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Abstract—The electrical power system consists of different
components, such as alternators, motors, transformers,
transmissions, and distribution lines. From these components,
the lines are the major components that supply the electrical
power to consumers for utilization. The overhead and
underground systems are approaches to power transmission
and distribution systems. The overhead power system is
affected by natural disasters, snowfall, storms, heavy rains,
wind, and earthquakes. Overhead lines are harmful for
humans and also for animals. Overhead lines contaminate the
natural beauty of the environment, especially streets. The
underground lines are not affected by natural environmental
disasters, keep the environment clean, and are not harmful to
humans or animals under fault conditions. The main
drawback of underground lines is that they lie deep
underground and are not visible, so whenever a fault occurs,
repairmen will have to dig up the whole area where the cables
are lying to search for the fault point. More time and energy
are required to detect and locate the fault and also correct it.
In the past, several methods were applied, such as the tracer
technique, terminal technique, sectionalizing, and thumping,
but due to their drawbacks, an Arduino-based fault detection
system and its location are proposed in this research paper to
analyse the fault in the different phases of underground
transmission lines and display it on an LCD. It will result in
reduced maintenance costs and ease in locating faults in the
transmission and distribution underground lines. The
prototype of a fault locator based on Arduino was developed
in the laboratory of QUEST Campus Larkana.

Index Terms: Arduino, Underground Fault, Fault Location

ILINTRODUCTION

The electrical power system consists of different
components, such as transformers, transmission and
distribution lines, etc. From these components, the lines are
the major components that supply the electrical power to
consumers for utilisation [1]. The transmission and
distribution lines are badly affected by the fault [2].
Overhead lines and underground power systems are the two
basic approaches to transmitting and distributing electrical
power [3]. The overhead power system is affected by
natural disasters, snowfall, storms, heavy rains, wind, and
earthquakes [4]. Overhead lines are harmful for humans and
also for animals [5], and they affect the natural beauty of
the environment, especially streets [6]. The underground
power system is most reliable, has a lower maintenance
cost, less transmission and distribution losses, and is free
from snowfall, wind, and earthquakes [7, 8]. The world is
moving towards an underground power transmission and

distribution system to deliver reliable power to consumers
[9]. Pakistan's large cities and some areas have underground
power systems [10]. The drawback of underground power
systems is that if faults occur, they will not be easy to repair
and trace out [11]. In the past, several methods were
applied, such as the tracer technique, terminal technique,
sectionalizing, and thumping, but due to their drawbacks
[12], such as the tracer technique, electromagnetic signals
or audible signals are taken through walking on a cable line,
where faults occur, which will result in time consumption,
revenue loss, and an increase in labour costs [13]. In the
terminal technique, one end terminal of the cable or both
ends of the cable terminals are tested through a test set [14].
In sectionalizing, the cables are required to be cut into
sections or subsections; each section is tested with an
ohmmeter or high-voltage insulation resistance [15]. In
thumping, a high voltage is required, which results in a high
current being produced to make enough noise to hear [16].
In control centres, large alarms and SMS are received
during fault conditions, and the operator analyses the data
to make a decision [17]. If a fault occurs in distribution
lines, then it is necessary to locate the fault urgently to
restore the supply [18]. The electrical power system
network is more complex, so it is necessary to install a
proper fault locator to locate the fault in the underground
system in order to save time and revenue [11]. Most
transmission companies still rely on the circuit indicators to
locate the fault in the underground power system [19].
Although fault indicators are the most reliable means for
fault location, the technical team and petrol teams are still
physically in the vehicle and inspect the device for longer
hours to detect the faulty section of their underground
transmission system [20]. In this research study, the
prototype on the QUEST campus in Larkana based on
Arduino for monitoring the underground power system for
the location of faults on the LCD is presented and validated
under different fault distances, which results in a reduced
time for locating the fault and carrying out the maintenance
to restore the supply in the minimum amount of time [21].
Figure 01 shows the block diagram of the proposed system.

A. Motivation

In the current scenario, developing countries are
replacing the overhead power system with an under-ground
system due to the lower chance of a fault occurring and the
greater reliability of the overhead power system, but if a
fault occurs, it is necessary to trace it out within a short
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period of time; otherwise, it will result in revenue loss to the
utility company and increase the labour cost [9]. Pakistan's
large cities and some areas have underground power
systems [10]. In this research study, the Arduino UNO
device is utilised to trace out the underground fault without
waste of time, and continuity of supply will be maintained
within the shortage period [11].

B. Related work

The tracer technique of fault was presented by Hassoun
et al. in 2000 [22], but this technique will result in time-
consuming, revenue-loss, and an increase in labour costs
[13]. In 2011, Liu et al. presented the terminal technique
[23], in which one end terminal of the cable or both ends of
the cable terminals are tested through a test set. Linli et al.
presented their research in 2012 on the sectionalizing
method, but in this technique, the cables are required to be
cut into sections or subsections, and each section is tested
with an ohmmeter or high-voltage insulation resistance
[15]. In 2014, Ali et al. presented the thumping method for
fault location [24], but in this method, a high voltage is
required, which results in a high current being produced to
make enough noise to hear [16]. In 2018, Samapatharaja et
al. presented research on 10T-based fault location [14], but
the authors only located the single-phase fault. In 2020,
Arifin et al. presented research on the location of a fault
through Arduino but tested it under a fault up to a fixed
distance [25].

C. Problem Statement

It has been seen from a literature survey that the
methods such as thumbing, terminal technique, and tracer
technique presented in past research are not appropriate for
the location of the fault, resulting in a reduction in revenue
for the utility company, high labour costs, and more time to
locate the fault 22-24]. Research was carried out in 2020
through Arduino, but the performance was analysed in
different phases, but accuracy was not considered [25].

1.1 Problem Solution

In this research study, the prototype of Arduino is
developed and analysed for performance through
applications where Arduino is installed at the same distance
of fault and at different distances of fault to measure
accuracy because such a device is the selection as compared
to the other techniques discussed in the literature review to
locate the fault in underground power cables [25].

D. Contribution

In this research paper, each author has contributed
equally to developing the prototype of the Arduino for fault
location in an underground system, involving no conflict of
interest.

E. Organization of Research Paper
Section 2 describes the Arduino,

Section 3 describes the Methodology,
Section 4 describes the Results and discussions,
Section 5 describes the conclusions.

3| Regulator > Displey
Rectifier V‘
1 Current Resistors
Sensing
Transformer !
1 Relay Fault
Driver Switch
Arduino
Ac Supply Programming Y
Multiplexed
Relays

Fig. 01 Block diagram of Proposed System

II.ARDUINO UNO

Arduino UNO is an open-supply platform to develop
projects based on electronics [26]. It consists of a
microcontroller and a software bit used in laptops with
programming [27]. The Arduino is more famous for the right
reasons and does not require a piece of separate hardware that
will load new code onto the board, so we can use the USB cable
[28]. Finally, Arduino provides the latest thing that breaks out
the capabilities of the microcontroller [29]. Figure 02 shows the
hardware model of Arduino.
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Fig. 02 Hardware Model of Arduino

A. Arduino Ide

The software used to programme an Arduino is called
Arduino E. Arduino IDE is open-source software available
for research purposes [30, 31]. This Arduino IDE can be
downloaded to one’s laptop or computer based on the
operating system. The Arduino IDE can be programmed in
both java and C++ languages. Arduino is connected to a
computer or laptop through its USB data cables [32]. Arduino
IDE has features such as compile, upload, save, and open and
has multiple libraries for all types of sensors. The compile
option is used to feature check the programmeme; the upload
button is used to upload or dump code to the Arduino board;
the save option is used to save the particular programmeme
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to a specified file; and the open feature allows the user to
open pre-written code from files [33].

B. Components of Arduino

The different components are used [29] in Arduino,
such as relays. The relay is a sensing device; under normal
operating conditions, the contacts of the relay are closed.
When the relay contact is opened, power is supplied to the
circuit. When the relay is switched off, it will produce
voltage spikes that will be harmful, so diodes and resistors
are connected to overcome this problem. Vero board is an
original prototyping board made of copper-clad laminate
and available in both-sided format. On the Vero board, we
can easily fix the components and wires for the
development of prototype circuits. The resistor consists of
two leads and has no polarity, so we can connect from
either side. Resistors are used to limit the flow of current.
An LCD is used to display the data. It has 16 columns and
two rows. A potentiometer is a manually adjustable resistor
with three terminals. Two terminals are connected to the
end of the resistive element, and the third terminal is
connected to a sliding contact, also known as a wiper. We
can adjust the resistance of the potentiometer by rotating
the wiper. An adapter is used to convert the AC into a DC
supply. It is a mechanical switch that slides from ON to
OFF nposition to allow the current in control circuits
without any need for a cut wire. An LED is a
semiconductor light source that emits light when current
flows through it. A rectifier is used to convert DC into AC.

I1l. METHODOLOGY

This research study is based on Ohm’s law. If low-
voltage DC is applied to the feeder and through series
resistors, the current would vary depending upon the
location of the fault in the cable, as the resistance is
proportional to the distance. Whenever a fault occurs in a
cable, the Arduino detects and displays it on the LCD, and
a buzzer produces an alarm to alert and prompt field
workers to take immediate action. In this model, two lines
of fault and three phases of fault are considered. All types
of faults will display on the LCD screen. In the first stage,
DC power of 12 volts is supplied, and with the help of a
voltage regulator, the 12 volts are regulated to 5 volts of
DC power. This 5V DC is used to deliver power to the
Arduino. Now this 12-volt power supply will flow in a line-
to-line circuit and also in a line-to-ground circuit, which is
attached in parallel with the line-to-line circuit. Now, if we
switch on any switch, it will show on the LCD. If a fault
occurs in the red phase at a distance of 6 km, then
ultimately the red bulb will turn off, as we can see on the
LCD. The fault switches have two positions: the no fault
position (NF) and the fault position (F). The LM7805
transmission module is used to step down the flow of
power and give it to the relay module. The relay module
works on a cycle; if a fault occurs, it will operate
automatically within one second and display it on the LCD.
In this method, the Arduino Uno controls the whole system
through the indication of three different bulbs that show R-
Y-B loads through a 1-channel relay, as shown in Figure 3,
and Figure 4 shows the flow chart of the Arduino-based
fault location.
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A. results and discussions

Resistors are used in transmission lines. If there is no fault
at any phase, the LCD will display NF (no fault). When faults
occur in the red phase, the LCD will display the fault in terms
of KM in the red phase. The second switch is used to indicate
the fault in the red phase, the third switch is used to indicate the
yellow phase, and the fourth switch is used to indicate the fault
in the blue phase on the LCD.

B. Accuracy of Arduino at Different Distances

In this stage, the fault is applied in the red phase, and the
LED is switched on to display the fault on the LCD. In this
condition, we have applied a fault beyond the actual distance
of the fault and measured the accuracy of the proposed system.
We have seen that the accuracy of Arduino is not 100% even
with small changes, and the results are tabulated in Table 1.

C. Accuracy of Arduino at the same distance

In this stage, the fault is applied in the red phase, and
the LED is switched on to display the fault on the LCD. In
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this condition, we have applied a fault at the same distance
and measured the accuracy of the proposed system. We
have seen that the accuracy of Arduino is 100%, and the
results are tabulated in Table 2. Prototype design and
working are shown in figures 5 and 6.

=

Fig. 6 Working of Prototype of proposed system

Table 01 location of Fault at Different distance

S.No Actual Fault Distance Accuracy %
Fault Distance

1 30 km 29.8 km 99.33

2 40 km 39.2 km 98

3 50 km 51.7 km 96.6

4 40 km 40.2 km 99.50

5 50 km 54.3 km 91.4

Table 02 location of Fault at Same distance

S.No Actual Fault Distance | Accuracy 1
Fault Distance

1 20 km 20.0 km 100

2 30 km 30.0 km 100

3 40 km 40.0 km 100

4 50 km 50.0 km 100

D. Discussion

It has been seen from the results that the Arduino-based
technique is a better approach to locating the fault in an
underground power system. The accuracy depends on the fault
distance; if the fault distance is small or large, the accuracy will
vary, but if the fault distance is the same as the actual distance,
the accuracy of the fault location will be 100%.

