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Abstract: QField is a mobile version of the desktop GIS program QGIS, customized for the

Android platform. The expansion in the use of mobile devices that support the Global

Positioning System (GPS) and data collection applications has led to the reliance on the

digital recording mechanism, including the use of mobile GIS applications, as it provides

broad access to visualization and recording tools, which makes decision-making and

interpretation in the field more coordinated and comprehensive through the team. That

allows applications to synchronize GIS-based fieldwork between the computer and the

phone or tablet. Mobile-GIS eliminates the separation between data capture and a GIS.
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1.0 Introduction

The interdisciplinarity of archaeological
research involves an analysis of the data
collected in the field, not just systematic
excavations and surveys, and if the
archaeologists become aware of the
specific pitfalls and potentials inherent in

the archaeological data and research
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process, they will be able to harvest the
full potential of GIS or any other spatial
technology.

Using the geographic information systems
in archaeological research is considered a
decision- making tool in many situations
and prohibits to a large extent the loss of

information or mitigates it, which in turn
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affects the study of archaeological sites, as
it is an important and essential tool that
contributes to management, planning,
and implementation as well as the
protection of cultural resources through
Obtaining and preserving data at
historical sites.

With the development of work in
archaeology, the need for data logging and
mapping has increased primarily when
used directly at the excavation site, and
this is what GIS offers in this field because
it allows immediate access to the data
collected for analysis and visualization as
a separate study and can Combine it with
other relevant data sources to help better
understand the site and its results.

The survey at ‘Asur and Bjam‘ash sites in
Safita provides a case study for the
program utilization. The performance of

the program is evaluated about

» Preparation and pre-processing of the

data
> Data collection and fieldwork

» Data export and processing.

This paper aims to present the definition
of GIS and Mobile-GIS as one of the
technologies  increasingly used in
archaeology and its multiple uses in the
archaeological field, the most important
used in

applications archaeological
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fieldwork, and the main benefits of using
the Mobile-GIS such as saving money,
Real-time

boosting data accuracy,

location intelligence, Synchronizing
changes offline, etc. with a case study in

Syria (Safita: ‘Asar and Bjam‘ash).

2.0 What is GIS?

A Geographic Information System (GIS) is
a technological tool whose function is to
deal with and extract geographic data. The
information system contains organized
elements that work together to perform
the system's function. These elements
include the geographic data of the system
center and the information derived from it,
Software that stores, retrieve, analyzes,
manipulates, and represents data and
information, Hardware used to run this
software, Methods used in the analysis
and processing of such data, and finally,
individuals, both those responsible for the
management of the system and users of
its products.

If we want to describe the history of the
use of GIS in Archaeology, it was a big
start in the 1980s and early 1990s,
followed by severe criticism in the late
1990s, to coming back again strongly in
the late 2000s, to be currently, an
indispensable research tool for dealing

with spatial data in Archaeology.
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And what helped its development is the

availability of high-performance portable

computers and modern topographic
instruments  (total stations, GNSS
receivers, laser scanners) capable of

acquiring and georeferencing data of the
excavation area, GIS applications have
also continued to evolve up to now with
the entry of the new techniques and start
using the satellites and sensor devices.

Therefore, the application of a GIS is a
very useful tool in archaeological sites,
which provides many possibilities to the
users, such as a connection between all
the types of spatial information in one
digital map. Thus, it is possible to create
a database linking spatial data
information to documents or photos
(subject data), which any user can access,
even if he does not have comprehensive

knowledge of such programs.

3.0 What is Mobile-GIS?

Mobile GIS is a miniaturized version of a
GIS system, it contains the same major
components of desktop GIS (hardware,
software, data, applications, and users),
but with distinct differences, whereas the
components of Mobile GIS are mobile
devices as hardware, light GIS software,
limited data, and special applications.
(LBS) is

A location-based service
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considered an approach to mobile GIS, a
general GIS description that relies on
geographic data to locate specific
locations of interest. Smart mobiles are
characterized by the GPS function,
connecting to the Internet and searching
freely for the desired location.

The expansion in the use of mobile devices
that support the Global

(GPS)

Positioning

System and data collection
applications has led to the reliance on the
digital recording mechanism, including
the use of mobile GIS applications, as it
provides broad access to visualization and
recording tools, which makes decision-
making and interpretation in the field
more coordinated and comprehensive
through the team.

Many applications operate the GIS on
mobile phones and serve various
disciplines in field surveys, and the most
important of these applications (ArcGIS
Collector and QField QGIS) that
characterized by smooth handling within
the application and the desktop software
with the ability to collect geometric data
(points, polygons, lines, and polylines) to

fulfill most research needs.

4.0 ArcGIS Collector
It is an application from ESRI that needs

WWW.irjss.com 3
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an ArcGIS license and ArcGIS Online
account to use, and for archaeological
fieldwork, using the application needs
some important steps:

Prepare: Design the layers, create a map
in your online account with a basemap,
then download that map to the Collector
app on the mobile device, and finally
record and collect data.

Collect: The Collector can operate in two
modes: online by loading the map directly
from your ArcGIS Online account via WiFi
or mobile data (the syncing occurs in real-
time) or offline by downloading a section
of the map to the collector for offline
editing (after the finish of recording in the
field, it can sync of the downloaded map,
uploading all edits to their respective
layers in ArcGIS Online). Used for Android
and IOS.

5.0 QGIS QField

It is an open-source QGIS version of
ArcGIS Collector with a very simple
interface. One advantage of QField is that
all data preparation takes place on your
desktop GIS and there is no need to
upload anything to an online account.
This eliminates many of the problems of
the ArcGIS Online transfer process but
that means it is essential to pay attention

to the QField online documentation about
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where should store the project folder on
the mobile device, at first, we have to
prepare the data on the map using the
QGIS desktop, package it for QField using
QFieldSync which is enabled in QGIS
2.18, and then transfer it to mobile
devices with a cable.

QField gives the users full control by
allowing projects to be synchronized via
USB cable as through the Internet via Wi-
Fi or a mobile network connection. Used

only for Android.

6.0 The Fieldwork using QField QGIS
Application

This research is based on the use of the
application of GIS (QField) in mobile
devices in the areas of ‘Asar and Bjam‘sh
in Safita, Syria, with the aim of a field
survey of the lands where archaeological
finds are expected to be found.

The project coordinate system falls into
World Geodetic System 1984 (WGS 84)
UTM zone 36N, EPSG:32636. But before
describing the fieldwork stages, I will
outline some information about the two
fieldwork areas in Safita:

6.1 ‘Asur

The town (with its old name ‘Asur, which
is still in use by the locals of the area) is
located in the village of ’Ayn al-Jurn in the

Safita region of Tartous Governorate in

www.irjss.com 4
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Syria. It is an archaeological site that did
not has the attention of historical sources,
but it obtained the attention of the Syro-
Hungarian mission (SHAM) in 2002,

where they put the first picture of its
history, which was under the control of
the Crusaders around 1110, then it was

subjected to many Islamic attacks in the

A

12th and 13th centuries and then the
large parts of it have destroyed due to
earthquakes, the last and most harmful
one was in 1202. The mission relied on
information about the presence of ruins of
an ancient church in the area dating to
the Byzantine period, where they found
near the expected site remains of a
medieval tower (Figure 6.2), many late
antique and medieval pottery, tombs, and

cisterns.

