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ABSTRACT

Evaporative cooling is an energy-efficient and environmentally friendly air cooling
technology. Evaporative cooling has many benefits over other cooling processes. Due
to the non-pollution creating environment. It is considered as one of the suitable ways
to cool one's workplace or living place because it uses fresh air and replaces the air
from time to time to maintain room temperature. Due to the recirculation of air, smells
and allergens are expelled out. It is based on a natural process of air cooling by water,
it won’t dry out the air, or irritate human skin, eyes, or other external parts of the human
body. Moreover, evaporative cooling is an inexpensive cooling option that enhances
the lifestyle of people. However, evaporative cooling requires abundant water and is
efficient when the relative humidity is low. Experimental and theoretical research work
on feasibility studies, performance tests, and optimization as well as heat load
calculations are considered and then reviewed in detail. Always an attempt is made to
obtain the saturation efficiency by changing the optimum cooling material (cooling
pad).

This research aims to examine the performance of the direct evaporative cooler, by
changing the cooling pad materials. The efficiency of direct evaporative cooler
mostly depends on the cooling pad and hence, the material used in the cooling pad
plays a very important role. Here, the performance of the cooler is analyzed by
using cooling pads of four different materials like cellulose paper pad, wood fibers,

coconut fibers, and an earthen lamp with POP.

KEYWORDS: Evaporative cooling, Humidity, Temperature, Pad, Cooler &
Analysis
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INTRODUCTION

As global temperatures rise and the
demand for sustainable living grows,
finding energy-efficient and
environmentally ~ friendly  cooling
solutions becomes increasingly crucial.
One promising technology that
addresses these concerns is evaporative
cooling. ~ Unlike  traditional  air
conditioning systems that rely on
refrigerants and COMpressors,
evaporative cooling operates on a
simple, natural principle: the absorption
of heat during the evaporation of water.
This process not only consumes
significantly less energy but also
ensures a continuous supply of fresh,
cool air, making it an attractive option
for residential and commercial cooling.
Evaporative cooling stands out for its
ability to maintain comfortable indoor
environments without contributing to
air pollution. It works by drawing in
warm outdoor air and passing it through
water-saturated pads, where the air loses
heat as the water evaporates. This
cooled air is then circulated into the
living or working space, replacing stale
air and expelling and allergens.
Importantly, this method avoids the
dryness associated with conventional air
conditioning, preserving indoor
humidity levels that are gentle on the
skin and respiratory system. In addition
to its health and environmental benefits,
evaporative cooling is also cost-
effective. The operational costs are
significantly lower due to the reduced
need for electricity and the absence of
complex mechanical systems. This
affordability, combined with the
system’s ability to enhance indoor air
quality, makes it a valuable asset in
improving living standards, particularly
in regions with dry climates. However,
the efficiency of evaporative cooling
systems is highly contingent on
environmental conditions and the
materials used in their construction.
Optimal performance is achieved in
areas with low relative humidity, and
the choice of cooling pad material plays
a pivotal role in the system’s
effectiveness. Cooling pads are critical
components as they directly affect the
rate and efficiency of the evaporation
process. This research focuses on
evaluating the performance of direct

67

Vol. 18 No. 1,Jan-June 2024
ISSN:0975-539X

evaporative coolers by experimenting
with various cooling pad materials,
including cellulose paper, wood fibers,
coconut fibers, and an earthen lam

combined with Plaster of Paris (POP).
To provide a  comprehensive
assessment, this study also explores the
use of different combinations of cooling
pads on multiple sides of the cooler. The
analysis is cantered on two primary

metrics: temperature reduction and
humidity control. By systematically
recording and  comparing  the

performance of each cooling pad
material, this research aims to identify
the most effective solutions and outline
potential areas for future enhancement.
Ultimately, this investigation seeks to
advance our understanding of how to
optimize evaporative cooling systems,
ensuring they remain a viable,
sustainable alternative to conventional
cooling methods. Through detailed
experimentation and  performance
comparison, this study contributes
valuable insights into the development
of more efficient and adaptable
evaporative cooling technologies.

This research aims to examine the
performance of the direct evaporative
cooler, by changing the cooling pad
materials. The efficiency of direct
evaporative cooler mostly depends on
the cooling pad and hence, the material
used in the cooling pad plays a very
important role. Here, the performance of
the cooler is analyzed by using cooling
pads of four different materials like
cellulose paper pad, wood fibers,
coconut fibers, and an earthen lamp with
POP. Apart from these four sorts of
cooling pads, also the performance of
the direct cooling system is analyzed by
using three different types of cooling
pads simultaneously on three sides of
the cooling pads, which are made up of
cellulose paper, coconut fiber, and wood
wool (Aspen). The two most important
terms considered in this analysis are
temperature and humidity. The readings
of these two terms are taken for each
type of the cooling pad and also, the
further calculations are done based on
these readings. The results of the
different cooling pad have also been
compared.
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METHODOLOGY
Step 1:
Test Rig Development and

fabrication: It includes body, blade,
pump, pipe & joint speed regulator,
motor, cooling pads, voltmeter, and
ammeter, Sensors like an
anemometer, humidity sensor, and
temperature sensor. All the parts are
assembled correctly for proper
working.

Step 2:

Material Change: Different cooling
pads are used like wood fibers, aspen
wood wool, cellulose paper pad,
coconut fibers are used to study the
effective cooling of cooler.

Step 3:

Observation and Reading: Reading
is taken with the help of sensors like
voltmeter, ammeter, humidity sensor,
temperature sensor.