IVV.CONCLUSIONS

This research study is proposed to detect the accurate location
of the fault in the underground cables from the feeder end in km
by wusing an Arduino microcontroller. The Arduino
microcontroller is based on the output of the cable resistance.
Relay helps to separate the faulty line from the healthy line. In
this model, line-to-line, line-to-ground, double-line-to ground,
three-phase-balanced faults occur, and the system detects this
fault and displays it on the LCD. Considerable efforts were
taken to locate the fault in an underground cable power
infrastructure, but due to the drawbacks of past technologies, a
simple ohm’s law-based technology such as Arduino-based
fault location was designed and developed in the laboratory of
QUEST campus Larkana to analyse the performance under the
same and different fault distances. This research study results in
easily clearing the faults, high efficiency, a reduction in the time
duration of excavation, and reduced cost.
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Abstract—Fluid flow modeling in complex geometries
through porous media has fascinated and challenged applied
mathematicians and engineers for decades. It has great
importance in various industries, including petroleum, food
processing, and pharmaceuticals. This study looks at how non-
Newtonian inelastic fluids behave in an annulus that is filled
with a medium that lets fluids pass through it. The medium can
combine and separate flow regimes. The finite element approach
with the Taylor-Galerkin/Pressure-Correction scheme is used in
this work. The flow consists of two reversible configurations
inside a porous material-filled annulus with a sudden gap.
Variations in flow rates, inertia intensification, and porosity are
examined in this study.

Keywords— Finite Element Mesh, Uniform Conformal Mapping,
Mixing And Separating Flows, Annular System

. INTRODUCTION

Due to numerous industrial and practical applications,
research on the flow of non-Newtonian inelastic fluids
through intricate channels and pipes containing porous or
non-porous mediums has recently attracted significant
attention from engineers and scientists. Specifically in oil and
gas industrial applications like improved recovery of
petroleum, dripping operations, thermal insulation, porous
bearing, solar cells, radiators, nuclear reactors, compacted
bed reactors, biomechanics, chromatography, food,
pharmaceuticals, biotechnology, screening processes,
geothermal engineering, and many others [1-3]. Utilising
inelastic  fluids, which have extremely complicated
rheological behaviour, may be a challenging element in many
procedures. According to the literature, various researchers
[1-4] have examined the hydrodynamic properties and
thermal behaviour of inelastic flows via porous channels. The
constitutive model was utilised for viscoelastic simulations, a
category of shear-thinning (PTT), to computationally
represent the consequences of shear-thinning impacts on
alterations in space size between appended parallel plates. In
essence, shear thinning is a natural characteristic of many
fluids, including lubricants and polymers [5], and has
continued to be an important and fascinating subject in the
realm of CFD, which is often utilised in industries.

Several studies have been conducted on how mixing and
reversing flows of non-Newtonian inelastic fluids behave in
circular pipes [1][28]. The impact of inertia on such flow
structure, and pressure transition are of particular interest.
The critical role of inertia is revealed by observing the flow
and behavior of fluid inside the pipe/channel [2, 6, 9-13]. Th—
13]. lude the production of flow transitions and the emergence
of singularities at steep bends [16]. Due to its importance for
several real-world applications, the behavior behaviour flows
in complicated domains is of particular interest [7, 8]. The
mixing and separating flow of extremely elastic fluids was
studied by Baloch [9] adopt[9], a time-dependent finite
element method with Taylor-Petrov-Galerkin algorithms [10,
15]. He additionally applied the pressure-correction method
to incompressibility to achieve second-order accuracy.

In recent years, modern high-speed computer technology has
progressed to the point where complex numerical algorithms
have been designed. International organizations have
strengthened the practical use of computer simulations to
evaluate complex fluid dynamics in a region with permeable
materials [13]. Due to its capacity for performing constraint-
based simulations, the Computational Fluid Dynamics (CFD)
method is anticipated to manifest a specific feature.
Significant advancements have been made in the previous
three decades in our understanding of numerical uncertainties
and flow types, including unsteady and turbulent [14].
Mathematical representation of the flow phenomena
involving both mixing and separation, combined with
additional adjustments, see the initial work of [11, 14], solved
experimentally and numerically adopting numerical
technique analyses by Baloch et al. [9].

The main motivation behind the present work is to formulate,
estimate, and analyze a numerical approach to address the
transient hydrodynamics characteristics involved in mixing
and separating non-Newtonian inelastic fluids inside an
annular gap filled with or without a porous media. Wide
parameter ranges of inertia are explored using a sophisticated
computational method, and relative flow rates are of
relevance to this study.
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— >
A. Problem specification 22 (Wr) 4+ Vz -0 Q)
. . . ) r- component
A schematic representation of the two-dimensional v av o T P
oAt O et (_r+ o,y r)z(__(r y-e iy )_
annular system under investigation is shown in Figure 1(a). P\3t " V%, T V275, ror hrr az 17
The horizontal annular pipe or conduit has an inner pipe with 22 _ Lo, (2a)

ar  pk

a radius of Ri that fits within the outer pipe with a radius of
z- component:

Ro. A two-dimensional axisymmetric computational domain v, av, ov, o
is assumed to have a length of 23R and a non-dimensional P( tU—t v, az) = (r o5 (Trg) + - Tzz) 9 oV
thickness of o = 0.0245, where R is the inner pipe's (2b)

characteristic radius. The separation with the width B =3L is  \Where v, and v, are velocity components, p is pressure, p is
produced at the wall of the inner pipe at the centre in such a  density and u signifies the thickness of fluid stuff, ¢ is time,
way that fluid is mixing and separating in both pipes. Asmall-  and « is the permeability of porous media. The shear and

radius inner pipe is included in the sizable conduit domain,  normal stress components are articulated in the following
creating twin inlets and outlets. Figure 1(b) shows a finite  form [17]:

element mesh on the domain under consideration. IDEAS

software and FORTRAN programming are employed to Trr = 2“0/)? ®)
discretize the flow domain in the computational domain, = uy ){a”r a"z} @)
utilising triangular components produced by uniform _ sz

conformal mapping. The mesh provides a total of 5049 2“()’) ®)
elements, 19057 nodes, and 73953 degrees of freedom to be 799 = Zu(y) 7 (6)
used in the analysis. here, y and u(y) are the shear rate and the functional

viscosity of the fluid respectively.

C. .Initial and boundary conditions

The initial and boundary conditions are essential for
presenting a well-posed flow of fluid in a pipe problem
specification. To provide a precisely formulated problem
statement for the fluid flow in a pipe, it must incorporate
suitable prerequisites. To provide v, at starting value of time,
the following initial condition is used:

v (r,z,t) = vr 2 (r,2,0) (7
R v,(r,z,t) = v2(r,20) (8)
SRSSSSNSN $ $ I 4 p(r,zt) =p°(r,z0) ©)
Where,
Y Vv =0 " (10)
The suitable boundary conditions on I as:
(b) v=gi(x,t)only (11)
Fig. 1 (a) Geometry of mixing and unraveling fluid flows in a tubular (0.n) = gy(x,t) on I, (12)
pipe, (b) Finite element mesh. Where, v = (v,, v,)

Here the enfolding domain is the unit apparent normal to the
boundary, signifies the velocity vector stipulated on, allocates
the traction vector articulated on, and is the Cauchy’s stress
tensor. It should be noted that mixed velocity-traction
boundary conditions are also possible. Finally, if diminishing
tractions are enforced, the specified velocity must meet
consistency conditions.

In order to prevent indefiniteness or a fluid dynamic
discrepancy, a consistent pressure datum must be provided up
to an arbitrary constant in this situation. On solid walls, the
no-slip condition is mandated, while the Dirichlet condition
and Neumann condition for the axial component are
mandated on the axis of symmetry.

To understand the behaviour of an inelastic non-Newtonian
fluid, a few models (Bird-Carreau and Power Law) have been
examined. The impact of the fluid's functional viscosity in a
pipe is examined in relation to the shear rate. By changing the
number and modifying the stream rates in the external tube,
increasing degrees of inertia are introduced. This makes it
possible to examine how inertia affects flow patterns and
pressure differences.

B. Mathematical Formulation

In an annular, permeable medium, two-dimensional .
axisymmetric non-Newtonian incompressible fluid is flowing ~ D-  Numerical scheme
in a pipe while the flow is fully established at both inlets. The The simulation methods are based on convergence rate,
abrupt imposition of a pressure gradient causes the fluid flow  efficiency, and robustness. According to published research
to be erratic. The equations of continuity and generalised [9, 17, 18], semi-implicit procedures are preferable for
momentum balance (Darcy-Brinkman), which control flow, explicit systems, which have a sluggish rate of convergence.
are used to develop a mathematical model of the flow by  Generally, implicit approaches are employed to improve
taking cylindrical polar coordinates into account. numerical stability; nevertheless, these methods are not
computationally more expensive.
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E. Taylor—Galerkin/Pressure—Correction Scheme

A multi-stage finite element method is the preferred
approach here. In the initial phase of the approach, a pressure-
correction technique (Taylor-Galerkin) was used for non-
Newtonian fluids [19]. The present investigation has been
taken into consideration in order to achieve second-order
correct solutions in accordance with the theories of [20] and
to build on the work of [21]. The momentum equation was
improved by adding Darcy's term to a FORTRAN computer
programme for flow through porous material that was
constructed based on the Taylor-Galerkin/pressure-correction
method. A fully discrete system is derived by defining
appropriate finite-dimensional subspaces of The equations
are solved using a mixed velocity-pressure formulation after
being spatially discretized using the Galerkin weighted
residual approach. Piecewise quadratic and piecewise linear
functions are used to portray velocity and pressure over a
triangular mesh subdivision. The equations estimate the
velocity (,) and pressure p over each element.

The main idea behind this plan is to find a way to use an
expensive and pretty accurate transient scheme to find both
temporary and permanent solutions to problems with fluid
flow. The approach uses Taylor series expansions to produce
temporal discretization. The Lax-Wendroff approximation
technique is used to ensure the second-order temporal
correctness of the desired results. The approach additionally
encapsulates temporal derivatives and consistent spatial
derivatives' higher-order precision. Compared to the Euler-
Galerkin and Finite Difference approaches, the algorithm
significantly improves accuracy and stability [19].

Chorin first proposed the pressure-correction/projection
approach in 1968 [22], and Fortin et al. explicitly presented it
in 1971 [23]. The pressure and velocity fields are decoupled,
and a linearized momentum study is usually used to obtain
second-order precision and stability [24, 25]. The semi-
implicit approach is recommended for situations with
considerable diffusion-dominated flows since it is noticed as
numerically accurate, computationally effective, and reliable.

F. Semi-implicit time-stepping scheme

A semi-implicit time-stepping method is a numerical
approach that offers the solution of partial differential
equations (PDEs) with stiff and non-stiff components. This
approach seeks to produce exact results using three Jacobi
mass-matrix iterations. Conventional time steps are used
when applying a semi-implicit technique to the Newtonian.
Literature [26] suggests that a relative increment tolerance of
1071 times the time step should be allowed in order to obtain
steady-state solutions. Studies have shown that semi-implicit
approaches have higher rates of convergence than explicit
methodologies [27].
The details of the discrete semi-implicit equations that
incorporate Darcy's component are as follows:
Stage-1(a):

(o)) (7w = s+

n
SeVey = IR = NIV = My, (13)

(i) (1 v = st

SuWVay —J1 Pk]n —~ NV, — WMV" (14)
Stage-1(b):

oM+ () | - v) =[-8 +

Sy —1iPE] - N(V)V"-% ~ e MV (15)
L 1) 01 = [

Sy = JiPE| =NV - o mv, (16)
Stage-2:

KQ™) = == (iVyj +12Vs)- (17)
Stage-3:

MV, =V, ") = St —p™). (18)
MV, =V, 0) = S 1 - ph). (19)
Where S = {aa‘i‘ aat’ ‘;‘fj %"} dR is a momentum

diffusion matrix, M = [ ¢;¢; rd(, is a mass matrix, J, =

f%(pj do and J, = f%cpj dn are divergence/pressure

7}

0Py ‘ij_'_al/)kl ka]}d_() is a
dx dy 0y

stiffness matrix for pressure, Where T is matrix transpose.

V™, v*, V1 are nodal vectors of velocity field, the pressure

gradient matrix and K = f{

p™, p™*1  and the time interval At is (£, ;). V", is anodal

velocity vector at t, time, V" is an intermediate non-

divergence-free velocity vector and Vj"“is a divergence-free
velocity vector at time stept,,;. In the above-mentioned

equations, the pressure vector is pi, and Q™"+t = pi*tt — pP
is a pressure difference vector.

