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Abstract

The depleting of the conventional sources of
energy and the excess use of HCF components
lead to the need for new techniques both for
conservation of energy sources for the future and
for decreasing the its harmful effects on the
environment. This study investigated the
adsorption capabilities of activated carbon. The
adsorption of methanol on this substance was
tested for their application in the adsorption
refrigeration system based on solar energy.

Adsorption refrigeration system has been
designed and manufactured with the energy
source being solar energy. Methanol/activated
carbon pairs have been used in experiments. The
present work focused on the performance of the
adsorption refrigeration system considering the
temperature attained in the evaporator and the
cooled spaced cabinet. The amounts of activated
carbon used was (8 kg), while the amount of
methanol were (1, 1.25, and 1.5) kg. The
experiments were done in different days of the
year. The amount of adsorption of methanol (as a
result of decreasing the evaporator and cooled
spaced temperature) was found to depend on the
generator pressure and its increase as the primary
generator pressure decreases. The best mass of
methanol used was (1 kg) which give the lowest
temperature obtained at the evaporative surface
was ( 3.4 °C) at the day ( 4/4/2017 ). The results
shown that even in cloudy days there is a benefit
from using such a system because the temperature
attained is enough to start the adsorption process.
The lowest temperature obtained at the
evaporative surface was (3.4 °C) at the day
(4/4/2017) for methanol mass of (1 kg) at an
opening time of the valve between the evaporator
and the generator (9:30am). The increase of
methanol amount used in the experiment led to a
good decrease in temperature attained in cooled
spaced, but this is related to the time of
connecting the evaporator and generator.

Keywords: Solar, Adsorption, Refrigeration,
Methanol, Activated Carbon.

1 Introduction
In remote areas where the electrical power
cannot be supplied easily, the use of the
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refrigeration and air conditioning may be
restricted. Thus, it should be studied to find a new
technique to develop an alternative power sources
or even a new technology for the refrigeration and
air conditioning fields. The alternative power
sources could be the renewable energy, such as
solar and wind energy. But, the use of the
renewable energy sources should be connecting
with a new design of the refrigeration system to
be familiar with the new source of power. Thus,
many new designs for the solar refrigeration
systems are proposed around the world.

Solar cooling utilizes the solar radiation to
power both the conventional and the new
refrigeration systems. When the solar energy is
used to power conventional systems, a set of
batteries should be used to storage the solar
energy in the form of electrical energy to
overcome the shortage of solar radiation during
night or cloudy days. While, the solar energy
should be converted to heat to power the new
refrigeration system design [1].

Adsorption Refrigeration, like the absorption
refrigeration, is driven by thermal energy. In
adsorption refrigeration, the  traditional
compressor is replaced by what is known as
thermal compressor. The solar adsorption uses
adsorption pairs that consist of the refrigerant,
which is called the Adsorbate, while the
substance that adsorbs the refrigerant is called the
Adsorbent.

Solar energy is used to drive the solar
refrigerator, in which the adsorption pair, such as,
methanol - activated carbon is wused. The
methanol acts as refrigerant while the activated
carbon is the adsorbent. Figure (1) shows the
simple adsorption refrigerator. The refrigerator
consists of a flat plate solar collector and a copper
pipe filled with a granular activated carbon
particle. The flat plate solar collector acts as unit
generator. There is a manual valve that separates
the generator from the other parts of the
refrigerator. The condenser is used to condensate
the methanol vapour. The condensate methanol is
accumulated in the receiver. Finally, there is an
evaporator in the form of thin metal box that is
installed in the refrigerator case.
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Figure 1: The simple adsorption refrigerator
cycle.

The selection of adsorption pairs depends on
the application of the adsorption refrigerator.
Many considerations should be taken into account
in selecting the adsorption pairs. The important
consideration is the adsorption Ability [2].
Activated carbon — methanol is selected as an
adsorption pair in the current work.

The adsorption refrigeration system was
produced early in the beginning of the last
century. In the 1920 s, G. E. Hulse suggested a
refrigeration system where the working fluid is
silica gel-SO2, this system was used for food
products reservation in trains and coaches. Hulse
et al. (1929) [3]. New technologies in the decade
of 1930 s, such as the discovery of the new
refrigerant agent (Freon) and the effective
creating of the compact closed compressor
presented a good improvement to the performance
of the compression refrigeration  system
remarkably. Due to these reasons the technology
that depends upon adsorption refrigeration cycles
could not challenge and compete with the highly
efficient systems working on Carbon Flour
Chlour refrigerants, such adsorbtion system had
not taken considerable attention by researchers for
a long time. The emergence of the problem of the
ozone depletion and the Global warming effects
pushed the world back to study the adsorption
refrigeration, after a long time of abatement in
this field.