6.2 Bjam‘ash

Paper ID: JAN250101

Figure 6.1: The fieldwork area in Safita (‘Astur and Bjam‘ash) QGIS map, by the author

Bjam‘sh village is located in the Safita
region, a defensive tower was found in the
north of it, which is supposed to date to
the medieval period, this type of structure
is generally called "Byzantine reused" and
dates back to the middle of the 4th
century around 430/AD and reused in the
Ottoman period, and after the survey of
SHAM in 2002, it was found that the tower
was Crusader and its facade and entrance
had been robbed. It is a rectangular
structure built of medium-sized limestone

that was below ground level and later

WWW.irjss.com 5
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reused as a tower building above the
ground. This confirms that it was two
successive layers in height. This tower
was directly connected to the Safita tower,
according to the optical communication
system that was available in that era,
which was the smoke and fire system
(Figure 6.3). Archaeological surveying in
these areas relied on the use of the QField
application (QField is a mobile version of

the desktop GIS program QGIS,

Therefore, I set up the map and created

Paper ID: JAN250101

customized for the Android platform).
Before the archaeological survey process,
a database must be created using the GIS
desktop in order to collect various data,
whether spatial, digital, sketches, or
others, so the advantage of using this
database, in the end, is the ability to
create queries capable of merging
information from two or more tables and

displaying them in one table.

the important layers

(point, line, or

www.irjss.com 6
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polygon) to add the points or to draw the

plans or any other data I want to collect

from the field on a QGIS desktop (Figure
6.4), converted and uploaded it to the
mobile device, and then in the field, it
allows us to view the map, creating GIS
layers in a format suitable for smaller
screens and simpler to manipulate devices
Portable so that I can add data points in
the field using the device's GPS (Figure
6.5).

While working in the field, the application
helps us to collect a variety of data
regarding the type, date, coordinates, and
description with the possibility of taking a

picture or a video (Figure 6.6.1). We can

work on QField as on QGIS where we can
query for layers and get the information
on each of them. All points were
determined through the internal device of
the Global Positioning System (GPS) as
this survey does not need more accuracy.
Nonetheless, in other situations where
higher data accuracy is required, any
other GPS device (e.g., GNSS, Total
Station) can be used to increase the
precision. After the survey, we will import
the data to QGIS Desktop through the
Sync from QField, display it on the map,

and analyze the data afterward (Figure

Paper ID: JAN250101

6.6.2).

7.0 Benefits and Drawbacks of Using
QField in an Archaeological Survey
The mobile field application is beneficial,
which satisfies the desires of field workers
as it can replace paper maps printed in the
field and act as a dynamic map, with links
to office map layers, reducing time and
costs, and workforce.

Our work was based on collecting data for
the archaeological finds that can be found
in the desired location, whether pottery,
bones, structures, etc. with the aim of
documenting the area and finding out
whether it is essential to carry out
excavations and what type of finds exist
and their importance as well.

Since the season was short and we did not
have enough time to study the area in the
usual or routine way, we tried to apply
mobile GIS to reduce the time and cost of
hiring more archaeologists to survey the
site quickly, therefore the data is collected
in the field and digitized in various layers,
whether it is points, lines or polygons,
with the required information from the
name of the area, point name, number,
type, date and a picture of the location as
it was found or the structure and any

other information, the platform must also

www.irjss.com 7
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contain basemaps such as Google
Satellite, Open Street Map, Orthophotos,
etc. All this information is what we
prepare on the QGIS desktop before going

out to the field and this made preparing

for the fieldwork easy and fast as we work
on the program in any other project. Still,
the difference is that we export these

layers to the QField application using the
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Figure 6.5: QField interface showing the active layer
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QField Sync component or simply by
copying the data folder to the mobile
phone, after the survey, we also copy the
collected data using the QField application
to the computer and import it to QGIS
Desktop through the Sync from QField
and display it on the map and analyze the
data afterward.

These processes contributed to
accelerating the data collection process
and reducing the time of work in
traditional paper documentation and
eliminating the need for additional human
resources as a data entry and
reorganizing and transferring information
to the computer again as it is
electronically present automatically and
also reducing the error area that could
occur during this process.

However, some drawbacks may limit the
work of these applications in some cases,
one of these problems is related to the lack
of the Internet, as this affects the accuracy
of the data, we collect using GPS and
affects more in the case of using GNSS,
besides to the need for keeping the screen
and the GPS active during the fieldwork
will reduce battery life.

Furthermore, working in some densely
green areas that are not prepared in

advance for fieldwork affects the accuracy

Paper ID: JAN250101

of the data, especially in cases of drawing
sketches or maps due to the inability to
see the ground of the site clearly, and this
is what we suffered in the areas of our
research because the work was in the
spring and the sites were not equipped to
excavate, it was only to study the area

initially.

Conclusion
GIS is not simply a computer software
package, but a continually expanding set
of technologies. Geography, time, and
culture are key factors in the development
which

archeology is looking for. Therefore, the

of historical events, is what
results of archaeological studies are rich
in spatial information, and a GIS can
store, process, and integrate multiple data
sets, and finally, display the data so that
the wuser can visually understand it,
making complex analyzes of landscapes
possible with high accuracy using the
latest technology. Thus, GIS can be
considered a cost- effective, accurate, and
fast tool. Currently, archaeological
excavations are stricter with a limited
budget and time. Therefore, the role of GIS
and the advantages of its products,
especially open

source, and pocket

applications such as QField, which have a

WWW.irjss.com 10
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distinctive role in facilitating work more
and increasing accuracy, cannot be

ignored.

Reference:

[1] Alighieri, L. (n d). Archaeology and GIS
- Maps, Apps, and the Geoweb. King’s
College. London.

[2] Ekstedt. G. & Endoff. T. (2012). Design
and Development of a Mobile GIS
Application for Municipal Field Work.

Lund University.

[3] Eleiche. M.A. (2011). Network
Analysis. Methods for Mobile GIS.
Hungary.

[4] Fazal. SH. (2008). GIS basics. India.

[5] Hadjimitsis. D.G. et al. (2013). Remote

Sensing for Archaeological

Applications: Management,
Documentation and Monitoring.

Remote Sensing of Environment.

Cyprus of Technology.

Cyprus. Pp 57-95.

University

[6] Lindsay. I & Kong. N.N. (2020). Using
the ArcGIS Collector Mobile App for
Settlement Survey Data Collection in
Armenia. Advances in Archaeological

Practice 8:4. Pp 322-336.

[7] Major. B. (2007). The Rural Site of
YAOUT. Archaeology and the Crusades.

Paper ID: JAN250101

Greece. Pp 157-171.

[8] Major. B. (2015). Medieval Rural
Settlements in The Syrian Coastal

Region. Oxford.

[9] Mohammad. W. (2008).

nu?im al-maYlumat al-jughrafiyyah.

Asasiyyat

[10] Montagnetti. R & Guarino. G.
(2021). From QGIS to QField and Vice
Versa: How the New Android

Application Is Facilitating the Work of

the Archaeologist in the Field.

Environmental Sciences Proceedings.

10:6. Italy.

[11] Scianna. A. & B. Villa. (2011). GIS
applications in archaeology.
Archeologia e Calcolatori. 22. Pp 337-

363.

[12] Tokmakidis, K. et al. (2004).
Geographic Information System
Applied in  Archaeological Site.

Workshop - Archaeological Surveys.
WSA3 Spatial Information Systems for
Archaeology. Athens.

[13] Verhagen. Ph. (2018). Spatial
analysis in archaeology: Moving into
new territories. Digital

Geoarchaeology. Natural Science in

Archaeology. Amsterdam. Pp 11-25.

WwWWw.irjss.com 11



file:///C:/Users/Sanjay/Downloads/www.irjss.com

International Research Journal of Scientific Studies January 2025,
e-ISSN: 3048-8451 Volume 2, Issue 1

Article History:

Submitted: 2024-12-28
Accepted: 2024-12-30
Published: 2025-01-04

Paper ID: JAN250101 WWWw.irjss.com 12



file:///C:/Users/Sanjay/Downloads/www.irjss.com

International Research Journal of Scientific Studies |January 2025,
e-ISSN: 3048-8451 Volume 2, Issue 1

A Review on Design and Development of 360° Evaporative Air
Cooler

Dhanshri Bodile!®™, Vaibhav Garghate2, Rushikesh Khode3, Aditya Yedkar?, Ishika
WankhadeS, Anand Wankhadeé, Shubham Bhagat”
1,2,3,45,6,7UG Students, Department of Mechanical Engineering, Jawaharlal Darda Institute of
Engineering and Technology, Yavatmal -445001, Maharashtra, India
™ Corresponding author email: dhnshril S@gmail.com

