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Abstract—Refrigeration plays an important role in our world,
primarily for the preservation of food, healthcare materials (storage
of vaccines, blood and medicine), and human thermal comfort (air
conditioning and temperature regulation).Cooling in industrial
countries depends heavily on grid electricity which is supplied
continuously and reliably to every part of the country. This paper
presents a solar cooling system that has been designed for India and
similar tropical regions using evacuated tube solar collectors and
silica gel absorption unit.
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1. INTRODUCTION

In coming years, global warming and energy scarcity have
become more and more serious cop-out of economic
development all over the world. Adsorption cooling
technology Sourced by solar energy or waste heat have
stressed increasing attention, as such systems need neither
CFCs nor HCFCs as the working fluid and neither fossil fuel
nor electricity to drive them.

Water adsorption chiller based on silica gel can be used in
combination with solar energy because of the possibility of
using the low-grade solar energy under 80° C, which can be
easily obtained with evacuated type flat-plate collectors. Even
supposing that adsorption chillers are thought to be very
favorable in the future for the application of solar cooling and
waste heat recovery, the wide spread of this technology is not
yet possible. The reason is mostly attributed to the less COP
value (COP, coefficient of performance, defined as the ratio of
the output cooling power and the input heating power)easily
obtained with evacuated type flat-plate collectors. Even
supposing that adsorption chillers are thought to be very
favorable in the future for the application of solar cooling and
waste heat recovery, the wide spread of this technology is not
yet possible. The reason is mostly attributed to the less COP
value (COP, coefficient of performance, defined as the ratio of
the output cooling power and the input heating power)

2. CYCLE DESCRIPTION

The adsorption cooling unit prepared in this paper consists of
seven major components:

One rotating bed adsorbers (silica gel bed),
Solar collector,

Cooling well,

Indirect evaporator,

Two check valves,

Pump,

Rotor,

Blower,
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Panel.
As shown in Fig. 1.

The adsorbent is packed in the rotating bed heat exchangers,
which undergo alternate humidification and dehumidification
to allow air to adsorption and desorption, as illustrated in Fig.
1. For description of the cycle, it is assumed that the half cycle
of adsorber is initially to be cold at T = T, while the other half
cycle of adsorber is to be at Ty. In the beginning, hot water at
Ty is passed through heat exchanger which will convert
ambient air into hot air and goes through moisture content half
adsorber bed.

At same time outside air is passed through lower silica bed
adsorber, which will extract the moisture content of outside air
and make it dry air at Ty, . Therefore, the regeneration process
begins at 1% half of adsorber bed and adsorption process
begins at 2" half of adsorber bed. In the beginning, all the
valves are closed, the dry air then pass through indirect
evaporative cooler where dry air passes through small
diameter copper tubes like heat exchanger which is coupled
with evaporative pads, cool water were sprinkled over
evaporative pads to extract heat from air. Cool water were
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recycled and condensed with the help of cooling well. After
completing the first half cycle, that is, when the 1% half
adsorber bed is heated and 2™ half adsorber bed is cooled, at
the same time of cooling and heating of adsorber, the silica
bed is also rotating but at very slow speed with the help of
rotor. In the second half cycle, the regeneration process begins
at 2" half of adsorberbed, and adsorption process begins at 1%
half of adsorber bed. In this way, adsorption and desorption
processes begin at 1% half adsorbers bed and 2" half,

respectively.
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Figure 1 Schematic diagram of the system for cooling.

3. PSYCHOMETRIC PROCESSES

In the domestic and industrial air conditioning applications
some psychrometric processes have to be performed on the air
to change the psychrometric properties of air so as to obtain
certain values of temperature and humidity of air within the
enclosed space. Some of the common psychrometric processes
carried out on air are: sensible heating and cooling of
air, humidification and dehumidification of air, mixing of
various streams of air, or there may be combinations of the
various processes.

3.1 Sensible Cooling of the Air

Cooling of the air is one of the most common psychrometric
processes in the air conditioning systems. The basic function
of the air-conditioners is to cool the air absorbed from the
room or the atmosphere, which is at higher temperatures. The
sensible cooling of air is the process in which only the sensible
heat of the air is removed so as to reduce its temperature, and
there is no change in the moisture content (kg/kg of dry air) of
the air. During sensible cooling process the dry bulb (DB)
temperature and wet bulb (WB) temperature of the air reduces,
while the latent heat of the air and the dew point (DP)
temperature of the air remains constant. There is overall
reduction in the enthalpy of the air.

In the ordinary window or the split air conditioner the cooling
of air is carried out by passing it over the evaporator coil, also
called as the cooling coil. The room air or the atmospheric air
passes over this coil carrying the refrigerant at extremely low
temperatures, and gets cooled and passes to the space which is
to be maintained at the comfort conditions.

The sensible cooling process is represented by a straight
horizontal line on the psychrometric chart. The line starts from
the initial DB temperature of the air and ends at the final DB
temperature of the air extending towards the left side from
high temperature to the low temperature (see the figure
below). The sensible cooling line is also the constant DP
temperature line since the moisture content of the air remains
constant. The initial and final points on the psychrometric
chart give all the properties of the air.

Constant =W

Constant=m, = m, =m

m; = m, ()
G, W, = G,W, @
Gihy +Q1-5 = Gah, --(3)
Q-2 = G(hy—hy) ---(4)

Q1—2 =G (ha2+W2hw2) - <ha1 + Wlhwl)](S)

Enthalpy (KJ/kg or dry air}

Sensible cooling
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Figure 2 Sensible cooling.