C. Finite Element Discretization

The collection of equations (13) to (19) is discretized in

the spatial domain using a variational formulation that makes
use of a weighted approach.
The shape and weight functions are specified in Hilbert
spaces which correspond to subsets of the two-dimensional
Euclidean space 2 c R2. Explicitly, we focus on scalar-
valued functions and associated first-order derivatives in the
Hilbert space H'(2)? and the vector-valued Sobolev space
for second-order derivatives of functions that are integrable
square in the L2(£2) norm. Finite element approximation is
established on such function spaces. The method described
above is a typical one for discretizing and approximating the
relevant equations.

n

V= {u" c H'(@)? |ur; = b}, 20)
Vo = {v c H(Q)?|ul; = 0}. (21)
The conventional inner product for demonstrating integrable
square functions is presented as follows:

(f.9)=J,f0) g(x)da. (22)
Assume that L2(2) his a scalar Hilbert space where functions
can be square-integrated:
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P ={qcL*(0)%}. (23)
The set of equations (13 - 19) suggests a weak formulation of
the problem. The following semi-discrete variational forms
are projected at several stages:

Stage-1la:

1
((i_qz b1 (vn+a_vn,v)) - (v -
At 2Re 2Re Dg Re

1
@.V)v — 75-,v) = (V. ) (24)
Stage-1b:
1_1y . _ = (Ly2y—

(E RV +ReDa) @' =v"v) (Rev v

v, v)n - (Vp, ™ — (v. Vv"%, v) (25)
Re Dg
Stage-2:
OV (p™ - p,q) = = (V.v",v) (26)
Stage-3:
2@ —v',v) = V™ - ptg) (27)

To establish a discrete system for the problem that properly
characterizes the finite-dimensional subspaces. Adopting a
weighted residual approach in which the weighted function is
designed to be equal to the shape function, the
aforementioned equation (23) is spatially discretized.
Piecewise quadratics and piecewise linear over tessellations
of a triangular mesh are the shape functions used to calculate
the velocity and pressure components, respectively.

On introducing the approximate results of primitive
parameters, u(x,y,t),v(x,y,t) and p(x,y,t), on the finite
spaces of the below functions:

u(x,y,t) = , =1 U (8) @5(x, y) (28)
v(x,y, ) = Xjo, Vi (©) P(x, y) (29)
p(r,z,t) = X3y PO (r, 2) (30)

Here, shape functions 1, and @; are linear and quadratic
respectively. The completely discrete system's compact
matrix is defined as:

Stage-la:

2M 1 (S M +1 _ 1 .t
[{A—t—;(ﬁu—a)}("” ORI SR

n
1

N, =5 MV]-]] (31)
Stage-lb:

M 1 (S M " _ 1 .+

37 Gl —vm = -2 (5v) +ifP -

1 n n+l
T MV,-] N (32)
Stage-2:
K™ —p™) = —Z V' (33)
Stage-3:
%(erwl _ V]*) _ ]-l-(pn+1 _ pn) (34)

Where V™, V*, V™1 are nodal vectors of velocity field, the
pressure p™, p™*1, and the time interval At is (t,, t,+1)

D. Stream function

Fluid dynamics analysis requires a thorough grasp of flow
structures. Using stream functions, it is possible to compute
the flow structure in a two-dimensional coordinate system
and gain insightful quantitative information. Multiple stream
functions are needed for each dimensional component of a

three-dimensional coordinate system. Stream functions are
helpful resources for mathematical analysis, demonstrating
flow structure, and transferring significant physical
significance. By visualising the flow field with respect to
local velocity vectors, streamlines are employed to
understand the solid edges of a flow. They are particularly
helpful for quantitatively evaluating recirculation zones.
When modelling fluid flow problems using basic variables,
the development of stream functions becomes significant.
The flow pattern may be clearly and succinctly visualised
using this method. Before producing streamlines from one
node region to another, the stream function has to be
established. The stream function may be described by a series
of curves that pass through the flow structure. Throughout a
steady-state flow field, the variance of fluid particles with a
single streamline or path line is consistent. In both a Cartesian
and a cylindrical polar coordinate system, the stream function
satisfies Poisson's equation. A suitable vector potential for
incompressible two-dimensional flow, denoted as 'P,' as
follows:

V=rx{Y.
Where,¥ = {0,0, ¥} represents the stream function.
The velocity components are considered to be distributed
along the axial and radial directions within an axisymmetric
cylindrical polar coordinate system (r, z). This choice is made
due to the fact that Cartesian coordinates, which are a specific
type of axisymmetric frames of reference, are utilised in the
computation process. The relationship between the stream
function (r,z) and the velocity components can be described

as follows, as stated in reference [9].

1% _ = —v, and —Z—j =v,. (36)
For computatlon employing pseudo time stepping procedure,

abovementioned (36) suggests the subsequent technique:

(35)

ov _ (9w WY _ 0w L v
at (6r2 az2) "o T Vet TS @7

Offers some calculations by r gives equation (37) becomes:
19¥ _ ( vy — %___l_aur (38)

r at or
When forward t|me stepping along the At step is applied to

determine time derivative of equation (38), the following
difference configuration of equation (38) emerges:
n+1_ wn
ST R R T
Operating weighted re5|dual technlque weak form of
equation (39) turns into:

Alt L2 @™ —wmyrd0 = [ 2 (V2™ rdf) —

Jow32 2 rdQ — [, w frd + [,w—> 6vr rdQ. (40)
A finite element apprOX|mat|on will be:
(lluv Uy, vz) = ?/:1(!}/]_’ Vr]l VZ])(DL'(T', Z)' (41)

Here, @; is the quadratic basis function on nodal point j, and
stream function’¥;’. The radial and axial velocity elements

are described by(V,/, /) in r and zdirections distinctly.
Performing the Galerkin approximation, during that the
weight function (wi) is considered to correspond the shape
function (@;), is illustrated here:
T wi(x) = T, @ (x).
provides:

(42)
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=/, d)-cb-d.QAlP?l“ = [, o,(V?®;) dov; —

I, <I> Zirdav) - [, ®:9; dov! + I, d)i%rd!) v/ (43)

By applylng Green's theorem to carry out integration and
relying on Dirichlet boundary conditions, it is possible to
reduce the second derivatives of equation (43), which may be

written as:

Op; 09

i .. n+l _ et el 6¢J n __
-, @i ®;d0AY] oor o + 2% 3 doy]

fcb—rd.()v — [, ®;9; dov) + [, q§—rd.(2v (44)

The semi-implicit and explicit variants of equatlon (44) are
represented as matrices and vectors as follows:

= MAYM* = —SWI — Dyv) — Mv] + Dy (45)
(M +3)awrt = —syr — pyv) — Mv) + D,v) . (46)

In equations (45) and (46), D;and D, are symbolized as
velocity gradient matrices with entries:

2, 29,
fd)i ar rd and fd)l 97 rdf.

G. Results and Discussions

The Power law and the Carreau models, two distinct
inelastic models, have had their effects compared. The values
of N (power law index), absorbency 1, viscidness 1,
permeability, and null shear viscidness are changed to
increase inertia, with Reynolds numbers ranging from -for
each non-Newtonian fluid flow domain, the power law ranges
from 0.9 to 0.7 to track the behaviour of shear thinning. The
numerical findings for a pipe filled with porous materials are
demonstrated using streamline calculations, and graphs of the
pressure differential versus rising Reynolds numbers are also
shown.

H. Blending and Segregation of Non-Newtonian Fluid
Streams in a Porous Media-Occupied Pipe (Power
Law Model)

The outcomes of the inelastic power law reveal a rise in
inertia. Figure 2 presents streamline projections and non-
Newtonian fluid flows for equal and unequal stream rates,
with an adapting power law index shifting from The study
investigates the effects of mixing and separating concerning
different flow rates and the power law. To examine the
impacts of permeability on pressure disparity for flow rates,
the permeability value varied alongside changes in the power
law index. Top of Form

. The influence of inertia on flow structure

The steady state illustrates streamline functions for equal
and unequal stream rates in the internal pipe and the external
cylinder, respectively, depicted in Figures These results are
obtained with increasing Reynolds numbers ranging from,
accompanied by a variation in the power law index. Like
Newtonian fluids, the fluid has been pumped into the inner
pipe in the usual direction. Notably, a line of symmetry and
an inverse flow in the inner pipe have also been observed. It
is noteworthy that altering the power law or increasing the
Reynolds number does not appear to affect inertia.

When the power law index is high, changing the stream rates
in the external pipe has specific influences on inertia, as
clarified in Figure; however, for other declining values, as
shown in Figures, such effects vanish. Figure illustrates that
a vortex forms at the junction space in the outer cylinder when
Re =1, but dissipates when it increases to at, and stream rate
is By altering flow rates or examining the power law index,
no further evident impacts of inertia on flow structure have
been identified.

In a similar way, Newtonian fluids in a conduit, whether
porous or non-porous, flow unidirectionally. Due to a
numerical error, only a small number of reverse flows were
seen in the internal tube travelling towards the exit region
close to the symmetry line. Only an inner pipe in the
separating gap is used to mix fluids. In all instances of varying
flow speeds and rising inertia values, mixing and separation
were observed. No other clear effect of varying flow rate in
an external cylinder has been observed in this study.
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— — — —
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(c)N =0.7

Equal (1,1) Flow Rate Unequal (1, 2) Flow Rate

Fig. 2. Restructure function of non-Newtonian fluid streams for Power
law model below the variable of power law index from 0.9 to 0.7 with

growing Re number from 1 to 6000, For
(1, 2) stream rates.

equal (1,1) and unequal

J. Impact of altering flow rates and permeability on
pressure

Figures and illustrations illustrate the impact of non-
Newtonian fluid flow on pipe pressure within a porous
medium and present the relative flow rate. Under varying
permeability values from, the highest and lowest mounted
pressures for both flow rates at are and, respectively.
Similarly, for flow rates at, the maximum and minimum
scaled pressures are and, respectively, with permeability
values ranging from. Likewise, the greatest and minimum
scaled pressures for flow rates at are and, respectively, with a
constant permeability for all progressing inertia values.

Switching the power law from 0.9 to 0.7, the absorptivity
from 0.1 to 0.0001, and the Reynolds number from 1 to 6000
will all be used to track the impacts of evolving flow rates on
pressure differential. According to this study, pressure
elevates when flow rates alter. The pressure difference also
results from a reduction in permeability. When the
permeability decreases from 0.1 to 0.001 and the power law
index, as shown in Figure 3(a), the pressure climbs up at Re=1
and 10 by maintaining Darcy's number at 1. Figure 3 (at)
illustrates the pressure rise when the permeability is changed
from 0.001 to 0.0001 while maintaining the same power law
index. Again, the pressure grows as the permeability falls
from at to 1000. According to Figure 3 (at), pressure increases
when permeability varies from 0.001 to 0.0002 in
circumstances of an unequal flow rate. When absorptivity
was originally fixed at the power law index, there was no
significant change in pressure difference. While permeability
was altered from 0.001 to 0.0001, pressure increased in the
same manner as when shown in Figure 3. In comparison to
both flow rates, the pressure difference changes the least
when the less permeable domain is N = 0.8, and the trend
tends to be linear.

Due to a constant value of permeability, Figure 3(a) was
unable to depict the effects on the pressure of altering flow
rates and a power law index from 0.8 to 0.7. By partitioning
the vertical axis into its smaller units of scaled pressure and
flow rates at N = 0.7, its impacts are depicted in Figure 3(b).
When N=0.7, which indicates there is no discernible
influence of pressure, permeability remains constant with an
increase in Reynolds number, however, inertia values grow
steadily. Pressure differences result from fluctuating flow
rates and permeability values as well as rising inertia.

(@) (b)
Effects Of Flow Rates, Power Law index, Effects Of Flow Rates, Power Law index,
Inertia and Permeability on Pressure Inertia and Permeability on Pressure

Maximum Pressure
s =3 8
-0

-
-
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8
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<
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1000 2000 3000 4000 5000 6000
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Fig. 3(a) — (b). Pressure difference 0.9 to 0.7 and with getting higher
Re number 1 to 6000.

K. Blending and Segregation of Non-Newtonian Fluid
Flows in a Porous Media-Occupied Pipe (Bird-
Carreau model)

Bird Carreau's inelastic model served as the basis for the
numerical calculations. This model considers both equal and
unequal flow rates within the external pipe and internal pipe,
which are filled with porous materials. Figure 4 illustrates the
streamline projections of non-Newtonian fluid flows,
showcasing the impact of increasing inertia and changing the
power law index from 0.9 to 0.7. The study investigates how
variations in flow rate and power law index affect mixing and
separating phenomena. Additionally, the presence of porous
media enables a comparison of inertial effects with those that
the power law model predicts.