Cite this article: Bodile, D., Garghate, V., Khode, R., Yedkar, A., Wankhade, I.,
Wankhade, A., & Bhagat, S. (2025). A Review on Design and Development of 360°
Evaporative Air Cooler. International Research Journal of Scientific Studies, 2(1), 13—
18. https://doi.org/10.64383/irjss.JAN250102

Abstract: This review presents a detailed case study on evaporative coolers, a widely-
used technology for air conditioning in hot and dry climates. It is also known as
swamp cooler. Evaporative cooling, an energy-efficient and environmentally friendly
alternative to traditional refrigeration-based cooling systems, operates on the principle
of water evaporation to reduce air temperature. The paper critically examines various
aspects of 360-degree evaporative coolers, including their working principles, types,
efficiency, and environmental impact. The case study explores a specific application of
evaporative coolers in an industrial or residential setting, analysing performance data
under different environmental conditions. Key performance metrics such as cooling
efficiency, water consumption, and energy savings are discussed in comparison to
conventional air conditioning systems. Additionally, factors like the local climate, water
quality, and maintenance requirements are evaluated for their impact on the cooler's
performance. This review also addresses common challenges faced by evaporative
coolers, such as humidity limitations and scaling issues. By drawing insights from the
case study, the paper provides recommendations for optimizing evaporative cooling
systems for enhanced performance and sustainability. The findings suggest that, while
evaporative coolers are a viable solution for specific climates, their application must be
carefully tailored to maximize benefits while minimizing potential drawbacks.

Keywords: 360° Evaporative coolers, Humidity, Dry bulb temperature, Cooling

efficiency.
1. Introduction estimates stand at between 40 and 50%
Energy demand worldwide for buildings of total primary power consumption. In
cooling has increased sharply in the hot climate countries, the highest share
last few decades, which has raised of building energy use is mainly due to
concerns over depletion of energy space air COI’lditiOl’lil’lg using traditional
resources and contributing to global HVAC systems. For example, in the
warming_ Current energy demand Middle East, it accounts for 70% of
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building energy consumption and

approximately 30% of total
consumption. Nowadays, buildings air
conditioning has become a necessity for
people life and plays a vital role in
ensuring indoor comfort levels. Hence,
improving the efficiency of cooling
technologies are essential, particularly
ones that have the potential, i.e. high

performance, low power consumption

[11.

Akhilesh Yadav et. al. [2] have designed
a air cooler in such a way that the
people sitting in any area in the room
will get equivalent cooled air. The
cubical cooling chamber as shown in
Figure 1 consist of four cooling pads.
The exhaust fan in mounted above the
chamber, below which the heating coil
is mounted. Thus, this cooler can be
used as a heater in winter season and

as a cooler in summer season.

conditions.
I
T — -
HaH |
1 ™
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ey 38
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Figure 1. Air cooler with Cubical cooling Figure 2. 360° air cooler and heater
chamber
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Nilesh Jadhav [3] has designed 360° air
cooler and heater used to cool or heat
the air according to the requirement of
the user. Working of 360° air cooler and
heater is such that it takes latent heat
of vaporization from the air that is
passed through it and gives us a
decrease in temperature and increases
the specific humidity. 360° air cooler
and heater is also beneficial as
compared to conventional air
conditioning system as it cools the air of
all the four direction with the help of
chilled water. At the time of winters, the
relative humidity of the air is high
which also leads to low dry bulb
temperature so the cooler is in ideal
condition, the efficiency will be low as
high relative humidity is present.
Hence, adding a heater coil will make
the cooler more efficient even though
the relative humidity of air is high and

it will provide us with hot air in colder
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R. Boukhanouf et.al. [4] have presented
a computer model and experimental
results of a sub-wet bulb temperature
evaporative cooling system for space
cooling in buildings in hot and dry
climates. The cooler uses porous
ceramic materials as the wet media for
water evaporation. Under selected test
conditions of airflow dry bulb
temperature of up to 45°C and relative
humidity of up to 50%, it was found
that the supply air could be cooled to
below the wet bulb temperature with a
maximum cooling capacity of 280 W /m?2
of the wet ceramic surface area. It was
also shown that the overall wet bulb
effectiveness is greater than unity. This
performance would make the system a
potential alternative to conventional
mechanical air conditioning systems in

hot and dry regions.

Water
: supply
Hot ambient air Cool alr
(dry) -.;i (moist)
iﬁ
T KR g T,
>3’}
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2 MA ln::?' - " pmchanged) | g

Figure 3. Schematic of direct contact air

cooler
[5] have

Rajesh Maurya et. al.
represented working principles, and

operating conditions. The effectiveness

of evaporative cooling in different
application can be discussed in this
paper and benefits in terms of power
consumption, cost savings and
environmental impacts, specifically for
the facility required to support
conventional air-conditioning and the
facility required to support space cooled
via evaporative cooling. This paper also
discussed desiccant assisted
evaporative cooling and heat and mass
transfer analysis. The superior cooling

of air and ventilation can be provided by

evaporative  cooling system  while
consuming less energy and also
provides environmentally friendly

cooling technologies.

Pratik bhake et.al. [6] have researched
evaporative cooling literatures in the
way that would Thelp research
academicians to take a closer look at
the growth and development of this
technique. This paper aims to review
the recent development concerning
evaporative cooling technologies that
could potentially provide sufficient
cooling effort, reduce environmental
impact and lower energy consumption.
The authors have reviewed various
journal papers and suggested different

schemes of classification. The review

performance of ~evaporative  cooling covers working principle, performance
technology under broad range of of evaporative cooling technology and
Paper ID: JAN250102 WWWw.irjss.com 15
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also studied direct, indirect and direct-
indirect cooling system. The study
focusing on investigating the method of
cooling, benefits in terms of power
consumption, cost saving and various
environmental

aspects, in addition,

certain gap areas are identified that

would help researchers in future
research.

Hemanth Suvarna et.al. [7] have
developed the energy efficient,

environment friendly direct evaporative
air conditioning and forced heating
system having low operating cost
suitable for hot and dry regions and
climates. To manufacture advanced
360-degree rotating air cooler& heater
which rotates and provide air cooling
and heating in all directions.360-degree
design air cooler& heater will allow
person to sit in any direction during
winter for heater and cooler for
summer. Simple 360-degree evaporative
cooling is achieved by direct contact of
water particles & a moving air stream.
When a hot and dry air is allowed to
pass through a wet cooling pad, the
temperature of incoming air is reduced
with an increase in specific humidity as
some water from the pad is evaporated
taking the latent heat of vaporization
from the incoming air. 360-degree
heater, is forced convective heater that

has an electric fan to speed up the air

Paper ID: JAN250102

flow. In a convection heater, the heating
element heats the air in contact with it
by thermal conduction. Hot air is less
dense than cool air, so it rises due to
buoyancy, allowing more cool air to flow
to achieve

in to take its place,

comfortable temperature either as

heater or cooler.

e —

Figure 4: 360° air coolers

Conclusion

After extensive review about evaporative
cooling, the following key conclusions
have been derived:

» The shape and size of the
evaporative coolers matters a lot.
The whole cooling effect can be
changed with concentration to the
shape and size of the evaporative
coolers. 360 - degree evaporative
coolers provide widest surface area

gives the most cooling effect whereas

conventional coolers with the least
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surface area gives the least cooling
effect 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 water into the air
stream only. There is no need for any
additive to improve this. Some
problems exist, like impurity of
water but the additives like polymer
helps in to improve evaporation.

> Interspacing is a matter of great
concern in evaporative cooling and
while doing the investigation it was
found that the arrangement in
parallel gives better cooling effect.

» 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.

Reference:
[1] V. Vakiloroaya, B. Samali, A.
Fakhar, and K. Pishghadam, “A

reviewof different strategies for
HVAC energy saving,” Energy
Conversion and Management, vol.

77, pp. 738-754, 2014.

[2] Akhilesh yadav, rajatkumar
bachchan, sankesh toraskar,
dattaprasad tendolkar, prof.
Ramankumar. “Design And

Fabrication Of 360° Cooler Cum
Heater.” Dept of  mechanical
engineering, S. S. P. M college of
engineering kankavli, international
research journal of engineering and
technology (IRJET). Volume: 05
Issue: 05-may-2018.