Many researchers present studies that focus on
behavior of adsorption solar refrigeration systems.
Hildbrand et al. (2004) [4] developed an
adsorption icemaker in which water was used as
refrigerant and ice was produced within the
evaporator.

Ammar S. (2006) [5] presented an
experimental solar adsorption icemaker by using
flat plate collector, where the same collector,
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beside it’s working as generator also collect the
solar radiation. The results was so promising.

Hassan J.(2008) [6] presented experimental
and theoretical study of a hybrid adsorption
refrigeration system tests in different of
surrounding and generator temperature to
obtained on the better result of (COP) was about
0.31 when the concentration of methanol in active
carbon was 0.07, surrounding temperature (22
°C), generator temperature range about (64 °C),
minimum evaporator temperature was (-1 °C).

An air -conditioning unit based on adsorption
thermodynamics cycle of two generator beds was
designed and fabricated by Khalifa et al.
(2015)[7]. The two beds were constructed from
two concentric pipes made of copper. The bed
generators were placed in a metallic pipe to
transmit the exhausted hot gases, to construct
double passages heat exchanger. For the
completion of the air-conditioning system based
on adsorption process, both the evaporator and the
condenser were connected to the two bed
generators. The exhaust gases in the system were
created by burning hydrocarbon Propane gas.
Results in this study presented the relation
between the hot gases temperatures that was
implemented to warm the bed generator, and the
chilled  water  temperature  was  direct
proportionality to the hot gases temperature. The
least chilled water temperature achieved was (7.6
°C). The fan coil unit system was supplied with
chilled water to keep the indoor temperature at
(24.2 °C) for a (600 W) air-conditioning space
load. The highest value of the coefficient of
performance of the cycle was about (0.31) when
the temperature of the hot gases was (120 °C).

The new adsorption system attracted Sah et
al. (2016) [8]. They studied the adsorption process
of an ice maker that may be used for storing
perishable products. These ice maker machines
take there required energy depending on solar
radiation or depending on the waste heat recovery
from automobile and industrial sectors. They
presented the work both mathematically and
experimentally. In spite of the fact that natural
world benefits of such ice-maker machines are
grand and wonderful, these refrigeration units
have presented lower values of coefficient of
performances with traditional types.

The operating and performance of an
adsorption refrigeration system driven by a solar
collector was investigated by Hadj Ammar,
(2017)[9]. The thermodynamic cycle and the
working principle of the system were based on the
adsorption phenomena at a steady temperature.
The system operated with activated carbon (AC)-
methanol as a working pair, and Dubinin-
Astakhov (D-A) formula was used to describe this
phenomena. The comparative study between
different types of AC revealed that the one based
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on stone coal had an optimal performance
coefficient (COP) equal to 0.73 whereas a total
energy input to the system is 18740.05 kJ and a
total daily ice production of 13.65 kg at —3 °C.
The studied case showed that the best
performance of the system can be attained for low
ambient and condensation temperature with high
evaporation temperature. Ice produced can also be
improved when the initial water temperature is
low.

As mentioned later the main problems, which
challenge the word recently, is that the lack of the
traditional resources of energy and the depletion
of Ozone layer and the global warming effects.
This works aims to study the performance a
simple size solar adsorption refrigerator. The
characteristics of the performance of the solar
refrigerator are studied under different operating
parameters (including the operating conditions)
and the mass of Methanol used.

There are extensive effort have been achieved
in references [10-13] to develop the intermittent
solid adsorption system that promises good choice
as an alternative for solar refrigeration. Most
research methods have used activated carbon-
methanol for working pairs, and this has been
considered as the most suitable working pair for
solar solid adsorption Refrigeration. The solar
energy is a renewable resource, clean and as
mentioned later these systems considered
environmentally friendly.

2  Experimental Work

A solar adsorption refrigerator that contains
the following main components; two beds,
condenser, receiver and evaporator which are
built in the Engineering Technical College -
Baghdad, as shown in figure (2).