L. Impact of inertia on flow structure

Figures 4(a)-4(c) show non-Newtonian effects to observe
the effects of inertia on flow structures in pipes filled with
porous medium when there are equal and unequal flow rates.
Variations in stream rates or rising Reynolds numbers
together with decreasing power law index values have not
been shown to have any effect on inertia in pipes filled with
porous medium. The Reynolds number rises for both flow
rates, as shown, from 1 to 6000, while the power law index
reduces from 0.9 to 0.7, correspondingly. Similar streams
have been forced into the internal pipe from either side of the
external cylinder in the region leading up to the symmetry
line, and some reversal flows have also been seen in the
interior tube leading down to the downstream exit.

It was discovered that Bird Carreau had no impact on the
inertia caused by pressure; however, the power law model has
a very slight inertia effect. The same unidirectional flows
apply as they did in the power law model. Changes in the
power law index have no effect. Whatever the cause, no
evidence of inertia has been found. The flow has not been
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impacted by rising inertia, changing flow rates, or variations
in the power law index or permeability values. A cross stream
has been observed in an internal pipe at the departure portion.
(@ N =0.9
Equal (1,1) flow rate

Unequal (1,2) flow rate

Re = 6000 Re = 6000

(b) N = 0.8

Equal (1,1) flow rate Unequal (1, 2) flow rate

[

—

Re = 6000

()N =0.7

Equal (1,1) flow rate Unequal (1,2) flow rate

ke = 6000 Re = 6000

Fig. 4. Restructure role of non-Newtonian fluid streams for Bird
Carreau model below altering values of power law index from
0.9 to 0.7 with rising Re number from Re = 1 to 6000, from highest
to lowest. For equal (1, 1) and unequal (1, 2) stream rates,

M. Impacts of Power Law and Bird Carreau model on
pressure when pipes are occupied without porous
media.

The disparities between the implications of Bird Carreau
and power law caused by pressure by a surge in the Re for

streams of non-Newtonian fluids are demonstrated in Figure
5. As pipes are packed with a non-porous medium, the
Reynolds number has been computed from Re =1 to 200
for an equal (1,1) stream rate. For Re up to 50, there is no
discernible variance with rising pressure. Power law has a
greater impact on pressure than the Bird-Carreau model.
When scaled pressure is increased, the Bird-Carréau model
exhibits a linear trend, but the Power law exhibits a non-linear
trend beyond Re = 150. While the Bird Carreau model
exhibits no discernible influences in inertia, power laws have
considerable inertia impacts on flow behavior. The same
tendencies have been seen in non-Newtonian streams after a
tube contains non-porous medium, and pressure climbs with

altering values of Re, similar to prior cases addressed.
Influence of Power law and Carreau Models on Pressure

T T
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Figure 5. Relationship of Power Law and Bird Carreau model on pressure.

1. CONCLUDING REMARKS
Re = 6000

This study concludes that:

e Numerical simulations of Bird-Carreau and Power
law rheological models for combining and
separating flow conditions in inner and outer
circular pipes were conducted.

e The Taylor-Galerkin/Pressure-Correction finite
element method was shown to be accurate and
consistent in execution and predictions.

e The power law model described inertia effects on
flow structure well at small Reynolds numbers,
which disappeared at higher power law index values.

e The Bird Carreau model has no influence on inertia
when altering power law index values or stream
rates.

e Blending and segregation flows in tubes packed with
porous material exhibited minimal inertial effects
for both the Power Law and Bird Carreau models.

e Various numerical inaccuracies were found in the
flows.

e Different mixing and separating flow circumstances
had an impact on absorbency, power law index, and
stream rates in a pipe.

e Pressure in the outer cylinder increased with flow
rate and power law index changes.

e Permeability values affected pressure linearly, with
higher permeability leading to higher pressure.

e Inertia and flow had greater impacts on pressure
compared to the power law model, as opposed to the
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Bird-Carreau model, where pressure was not
significantly impacted.
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Abstract—In modern times, the rise of nighttime crime rates
due to people working late at night prompted the
recommendation of installing solar-powered street lighting
systems with effective control and monitoring systems. This type
of lighting system not only saved money but also reduced the
need for human labour by utilising LDR sensors. With the
increasing global focus on environmental issues, energy-efficient
technologies emerged, including those that aimed to reduce
energy consumption for lighting, especially for large-scale
projects such as street lighting. LED lights, with their longer
lifespan and lower maintenance requirements, were considered
a more cost-effective and eco-friendly alternative to traditional
HID lights for public lighting systems. However, many public
lighting systems continued to rely on outdated standards and
technologies, and there was a need for new methods and
technologies that could save costs and reduce CO2 emissions.
Although solar photovoltaic panels were frequently used in
street lighting systems, their lack of intelligent performance was
a significant limitation. Therefore, automating these systems
became crucial to reducing energy consumption and improving
overall efficiency.

Keywords—Solar System, Street Lighting, Control System

I. INTRODUCTION

As urbanization continues to grow, the demand for
efficient street lighting systems is becoming increasingly
important. However, traditional street lighting systems are
often inefficient, expensive, and require high maintenance
[1]. A new solution that has emerged to address these issues
is the concept of smart street lighting systems [2]. These
systems are designed to optimize energy consumption, lower
maintenance costs, and improve public safety by utilizing
advanced technologies such as sensors, communication
networks, and data analytics [3]. By automatically adjusting
lighting levels based on factors such as pedestrian or vehicle
traffic and ambient light levels, these systems can
significantly reduce energy consumption and light pollution
[4]. Moreover, they can detect and report any issues with the
lighting infrastructure, allowing for swift maintenance and
repair [5]. Smart street lighting systems provide a range of
benefits, including improved energy efficiency, cost savings,
and the creation of more sustainable and livable cities [6]. In
this article, we will examine the features and potential
applications of a smart street lighting control system,

efficiency of their infrastructure [7]. One of the key
advantages of smart street lighting is that it enables remote
control and monitoring of individual lights, allowing for
more targeted and efficient lighting [8]. Several studies have
highlighted the potential of Smart Street lighting control
systems to reduce energy consumption and improve public
safety [9]. For example, a study by A. Hussain and M. Hassan
found that smart street lighting systems could reduce energy
consumption by up to 50% compared to traditional street
lighting systems [10]. This is achieved through features such
as automatic dimming and switching, which ensure that
lights are only on when needed and at the appropriate
brightness level. In addition to energy savings, Smart Street
lighting control systems can also improve public safety [11].
For example, a study by S. S. S. Sarma and A. K. Barua noted
that smart street lighting systems can help reduce crime rates
by providing better illumination in high-crime areas [12]. By
incorporating sensors and cameras, these systems can also
detect and respond to suspicious activity, further enhancing
public safety. Wireless sensor networks (WSNs) are an
essential component of Smart Street lighting control systems,
enabling real-time communication and coordination between
individual lights [13]. A study by A. de Oliveira and M. R.
Pinto highlighted the importance of WSNs in optimizing
energy consumption and reducing maintenance costs [14].
By providing real-time data on lighting levels, traffic
patterns, and other factors, WSNs can enable smart street
lighting systems to respond dynamically to changing
conditions [15]. Another key feature of Smart Street lighting
control systems is data analytics [16]. By collecting and
analyzing data on energy usage, traffic patterns, and other
factors, these systems can identify opportunities for further
energy savings and optimization [17]. A study by H. Alamri
et al. explored the potential of data analytics in smart street
lighting systems, highlighting the benefits of predictive
maintenance, early fault detection, and energy-efficient
scheduling [18]. In conclusion, smart street lighting control
systems have the potential to revolutionize the way we
illuminate urban environments [19]. By reducing energy
consumption, improving public safety, and enabling targeted
and efficient lighting, these systems can create more
sustainable, efficient, and livable cities [20].

I.  PROBLEM STATEMENT
Many cities are facing the challenge of high expenses on

highlighting the concept's_ benefits. _Smart street Iigh_ti_ng street lighting, especially due to the significant power
control systems are becoming increasingly popular as cities consumption of sodium vapour lamps [21]. The existing manual
seek to reduce their energy consumption and increase the system of turning the lights on and off in the evening and
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morning results in a lot of energy waste [14]. Energy efficiency photoresistor in circuit designs to show the resistance to changes
is a crucial factor in reducing the high cost of energyin light level [13]. An LDR is a passive device without a PN
consumption, particularly electricity, which accounts for around junction, which is the primary distinction between a
20% of the world's electrical energy usage [22]. Efficientphototransistor and an LDR. When there is complete darkness, the
lighting can significantly contribute to energy savings. TheLDR response to a light occurs within milliseconds, but when
increase in population and traffic congestion has led to thethere is no light, it takes up to a second or longer to reach the final
utilisation of new technologies, such as solar cell technology, to resistance level, so we use an LDR sensor to detect the intensity to
reduce energy waste and protect the environment [23].turn on or off the street lights [30]. To support and connect
Therefore, the shift towards smart street light control systems has electronic components, conductive pathways, tracks, or signal
become necessary to address these issues. traces are etched from copper sheets and laminated onto a non-
A. Objective of this research study conductive subs_trate on a printed_ circuit board (PCB). Th_ese
' pathways provide both mechanical support and electrical
The main objective of this research is to take care of the connections for the components. [31]. The components of a street
environment by employing a novel strategy that uses solar|ight are shown in Fig. 2 [28]. The street light based on a solar
photovoltaic panel street lighting systems to reduce energy system is shown in Fig. 3 [14], and the circuit connection diagram

consumption [24]. When traditional lighting systems like of the proposed system is shown in Fig. 4 [28].
incandescent or compact fluorescent lamps are replaced by light-

emitting diode (LED) lights without changing the installation of AC Power Solar Panel

the electrical system, the proposal aims to save energy, have a Supply

high luminous efficacy, and have a long useful life, but new | |

technology in lighting street systems with solar systems can

reduce the cost of installing wired connections for sensors [25]. l

Section 2 describes the Solar Street Light

Section 3 describes the Methodology ]

Section 4 describes the results Charging Module

Section 5 describes the Conclusions v

B. Solar Street Light Battery
Solar power is a type of renewable energy. Solar street lights v

are now common along the sides of roads, as shown in Fig. 1 [24].

Photovoltaic cells make up the solar street lights, which use the LDR

sun's energy during the day. The battery contains photovoltaic

cells that convert solar energy into electrical energy [26]. The lamp vy

automatically starts at night and uses electricity that is already

stored in the battery. The battery is refilled during the day, and the Relay

process continues every day [27]. The street light automatically

turns off when the sun is shining because the LDR sensor detects '

the presence of surrounding light [25]. The LDR signals the Street

microcontroller to turn on the street light at night when there is no Light

light. An assembly of photovoltaic cells mounted in a framework
for the purpose of producing energy is known as a solar cell panel,  Fig. 2 Components of street light
photo-voltaic (PV) module, or solar panel [28]. The rechargeable
battery then stores the solar energy. Solar lights use the battery's
energy to operate when darkness falls.

A relay is a switch that controls the connection or
disconnection of another circuit by using an electrical signal to
operate an electromagnet instead of manual control. Relays are
frequently used to isolate the controller from the device, as devices
can operate on both AC and DC, but microcontrollers that send
signals typically operate on DC. Thus, relays are used to bridge
this gap. [29]. In this study, we use two types of resistors: a fixed
resistor and a variable resistor. Two terminals make up a variable
resistor, which is also known as an adjustable resistor, and one of
the terminals is a sliding or moving contact that is commonly
referred to as a wiper [28]. LEDs are semiconductor light sources
that combine a P-type semiconductor with an N-type Fig. 3 Street light based on Solar System
semiconductor, which has a higher electron concentration and a
higher hole concentration [24], so we have recommended the LED
rather than sodium lamps. Photoresistors, also known as light-
dependent resistors, are commonly used in electric circuits to
measure the level of light. It is simple to use this kind of
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BC 547
Transistor

5V Relay

m Switch

TP 4056

solar panel

Fig. 4 Circuit diagram of proposed System

Il. METHODOLOGY

The simulation model is shown in Fig. 5. In the first
instant, we made the connection of transistors labelled with
Q1-BC547 (NPN) and Q2-BC547 (NPN). The emitter pin of
both transistors is connected to the -ve terminal of the battery,
and a wire is connected between the transistor Q1's collector
pin and the transistor Q2's base. A 1KQ resistor is connected
between the positive terminal of the battery PCB and the
transistor Q1's collector pin. The positive terminal of the
battery PCB is connected to the base terminal of the transistor
Q1 using the Light Dependent Resistor (LDR) is connected. A
330Q resistor is placed between the negative terminal of the
battery PCB and the base pin of the transistor Q1. The anode
terminal of an LED (light-emitting diode) is connected to the
collector pin of transistor Q2 with a resistor of 330€2 across the
positive terminal of the battery PCB. The straightforward
circuit is now ready for testing. See the output by connecting
the 6V to 9V battery terminals to the circuit. The LED glows
when you block light from hitting the light-dependent resistor
(LDR).