[3] Nilesh ambaji Jadhav, “Design Of

360° Air Cooler and Heater.”,
Assistant professor, department of
mechanical engineering Anantrao
pawar college of engineering and
research, pune india. JETIR.

Volume:6, issue 1, January 2019.

[4] R. Boukhanouf, H. G. Ibrahim, A.

Alharbi, and M. Kanzari
“Investigation of an Evaporative
Cooler for Buildings in Hot and Dry
Climates.”. Journal of clean energy

technologies, Vol. 2, No.3 july 2014.

[5] Rajesh maurya, Dr. Nitin shrivastav,

Vipin Shrivastava “Performance and
Analysis of An Evaporative Cooling
System: A Review.”. Dept. of
mechanical engineering, University

Institute of technology-RGPV,

Paper ID: JAN250102 WwWWw.irjss.com 17



file:///C:/Users/Sanjay/Downloads/www.irjss.com

International Research Journal of Scientific Studies | January 2025,
e-ISSN: 3048-8451 Volume 2, Issue 1

Bhopal, (M.P.) India. International
journal of scientific and engineering
research (IJSER), Volume:5, Issue
10, October-2014.

[6] Pratik bhake, shrirang joshi, ataul
haque, kunal mishtra, prof. Mrs. P.
K. Tawele ,“Evaporative Cooling
Method: A Literature Review.”, UG
student assistant professor,
department of mechanical
engineering, priyadarshini college of
engineering, nagpur. International
journal for scientific research and
development (IJSRD) Vol. 5, issue
01,2017.

[7] Hemanth Suvarna, Dhanush R,
Ibrahim Khaleel Farooqui,
Mohammed Ifraz and Muhammed
Alfaz, “Design and Fabrication of 360
Degree Cooler Cum
Heater”,Assistant professor, Dept. of
Mechanical Engineering, Alva’s
Institute of Engineering and
Technology, Karnataka, India.,
International Journal of Emerging
Trends in Engineering and
Development, Issue 8, Vol.3 (April-
May 2018).

Article History:

Submitted: 2025-01-03
Accepted: 2025-01-11
Published: 2025-01-16

Paper ID: JAN250102 WWWw.irjss.com 18



file:///C:/Users/Sanjay/Downloads/www.irjss.com

International Research Journal of Scientific Studies
e-ISSN: 3048-8451

January 2025,
Volume 2, Issue 1

Review Paper on Compressor Oil Used in Refrigeration System
Sanjiv D. Pawar! &, N. U. Korde2
IM-Tech Student, G H Raisoni College Engineering & Management Pune, Maharashtra,
India.
2Professor & Dean Academics, G H Raisoni College Engineering & Management Pune,
Maharashtra, India.
™ Corresponding author email: sanjivpawar107@gmail.com

Cite this article: Pawar, S. D., & Korde, N. U. (2025). Review Paper on Compressor
Oil Used in Refrigeration System. International Research Journal of Scientific Studies,
2(1), 19-24. https://doi.org/10.64383 /irjss.JAN250103

Abstract: This review examines the stability of PAG, POE, and PVE oils used in

refrigeration system compressors, along with their interactions with low- and ultra-low-

GWP refrigerants. Key findings reveal minimal degradation and strong compatibility

under standard conditions. Following ASHRAE 97 standards, the study highlights the

necessity of long-term stability evaluations and advocates for further research into

lubricant additives, refrigerant interactions, and metal components to improve system

reliability.

Keywords: Refrigerant, Refrigeration system, PAG Oil, POE Oil, PVE Oil, Compressor

Desiccant.

1.0 Introduction

The refrigeration industry is moving
towards low and |ultra-low GWP
refrigerants as a result of the growing
emphasis on environmental
sustainability. This change, however,
calls for a thorough comprehension of
the stability and performance of
compressor oils—specifically PAG, POE,
and PVE oils—when combined with
these novel refrigerants. In order to
address the potential and challenges

related to this transition, this review

Paper ID: JAN250103
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assesses the existing understanding of

these oils' compatibility and stability.

1.1 Oil used in refrigeration system

compressor
A.PAG Oil: PAG Lubricant
Because of  their exceptional

miscibility with specific refrigerants
and strong thermal stability, PAG oils
are utilised extensively. Their
hygroscopic nature, however, may
make it difficult to control the

system's moisture levels.
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B.POE Oil: POE oils are prized for their

ability to work with low-GWP
refrigerants and hydrofluorocarbons
(HFCs). For many applications, they
are the preferable option due to their
comparatively reduced hygroscopicity
as compared to PAG oils.

C.PVE Oil: PVE oils are appropriate for
ultra-low-GWP refrigerants due to
their

remarkable chemical and

thermal stability. System
dependability is increased by their

low affinity for moisture.

1.2 Chemical Stability and
Compatibility of Desiccants
refers to the

Chemical stability

resistance of refrigeration oils to
chemical reactions, such as oxidation
and hydrolysis, during operation. PAG,
POE, and PVE oils exhibit varying
degrees of chemical stability influenced
by their molecular structures. PAG oils
are prone to hydrolysis in the presence
of moisture, while POE oils offer better
resistance but can still degrade under
high  moisture and  temperature
conditions. PVE oils, with their robust
chemical structure, exhibit the highest

resistance to chemical degradation.

Compatibility focuses on the interaction

between oils and system components,

compatibility with most low- and ultra-
low-GWP refrigerants, though specific
refrigerant-oil pairings may require
further testing to prevent issues such
as phase separation, material swelling,
or corrosion. Ensuring chemical
stability and compatibility is essential
to maintaining the reliability and

efficiency of refrigeration systems.

2.0 Literature Reviews

2.1 Chemical Stability Investigations
of Low-GWP Refrigerants (2022) -
AHRTI Project 9016

This study conducted by Kujak et al.
explores the chemical stability of six
low-GWP refrigerants—R-1234ze(E), R-
450A, R-515B, R-1234yf, R-513A, and
R-516A—when paired with various
lubricants, including polyalkylene glycol
(PAG), polyolester (POE), and polyvinyl
ether (PVE) [1]. Using highly accelerated
life tests (HALT) based on ASHRAE

Standard 97, the study assessed
breakdown products and lubricant-
metal interactions at elevated
temperatures (175°C). Key findings
include:

» Minimal reactivity between the
refrigerants and materials under

typical HVACR conditions.

> Differences in total acid number

including refrigerants, seals, and (TAN) and dissolved metals
metals. All three oils demonstrate depending on the lubricant type.
Paper ID: JAN250103 WWWw.irjss.com 20
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2.2 Chemical Stability Investigations
of Ultra-Low GWP Refrigerants (2022)

This follow-up study by the same
ultra-low GWP
refrigerants like R-1336mzz(Z), R-
1336mzz(E), R-514A, R-1233zd(E), and
R-1224yd(Z). It highlights the unique

authors examines

stability challenges posed by olefin
refrigerants due to their double-bond

chemistry [2]. Findings include:

» R-1336mzz variants showed high

stability with no significant

polymerization under test conditions.
» Reduction and nucleophilic
substitution reactions were minimal
but highlighted the importance of

material compatibility.

2.3 Miscibility of POE and PVE Oils
with Low-GWP
1234z¢(E) (2016)

Refrigerant R-

Lee et al. focused on the miscibility of
POE and PVE oils with R-1234ze(E).
Miscibility was tested across a wide
range of temperatures (-35°C to 80°C)
and oil concentrations [3]. Findings

include:

» POE exhibited better miscibility with
R-1234ze(E) than PVE, especially at

oil mass fractions below 20%.

Paper ID: JAN250103

» Phase separation in certain
conditions could pose operational
challenges for HVAC systems.

2.4 Tribological Study Comparing

PAG and POE Lubricants Under CO2

(2008)

Nunez et al. compared PAG and POE
lubricants in compressors operating
with CO2 as a refrigerant. Using a high-
tribometer [4]. the

pressure study

observed:

» PAG outperformed POE in scuffing
and wear resistance due to the
formation of protective carbonate
layers.

» POE's miscibility with CO2 resulted
in a

viscosity drop, adversely

affecting its tribological performance.