The generator acts as a thermal compressor
and consists of two similar parts. Each one is built
from galvanized steel channels, dimensions of
1170 mm length, 750 mm width and 60 mm
height. Four fins of 1170 mm length, 18 mm
width and 1.5 mm thickness are soldered through
the channel. The aim of using fins is to prevent
the channel from buckling since the generator
operates at a pressure less than the environment
pressure. The lower channel base is closed, while
the upper one is provided by a header copper pipe
of 9.525 mm diameter, many holes are drilled in
the heater to penetrate the methanol vapour to the
header. A steel mesh is used to cover the holes to
prevent activated carbon from blocking the holes.
The header is connected to two risers of diameter
9.525 mm, each riser is supported by a manual
valve. The headers are then collected in a single
pipe that connects the two generators to the
condenser inlet. Deep cleaning is achieved on the
generator beds, and then each bed is filled with 8
kg of a cylindrical grain activated carbon of 3.5
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mm in diameter, and ranging length from 5 to 15
mm.

A natural air cooled wire condenser of 920
mm height is used to condensate the methanol
vapour, the condenser is inclined by 15° from
horizontal to help the liquid methanol to flow to
the receiver.

The receiver made of galvanized steel pipe of
900 mm length and 76.2 mm in diameter. The
receiver is used to collect the liquid methanol
after condenser. A galvanized steel box
dimensions of 420mm length, 300mm width, and
30mm depth is manufactured and acts as an
evaporator. The evaporator is installed in a 5 ft
refrigerator body. A manual valve is used to
separate the evaporator from receiver.

The two generators are installed in aluminum
box with dimensions of 1280 mm length, 870 mm
width and 140 mm depth. A sheet of glass of 6
mm thickness is used to cover the upper face of
the box. Cork of 50 mm thickness is used to
insulate the generators from sides, the all parts of
system are installed as shown in figure (3).

Figure 3: The adsorption refrigerator

2.1 Experimental Procedure

The experimental procedure was as follow:

» Charge the system with methanol, a cylinder
filled with methanol of a given mass is connected
through a manifold gauge and vacuum pump.

» The manifold gauges valves are opened and
the vacuum pump is turned on to withdraw the air
from the gauges hose for about three hours.

« All manifold valves are closed and the
vacuum pump is turned off.

« A scale is used to measure the cylinder mass,
and then the valve connecting the cylinder to the
system is opened and the system is left for one
day to allow the activated carbon to adsorb the
methanol vapour.
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*  When the system pressure is (5 kPa), the valve
is closed and takes the final mass of the
cylinder.

» The difference between initial and final mass
of the cylinder gives the mass of methanol
charge, which equals about (1.5 kg). The
charging process should be achieved in a
shaded area.

Khaleel et al., pp. 523-531

* Measure temperature and pressure at all
locations.

Measuring and Instrumentation
Many measuring meters and instruments are
required to achieve a whole measurement to all
variables in experiments.

2.2

Figure 2: Schematic diagram of the solar adsorption cooling System

2.2.1 Solar Insolation Measurement

Solar power meter of type TES 1333R is used
to measure the solar radiation in one hour steps,
as shown in figure (4).

=T [T&ATD
MEMORY  READ

1333
T_s_ ‘X/;r POWER METER

Figure 4: Solar meter Used in Experiments

2.2.2 Pressure measurement

Bourdon gauge is used to measure the
pressure at condenser and evaporator. The gauges
have a range of (0 to -100) kPa with an accuracy
+ 0.1% of full scale, as shown in figure (5).
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Figure 5: Pressure Gauges Used in Experiments

2.2.3 Temperature measurement

The temperatures at various points in the
experiment are measured using LM35 sensors. All
sensors were connected to a data acquisition
system and interface card. The temperature is
measured at 14 points, 6 of them are at the
generator and other points distributed on different
places of refrigerator, as shown in figure (6). The
mentioned sensors were built in a microcontroller
kits as a data aquestion, the LABVIEW program
was used for measuring temperature.
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TP1 : Surface Plate Temperature At Section |
TP2 : Surface Plate Temperature At Section 2
TP3 : Surface Plate Temperature At Section 3
P4
TIPS : Surface Plate Tempernature At Section §
TP6