Solar panel 12v 510w D1 Solar Rechargeabe AutomaticNight light /Lawn lightstreet tignt

5400 B Ds éDQT g:»:u
i LD LEDWat T}z
Da

D2
SR R

I
LITHIM 4000mah mat
T ® LDR1
LEDACD
1.24-4ah max

Fig. 5 Simulated diagram of proposed System

www.electroinvention.co.in

I1l. RESULTS AND DISCUSSIONS

Measurements were taken to determine the charge time
and discharge time of a battery with a capacity of 27 watt-

hours at a single location using time measurements. These
measurements were recorded and analyzed. Additionally, the
brightness of a lamp was measured in lumens, and the results
are presented in Table 1.

Table. 1. Charge and Discharge Time with Lumens

Type Capacity Discharge Charge Lumens-
Time Time M

Lamp-1 6.40 W 4-Hours 4-Hours 199

(100-

LED)

Lamp-2 321W 7-Hours 4-Hours 120

(50-LED)

Table 1 displays the lumens for all the lamps used in the
experiment. It was observed that the handmade lamp (1) had the
highest light intensity compared to the commercially available
lamp (2), despite carrying approximately the same power.
Therefore, lamp (1) was deemed better than lamp (2) and
subsequently chosen as the superior option. Meanwhile, Table
2 showcases the ideal results obtained from the formula utilised
for measuring the charge time and discharge time of a battery
with a capacity of 27 watts.

Ahx Tolerance

Charge Time = 1
g Charge rate @
Where Ah is Ampere-hour removedx50% and Tolerance
is from source
. . __ Battery Ah x Battery voltage
Discharge Time = Applicd Load w (2)
Table.2. Charge and Discharge Time
Type Discharge Time Charge Time
Lamp-1 (100-LED) 4.35-Hours 3.15-Hours
Lamp-2 (50-LED) 8.9-Hours 3.15-Hours

The following Graph shows the relationship between
intensity of light with time:

200

150 Second Lamp

Lumens
100

50

0 2 Time

Fig. 6 Intensity of light with Time

Upon investigating the data, it was observed that there was a
correlation between the intensity of light and time.
Specifically, when the battery was fully charged, the intensity
of light was at its maximum. As the charge of the battery
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gradually decreased, the intensity of light also decreased
correspondingly.
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Fig. 7 Street Light during Day Time
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Fig. 8 Street light during Night Time

V. CONCLUSIONS

The automatic street lights project is a highly effective,
safe, and eco-friendly way to conserve energy, providing a
solution for two of the biggest global challenges: energy
preservation and incandescent lamp disposal. By utilising
statistical data, the project can potentially reduce electrical
energy consumption on highways by over 40%. Although
there may be some initial costs and maintenance requirements,
these can be minimised through the use of advanced
equipment and strategic resource planning. Furthermore, the
benefits of using LED lights, such as their long lifespan, cool
light emission, lack of harmful substances, and quick
switching capabilities, far outweigh any drawbacks. With low
initial costs and long-term advantages, a return on investment
is assured. Additionally, the project can be utilised in various
other settings, such as factories, campuses, and large shopping
mall parking lots. It can also serve as a surveillance tool on
corporate campuses and in industries.
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Abstract—Large consumers are extensively utilising diesel
generators as a backup in case of electricity failure due to their
availability and consistent operation, but their low efficiency and
consumption of a large amount of fuel come from the limitations
of diesel generators. The improved efficiency will result in lower
fuel consumption, a lower cost of operation, and greater
sustainability. The main objective of this study is to improve the
efficiency of a diesel generator with a lower fuel cost. Different
types of methods were presented for the improvement of diesel
generator efficiency, power output, and fuel consumption, such
as turbo charging, variable geometry turbo charging, and
cylinder deactivation. The system based on solar, wind, and
battery systems can be utilised for efficiency improvement,
monitoring of load demand, speed of the engine, and fuel
consumption, but this system incorporates more than one energy
source, which results in a large maintenance cost. In this research
study, we have analysed the efficiency of a 50KVA diesel
generator installed at QUEST, Campus Boys Hostels, through
the development of a simulation model in MATLAB software
under load variations.

Index Terms: Diesel Generator, Generator Efficiency, optimized
operations

I. INTRODUCTION

Diesel generators are widely used as a reliable source of
backup power in various industries, including hospitals, data
centres, and manufacturing facilities, but they consume
significant amounts of fuel and produce high levels of
greenhouse gas emissions [1]. Therefore, improving the
efficiency of diesel generators has become a critical issue in
recent years [2]. Several methods have been proposed to
improve the efficiency of diesel generators. One method is the
use of advanced fuel injection systems. These systems use
advanced injectors and control systems to optimise the fuel
injection process, resulting in improved combustion
efficiency and reduced emissions [3]. A study conducted by
Wang et al. (2016) demonstrated that using an advanced fuel
injection system reduced fuel consumption by up to 20% and
lowered emissions by up to 40% [4]. The method is the use of
variable speed drives (VSDs), which allow the diesel
generator to adjust its engine speed to match the load demand,
resulting in reduced fuel consumption and improved
efficiency. A study by Bione et al. (2019) found that the use
of VSDs reduced fuel consumption by up to 30% and
improved the efficiency of the diesel generator by up to 15%
[5]. Cylinder deactivation is another method that can be used
to improve the efficiency of diesel generators [6]. This
technology allows the engine to deactivate some cylinders

when the load demand is low, resulting in reduced fuel
consumption and improved efficiency. A study by Gao et al.
(2018) found that cylinder deactivation technology improved
the fuel economy of a diesel generator by up to 12%. Exhaust
gas recirculation (EGR) is a method of reducing nitrogen
oxide emissions by recirculating exhaust gas back into the
engine [7], and this method can also improve the efficiency of
the diesel generator by reducing the amount of fuel needed for
combustion. A study by Bione et al. (2019) found that the use
of EGR reduced nitrogen oxide emissions by up to 80% and
improved the efficiency of the diesel generator by up to 10%.
[8]. Maintenance and cleaning of the diesel generator can also
improve its efficiency. Regular maintenance activities such as
changing the oil, cleaning the air filters, and tuning the engine
can ensure that the generator operates at peak efficiency [9].
A study by Carvalho et al. (2021) found that regular
maintenance activities improved the efficiency of the diesel
generator by up to 5% [10]. Renewable energy integration is
another method that can be used to improve the efficiency of
diesel generators [11]. Integrating renewable energy sources
such as solar or wind power with the diesel generator can
reduce the load demand on the generator, resulting in lower
fuel consumption and improved efficiency [12]. A study by Li
et al. (2019) found that the integration of solar power with a
diesel generator reduced fuel consumption by up to 40% and
improved the efficiency of the generator by up to 30% [13].
In conclusion, several methods have been proposed to
improve the efficiency of diesel generators, including the use
of advanced fuel injection systems, variable-speed drives,
cylinder deactivation, exhaust gas recirculation, maintenance
and cleaning, and renewable energy integration. These
methods have been shown to reduce fuel consumption, lower
emissions, and improve the efficiency of diesel generators in
various contexts. In addition to the methods mentioned in the
literature review, other methods can also be used to improve
the efficiency of diesel generators. One such method is the use
of hybrid energy systems, which combine two or more sources
of energy, such as solar power, wind power, or batteries, with
a diesel generator [14]. The use of a hybrid system can reduce
reliance on the diesel generator and provide a more
sustainable and efficient source of backup power [15]. A study
by Singh et al. (2021) found that the integration of a solar-
wind-battery hybrid system with a diesel generator reduced
fuel consumption by up to 50% and improved the efficiency
of the generator by up to 25% [16]. Another method is the use
of waste heat recovery systems, which capture and reuse the
heat generated by the diesel generator. The recovered heat can
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be used for space heating, water heating, or to power a turbine
or engine to generate additional electricity [17]. A study by Li
etal. (2020) found that the use of a waste heat recovery system
improved the efficiency of a diesel generator by up to 10%
[18]. The use of advanced engine technologies such as lean-
burn combustion and homogenous charge compression
ignition (HCCI) can also improve the efficiency of diesel
generators [19]. Lean-burn combustion uses a lean air-fuel
mixture to reduce emissions and improve combustion
efficiency, while HCCI uses a mixture of air and fuel that
ignites spontaneously, resulting in improved efficiency and
reduced emissions [20]. A study by Zhang et al. (2018) found
that the use of HCCI technology improved the fuel economy
of a diesel generator by up to 20% [21]. Lastly, the use of real-
time monitoring and control systems can help improve the
efficiency of diesel generators by optimising their operation
based on real-time data [22]. These systems can monitor
various parameters such as load demand, engine speed, and
fuel consumption and adjust the operation of the generator
accordingly [23]. A study by Duan et al. (2020) found that the
use of a real-time monitoring and control system improved the
efficiency of a diesel generator by up to 15% [24]. In
summary, several methods can be used to improve the
efficiency of diesel generators, including the use of hybrid
energy systems, waste heat recovery systems, advanced
engine technologies, and real-time monitoring and control
systems. These methods can reduce fuel consumption, lower
emissions, and improve the overall efficiency and
sustainability of diesel generators, but they increase the cost
of maintenance [25]. QUEST Campus Larkana was founded
in 2010 with the aim of providing quality education to
students. To meet the power requirements of the boy’s hostel,
a 50KVA generator was initially installed when the campus
started its operations. As the campus expanded over the years
with the induction of new student batches, one more boys
hostel was manufactured and shared the load on this single
50KVA generator. In this research study, we have analysed
the efficiency of a 50-kVA diesel generator installed at
QUEST, a campus boy’s hostel, through the development of
a simulation model in MATLAB software under load
variations. Figure 2 illustrates the efficiency improvement of
using a VSDG rather than a fixed-speed one, especially at low
loads [2].

Section 2 describes the diesel generator.

Section 3 describes the technical and economical aspects of
diesel generators.

Section 4 describes the hostels at QUEST Campus Larkana.
Section 5 describes the methodology.

Section 6 describes the simulation results and discussions.
Section 7 describes the conclusions.
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Il. DIESEL GENERATOR

A diesel generator is a device that converts diesel fuel into
electrical energy [1]. It is commonly used in areas where a
reliable source of electricity is not available or as a backup
power source in case of power outages [8]. The construction
of a diesel generator involves several parts, including the
engine, alternator, fuel system, and control panel [26]. The
engine is the heart of the diesel generator and is responsible
for converting the energy from the fuel into mechanical
energy [27]. Diesel engines are typically more efficient and
durable than gasoline engines, making them a popular choice
for generators [28]. They use compression ignition, where the
fuel is sprayed into the cylinder at high pressure and is ignited
by the heat generated by the compression of the air in the
cylinder [29]. The alternator is another important part of the
diesel generator [30]. It converts the mechanical energy
generated by the engine into electrical energy. The alternator
consists of a rotor and a stator. The rotor is a rotating
component that is driven by the engine, while the stator is a
stationary component that produces the electrical current [31].
The fuel system is responsible for supplying diesel fuel to the
engine. It includes components such as the fuel tank, fuel
filter, fuel pump, and fuel injectors [32]. The fuel tank stores
the diesel fuel, while the fuel filter removes any impurities
from the fuel [8]. The fuel pump then pumps the clean fuel to
the injectors, which spray the fuel into the cylinder [33]. The
control panel is the part of the generator that allows the user
to start and stop the generator, monitor its performance, and
control its output [34]. It typically includes gauges for
measuring the voltage, current, and frequency of the electrical
output, as well as controls for starting and stopping the engine
and adjusting the output [35]. In summary, a diesel generator
is a reliable and efficient device that converts diesel fuel into
electrical energy. Its construction involves several important
parts, including the engine, alternator, fuel system, and control
panel. Together, these parts work to provide a reliable source
of power in areas where electricity is not readily available
[36]. There are several ways to improve the efficiency of a
diesel generator, including: Reducing Engine Load: The
efficiency of a diesel generator can be improved by reducing
the load on the engine. Reducing the number of electrical
devices connected to the generator or using more effective
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devices can achieve this. Increasing Compression Ratio: The
compression ratio of a diesel engine can be increased to
improve its efficiency. This can be done by changing the
design of the engine or by using higher-quality fuel.
Improving Fuel Quality: The efficiency of a diesel generator
can be improved by using higher-quality fuel, such as low-
sulphur diesel or biodiesel. Regular Maintenance: Regular
maintenance of the diesel generator can help improve its
efficiency. This includes cleaning or replacing air filters,
checking fuel
lubricated.

injectors, and keeping the engine well

The efficiency, output power, fuel consumption, and load of a
diesel generator can be calculated through equations (1-4)

. _P
[9].Efficiency = “out/ P, )
Where

P;,, is the input Power which is equal to Fuel Consumption x

Fuel Energy Content
P, is the output Power

P, =V X1 X Cos® (2)
Where

P, is the output Power, V is the voltage, and Cos® is power
factor

P,
Fe = O/SFC 3)
Where

F is the fuel consumption, P,,; is the output power, and SFC
is the specific power consumption

Load = P"/P (4)

rated

Where P,,;.q 1S the rated power which is the maximum power
that the generator can produce.

