum at 18hr. The circuit between the solar collectors and the storage tank is open. Solar
radiation received by the collectors exceeds the heat losses. Therefore; the collectors temperature
output is lower than the temperature of the storage tank which involves heating the water in the
storage tank resulting in an increase of the temperature T (Fig. 5). Increasing the temperature T of
the storage tank which leads to a decrease of the minimum mass and that increases the mass cycled
resulting in an increase of the cooling output Q. (Fig. 4) which gives an increase in the coefficient
of performance COP (Fig. 3).

The third zone between 18hr and 21hr: The four parameters decrease. The circuit between the solar
collectors and the storage tank is open until 21hr. Solar radiation received by solar collectors is
lower than thermal losses of the collectors. Therefore, the outlet temperature of the solar collector is
lower than the temperature of the storage tank which leads to a cooling of the storage tank resulting
in a decrease in the temperature T (Fig. 7). The decrease of the temperature T causes an increase
of the minimum refrigerant mass which reduces the mass cycled and causes a reduction in the
refrigeration load Q.y (Fig. 4) which gives a decrease in the COP of the chiller (Fig. 3).

The fourth zone between 21hr and 7hr: there is a decrease of the four parameters but with different
slopes. The circuit between the collectors and the storage tank is closed. The tank temperature T,
decreases due to the heat losses from the storage tank and the heat extracted to realize the
desorption process. The decrease of the temperature T (Fig. 5) causes an increase of the minimum
mass which reduces the mass cycled resulting in a decrease in refrigeration load Q. (Fig. 4) which
implies a decrease in the cycle COP (Fig. 3).

It can be seen also that:

From 3 to 7 o'clock, the power consumed by the generator of the refrigeration unit with mass
recovery is greater than the power consumed by the generator of the refrigeration unit without mass
recovery (Fig. 6). The increase of the heat supplied to the generator between 3hr and 7hr is due to
the low values of the storage tank temperature in the case of adsorption chiller without mass
recovery which approach the temperatures limits of desorption phenomenon implying a low power
consumption of the generator. The coefficient of performance of the refrigeration unit with mass
recovery is greater than the coefficient of performance of the refrigeration unit without mass
recovery (Fig. 5). The production of the refrigeration chiller with mass recovery is greater than the
cooling output of the refrigeration unit without mass recovery (Fig. 4). The temperature of the
storage tank installed with the adsorption chiller with mass recovery is higher than the temperature
of the storage tank installed with the refrigeration unit without mass recovery (Fig. 5). Between 8
and 3 o'clock, power consumed by the generator of the refrigeration unit with mass recovery is
lower than the power consumed by the generator of the refrigeration unit without recovery of the
mass (Fig. 5). The cooling load production of adsorption chiller with mass recovery is greater than
the cooling load of adsorption chiller without mass recovery and the generation heat in the case with
mass recovery is lower than the generation heat in the case without mass recovery which explains
the higher values of the coefficient of performance of the adsorption chiller with mass recovery.
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Fig. 7 shows the variation of the coefficient of performance of the two-bed adsorption refrigeration
unit with and without mass recovery as a function of generation temperature. It is clear that the
coefficient of performance of the adsorption refrigeration unit with mass recovery is greater than the
refrigeration unit without mass recovery. The adsorption refrigeration unit with mass recovery is
more efficient than the refrigeration unit without mass recovery with low generation temperatures
(minimum generation temperature is about 57°C). Fig. 8 shows the variation of the cooling
production versus the generation temperature of the adsorption chiller with and without mass
recovery. It is clear that the cooling production of the adsorption chiller with mass recovery is
greater than the refrigeration unit without mass recovery. So, for the same cooling power produced,
the temperature of generation with the refrigeration unit with mass recovery is lower than the
refrigeration unit without mass recovery which reduces the number of solar collectors needed by the
system.
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To ensure constant refrigeration load an auxiliary heat source is used. In the present study for a
cooling load of 24.2 kW the system need 27.1 kW. It is found that the auxiliary heat source covers
about 34% of the total energy required and solar energy covers about 66% of the total energy
required which shows the interesting use of solar energy.

Conclusion

The results obtained allow us to draw the following conclusions:

e The simulated results show that the adsorption chiller driven by solar energy can operate
effectively during four months and is able to produce cold continuously along the 24 hours
of the day.

e For the couple silica-gel/water the minimum generation temperature is about 57°C.

e The importance of the mass recovery is proved in this study by increasing the coefficient of
performance and the cooling capacity produced.

e For the same cooling capacity produced, the required number of solar collectors with mass
recovery system is lower than the required number of solar collectors in the case of without
mass recovery.

e For the same cooling capacity the system with mass recovery process allowed lower
generation temperature
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