T in gl : Inlet First Generator Temperature

Surface Plate Temperature At Section 4
Surface Plate Temperature At Section 6
T in g2 : Inlet Second Generator Temperature
T out gl: Outlet Generator Tempernture

T out g2: Outlet Generator Temperature

I receiver : Receiver Tempenture

T in cvp. : Inlet evaporator Temperature

T surf. : Evaporator Surface Temperature

T cooled Space : cooked Space Temperature

Figure 6: Location of the temperature measurement at the

3 Results and Discussions

The interest in adsorption cooling systems has
been renewed in the last decades. The efficiency
of such systems is greatly affected due the pairs
used as working fluid and the operating
conditions of the system. As was mentioned
before, this work is for an adsorption cooling
system with the aid of solar collector to achieve
the necessary heating. In the experiments, the
adsorbent used was (8 kg) of activated carbon as a
physical adsorbent (generator), while the mass of
the working fluid (refrigerant) is approximately
(1, 1.25, 1.5) kg of pure Methanol. Tests were
performed to determine the thermal behavior and
cooling effect of adsorption system performance
with these working fluids. These experimental
tests cover the variation in the heating power
(depending on the solar radiation for different
days) and its effects on temperature and pressure
distribution of adsorbent, condenser / evaporator
of the adsorption system performance with time
along the axial coordinate.

The effect of methanol mass and outdoor
conditions on the performance of the solar
adsorption refrigeration cycle are shown bellows,
the experimental work is extended from 4/4/2017
to 17/4/2017, where the mass of methanol were (1
kg and 1.25 kg) .For the period from (12/7/2016
to 13/7/2016) the mass of methanol was (1.5 kg).

The field system was tested on the
circumstances of April month on the dates shown
on each figures.

Figure (7) shows the behavior of solar
radiation in the site of the field unit (Baghdad) on
the generator surface. The amount of the
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methanol charged was (1 kg). The solar radiation
increased from the beginning of the experiment at
(10:00 am) and reached it is maximum value at
(12:00 noon), then began to decrease to the end of
the heating process of the collector at (12:00 pm).
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Figure 7: Solar radiation intensity on the unit
generator.

The temperature of the surface of the collector
was recorded and the average surface temperature
with time is measured. The average temperature of
the collector increased with the increase of the
solar radiation and reached a maximum value of
approximately (94.5 °C) as shown in Figure (8).
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Figure 8: The variation of average plate
temperature and ambient Temperature with the
time.

Figure (9) shows the variation of generator
pressure with time, when the mass of methanol is
(1 kg), it can be seen from the figure that the
initial generator pressure is about (2 kPa), as the
solar radiation covers the generator surface, the
methanol desorb from the activated carbon and
the pressure inside generator increases due to the
increases of temperature due to the increase solar
radiation. The maximum generator pressure
reaches about (35 kPa) at solar noon. Since the
methanol mass is limited in the generator, thus the
generator pressure increases rapidly. The valve
isolated the generator from condenser is opened at
(12:00 am), the generator pressure falls
continuously until reaches about (15 kPa) at time
(16:00 pm).
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0 | | | | | | | | | | | | |
95 10 105 1 M5 12 125 13 135 14 145 15 155 16 165
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Figure 9: the variation of generator pressure with
time.

The temperature at the outlet of the generator
starting to increase till it reach to approximately
(41 °C) at noon as shown in Figure (10) , then as
the valve opened the generator temperature falls
less than a temperature of (34 °C) as shown in
figure (4), as the sun set the generator temperature
reduces.
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generator

Figure (11) shows the variation of evaporator
inlet temperature and receiver temperature with the
time, it can be seen from the figure that the
receiver temperature increases with the increasing
of the generator temperature, until it reaches the
maximum temperature at time (1:30 pm). The
evaporator inlet temperature is less than that of the
receiver temperature, due to the heat lost to the
ambient from the piping connecting the receiver to

the evaporator.
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Figure 11: The variation of evaporator inlet
temperature and receiver Temperature with the
time

Figure (12) shows the variation of evaporator
surface temperature and cold space temperature
with the time. At early morning of the next day
the liquid methanol is stored in the receiver, when
the valve separated the receiver from the
evaporator is opened the evaporator surface
temperature falls suddenly from about 25 to about
3 °C, at the same time the cold space temperature
reduces from 24 to about 16 °C, since the mass of
methanol is enough to overcome the space load,
thus the cooling process takes about only two
hours from the open valve.
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Figure 12: The variation of evaporator and cold
space temperatues with the time.