2.5 Performance of PVE Lubricants
with HFC Refrigerants (2002)

Tominaga et al. examined the
application of PVE lubricants with HFC
refrigerants. PVE demonstrated
superior performance compared to POE

due to [5]:

1. Higher pressure-viscosity coefficients,
indicating stronger oil films under
high pressure.

2. Resistance to hydrolysis, reducing
system failures related to moisture

€xposure.

WWWwW.irjss.com 21



file:///C:/Users/Sanjay/Downloads/www.irjss.com

International Research Journal of Scientific Studies

e-ISSN: 3048-8451

January 2025,
Volume 2, Issue 1

3. Improved prevention of capillary tube

blockage, attributed to reduced

sludge and corrosion formation.

3.0 Summary and Key Insights

Chemical Stability: Both low- and

ultra-low-GWP refrigerants show

promising stability with = minimal
degradation under test conditions, but

material compatibility remains crucial.

Lubricant Properties: PAG and PVE
offer advantages over POE in specific
such as resistance to

and Dbetter

scenarios,
hydrolysis performance

under high pressures.

Operational Challenges: Miscibility
and phase separation need careful
consideration when selecting lubricant-

refrigerant pairs for HVAC systems.

4.0 ASHRAE 97 Standards

ASHRAE 97 provides a structured

approach to evaluating material

compatibility and stability in
refrigeration

adheres to ASHRAE 97 by evaluating

systems. The study
the performance of activated alumina
and molecular sieves in contact with
PAG, PVE, and POE |oils. The
mechanical degradation and pH
changes of desiccants under different
observed. n HVAC

conditions were

equipment, which typically lasts 15-25

Paper ID: JAN250103

years, requires long-term refrigerant
stability, which is further influenced by
the interactions between lubricants and

desiccants.

5.0 Final Recommendations

Given the findings of this study, future

research should focus on:

1. Long-term stability and performance
under varying operational conditions.

2. The impact of lubricant additives on

chemical stability and refrigerant
compatibility.

3. Understanding the interactions
between HFO  refrigerants and

lubricants, especially in the presence
of desiccants.
4. The role of metal components,
especially zinc, in accelerating the
degradation of refrigerants and

lubricants.

6.0 Conclusion
In his review highlights the stability and
compatibility of PAG, POE, and PVE oils

with low- and ultra-low-GWP
refrigerants. While current studies
indicate minimal degradation and

favourable interactions under standard
conditions, the need for comprehensive

long-term stability assessments

remains  critical. Future research

should focus on developing advanced
formulations,

lubricant exploring

refrigerant-oil-metal interactions, and
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optimizing system designs to ensure the
reliability and sustainability of

refrigeration systems.

Abbreviations

ASHRAE - American Society of Heating,
Refrigerating & Air Conditioning
Engineers

HALT - Highly Accelerated Life Tests

HVAC - Heating Ventilation Air
Conditioning
HVACR - Heating Ventilation Air

Conditioning & Refrigeration
HFO - Hydrofluoroolefins
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Abstract: Efficient water management in agriculture is crucial for improving
productivity. In this study, Automated irrigation systems using soil moisture sensors
for precise water discharge control and Internet of Things (IoT) technology were studied
to achieve real-time data monitoring. The sensitivity of different types of soil moisture
sensors varies, especially in field conditions. Hence, poses a challenge in optimizing
irrigation water, leading to lowered productivity. Therefore, we provided insights into
optimizing sensor selection and calibration for more effective water resource
management in agriculture through performance evaluation of capacitive, resistive, and
Time Domain Reflectometry (TDR) sensors in measuring soil moisture content under
different soil types. The correlation between sensor sensitivity and the accuracy of soil
moisture measurements under different soil types was studied. The laboratory
experiment was conducted to evaluate th-e performance of factory-based calibrated
soil moisture sensors. The performance of the soil moisture sensors was evaluated
using Root Mean Squared Error (RMSE), Index of Agreement (IA), and Mean Bias Error
(MBE). The result shows that the performance of the factory-based -calibrated

capacitive, resistive, and Time Domain Reflectometry (TDR) did not meet all the
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statistical criteria except the capacitive sensor for sand loamy. There was a strong
positive relationship among sensors. The correlation between TDR and resistive
moisture readings was 0.96, between TDR and capacitive moisture readings was 0.98,
and between resistive and capacitive moisture readings was 0.97. The correction
equations were developed using the laboratory experiment and validated in the field.
The correction equations for capacitive, resistive, and TDR improved the accuracy in

field conditions.

Keywords: Internet of Things, moisture, microcontroller, real-time monitoring, sensors.

1.0 Introduction
Soil moisture content has been of
concern

in many fields, especially

agricultural engineers, agronomists,
and crop scientists. It is a critical
parameter in understanding water and
solute transport in soil. Monitoring soil
moisture content in agriculture is very
tedious and time-consuming when done
manually. Therefore, using sensors to
improve water management through
precise irrigation scheduling is essential
because of their practicability in
providing continuous data. Sensors can
be installed at multiple depths, and
they are not destructive. The common
sensor technologies are Time Domain
Reflectometry (TDR)

Domain Reflectometry (FDR) [1], [2].

and Frequency

The Internet of Things (IoT) has recently

attracted growing attention from

academia and industry [3], [4]. The

aper ID: JAN250104

development of IoT and the rise of free
and open-source technologies have
created an ideal environment for
scientific and technological innovations
[5].

Agriculture has increasingly utilised
advanced technology to manage various
practices and operations and make
informed decisions using sensors based
on field monitoring [6]. Irrigation, the
largest global consumer of water
resources, using more than 75% of
freshwater, has been particularly
impacted by these advancements [7].
With rapid population growth and
climate change, the demand for
freshwater is expected to rise, causing
water  scarcity [8]. Traditionally,
irrigation scheduling has depended on
the farmer's experience [9]. Still, there
is a need to adopt precision monitoring

methods based on advanced scientific
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devices and modern technologies that
offer practical solutions.

Effective water management is
fundamental to achieving agricultural
success and maintaining environmental
sustainability [10], [11].

measurement and

Accurate
control of soil
moisture levels are critical, particularly
in automated irrigation systems, where
soil moisture sensors play an essential
role. These sensors provide real-time
data that helps farmers optimize water
use and enhance crop yields [12]. Field

study is important because it will reveal

the key factors affecting sensor
sensitivity since most Sensors
are fabricated under laboratory

conditions [13].

However, the reliability of automated
irrigation systems is highly dependent
on the accuracy of these sensors [14].
Inconsistent sensor sensitivity can lead
to inaccurate soil moisture

measurements, inefficient irrigation

practices, and water wastage [15].

[16] reported that the factory-based
calibrated TDR, resistive, and capacitive
sensors could not meet all statistical
criteria except the capacitive sensor in
the sand loamy. According to the
results of their lab experiment, soil

moisture sensors need to be calibrated

Paper ID: JAN250104

for specific soil types (site-specific
circumstances) to increase accuracy.
Prior studies have also examined this
[17], [18], [19].

This study addresses the variations in

sensitivity among different types of soil
moisture sensors, including capacitive,
resistive, and Time-Domain
Reflectometry (TDR) sensors. It will offer
valuable insights into sensor selection
and calibration methods for optimizing
automated irrigation practices for more
water

effective management in

agriculture.

2.0 Materials and Methods

Laboratory and field experiments were
conducted to evaluate the performance
of factory-based calibrated soil moisture

SENSOrs.

2.1 Laboratory Experiment

Materials

Materials used during the laboratory
experiment were plastic crate
containers (80*41*35 cm) and factory-
based calibrated soil moisture sensors.
The type, specifications and functions
of soil moisture sensors are shown in

Table 1.

The system also includes an Arduino
Uno microcontroller for sensor data
collection and transmission, a WiFi

module for wireless data transfer, a
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relay switch to control the irrigation
pump, and a toggle switch for power
management. An LCD shows real-time

sensor readings and system status,

with components connected by wires
and assembled on a breadboard. In
addition, a 3.7V LiPo battery power

sensors, a 12V DC pump for irrigation,

Table 1: Type and specifications of soil moisture sensors

S/N | Type of sensor

Specification

Function

1 Capacitive Soil
Moisture Sensor

SKU: SEN0193

Measures the soil moisture by determining
the capacitance between its probe and the
surrounding soil.