Step 4:

Optimization: The optimization is
done by observation taken by sensors
and by using  mathematical
calculations or by a mathematical
model like topics for finding the best
alternative of the problem.

Step 5:

Result and Evaluation: Data from
the test is recorded for further
evaluation.

Step 6:
Conclusion:
study.

Conclusion of the
Humidity
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Figure 1. Research path adopted

EXPERIMENTAL DETAILS

This work consists of three sections - one
senses the humidity and temperature by
using humidity and temperature sensor
DHT11 temperature and humidity values
into a suitable number in percentage and
Celsius scale. And the third part of thg
an

system  displays
temperature on LCD.

humidity

Temperature Arduino

Sensor
(DHT11)

Figure 1 working
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cooling pad indicates that the
dimensions of the cooling pads
can affect cooling performance.

Table:-1 Setup

Parameters Summer
Room up to 10x11 ft2
Blower/Fan Fan
Fan diameter 20 cm
The working of this work is based on Speed regulator constant speeds
single-wire serial communication. First
Arduino sends a start signal to the DHT
module and then DHT gives a response
signal containing temperature and Supply 230V/50H7Z

humidity data. Arduino collects and
extracts in two parts one is humidity and
the second is temperature and then sends

them to 16x2 LCD. Here in this project, -
we have used a sensor module namely Tank capacity | --------
DHT11. This module features a humidity
and temperature complex with a

calibrated digital signal output means the
DHT11 sensor module is a combined Cooling media | Aspen, coconut coir, etc.
module for sensing humidity and
temperature which gives a calibrated
digital output signal.

2
> The experimental test rig of low- Area of pad cm
cost desert cooler available in the
market is tested in the laboratory
at various conditions.
> The desert cooler with aspen Air velocity In March and April
wood pad and with coconut coir Months

pad is tested separately.
» The aspenwood pads are tested as
per standards available in the

market but coconut coir pads of
different thicknesses are made for
testing purposes.

» The pad's thickness varies from
2cmto 7cm.

» The report shows the theoretical
Analysis of Heat and Mass
Transfer in Direct Evaporative
Cooler.

» The numerical relation between
Cooling efficiency and the
geometric parameters of the
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Table 2: Aspen Fiber
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Table 5: Experimental Analysis of
Evaporative Cooler

70

Ti Initial Final Initial Final WBT Sr. Type of | Thickn Inlet Initial Out Final
ime nitia ina h”'“f_*d_ ) _'g_a T No | cooling pad | ess DBT | Humidit | let Humidity
temp. temp. umidit umidity (Ts) (material) (cm) ) v (%) DBT %)
(t:) (t2) y (w2) (oc
(w1) | %
% )
Morni 30.9 26.2 36 80 20 1 Aspen wood 2 30 39.6 25. 79.33
orning ’ ’ wool pad .93 6 2
Afternoon 30.8 25.2 46 77 21.7 2 Coconut Coir 2 33 38 2r. 68
fiber 53 23
Night 31.1 24.2 37 81 21.2 3 Combination 2 32 44 25. 85
of 2 different .06 86
pads
Table 3:Coconut Coir Fiber
Time Initial Final Initial Final WBT
temp. (t1) temp. humidity | humidity | (Ts)
(t2) o (i) o () RESULTS AND DISCUSSION
0 0
Morning 32.1 25.6 42 74 22 ) ) )
An experimental analysis of a direct
Afternoo 35.2 27.4 37 62 23.2 . . .
N evaporative cooler by varying material
Night 333 28.7 35 70 215 | an of cooling pads is done and the
Table 4: Aspen Fiber and Coconut  following results are obtained from the
Coir Fiber .
analysis.
Time Initial Final Initial Final WBT
temp. (t1) | temp. humidity | humidity (Ts) . . ..
() ) 2) Table 6: Cooling efficiency
% %
Morning 29.9 24.9 51 89 221 Sr. Type of cooling pad Cooling efficiency
No. (material) (%)
Afternoon 335 26.8 37 80 222
1 Aspen wood wool pad 57.13
Night 32.8 25.9 44 86 23 2 Coconut fiber pad 55.7
3 Combination of two 64.38
Different Pad
Table 7: Saturation efficiency
Sr no. Type of cooling pad Increase in
(material) Humidity (%)
1 Aspen wood wool pad 39.67
2 Coconut fiber pad 34.47
3 Combination  of  two 41
Different Pad
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Table 8:  Temperature  Drop
Achievable
Sr. Type of cooling pad Temperature drop
No. (material) achievable (0C)
1 Aspen wood wool pad 5.73
2 Coconut fiber pad 6.2
3 Combination  of two 6.1
Different Pad

Table 9: Saturation efficiency

Sr. Type of cooling pad Temperature  drop
No. (material) achievable (0C)
1 Aspen wood wool pad 5.73
2 Coconut fiber pad 6.2
3 Combination of two 6.1
Different Pad

CONCLUSION

In present study following are the

results and concluding remarks which
have been obtained during the above
research attempt:

» An experimental analysis of
direct evaporative cooler by
varying materials of cooling pads
is performed.

» The cooling pads of materials
such as Aspen wood wool and
coconut fibers are used in the
model of cooler for doing the
analysis.

» The efficiency of the combination
of two different cooling pad
(Aspen & Coconut) is more than
that of separate aspen and
coconut cooling pad.

» The humidity of the coconut
cooling pad is less than as
compared to the combination of
two different cooling pad (Aspen
& Coconut) and separate aspen
cooling pad.

» The water consumption of the
coconut cooling pad is less as
compared to the combination of
two different cooling pad (Aspen
& Coconut) and separate aspen
cooling pad.
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