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Abstract—India is a tropical country which experiences a very high temperature during summer and becomes highly uncomfortable for the
people. For cooling purpose people use refrigerator and air coolers which generates a high electricity bill, which leads to the investigation
of water cum air cooler using the principal of evaporative cooling and thermosyphon, using solar energy as the source of power. This paper
shows the research work in Evaporative cooling using clay materials and thus helps us in learning and understanding the cooling system
more efficiently. This paper combines the different research work on evaporative cooling.

Index Terms—Analysis of evaporation, Additives for improving evaporation, Clay pot cooler, Direct and indirect evaporative cooling,

Evaporative cooler, Natural cooler, Water cum air cooler.

1 INTRODUCTION

Refrigeration is defined as the process of removing heat from
a body or enclosed space so that its temperature is first

lowered and then maintained at a level below the tempera-
ture of surroundings. In such a case, the body or enclosed space
is said to be refrigerated system.

Refrigeration in its natural from dates to medieval times

when food preservation was achieved by storing it in cave
which were colder than the prevalent atmosphere outside.
Also, cooling of products for preservation was achieved by
immensingthem either in a steam of cold water or in cold shal-
low well. These methods could produce the temperature upto
10 to 15 degree Celsius. Cooling of water in earthen porous
pots is well known to mankind.
It is general knowledge that from ancient practice, moulded
clay materials keep the contents cold. This research work
sought to identify to what extent it does this under specified
conditions and the scientific proof to that effect. The work
went further to do an in-depth analysis of evaporative cooling
on sintered clay sample materials and the information ob-
tained by experiment was used to model an evaporative cool-
ing pad

2EVAPORATIVE COOLING

Evaporative cooling process remains one of the least expen-
sive techniques, environmentally clean, fresh supply air and
natural fragrance of air, to bring dry bulb temperature to a
more comfortable range, during hot season since ancient
times. It is based on the thermodynamic process of evaporat-
ing water to the surrounding air, which involves exchange
sensible heat and latent heat between air and exposed water
surface at constant enthalpy.Evaporative cooling is deemed to
be an appropriate alternative cooling mechanism for the cool-
ing of engineering systems in operation due to its simplicity,
power saving characteristics as well as its attendant success as
a cooling mechanism in other relevant applications. In princi-
ple there are two types of evaporative air cooling systems

¢ Direct Evaporative Cooling (DEC)

¢ Indirect Evaporative Cooling (IEC)

2.1DirectEvaporative cooling

In a Direct Evaporative Air Cooling (DEC) system, air is taken
in through porous wetted media or through a spray of water.

In the process sensible heat of air evaporates some water. The
heat and mass transferred between the air and water lowers
the dry-bulb temperature of air and increases the humidity at
a constant wet-bulb temperature. The dry-bulb temperature of
the nearly saturated air approaches the ambient air wet-bulb
temperature. The process is an adiabatic saturation one. The
wet bulb temperature of the entering airstream limits direct
evaporative cooling. This is so because the Dry Bulb Tempera-
ture (DBT) of the outgoing airstream can at most be brought to
the Wet Bulb Temperature (WBT) of the incoming airstream.

2.1 Indirect Evaporative cooling

In Indirect Evaporative Air Cooling (IEC) heat transfer be-
tween primary and secondary airstreams takes place. The air
supplied from outside air to the conditioned space is termed
as primary air. The primary air is cooled by secondary air with
the help of heat transfer. Secondary air evaporates some of the
water which reduces the temperature of secondary air and
water. Theoretically temperature of secondary air and water
can be reduced to the secondary air wet bulb temperature.
Heat transfer takes place from the primary air to the second-
ary air through the wall of the heat exchanger. While constant
wet bulb temperature cooling takes place in the path of sec-
ondary air and sensible cooling takes place in the path of pri-
mary air.