Provides a non-destructive way of sensing
moisture content.

Widely used in agriculture and automated
irrigation systems.

2 Resistive Soil Moisture
Sensor

vy

SKU: SENO114

Work on the principle of varying resistance
with soil moisture. As the soil becomes
more conductive with increased moisture,
the resistance changes, allowing the sensor
to detect moisture levels.

3 TDR (Time Domain
Reflectometry) Soil
Moisture Sensor

TDR-310H

Measure soil moisture by sending
electromagnetic pulses through the soil
and analyzing the reflection time.

The moisture content affects the soil's
dielectric properties, altering the reflection
time and providing accurate moisture
readings.

and pipes for water transport. A 12V
power supply powers the pump. The
system also includes a DHT22 sensor to
measure temperature and humidity and
wood materials to construct the

framework for the setup.

3.0 Soil
preparation
Soil samples were collected from the

classification and

SUA MODEL FARM agricultural fields
and analysed for texture classification
and bulk density in the soil laboratory
at Sokoine University of Agriculture

(SUA)(https:/ /www.coa.sua.ac.tz/soil/c

ommercial-laboratory/).

Paper ID: JAN250104

The average result of the soil
classification and bulk density is shown
in Table 2. The soil samples were oven-
dried at 103°C for 24 hours for

laboratory experiments.

The sensor performance was evaluated

at low soil moisture levels for drought

conditions.

4.0 Sensor calibration and
installation

Capacitive, Resistive, and Time-Domain
Reflectometry (TDR) sensors were

calibrated before the experiment. The
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calibration was conducted based on the readings in fully saturated soil were
readings in oven-dried and fully taken as 100% moisture. The readings
saturated soil. The analogue sensor were mapped to capture the moisture
readings on the oven-dried soil were level between 0% and 100% for both
considered 0% moisture level readings Sensors.

of sensors, while analogue sensor

Table 2: Soil bulk density and classification

Class Bulk Density (g/cm3) Sand (%) Silt (%) Clay (%)
Loamy Sand 1.52 78.5 9.1 12.4
Sandy Clay Loam 1.31 59.3 15.6 25.1

Sandy Clay Loam

Figure 2: Circuit and program written respectively
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The calibrated sensors were installed in
the container with air-dried soil at 15
cm depth from the surface (Figure 1). The
connected to

SEnsors were

an Advantech-made Arduino Uno
microcontroller (Arduino Uno R4).

5.0 Data Collection

During data collection, the soil in each
container was wetted using a 12V
diaphragm pump sprayer and covered
with a plastic liner to minimise
evaporation. Wetted soil samples were

collected thrice during the experiment

The Arduino Uno microcontroller
processed the recorded measurements
from moisture sensors at 10-minute

intervals (Figure 2).

volumetric water content (VWC)
analysis. At the same time, the sensor’s
data were sent to the microcontroller
every 10 minutes and transmitted to an
online ThingSpeak cloud platform via a
WiFi module for analysis. The duration

of the laboratory experiment was 14

using a 61 cm3

size soil ring for days. The collected data are shown in

Table 3.
Table 3: Collected data and their descriptions
Measurement Description

Timestamp The exact date and time when the data entry was created. This is crucial
for tracking temporal changes in soil moisture and environmental
conditions.

Entry ID A unique identifier for each data entry. This ensures data integrity and
facilitates easy referencing.

TDR Sensor

Data

TDR Analogy The raw analogy reading from the TDR sensor indicates the relative soil

moisture level.

TDR Voltage Data

The voltage output from the TDR sensor is proportional to the soil
moisture content.

TDR Moisture

The calculated soil moisture content is derived from the TDR sensor
readings.

Resistive Sensor

Resistive Analogy

The raw analogy reading from the resistive sensor indicates the relative
soil moisture level.

Resistive Voltage

The resistive sensor's voltage output varies with soil moisture content.

Resistive The calculated soil moisture content is derived from the resistive sensor
Moisture readings.

Capacitive

Sensor

Capacitive Analog

The capacitive sensor's raw analogy reading indicates the relative soil
moisture level.

Capacitive

The voltage output from the capacitive sensor is proportional to the soil

Paper ID: JAN250104
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Voltage moisture content.
Capacitive The calculated soil moisture content is derived from the capacitive
Moisture sensor readings.

6.0 Statistical Analysis
The performance of the soil moisture
sensors was analysed wusing the
ThingSpeak online cloud platform.

According to [20], the

difference between the sensor values

significant

and soil sample values was evaluated
using Root Mean
(RMSE), Index of Agreement (IA), and

Mean Bias Error (MBE).

RMSE = /Z?’:l(Mi - P)?

N
Y ey (Mi=P)?
N | —
2 i, (I1Pi=B|+|M—M])?

Squared Error

A=1-

Where: N is the sample size, M; is the
measured (soil sampling) value,
P, is the predicted (sensor
measurement) value, and M is
the average measured value.

IA is dimensionless, but RMSE and
MBE are expressed in volumetric water
content (cm3/cms3) units. A score of O
denotes no agreement between
measured and anticipated values, while
a range of IA falls between O and 1. A
perfect match between observed and
expected values is indicated by a value
of 1. A higher IA score indicates better
observed and

agreement between

projected values. According to [21],

Paper ID: JAN250104

most agricultural applications require
sensor measurement precision of less
than 0.02 cm3/cm3. According to [17],
the MBE and RMSE criteria were + 0.02
0.035
respectively. Thus, MBE+ 0.02 cm3/cms3
and RMSE < 0.035 cm?3/cm3 were used

and less than cm3/cms3,

in this investigation to assess the

SENSOr performance.

7.0 Field Experiment
Based on [20], the

corrective equations was assessed in

validation of

agricultural settings. The soil types
used in the laboratory experiment, sand
loamy and sandy clay loam, are the
same in the two chosen agricultural
fields. Cabbages were being grown in
these fields [22], as shown in Figure 3.
Table 2 displays the results of the soil
texture categorisation analysis
conducted by the SUA soil laboratory. A
3-inch-diameter ring was used to gather
soil samples to determine the
volumetric water content. A limited
number of soil samples were conducted
to minimise disturbing the soils around
the sensors. This volumetric water
content data was compared to factory-
based calibrated and corrected soil
moisture sensor data [23]. Sensors were
installed by digging a shallow trench,

inserting the sensors horizontally into
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the soil, and then backfilling the trench.
Capacitive, Resistive, and Time Domain
(TDR) sensors

Reflectometry were

connected to a programmed Arduino

Uno microcontroller to record the
measurements of soil moisture levels

every 10 minutes.

Figure 3: Sensor placement layout

Table 2: Soil classification for field demonstration

Sensor Class Sand (%) Silt (%) Clay (%)
o Sand Loamy 91.9 3.7 4.4
Capacitive
Sandy Clay Loam 87.9 5.8 6.3
ResiGtige Sand Loamy 54.8 23.6 21.6
Sandy Clay Loam 92.3 1.3 6.4
TDR Sand Loamy 53.3 26.6 20.1
Sandy Clay Loam 86.8 4.8 8.4

8.0 Results and Discussion

8.1 Correlation of sensor readings
Figure 4 shows the correlation matrix of
relationships between soil moisture
readings from TDR, Resistive, and
Capacitive sensors. The results indicate
strong positive relationships among
sensors. The correlation between TDR
and resistive moisture readings was

0.96, between TDR and -capacitive

reliability across different measurement
technologies despite the differences in

sensor types.