I1l.  TECHNICAL AND ECONOMICAL ASPECTS OF
DIESEL GENERATOR

In a conventional DG, the DE operates at a consistent
speed to deliver a predetermined mechanical torque for an
electric power generator [1]. It does so without considering
the fluctuations in electric load or engine efficiency [37]. On
the other hand, the VSDG addresses these limitations by
dynamically adjusting its operation to enhance efficiency
while maintaining a balance between supply and demand [37].
Figure 1 depicts a performance analysis contrasting the VSDG
and conventional DG across various climatic conditions [1].
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Fig 1. Performance Analysis VSDG and Conventional DG

A. Economic Improvement.

The comparison depicted in Figure 4 reveals that when the
load decreases, a variable-speed diesel generator (VSDG)
exhibits lower fuel consumption compared to a fixed-speed
diesel generator (FSDG) [38]. In a study, it was observed that
the brake-specific fuel consumption (BSFC) profile of an
FSDG significantly increases when the electric load reaches
30-40% of its full load, whereas the VSDG maintains a nearly
constant BSFC by synchronising the DE speed with the load.
By allowing the DE to operate at its most efficient speed based
on the load [39], the VSDG offers several advantages,
including enhanced fuel efficiency based on load
characteristics. Increased engine lifespan and extended time
intervals between engine overhauls

Technical AspectsThe amount of current drawn from the
generator varies with the load, while it is important to
maintain constant voltage and frequency. During peak loads,
the stator poles of the generator absorb a higher magnetic flux
from the rotor windings. Consequently, the mechanical torque
applied to the rotor shaft must increase to maintain the
required fixed speed corresponding to a fixed voltage
frequency and amplitude [40]. The DE crankshaft, which is
solidly connected to the power generator's rotor, must provide
sufficient mechanical torque to ensure the production of high-
quality power. However, in an FSDG, as the load decreases,
the DE crankshaft maintains a fixed speed with lower torque,
resulting in reduced efficiency.

A HOSTELS: QUEST CAMPUS LARKANA

QUEST Campus Larkana was founded in 2010 with the
aim of providing quality education to engineering students in
the fields of electrical, civil, mechanical, electronic, and
computer systems. To meet the power requirements of the
boy’s hostel, a SOKV A generator was initially installed when
the campus started its operations. As the campus expanded
over the years with the induction of new student batches, one
more boys hostel was manufactured and shared the load on
this single 50KV A generator. There are ZA Bhutto and PTS
hostels with a capacity of 500 student residences and 200
rooms. The facilities in the hostels are: outdoor games, TV
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lounge, mosques, play ground, well-maintained study hall, P
and many other things. The overall load of hostels is 234.36
amperes, including water cooling machines and water
pumping motors, and the capacity of generators is less than
the required load. Figure 1 shows the front view of hostels.
Figure 3 shows the 50KVA diesel generator at hostels.

4
Figure 3. 50KVA diesel generator at Hostels
V. METHODOLOGY

The performance of a diesel generator operating under
normal and overload condition, is assessed using a simulation
model developed in MATLAB software. Figure 4 illustrates
the generator simulation model, while Table I presents the
generators' parameters.

Confinuous

VH Measurement

DC Voltage Source
V=185 V1

0C- achine 50 KVA Generator-1

Thrae Phase Load

Figure 2. Front view of Hostels ) )
Fig 4. Matlab Model of Diesel Generator
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Table I. Parameters of AC Generators

S.No Generator Parameters Value

1 Generator rating 50 KVA

2 Output voltage per phase 220 volts

3 Frequency 50 Hz

4 Inertia 3.7¢3

5 Pair of poles 2 Nos

6 Internal Resistance 0.0001 Ohm

7 Internal Inductance 0.05 Henry

8 DC Machine Field type Wound

9 Armature Resistance of DC machine 24 Ohm

10 Field Resistance of DC machine 618 Ohm

11 Field Inductance of DC machine 0.05 Henry

12 Field Armature mutual inductance of | 1.8 Henry
DC machine

13 Initial Field Current of DC machine 0.3 Ampere

I. SIMULATION RESULTS AND DISCUSSIONS
A. Generator operating under normal load conditions (at 50
amperes)

During the initial stage, the load of the PTS hostel was 50
amperes, which could be met with a single unit generator
without any issues. The simulation results indicate that the
generator was able to produce a stable 220-volt three-phase
output without any oscillations and satisfactorily meet the
load requirement. Figure 5 depicts the simulaifS'$eihts of the
generator operating under normal

load conditions.

Generator Vollage
T T T

Voltage in Volts

| I | I I | I I |
o 001 002 003 004 005 006 oo7 008 009 a1
Time (seconds)

Fig. 5. Generator output voltage at 50A

B. Generator operating under Normal Load condition (At
120Ampere)

During this condition, the half one portion of 40 rooms of
ZA Bhutto hostel were allotted to the students for residence
then load of both hostels was increased from 50A to 120A.
The simulation results indicate that the generator was able to
produce a stable 220V without any oscillations and
satisfactorily meet the load requirement. Figure 6 depicts the
simulation results of the generator operating under normal
load conditions.
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Fig. 6. Generator output voltage at 120A

C. Generator operating under normal load condition (at 120
amperes)

During this condition, half a portion of the 40 rooms of the
ZA Bhutto hostel were allotted to the students for residence,
and the load of both hostels was increased from 50A to 120A.
The simulation results indicate that the generator was able to
produce a stable 220V without any oscillations and
satisfactorily meet the load requirement. Figure 6 depicts the
simulation results of the generator operating under normal
load conditions.

Generator Voltage
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g o 8
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Fig. 7. Generator output voltage at 230A

According to existing literature, Pakistan is experiencing
an increasing power crisis that is making it difficult for the
industrial, public, and commercial sectors to maintain reliable
operations of their equipment. Although solar systems are
available, they can be costly and unreliable at night. As a
result, an AC generator is often seen as the best option to
bridge the energy gap between day and night. However,
simulations have shown that a single-unit generator may not
perform well under overload conditions, resulting in
consumers receiving less voltage for utilisation and the
generator overheating and shutting down. To address this
issue, it is recommended to connect another generator of the
same rating in parallel to ensure satisfactory performance
under overload conditions. Table Il provides simulation
results for the operation of an AC generator.

Table. 1I. shows the simulation results of operation of AC generators
operating alone and in parallel.

S. Load Output Voltage of Generator
No
1 At 50 Ampere | 400 Volts
2 At 120 | 390 Volts
Ampere
3 At 280 | 280Volts
Ampere
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CONCLUSIONS

The efficiency and sustainability of diesel generators are
essential concerns in various applications, including backup
power sources for critical infrastructure and remote areas.
This paper has provided a literature review of the methods for
improving the efficiency of diesel generators, including
engine modifications, fuel additives, hybrid energy systems,
waste heat recovery systems, advanced engine technologies,
and real-time monitoring and control systems. The review
shows that several methods can be used to improve the
efficiency of diesel generators, and each method has its
advantages and disadvantages. Engine modifications, such as
turbocharging and cylinder deactivation, can enhance the
engine's performance and reduce fuel consumption and
emissions. The use of fuel additives, such as biodiesel and
ethanol, can also reduce emissions and improve combustion
efficiency. Hybrid energy systems and waste heat recovery
systems can provide a more sustainable and efficient source
of backup power, while advanced engine technologies, such
as lean-burn combustion and HCCI, can improve combustion
efficiency and reduce emissions. Real-time monitoring and
control systems can optimise the operation of diesel
generators based on real-time data, improving efficiency and
reducing fuel consumption and emissions. Further research is
needed to optimise these methods and explore new
technologies for improving the efficiency and sustainability of
diesel generators. In summary, improving the efficiency of
diesel generators is a critical issue for achieving sustainable
energy production and reducing greenhouse gas emissions.
The methods presented in this paper can serve as a guideline
for enhancing the efficiency of diesel generators and
providing a more sustainable and reliable source of backup
power.
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Abstract—This review paper provides an overview of
Balochistan, the largest province in Pakistan, and its water
resources. Balochistan is a semi-arid to arid region with diverse
hydrological features, including rivers, groundwater, and
precipitation. The water resources in the province are mainly
managed by the Water and Power Development Authority
(WAPDA) and the Balochistan Water and Development Board
(BWDB). The paper highlights the importance of water
management in Balochistan for socio-economic progress,
focusing on agriculture, drinking water supply, environmental
sustainability, economic development, and social welfare. The
study aims to identify the challenges and prospects related to
water governance in Balochistan and evaluate existing policies
and procedures. It covers various aspects of water management,
including water resources, infrastructure, governance, demand
and supply, and conservation. The paper discusses the surface
water resources in Balochistan, such as rivers, dams, and
reservoirs, as well as the significance of groundwater,
particularly the Quetta Aquifer. It also emphasizes the impact
of climate change on water resources in the region. Water
quality issues, including salinity, arsenic contamination, and
fluoride contamination, are addressed, and their effects on
public health and agriculture are discussed. The challenges
faced in water management include water scarcity, limited
access to safe drinking water, poor infrastructure, climate
change, and conflicting water demands. The paper suggests that
a comprehensive approach integrating supply and demand
management strategies is necessary to overcome these
challenges. Various water management policies and strategies
are examined, including the National Water Policy of Pakistan,
the Provincial Water Management Strategy and Action Plan,
irrigation and agriculture policies, and drinking water supply
and sanitation policies. Community-based water management
initiatives are also highlighted as an essential element of water
management in Balochistan.

l. A BRIEF OVERVIEW OF BALOCHISTAN AND ITS
WATER RESOURCES

Balochistan constitutes the largest province of Pakistan
in terms of area, encompassing around 44% of the nation's
land area. The area is in the country's southwestern region
and is adjacent to Afghanistan and Iran [1]. The hydrological
features of the province are varied, encompassing deserts,
mountains, plateaus, and coastal regions. The estimated
population of Balochistan is around 12.3 million, which
ranks it among the least populated provinces in Pakistan [2].
The water resources in Balochistan rely mainly on its rivers,
groundwater, and precipitation. The region where the
province is situated is semi-arid to arid, and it experiences
frequent droughts[3].

The water resources management in the province is mainly
carried out by the Water and Power Development Authority

(WAPDA) and the Balochistan Water and Development
Board (BWDB) [4].

The water supply of Balochistan indicates that the province's
rivers primarily depend on rainfall, except for the Indus
River, which serves as the province's eastern border. The
Zhob, Bolan, Pishin, and Hingol are the primary rivers in
Balochistan [5]. The province has several small dams and
reservoirs that serve as water sources for drinking and
irrigation. Groundwater is vital in providing water resources
in Balochistan, especially in regions with little surface water.
The Quetta Aquifer is the province's largest and most
productive aquifer, and several other aquifers are in the area.
Nonetheless, inadequate management practices and
overexploitation have resulted in the depletion of
groundwater levels and the degradation of water quality in
certain regions [6].

The province typically receives an average annual rainfall of
approximately 200-300 mm. Rainfall exhibits high
variability; certain regions receive over 500 mm of
precipitation while others receive less than 100 mm.
Rainwater harvesting and conservation practices have
succeeded in certain regions. These practices are being
advocated as a viable and sustainable solution to address
water scarcity issues in the province [7].

The water resources in Balochistan are crucial for the
region's socio-economic progress and the welfare of its
inhabitants. The management of water resources in the
province is faced with several challenges that hinder
sustainable practices. These challenges include inadequate
facilities, poor infrastructure, and water scarcity. To tackle
these challenges, a holistic and unified strategy for water
management is necessary, encompassing improved policies,
governance, and community involvement [8].