3. CERAMIC/CLAY POTS

Ceramic in an inorganic, non-metallic solid prepared by the
action of heat and subsequent cooling. They withstand chemi-
cal erosion that occurs in other materials subjected to acidic or
caustic environment. Ceramic pots are made of normal mud
used for making water pots which is present in abundant,
cheaply available everywhere and easy to process. It is heated
at 70 degree Celsius for five hours. A material’s strength is
dependent on its microstructure. The engineering process to
which a material is subjected can alter this microstructure.
Theoretically, a material could be made infinitely strong if its
grain is made infinitely small.
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3.1 proprties of clay/ceramic material

Clay pipe is made of chemically combined silica, alumina and
water.In its natural state, it is rarely pure and usually contains
impurities such as sand, limestone, pebbles, iron oxide and
traces of other elements it has accumulated over the long
period of time it has taken to become clay. These impurities in
any combination provide the clay with a unique set of
properties that make different types of clay useful for different
purposes. Pure clay with little or no impurities lacks some of
the properties that a potter need.

1) Shrinkage --- The reduction of the clay mass that
occurs when water in the clay evaporates during
drying and firing.

2) Plasticity --- The property of the clay that allows it to
change shape without tearing or breaking.

3) Moisture --- All clay has moisture, as the moisture
evaporates the clay gets harder to shape.

4 RESEARCH WORK

4.1 Analysis of water in ceramics

Due to the ability of clay vessels to store and retain water be-
low ambient temperature, it has become a basic commodity
for water storage among the rural dwellers. It therefore, be-
comes necessary to study and determine how effective and
efficient porous clay pot serves as evaporating coolers. The
effectiveness of the clay pots depends upon the shape of pots
used, ambient air conditions, water holding capacity and also
the composition of clay material. Experimental analysis of clay
pots with different shapes are carried out previously. It was
observed that the mass loss of the water by evaporation was
significantly affected by the surface area of the pots and the
microstructure (closeness of the pores in the structure).

The pot with the widest surface area results into most effective
cooling and heat transfer of the water in pot by evaporation.
Enthalpy is the amount of internal energy within the system.
Enthalpy is a function of temperature rise a positive enthalpy
values indicate an endothermic reaction which results in mar-
ginal cooling of water in pots. There exist a relationship be-
tween temperature, enthalpy and evaporative cooling rate.
Higher the temperature higher will be the enthalpy and evap-
orativecooling rate. At initial stages the temperature of the
water is high which will result into high enthalpy and high
evaporative cooling rate but with time the temperature of wa-
ter will be lowered down consequently lowering down the
enthalpy and evaporativeCooling rate [1]

Relative humidity is also an important parameter in evapora-
tive cooling because it affects critically the evaporation. Exper-
imental studies have been carried out on effect of relative hu-
midity (RH) on evaporation. In a small porous clay vessel if
the surrounding relativehumidity is 60% the depression of
water is found 4.7 degree Celsius, decreasing the relative hu-
midity to 15% water temperature depression was 8.7 degree
Celsius. Hence it is observed that the cooling effect enhances
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in a drier environment. [2]
Nowadays a new method of pot in pot vessels are
used as evaporative coolers to store vegetables or
fruits. It is a method with zero energy consumption
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Fig 1 Average Mass Loss with Number of Days  [1]
The average mass loss readings were taken bihourly for 8
hours daily for seven days for various pots shape.

and hence a very economical one. But between two
pots instead of directly adding the water a mixture of
sand and water is used because of the additional val-
ue of sand to be used as an insulator. [3]

4.2 Analysis of effect of evaporation on ambient
air

Evaporative cooling is primarily cooling from the
evaporation of water. Evaporation of water results in
significant increase in humidity. Analysis of effect of
evaporation on ambient air are carried out with varia-
tions. Pots with different arrangement and orienta-
tions are studied to find out the effectiveness in cool-
ing. Single, Double, three pot arrangement with
aligned and staggered positions are analyzed. Stag-
gered alignment with three pots gives the most effec-
tive cooling at lower air velocity. At 1 m/s air velocity
47% and 57% cooling effectiveness by evaporation
was found out for aligned and staggered positions re-
spectively. Increase in Relative humidity for stag-
gered and aligned positions were 9% & 7% respec-
tively. Hence the staggered configuration allows
greater flow of air mass over the pots turning out to
be the most efficient one. [4]

Cooling of air by evaporation is endothermic ability
of air which is driven by temperature difference. With
increase in relative humidity there is a loss of endo-
thermic ability. [5]
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4.3 Additives to improve evaporation