8.2 Analysis of skewness and
distribution patterns in sensor data

The histograms (Figure 5) reveal several
vital insights regarding the skewness of
the variables. The TDR analog variable
exhibits significant positive skewness
2.26),

(Skewness: indicating a

concentration of lower values and a

moisture readings was 0.98, and long tail of higher values. Conversely,
between  resistive and  capacitive the TDR moisture, resistive moisture,
moisture readings was 0.97. These high and capacitive moisture variables
correlations indicate consistency and

Paper ID: JAN250104 www.irjss.com 32



file:///C:/Users/Sanjay/Downloads/www.irjss.com

International Research Journal of Scientific Studies

e-ISSN: 3048-8451

January 2025,
Volume 2, Issue 1

demonstrate negative skewness
(Skewness: -0.75, -0.48, and -0.73,
respectively), signifying those higher

values are more frequent with tails
extending towards lower values. The

resistive analogue variable displays

significant positive skewness

(Skewness: 0.62), while the capacitive

analogue variable is virtually
symmetrical = with mild negative
skewness (Skewness: -0.14).

Additionally, the capacitive analogue
variable is practically symmetrical with
a very tiny left skew, indicating a more

equal distribution of values around the

mean.
Each variable exhibits a distinct
concentration of values within

particular ranges in terms = of
distribution  patterns  (Figure J5).

Capacitive moisture values are mainly
concentrated around 70-80, but TDR
analogue values are mainly clustered
between 500 and 700. Notable peaks in
these indicate

ranges common

measurement values, whereas the
frequencies of observations vary; for
example, TDR _moisture has a high
frequency of values between 40 and 60.
The TDR analogue variable, which
exhibits a notable decline in frequency
over 700 with smaller peaks indicating
outliers, makes the existence of outliers
clear. More research may be necessary
to fully comprehend these outliers'

effects on the entire data set.

| Wdr_moisture

resistive moesture

capacitive_moisture

tdr_molsture

resistive_moisture

1.000

0.995

- 0.990

- 0.98%

- 0.980

0975

0970

0.965

capacitive_molsture

Figure 4: Correlation matrix of three sensors' moisture readings
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Furthermore, the distribution of soil
moisture readings from TDR, resistive,
and capacitive sensors is shown in the
box plot (Figure 6). The TDR sensor
displays some outliers below 10%, a
median of roughly 50%, and an
interquartile range (IQR) of roughly 30%
to 65%. The resistive sensor exhibits
more significant variability due to its
more extensive range with an IQR
ranging from 40% to 80% and a higher
median of roughly 60%. With a
narrower IQR from 45% to 75%, the
capacitive sensor has a median near the
resistive sensor at about 60%,
indicating more consistent readings.
The range of moisture levels detected is
indicated by the whiskers on all
sensors, which extend from almost 0%
to over 80%. The box plot illustrates the
central tendency and variability of the
various sensors, demonstrating that
resistive and capacitive sensors record
more significant and variable moisture
levels, whereas TDR readings are lower

and more consistent.

8.3 Sensor sensitivity

Three sensors, TDR, resistive, and
capacitive, provide soil moisture values
over time in the graph, which is subject
to laboratory testing. Every sensor
trend, which

shows a downward

suggests that the earth is drying off.

Paper ID: JAN250104

While the resistive and capacitive
sensors hold greater levels for longer
before progressively declining, the TDR
sensor exhibits a fast fall early on. At
first, moisture levels are- high above
80%. In contrast to the resistive and
capacitive sensors, which gradually
diminish with fluctuations, the TDR
sensor always declines sharply. All
sensors converge to low moisture levels
below 20% by about 4000 minutes,
with the TDR sensor recording the
lowest moisture and the capacitive
sensor typically recording higher than
the resistive (Figure 7). These variations
emphasise the importance of selecting
suitable sensors depending on the

particular monitoring needs.

8.4 Sensor performance

Laboratory tests were used to evaluate
the performance of TDR, resistive, and
capacitive sensors in sand loamy and
sandy clay loam. The outcome of the
statistical analysis is shown in Table 3.
Table 3 compares the sensor readings
with the volumetric water content
determined by sampling soil for sandy
clay loam and loamy sand. According to
the Capacitive's MBE readings, the
sensor's average underestimation of
volumetric water content in the sand,
loamy sand, and sandy clay loam was

0.01 cm3/cms3, 0.03 cm3/cm3, and 0.02
cm3/cm3, respectively. Sand's RMSE
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value satisfies the requirements,
however sandy clay loam and loamy
sand do not. Both the MBE and RMSE
standards were met by the capacitive's

performance for sand. MBE 0.02

cm3/cm® and RMSE <0.035 cm3/cm3

are the requirements. The sensor

overestimated the volumetric water
content by an average of 0.03 cm3/cm3

in the sand, underestimated it by 0.03

HEtogram of L _snslogy (Skewness: 2.26|

O of wr_ [} 0.75)

100

00 a0 0o 200 400 o0 L w00
maattve analogy

Histogram of capacitive_analog (S&ewness 0.14)

20 40 e L
)

Histogram of capacitive_maoisture (Skewness: 0.73)

00
AR Erve_wealey

10 20 » 0 ~ L
APacive_mustuse

Figure 5: Skewness of different sensor data

cm3/cm3 in the loamy sand, and
underestimated it by 0.05 cm3/cm? in
the sandy clay loam, according to the
statistical values for the resistivity.

Furthermore, it was intriguing to note

Paper ID: JAN250104

that the resistivity values in Table 3
were negative at the lowest moisture
level, suggesting a calibration problem.

The RMSE values for sand and loamy

www.irjss.com 35



file:///C:/Users/Sanjay/Downloads/www.irjss.com

International Research Journal of Scientific Studies |January 2025,

e-ISSN: 3048-8451 Volume 2, Issue 1

sand have satisfied the requirements,

except for sandy clay loam.

sensor type.

8.5 Significant Variations

The study found significant variations

in the sensitivity of capacitive, resistive,

three sensor types,

and TDR soil moisture sensors. Table 4

shows the performance metrics for each

According to the findings, out of the
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Figure 6: Box plot analysis of soil moisture readings
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Figure 7: Sensor sensitivity comparison over time
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Table 3: Statistical analysis to compare measured values to sensor values

Moisture levels/ crop Sensor RMSE IA MBE
type

Sand Loamy Resistivity 0.010 0.96 -0.01

Capacitive 0.035 0.82 0.03

TDR 0.046 0.74 -0.03

Sandy Clay Loam Resistivity 0.032 0.91 -0.03

Capacitive 0.040 0.88 -0.02

TDR 0.063 0.62 ~0.05

Table 4. Table showing significant variations in the sensitivity for each sensor type

Statistic TDR Resistive Capacitive
Count 439 439 439

Mean 44.33 51.59 60.32
Standard Deviation 20.87 24.16 21.73
Minimum 0 0 12

25th Percentile 39 30 39

50tk Percentile 49 59 66

the TDR sensor had the lowest standard
deviation and the best accuracy and
consistency when measuring soil
moisture content. According to this,
TDR sensors are less impacted by

environmental  variables including
changes in humidity and temperature,

making them appropriate for automated

8.6 Correction equations

Correction equations for the three

sensors were created using the
laboratory data (Table 5). The value
from the factory-calibrated sensor is
denoted by Ovi. The corrected value is
Ov. Since the resistivity values at the

lowest moisture content measurement

irrigation systems in various were negative, the logarithmic resistivity

agricultural contexts. equations for sand loamy and sand clay
loam are unavailable.
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Table 5. Correction equations for TDR, Resistive and Capacitive soil moisture sensors