3.2 Sensible Heating of the Air

Sensible heating process is opposite to sensible cooling
process. In sensible heating process the temperature of air is
increased without changing its moisture content. During this
process the sensible heat, DB and WB temperature of the air
increases while latent of air, and the DP point temperature of
the air remains constant.

Sensible heating of the air is important when the air
conditioner is used as the heat pump to heat the air. In the heat
pump the air is heated by passing it over the condenser coil or
the heating coil that carry the high temperature refrigerant. In
some cases the heating of air is also done to suit different
industrial and comfort air-conditioning applications where
large air conditioning systems are used.
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In general the sensible heating process is carried out by
passing the air over the heating coil. This coil may be heated
by passing the refrigerant, the hot water, the steam or by
electric resistance heating coil. The hot water and steam are
used for the industrial applications.

Like the sensible cooling, the sensible heating process is also
represented by a straight horizontal line on the psychrometric
chart. The line starts from the initial DB temperature of air and
ends at the final temperature extending towards the right (see
the figure). The sensible heating line is also the constant DP
temperature line.

Enthalpy (KJkg of dry air)

Sensible heating

DPT

Water Vapor (kg/kg of dry air)

DB1 DB2

Dry Bulb Temperature
(degree C)

3.3 Cooling and Dehumidification Process

The process in which the air is cooled sensibly and at the same
time the moisture is removed from it is called as cooling and
dehumidification process. Cooling and dehumidification
process is obtained when the air at the given dry bulb and dew
point (DP) temperature is cooled below the dew point
temperature.

The cooling and dehumidification process is most widely used
air conditioning application. It is used in all types of window,
split, packaged and central air conditioning systems for
producing the comfort conditions inside the space to be
cooled. In the window and split air conditioners the evaporator
coil or cooling coil is maintained at temperature lower than the
dew point temperature of the room air or the atmospheric air
by the cool refrigerant passing through it. When the room air
passes over this coil its DB temperature reduces and at the
same time moisture is also removed since the air is cooled
below its DP temperature. The dew formed on the cooling coil
is removed out by small tubing. In the central air conditioning
systems the cooling coil is cooled by the refrigerant or the
chilled water. When the room air passes over this coil, it gets
cooled and dehumidified.

In the general the cooling and dehumidification process is
obtained by passing the air over coil through which the cool
refrigerant, chilled water or cooled gas is passed.

During the cooling and dehumidification process the dry bulb,
wet bulb and the dew point temperature of air reduces.
Similarly, the sensible heat and the latent heat of the air also
reduce leading to overall reduction in the enthalpy of the air.
The cooling and dehumidification process is represented by a
straight angular line on the psychrometric chart. The line starts
from the given value of the DB temperature and extends
downwards towards left.

Gi1=G,=G

m, =m, +L ... (6)
L=G (Wi W)

The Energy equation gives:

G1hy =Ghy+ Qi3 + L.hgy (7

Where hfz is the specific enthalpy of water at temperature
t,.

Q12 =G (hy —hy)-W; —=Wp) hsp  ...(8)
If (W, — W) hy, is small the amount of heat removed

Q1-2=G (hy — hy) --(9)
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Figure 4 Cooling and dehumidification.

3.4 Heating and Humidification Process

In heating and humidification psychrometric process of the air,
the dry bulb temperature as well as the humidity of the air
increases. The heating and humidification process is carried
out by passing the air over spray of water, which is maintained
at temperature higher than the dry bulb temperature of air or
by mixing air and the steam.
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When the ordinary air is passed over the spray of water
maintained at temperature higher than the dry bulb
temperature of the air, the moisture particles from the spray
tend to get evaporated and get absorbed in the air due to which
the moisture content of the air increase. At the same time,
since the temperature of the moisture is greater than the dry
bulb temperature of the air, there is overall increase in its
temperature.

During heating and humidification process the dry bulb, wet
bulb, and dew point temperature of the air increases along
with its relative humidity. The heating and humidification
process is represented on the psychrometric chart by an
angular line that starts from the given value of the dry bulb
temperature and extends upwards towards right.

Gie Gy G

ml+L=m, ..(10)
L=m2_m1 = G (Wle) (11)
Glhl =1L hf + Q1_2 = Gzhz (12)

Qi-2 = G (hy—hy) — G (W, W) hy

=G [(hy—hy) — (W, — Wy)he|  ..(13)

Enthalpy (KJ/kg or dry air)

Waler Vapor (kg/kg of dry air)

oe1 oBe2

Dry Bulb Temperature
(degree C)

Figure 5 Heating and humidification.

4. CONCLUSION

In this paper, a honeycomb silica gel bed—water adsorption
chiller with indirect evaporation was newly developed. A solar
powered compound system for drying and cooling was
designed and constructed in BIT Mesra to conduct the field
test. Based on the experimental results in the laboratory when
this adsorption chiller were conducted in the laboratory. Under
the standard test conditions of 80 C hot water, 30 C cooling
water, and 14 C chilled water inlet temperatures, a cooling
power of 9 kW and a COP of 0.37 can be achieved.

5. NOMENCLATURE

W; = Humidity ratio at inlet

W, = Humidity ratio at outlet

m; =mass of water vapour at inlet

m, =mass of water vapour at inlet

G; =mass of dry air at inlet

G, =mass of dry air at outlet

h; = Specific enthalpy at inlet

h, = Specific enthalpy at outlet

ha = Specific enthalpy of dry air at inlet

h,, = Specific enthalpy of dry air at outlet

hw: =Specific enthalpy of water vapour in air at inlet
hwz = Specific enthalpy of water vapour in air at outlet
Q = Total heat transfer

hy, = hy, is the specific enthalpy of water at temperature ¢,

L = amount of moisture removed
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