Practically, evaporative coolers do not reach their theoretical
minimum temperature which is the wet bulb temperature.
Therefore, the role of any additive would be to push it to-
wards the WBT. This can only happen if the additive can in-
crease the rate of evaporation of water. However, adding ad-
ditives just to push the temperature to its WBT may not make
it worthwhile for commercialization, considering the addi-
tional cost and system complexities that might be incurred due
to such additives.Evaporative cooling depends on the evapo-
ration of water into the air stream only. There is no need for
any additive to improve this. Some problems exists, like impu-
rity of water. If water is hard or muddy pricipitation of these
impurities occur frequently and may clog wetted pads render-
ing low evaporation rates of water into the air and putting
some pressure on the fan. So clean pure water is an advantage.
Research was done [6] by adding a polymer which will show
the effects, and the reduction was found by adding drag re-
ducing polymer solutions having concentrations of 20 and 50
PPMW. The percentage decrease in the evaporation loss be-
comes less effective with increasing CMC-7H concentrating
higher than 50 PPMW.

4.4 Optimization of microchannel spacing

The evaporative cooling process can be optimized to provide
the maximum phase-space density with a specified number
of atoms remaining. We show that this global optimization is
approximately achieved by locally optimizing the cooling effi-
ciency at each instant. The inter space plays a vital role in the
cooling process and hence the micro channel spacing is very
important factor while designing a cooling system.An experi-
mental investigation of porous ceramic evaporators for build-
ing cooling has been carried out by [7] and it was found that
the high porosity ceramic evaporator consistently performed
best, while increased water supply head also improved per-
formance. Dry bulb temperature drops of 6-8 K have been
achieved parallel with a 30% rise in relative humidity. Maxi-
mum cooling of 224 W/m2 has been measured during test of
the high porosity ceramic evaporator placed in a single row
stack with water supplied at 1.0 m head. Empirical formulae
relating mean cooling performance to [es — e], the ambient to
saturated vapour pressure difference have been derived. The
direct evaporation of water into supply air using porous ce-
ramic surfaces has demonstrated significant potential for
building cooling.
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Fig 2 Graph of typical duct air dry bulb temperature trends
during a test. A drop in temperature occurs as it passes over
the ceramic surfaces.The greatest drop is in center of the duct

4.5 Effect of climatic condition on evaporative
cooling

Direct Evaporative Cooling When water evaporates in the
indoor air, the temperature drops but the humidity goes up. In
hot and dry climates, the increase in humidity actually im-
proves comfort. However, direct evaporative cooling is not
appropriate in humid climates because the cooling effect is
low and the humidity is already too high. Ancient architecture
has used various passive techniques to restrict the flow of heat
to and from a building. But recently the emphasis on these
passive cooling techniques has been neglected due to the
availability of electrical supply to run the cooling systems
[8].-The study was aimed at providing lower temperatures for
the efficient performance of machineries and human comfort
as well as lower temperature and higher relative humidity
necessary for overcoming the above adverse condition. The
performance of the cooler was evaluated in terms of tempera-
ture drop, cooler capacity, saturation efficiency and feasibility
index. Co-efficient of performance of refrigeration system-
mainly depends on temperature difference between the con-
denser and that medium where heat is to be rejected.More
temperature difference, more heat rejection so more cooling on
account of same work to refrigerationsystem. But if the tem-
perature difference is less, less heat rejection will be there so
less cooling by giving sameamount of work which decreases
the Co-efficient of performance of the system [9]

5 CONCLUSION

After investigating about evaporative cooling, the following
key conclusionshave been derived:

1) The shape, size and composition of the ceramic matters

a lot. The whole cooling effect can be changed with con-

centration to the shape, size and composition. Pots hav-

ing widest surface area gives the most cooling effect

whereas pots with the least surface area gives the least
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4)

cooling effet as it will take the maximum time because
of the larger size and water inside it will get maximum
time to cool down.

Evaporative cooling is a physical process, meaning that
the relative humidity does affect the effectivity with
which an evaporative cooling system cools. The more
humid a climate is, the harder it is for an evaporative
cooling system to cool effectively.

Evaporative cooling depends on the evaporation of wa-
ter into the air stream only. There is no need for any
additive to improve this. Some problems exists, like
impurity of water but the additives like polymer helps
in to improve evaporation.

Interspacing is a matter o great concern in evaporative
cooling and while doing the investigation it was found
that the arrangement in parallel gives better cooling ef-
fect.

Environmental and climatic change effects a lot in
evaporative cooling. We get maximum cooling effect in
hot sunny days when the temperature is very high.
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