Soil
Type Sensor Equation Type Equation [RMSE IA MBE R2
Linear Ov = 1.4011 *6vi~0.0213 0.005 0.99 0.001 0.97
Exponential Ov = 0.0036€43.906%0vi 0.031 0.84 0.004 0.88
TDR Logarithmic 6v = 0.0577 *In(6vi) + 0.2294 0.008 0.97 0.001 0.92
Quadratic Ov =-0.5029 *(6v)2 + 1.4532 *6yi - 0.0225 0.005 0.99 0.001 0.97
Linear Ov = 0.6055 +*6vi + 0.0064 0.003 0.99 0.001 0.99
Sand Expor_lenti_al Ov = 0.0083e19.316*6vi 0.020 0.92 0.002 0.93
Loamy Resistive Logarlthrplc N/A ) N/A N/A N/A IN/A
Quadratic Ov = 1.0217 *(6+)2+ 0.4689 *Ovi + 0.0083 0.002 0.99 0.001 0.99
Linear Ov = 2.1154 *6vi - 0.0465 0.016 0.97 -0.001 0.89
o Exponential Ov = 0.0032e43.918+0vi 0.061 0.78 0.006 0.85
Capacitive Logarithmic v = 0.1157 *In(6vi) + 0.4187 0.017 0.56 0.001 0.88
Quadratic Ov =-12.181 *(6vi2 + 3.6501 *6,i~0.0873 0.016 0.97 -0.001 0.89
Linear Ov = 0.9759 *6.i - 0.0283 0.059 0.76 -0.057 0.89
TDR Exponential Ov = 0.0149e20.47 1+6vi 0.055 0.81 0.005 0.85
Logarithmic N/A N/A N/A N/A N/A
Quadratic Ov =-1.7108 *(6v)2 +1.1702 *Bvi + 0.028 0.017 0.97 0.001 0.90
Linear Ov = 1.7905 *6+i~ 0.093 0.011 0.99 0.001 0.97
Sandy % Exponential Ov =0.0131e16.505%0vi 0.017 0.99 0.001 0.99
Clay Resistive Logarithmic Ov = 0.2036 *In(Ovi) + 0.5697 0.015 0.99 0.001 0.94
Loam Quadratic Ov = 13.837 *(6vi)2-1.5894 *Bvi + 0.0858 0.016 0.99 0.001 0.99
Linear Ov = 1.2857 *6vi + 0.0142 0.037 0.88 0.001 0.65
Exponential Ov = 0.0439e10.074+6vi 0.043 0.87 -0.011 0.49
Capacitive Logarithmic Ov = 0.1532 *In(Ovi) + 0.5019 0.024 0.89 -0.011 0.67
Quadratic Ov = -9.1965 *(6vi)2 + 3.5828 6,i~0.1146 0.034 0.89 0.020 0.68

Drawing from prior research, this study

assessed the sensor's performance
using the following standards: R2 >
0.65, MBE +0.02 cm3/cm3, IA > 0.8,
RMSE < 0.035 cm3/cm3,
by [21], [24].

According to the statistical analysis

as observed

results, every kind of equation for TDR
and capacitance in the sand loamy has
satisfied the requirements. TDR and the
factory-calibrated capacitor both
satisfied the requirements. Exponential
and logarithmic equations did not
perform as well as the linear and
quadratic type equations of capacitive.
All forms of equations have satisfied the
requirements in sandy clay loam. The
TDR and capacitive linear, exponential,
and quadratic equations have satisfied

the requirements.
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In loamy sand, the quadratic equation
satisfied the requirements, while linear

and exponential equations did not.

Logarithmic, exponential, and linear
equations performed poorly in sandy
clay loam. Only the quadratic equation
was able to meet the requirements.
research, the
equations often had the
highest IA and R2 and the lowest RMSE

and MBE [24].

According to prior

quadratic

8.7 Validation of
Equations
The field experiment was performed to

Correction

validate the correction equations.
Figures 8, 9 and 10 show the

comparisons of factory-based

calibration of soil moisture sensors to
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corrected values for sand loamy and sandy clay loam, respectively.
om
o0.1s
0
012
5w
¥ —efactory-based calibeation
§ .08 w—{Of rot ted
0.06 & Mewmsured
004
om
: July August September
Date
Figure 8: Comparison of factory-based calibration to corrected values for Capacitive in sand
loamy
0
030
0xs
Tox
.5 v | actOTy based calibration
g 0.15 w—{ ot TRt
& Mesmured
o.10
005
0m
July August September
Dste
Figure 9: Comparison of factory-based calibration to corrected values for resistivity in sand
loamy
o»
63
ox
-
S e
T s Farury-Sace d catbeatio
v ois w— v bt
§ A Nerssared
L3
om
9
Iuly Ay Grass Septernbey
T

Figure 10: Comparison of factory-based calibration to corrected values for TDR in sand
loamy

Paper ID: JAN250104 www.irjss.com 39



file:///C:/Users/Sanjay/Downloads/www.irjss.com

January 2025,
Volume 2, Issue 1

International Research Journal of Scientific Studies
e-ISSN: 3048-8451

016

o

3
;2 ocea e fmetury mased cobbirebio
;:. —Cerrecied
; 006 A Menvwed

004

0cr

oon

Ity Auigust Seprember
Datw

Figure 11: Comparison of factory-based calibration to corrected values for Capacitive in
sandy clay loam

040
o
A
g W
g a5
-~
“g e Fattory bomd caliliretio
= Qa0
g e Capt vepe Ll
0a% A Measurnd
L8 1
005
00
Iudy August Septembar
Dulw

Figure 12: Comparison of factory-based calibration to corrected values for Resistive in sandy

clay loam

0%

0xs

o0
p
£
-ﬁ ors w—— o clOey bacod calitirat
g — COitcctOd

A Nesvarwt

o0

o

o0 .

July Asgust S paRcmibes

Oe

Figure 13: Comparison of factory-based calibration to corrected values for TDR in sandy clay
loam

Paper ID: JAN250104 WWWw.irjss.com 40



file:///C:/Users/Sanjay/Downloads/www.irjss.com

International Research Journal of Scientific Studies

e-ISSN: 3048-8451

January 2025,
Volume 2, Issue 1

The RMSE values for factory-based
calibration and after correction in loamy
sand are 0.023 and 0.021 cm3/cm3,
respectively. This result shows that
loamy sand slightly improved the
correction equation (0.002 cm3/cm3).
Another study also had RMSE values of
0.024, 0.023, and 0.044 cm3/cm?3 in
loamy sand [17]. The RMSE values for
factory-based calibration and after
correction in sandy clay loam are 0.039
and 0.012

Overall, the

cm3/cm3, respectively.

moisture sensor
performance was improved with the
correction equations.

calibration  of

and TDR soil

The  factory-based
capacitive, resistivity,

moisture sensors is compared to
corrected values for sand loamy and
sandy clay loam, respectively, in
Figures 11, 12 and 13. The RMSE
values in sand loamy after correction
and factory-based calibration are 0.006
and 0.026 cm3/cms3, respectively. This

outcome demonstrates a 0.019

cm3/cm3 improvement using the sand
calculation. After

loamy correction

correction and factory-based

calibration, the RMSE values in sandy

Mounting the soil moisture sensor
dramatically impacts its performance,
in addition to fixing the calibration
equation. Previous studies have also
stressed the need for adequate contact
between the sensor and soil to prevent
the formation of an air gap [25], [26],
[27]. As soil depth grows, variations in

soil temperature are reduced.

9.0 Conclusions
Through laboratory and field tests, this

study assessed the effectiveness of TDR,
resistive, and capacitive soil moisture
sensors. Except for the capacitor for
sand loamy, none of the factory-based
calibrated TDR, resistive or capacitive,
performed well enough to satisfy the
statistical requirements. Last, TDR
sensors are highly precise and perfect
for in-depth research and large-scale
farming. Resistive sensors are cost-
effective but require more maintenance
and capacitive sensors balance cost and
accuracy for widespread application. A
precise assessment of soil moisture is
maximise

TDR,

necessary to irrigation

effectiveness. high-sensitivity
sensors improve water use efficiency by

affecting water application rates and

clay loam are 0.020 and 0.047 irrigation schedules by providing
3 3 '

cm?/cm?, - respectively.  Overall,  the accurate moisture data. Making the
correction equations significantly most of sensor data for improved
increased the capacitive sensor's S . .

irrigation techniques requires -careful
performance. calibration, thoughtful positioning, and
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routine maintenance. More sustainable
water consumption will result from
integrating these sensors with data
analytics and IoT platforms, enhancing
real-time monitoring and predictive
irrigation control.

Consequently, it is advised that TDR,
resistive, and capacitive soil moisture
sensors be calibrated for each kind of
soil. The lab experiment produced the
correction calibration equations for
each of the three sensors. The field
experiment's sensor demonstration
verified that the correction equations
increased the accuracy of the TDR,

resistive, and capacitive sensors.
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