Il. IMPORTANCE OF WATER MANAGEMENT IN
BALOCHISTAN

Balochistan's economy heavily depends on agriculture,
the primary livelihood source for most of its population.
Nonetheless, it is evident that agriculture relies heavily on
water resources, and water scarcity has significantly
impacted agricultural output in the region. Efficient water
management can enhance agricultural productivity, boost
crop yields, and improve food security in the area [9].

A. Drinking Water Supply

Ensuring access to safe drinking water is a fundamental
human right; however, many individuals in Balochistan are
deprived of access to uncontaminated drinking water; it is
reported by the Pakistan Council of Research in Water
Resources (PCRWR) that more than 80% of water sources in
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Balochistan are polluted with different contaminants, such as
arsenic and fluoride. Effective hydrological practices can
enhance the accessibility and purity of potable water in the
region [10].

B. Environmental Sustainability

The ecosystem in Balochistan is delicate and can be
quickly impacted by climate change, excessive use of natural
resources, and unsustainable development methods.
Effective water management is crucial for maintaining
ecological balance, protecting biodiversity, and ensuring the
sustainability of natural resources in the province [11].

C. Economic Development

Sufficient water resources are crucial for the
advancement and prosperity of the economy. Hydrologically
speaking, Balochistan exhibits significant potential for
generating hydropower, which can serve as a sustainable and
eco-friendly energy source for the region. Water resources
support industrial growth, tourism, and other economic
pursuits ([11].

D. Social Welfare

Effective water management is essential for ensuring the
community's well-being in Balochistan. Better water
management practices can positively impact poverty
reduction, public health, and overall quality of life for the
residents of this province. Implementing effective water
management practices is imperative for ensuring
Balochistan's sustainable development and promoting its
populace's overall welfare. Resolving issues about water
scarcity, pollution, and ineffective management necessitates
collaborating with governmental bodies, non-governmental
organizations, and the business community. Sustainable
water management practices can enhance agricultural
productivity, facilitate access to potable water, foster
environmental sustainability, stimulate economic growth,
and augment social welfare within the province [12].

1. PURPOSE AND SCOPE OF THE REVIEW PAPER

This study aims to discern the obstacles and prospects related
to water governance in Balochistan while also assessing the
efficacy of existing policies and procedures. The review
paper encompasses various topics about water management
in Balochistan, comprising various aspects.

A. Water Resources

This study investigates the accessibility and caliber of
surface and groundwater reservoirs in Balochistan while
evaluating the influence of climate change on said resources.

B. Water Infrastructure

This study assesses the sufficiency and efficacy of the
hydrological infrastructure, encompassing hydroelectric
dams, water storage facilities, and irrigation networks, within
the region.

C. Water Governance

This study examines the institutional arrangements,
legal frameworks, and policy instruments of water
governance in Balochistan.

D. Water Demand and Supply

This study evaluates the current state of water demand
and supply in Balochistan while analyzing the factors that
impact water demand, including population growth,
urbanization, and agricultural practices.

E. Water Conservation and Management

This study examines the current strategies and
endeavours ~ concerning  water  preservation  and
administration in Balochistan while pinpointing optimal
practices and prospects for enhancement.

IV.WATER RESOURCES OF BALOCHISTAN

Balochistan, encompassing an area of around 347,190
square kilometres, is the most extensive province of Pakistan.
The geographical location of the area in question is in the
nation's southwestern region. It exhibits contiguous
boundaries with Afghanistan to the north and northwest, Iran
to the west, and the Arabian Sea to the south. The region of
Balochistan is characterized by a climate that ranges from
semi-arid to arid, and the availability of water resources is
limited. The hydrological system of the province is intricate,
comprising two primary sources of water, namely surface
and groundwater resources [13].

A. Surface Water Resources

Balochistan has four primary rivers: the Zhob, Mula,
Bolan, and Hingol. Nonetheless, these rivers exhibit
ephemeral characteristics and have a limited flow duration
following the monsoon season. The region also has several
minor streams and nullahs, which serve as irrigation and
livestock sustenance sources. Balochistan boasts numerous
dams and reservoirs that serve as storage facilities for water,
catering to the needs of irrigation, drinking, and industrial
sectors. Several significant dams and reservoirs, such as
Mirani Dam, Mangi Dam, Tangi Dam, and Tauseef Dam, are
present in the region.

B. Groundwater Resources

In Balochistan, groundwater is the principal water
source for drinking and irrigation. The region under
consideration encompasses two primary aquifers: the Quetta
aquifer and the Pishin Lora aquifer. The Quetta aquifer is the
preeminent and most prolific subterranean water-bearing
formation in Balochistan, catering to the water requirements
of the urban center of Quetta and its environs. The excessive
utilization of groundwater reserves has resulted in a
reduction in water levels and degradation of water quality in
certain regions. Furthermore, the escalating levels of salinity
and fluoride concentration in groundwater present
noteworthy health hazards to the populace [15].

C. Climate Change and Water Resources

The impact of climate change poses a considerable
risk to the water resources of Balochistan. The region
exhibits a high susceptibility to the consequences of climate
change, encompassing amplified temperatures, reduced
precipitation, and altered precipitation distribution. The
alterations mentioned above have resulted in a reduction in
both the quantity and caliber of water in certain regions
within the province. The amplified occurrence and severity
of anomalous weather phenomena, such as inundations and
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dry spells, have likewise had detrimental impacts on
Balochistan's hydrological reserves and biotic communities.
The water resources in Balochistan are limited and encounter
significant obstacles stemming from excessive utilization,
alterations in climate patterns, and declining water purity.
Implementing proficient water management strategies,
encompassing conservation, infrastructure advancement, and
governance, is imperative to guarantee the durability and
accessibility of water resources for future cohorts in
Balochistan [16].

D. Water quality issues: salinity, arsenic, and fluoride
contamination

The management of water in Balochistan is faced with
significant challenges related to water quality, particularly
regarding salinity, arsenic, and fluoride contamination.

D.A. Salinity:

The issue of salinity is a significant concern in
Balochistan, particularly in the southern regions of the
province. The introduction of irrigation has resulted in the
buildup of salts in both the soil and groundwater. Elevated
salinity levels harm the quality of water used for irrigation,
ultimately leading to a decrease in crop productivity.
Additionally, the elevated salt concentration in potable water
can potentially induce adverse health effects, such as
hypertension, renal impairment, and cardiovascular ailments
[17].

D.B. Arsenic Contamination

The escalation of arsenic contamination has become a
significant issue in Balochistan, with a particular focus on the
Quetta Valley. The pollution is predominantly attributed to
inherent geological mechanisms and amplified by
anthropogenic operations such as mining and drilling.
Arsenic is a hazardous element that can potentially induce
cutaneous lesions, respiratory distress, and diverse forms of
malignancy [18].

D.C. Fluoride Contamination

The presence of fluoride in the groundwater resources

of Balochistan is a notable concern regarding water quality
in the region. Elevated concentrations of fluoride in potable
water have the potential to induce dental and skeletal
fluorosis, a debilitating ailment that adversely impacts the
skeletal and dental systems [19].
The water quality concerns in Balochistan have significant
ramifications for public health and agriculture. A holistic
strategy encompassing surveillance, governance, therapy,
and educational initiatives is imperative to tackle these
concerns.  Furthermore, promoting sustainable water
management strategies that mitigate dependence on
groundwater and encourage the utilization of alternative
water sources can effectively tackle these issues in the
foreseeable future.

V. WATER MANAGEMENT IN BALOCHISTAN
FACES SEVERAL CHALLENGES THAT,
INCLUDE

A Water Scarcity and Uneven Distribution

Balochistan is a region within Pakistan characterized
by a notably arid climate and limited availability of water
resources. The region's arid and semi-arid climatic

conditions, with restricted precipitation and snow thaw, have
led to persistent water scarcity. The issue is further
compounded by the inequitable allocation of water resources
across various geographical areas and societal groups [3].

B. Limited Access to Safe Drinking Water

Providing safe drinking water poses a significant
obstacle in Balochistan, particularly its rural regions. The
restricted accessibility of potable water sources, coupled with
inadequate sanitation practices, contributes to the
dissemination of waterborne illnesses such as cholera,
typhoid fever, and hepatitis[20].

C. Poor Infrastructure and Inadequate Facilities

The region of Balochistan exhibits a notable
insufficiency in infrastructure, specifically in the domains of
water supply and sanitation. Inadequate water supply
systems, wastewater treatment facilities, and storage
infrastructure result in substantial losses and waste of water
resources [21].

D. Climate Change and Its Impact on Water Resources

The effects of climate change have further
complicated the water management issue in Balochistan. The
alterations in temperature and precipitation regimes have led
to a decline in the quantity and quality of water resources,
consequently  elevating the incidence of severe
meteorological phenomena such as floods and droughts [22].

E. Conflicting Water Demands and Competing Interests

The divergent water requirements of various sectors,

such as agriculture, industry, and domestic consumption,
frequently result in conflicting interests and the depletion of
resources. The issue is further complicated by inadequate
governance and institutional capacity to manage these
conflicts effectively [23].
A comprehensive approach that integrates supply and
demand management strategies is necessary to tackle these
challenges. The recommended measures entail the
implementation of tactics such as water conservation, water
pricing reforms, infrastructure development, governance
reforms, and public awareness campaigns. In addition,
implementing various water-sourcing methods such as
rainwater harvesting, groundwater recharge, and desalination
can promote sustainable water management practices in
Balochistan [24].

VI. WATER MANAGEMENT POLICIES AND
STRATEGIES IN BALOCHISTAN

Implementing water management policies and strategies
is of utmost importance in tackling the water management
issues in Balochistan. Several pivotal policies and strategies
encompass:

A National Water Policy and Its Relevance to
Balochistan

The National Water Policy of Pakistan serves as a
comprehensive structure for the effective governance and
advancement of water resources within the nation. The
policy acknowledges the water management difficulties
encountered in Balochistan and advocates for implementing
sustainable water management approaches, such as
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encouraging water conservation, rainwater harvesting, and
groundwater recharge [24].

B. Provincial Water Management Strategy and Action
Plan

The provincial government of Balochistan has
formulated a comprehensive strategy and action plan for
water management at the provincial level. This plan is
intended to guide water management initiatives throughout
the region. The approach, as mentioned above, centers on
advancing sustainable water usage methodologies,
enhancing water governance and institutional proficiency,
creating alternative water reservoirs, and ameliorating
accessibility to potable water and sanitation [25].

C. Irrigation and Agriculture Policies

The agriculture industry in Balochistan exhibits a
significant reliance on irrigation, thereby rendering irrigation
policies a crucial determinant in the management of water
resources. The provincial administration has formulated
policies to advance sustainable irrigation practices, which
encompass adopting effective irrigation systems, promoting
crop diversification, and encouraging water-efficient crops
[26].

D. Drinking Water Supply and Sanitation Policies

The Balochistan government has also developed
policies to improve safe drinking water and sanitation access.
These policies focus on improving the quality and
availability of drinking water sources, developing
wastewater treatment facilities, and promoting hygiene and
sanitation practices [27].

E. Community-Based Water Management Initiatives

In  Balochistan, water management policies

incorporate community-based initiatives as a crucial
element. These endeavors entail the dynamic engagement of
indigenous communities in administering and preserving
aquatic resources. The initiatives, as mentioned earlier, have
received governmental backing in capacity building,
technical assistance, and financial aid ([27].
The successful implementation of policies and strategies
necessitates a harmonized and unified methodology that
encompasses the involvement of all relevant stakeholders,
such as the government, communities, and private sector
entities. Balochistan can ensure a secure and sustainable
water future by promoting sustainable water management
practices, enhancing governance and institutional capacity,
and exploring alternative water sources.

VII. WATER GOVERNANCE AND
INSTITUTIONAL FRAMEWORK

Implementing  efficient water governance and
developing institutional capacity are essential factors in
tackling the water management issues prevalent in
Balochistan [28]. Several fundamental elements of water
governance and institutional framework in Balochistan
comprise:

A Role of Government Agencies

Water management in Balochistan involves the
participation of various governmental entities, such as the
Water and Power Development Authority (WAPDA),

Balochistan Water and Drainage Board (BWDB), Public
Health Engineering Department (PHED), among others. The
agencies are responsible for strategizing, constructing, and
overseeing the water resources and infrastructure within the
province [29].