Figure (13) shows the variation of the
temperature  of the evaporative surface
temperature and average plate temperature with
time. From figure it’s noted that both
temperatures are approximately same in the
beginning of the day (5/4/2017) , the temperature
of the average plate of the cold space decreases
from (24 °C) to (4.9 °C). This is due to the abrupt
decrease in pressure for a short period which
accompanied by a decrease in temperature due to
the extracting of heat from the cooled space,
During the evaporation of methanol and moving
the methanol toward the generators accompanied
by heat due to the adsorbtion process.

The mass of methanol is increased to 1.25 kg
in the next step of experiment. Figures (14-20)
shows the variation of mass of methanol on the
parameters of the solar adsorption refrigerator.
These figures show the same behavior as for (1 kg
of methanol) and the temperature of the
evaporator surface fall down from (21 to 10) °C.

The effect of increasing methanol mass to (1.5
kg) was studied as previous cases. These
experiment were carried out at 13/7/2016. Even
the weather was so hot, windy and dust, the
evaporator surface temperature is decreased from
35 °C to 15 °C, as shown in Fig.(21).
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Figure 13: The variation of evaporator and
average plate temperatures with the time.

Khaleel et al., pp. 523-531

1100

1000

900

800

~
3
=

2
8
5

IRI (Watt/m?)

500

400

Date .
17/4/2017
300 - | m=125kg
g0 Ll L
85 9 95 10 105 11 15 12 125 13 135 14 145 15 155 16 165
Day time (hr.)

Figure 14: Solar radiation intensity on the unit
generator.
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Figure 15: The variation of average plate
temperature and ambient temperature with the
time.
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Figure 16: the variation of generator pressure
with time.



NJES Vol.21, No.4, 2018

Out Let Generator Temperature (°C)

35 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
85 9 95 10 105 11 115 12 125 13 135 14 145 15 155 16 165

Day Time (hr.)

Figure 17: The variation of generator temperature
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4“4 [ Date @ Inlet to the evaporator Temp.

17/4/2017
m=125kg

+  Receiver Temp,

IS
&
T

Temperature (°C)
8
T

85 9 95 10 105 11 115 12 125 13 135 14 145 15 155 16 165
Day time (hr.)
Figure 18: The variation of evaporator inlet
temperature and receiver temperature with the
time

N o e B B B

[ | Date
35 | 18/4/2017
[ |m=125kg

o
X
T

Temperature (°C)

s 1 v
5 55 6 65 7 75 8 85 9 95 10 105 1 15 12
Day time (hr.)

Figure 19: The variation of evaporator and cold
space temperatures with the time.
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Figure 20: The variation of evaporator and
average plate temperatures with the time.
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Figure 21: The variation of evaporator and cold
space temperatures with the time

4 Conclusions

The study represents the use of adsorption
refrigeration system with the aid of a solar
collector to get the required energy for the
adsorption process. This technique is widely used
nowadays because of the decrease in conventional
energy sources and the pollution taking place in
the environment due to the use of Freon. The
working of such systems gave many conclusions
and these conclusions may be further studied to
improve the performance of such system.

The main conclusions of the experimental
results are as follows:
+ Itis shown that even in cloudy days there is a
benefit from using such a system because the
temperature attained is enough to start the
adsorption process, The temperature difference
obtained at April 2017 was ( AT=20 °C), where
the ambient temperature was ( 24 °C). The
temperature difference obtained at July 2016 was
(AT=16 °C), where the ambient temperature was
(33 °C).
+ The lowest temperature obtained at the
evaporative surface was (3.4 °C) at the day
(4/4/2016) for methanol mass of (1 kg) at an
opening time of the valve between the evaporator
and the generator (9:30 am).
* The increase of methanol amount used in the
experiment led to a good decrease in temperature
attained in cooled spaced, but this is related to the
time of connecting the evaporator and generator.
* The wind is very affect in the performance of
such a system due to the rapid cooling of the
condenser.
* The coefficient of performance of the system
is improved with the early connection between the
evaporator and the solar collector bed. The best
time to connect the evaporator to the solar
collector is at the lowest temperature at the day.
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