B. Institutional Setup and Coordination Mechanisms

The management of water in Balochistan is
characterized by a complex institutional framework that
involves the participation of various agencies and
stakeholders. Establishing coordination mechanisms, such as
the Provincial Water Council and the Provincial Water
Resources Development Board, facilitates interagency
coordination and stakeholder engagement [29].

C. Stakeholder Engagement and Participation

The attainment of successful water management
initiatives in Balochistan is contingent upon implementing
effective stakeholder engagement and participation. The
government has implemented various measures to foster
collaboration with nearby communities and other relevant
parties, such as forming Water Users Associations and
Community-Based Organizations (30].

D. Challenges in Water Governance and Institutional

Capacity Building

Notwithstanding the endeavors to enhance water
governance and institutional capacity development, several
obstacles endure. Some factors contributing to this issue are
the absence of specialized knowledge, insufficient financial
resources, ineffective institutional collaboration, and
restricted involvement of interested parties. Moreover, the
frequent replacement of government officials and the
resultant political instability may impede the continuity and
efficacy of endeavors to manage water resources [31].
Resolving obstacles in water governance and enhancing
institutional capacity necessitates a continuous endeavor by
the government, private sector, and communities. The
process entails enhancing technical proficiency, reinforcing
institutional ~ collaboration,  augmenting  stakeholder
engagement, and guaranteeing sufficient financial support
and resources. Balochistan can secure a viable water prospect
for its populace and financial system by mitigating these
obstacles [32].

VIIIL. INNOVATIVE APPROACHES TO WATER

MANAGEMENT IN BALOCHISTAN

The implementation of novel strategies for water
management is imperative in order to tackle the water
management predicaments in Balochistan effectively.
Several novel approaches that can be implemented include:

A Rainwater Harvesting and Conservation

Although Balochistan experiences a scarcity of
precipitation, it is possible to collect and preserve the
available rainfall for future utilization. Implementing
rainwater harvesting and conservation techniques, such as
rooftop rainwater harvesting, can potentially augment the
accessibility of water resources within the province [9].
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B. Artificial Recharge of Groundwater

The excessive utilization of subterranean water
reserves poses a noteworthy predicament in Balochistan.
Artificially recharging groundwater is a novel technique that
replenishes the aquifers with surplus surface water during the
monsoon season. This methodology can facilitate the
restoration of groundwater reserves and mitigate their
exhaustion [33].

C. Water-use Efficiency and Conservation Practices

Enhancing water-use efficiency and conservation
techniques can aid in mitigating water demand and
augmenting water availability in Balochistan. Water-
conserving technologies, such as drip irrigation, sprinkler
irrigation, and laser land leveling, have the potential to
enhance crop productivity while minimizing water usage
[34].

D. Innovative Financing Mechanisms and Public-
Private Partnerships

Inventive financing mechanisms and collaborations
between the public and private sectors can facilitate the
mobilization of resources and promote sustainable water
management practices in Balochistan. Private sector
investments in water supply and sanitation infrastructure can
potentially enhance the accessibility of safe drinking water
[35].

E. Role of Technology in Water Management

The utilization of technology can be deemed a crucial

factor in the effective management of water resources in the
region of Balochistan. The utilization of remote sensing and
GIS-based methodologies can facilitate the monitoring of
water resources and the development of water management
strategies. Novel technological advancements, such as
desalination plants powered by solar energy and water
treatment facilities, have the potential to enhance the
accessibility of potable water [36].
The implementation of novel methodologies for water
management has the potential to tackle the water
management predicaments encountered in Balochistan
effectively. Implementing these strategies necessitates a
concerted endeavor involving the cooperation of the public
sector, corporate entities, and local populations. Through the
implementation of novel strategies, Balochistan has the
potential to establish a viable water future that is sustainable
for both its populace and economy [36].

F. CASE STUDIES AND BEST PRACTICES

Examining effective water management strategies
and transferable frameworks in Balochistan can reveal
valuable insights and exemplary approaches that can be
implemented in other geographical areas. The following are
instances of efficacious water management strategies and
community-driven water management endeavors in
Balochistan.

G. Karez System

Examining effective water management strategies
and transferable frameworks in Balochistan can reveal
valuable insights and exemplary approaches that can be
implemented in other geographical areas. The following are
instances of efficacious water management strategies and

community-driven  water endeavors in

Balochistan [37].

H. The Chagai Rainwater Harvesting Project

The Balochistan Rural Support Program (BRSP) has
launched the Chagai Rainwater Harvesting Project intending
to mitigate water scarcity in the Chagai district of
Balochistan [38].

1. The Community-Based Water Management Project

The Pakistan Poverty Alleviation Fund (PPAF) has
launched the Community-Based Water Management Project
intending to enhance water management in Balochistan. The
project entails the community's engagement in strategizing,
conceptualizing, and executing water management
initiatives. The project has effectively enhanced water
management methodologies in multiple communities located
in Balochistan [39].

J. Solar-Powered Water Supply Schemes

Some solar-powered water supply initiatives have
been executed in Balochistan to enhance the availability of
potable water. The initiatives mentioned above employ
pumps powered by solar energy to extract subsurface water
resources and distribute them to local populations. The
efficacy of the schemes in furnishing dependable and
enduring water supply to geographically isolated and
unconnected regions has been demonstrated [39].
Conducting a comprehensive analysis of effective water
management strategies and community-driven initiatives in
Balochistan can reveal transferable frameworks and optimal
methodologies that can be implemented in other
geographical areas. Implementing these practices enhances
water management, and fosters increased community
participation and ownership in water management activities.

management

CONCLUSION AND RECOMMENDATIONS

To summarize, managing water resources in
Balochistan encounters substantial obstacles such as
inadequate water supply, imbalanced allocation, insufficient
infrastructure, and concerns regarding water quality. The
challenges of climate change and competing water demands
are further compounded, underscoring the imperative of
implementing efficient water management policies and
strategies. Notwithstanding, there exist prospects for
pioneering methodologies, such as rainwater harvesting,
artificial groundwater recharge, and water-use efficiency
practices, to tackle these predicaments.

In order to enhance water management in Balochistan, some
policy and institutional suggestions are imperative. Initially,
executing the National Water Policy and Provincial Water
Management Strategy and Action Plan with greater
coordination and efficacy is imperative. Furthermore, it is
imperative to prioritize community-based water management
initiatives, as they foster community involvement and
ownership in water management endeavors. Thirdly, it is
imperative to enhance water governance and institutional
capacity building utilizing augmenting stakeholder
engagement, refining coordination mechanisms, and
bolstering the capacity of government agencies.

The involvement of stakeholders and the development of
their capacities are essential components for the effective
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management of water resources in the region of Balochistan.
The engagement of stakeholders can enhance comprehension
of conflicting water demands and foster the creation of
comprehensive water management policies and strategies.
The capacity-building process can improve institutional and
technical capacities, producing more professional and
productive water management practices.

Water management in Balochistan entails several research
priorities, including water quality monitoring, the effects of
climate change on water resources, water-use efficiency
practices, and community-based water management
practices. Undertaking research in these domains can
enhance comprehension of the obstacles and prospects for
water governance in Balochistan and guide the formulation
of policies and strategies grounded in empirical evidence.
To enhance water management in Balochistan, a
comprehensive strategy that encompasses policy and
institutional restructuring, stakeholder engagement and skill
development, and inventive water management techniques is
necessary. By adopting effective strategies and capitalizing
on favorable circumstances, Balochistan can enhance its
water management methodologies and guarantee the
longevity and impartiality of its water resources for future
cohorts.
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Abstract— Sun is an imperishable source of clean energy. Each
day the sun releases about 385x10%* watts of energy in the shape of
light and other forms of radiation. Today PV modules are being
used in every home to convert sunlight into electricity. According
to the World Green Building Council (WGBC) PV modules will
completely replace traditional ways of generating electricity by
2050. Due to low literacy rate, people do not know the exact
position of panels to avail maximum output power in Khuzdar
Pakistan. The PV modules can deliver maximum output when
there is a right angle between sunlight and the surface of the solar
panel. As the position of the sun changes throughout the year,
therefore a fixed panel on earth would not deliver maximum
output. The panels are required to be titled accordingly. In this
work, the tilt angle between the incident rays and panels for the
Khuzdar (Pakistan) region are determined and presented. The
achieved results shown significant improvement in output power
of fixed panel through adjusting the title angles

Index Terms—Elevation angle, PV module, maximum solar power
output, solar panel tilt angle.

I. INTRODUCTION

THE ERA of larger central power stations is going to be ended

soon due to their hazardous emissions and other negative effects
to living organism and environment [1]. Sunlight has been
found to be most suitable renewable source of cheap energy to
replace conventional sources. A very small fraction of the
energy that we get from sun is sufficient to meet all our power
needs. The solar energy hits the earth in the form of enormous
radiations. Nearly 1000 W/m? of solar energy falls on the earth
surface on a clear sunny day. The each receive solar radiation
per annum is about 6200 times greater than the demand of the
entire population of the world [2]. The energy received from the
sun is referred as solar energy. For domestic use, the sunlight is
converted into electricity by using photovoltaic (PV) and for
large scale generation concentrated glasses are applied to focus
a large area of sunlight into a small beam [3]. Pakistan is facing
severe energy crisis and spends 60% of their foreign exchange
while importing the fossil fuels. To meet its requirement of
energy, Pakistan imports averagely 380 thousand barrels of oil
per day [4]. Pakistan’s Natural Gas consumption is about 4.418
billion cubic feet per day [5, 6]. Pakistan is a sunny country.
Most regions remain sunny throughout the year during the
daytime. Particularly, most regions in Balochistan and Sindh
provinces are exposed to sunlight for about 4402/4380 hours
[7]. Secondly being at temperature zone, the day-time at regions
situated in Balochistan and Sindh provinces are long and

scorching where temperature goes as high as 54C°. Hence, we
claim that solar and wind power plants are the sole, durable and
everlasting source to replace conventional sources of power
generation. The only thing on solar power generation at the
domestic level is to educate the people how to exploit the
maximum efficiency. Most people have fixed their PV panel
with metallic frame over the roofs of their houses. The angle of
the solar panel of your solar system is not the same everywhere
but it varies from region to region and time to time. The solar
modules provide maximum energy when they are accurately
exposing to sunlight. [8]. The major limitation is that the angle
between fixed PV panels and sunlight is also changing
continuously which degrades the output power of the PV
system. Hence to have an optimal angle, this problem needs to
be countered. In literature different authors have presented
different technique as a solution to this problem [9, 10].
Maximum Power Point Tracking (MPPT) is one the emerging
area of the research to attain optimal power [11]. Various
tracking algorithms are designed depends different conditions
and environments [12, 13]. Each and every algorithms possess
their pros and cons. The MPPT algorithms has structural
limitations due to its complications and cost effect as well.
Furthermore, the MPPT have significant advantages for
commercial purposes. If a common man of underdeveloped
country like Pakistan wants to utilize solar energy for home
energy requirements, it is quite an expensive way to adopt these
modern techniques. The most viable solution to address this
problem is to calculate the tilt angle for PV panel while
considering the position of the sun rays on certain area at
various regular interval during a year. In the current research it
is investigated that by adjusting and optimizing the position of
the PV panel based on title will lead to increase the output
power of the PV modules. Different techniques for different
geographical locations have been used to find out optimal PV
panel tilt angle [14] to [16].

In this paper, optimal tilt angles for Khuzdar, Pakistan lying at
N 27°44'18.16"and E 66°38'36.09 “are calculated for the twelve
months starting from June 2021 to May 2022. Some statistics
related to Khuzdar city have been provided by local
meteorological department [17]. The measured tilt angles and
the optimal output power of the panels are presented in tables
and depicted in graph as well. The rest of paper is organized as
Section Il based on the concept of the various position of PV
panel to measure the optimal tilt angle. Section 11l focuses on
the presented research titled as case study which is based on the
investigation and analysis of various parameters to identify the
optimal tilt angle to attain the maximum power for Khuzdar,
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Pakistan. Section IV concludes the current research work
presented in the paper and comments on future perspectives.

Il.  CONCEPT
A Fixed and Adjustable Panel

To make it further clear, here we provide an example of four
different tracking systems as mentioned in Table I. The PV
module is moved in four different positions throughout the year.
i.e. (i) fixed at one position at some summer angle through the
year (ii) fixed at some winter angle (iii) tilted four time in a
year, as given below in Table I, (iv) adjusted daily at 90° toward
the incident rays. The effect on output power of solar panel due
its movement as per the given schedule in northern hemisphere
are depicted in Fig.1 and tabulated in Table Il. When the PV
module is fixed at the full year angle, it gives 66 to 75% of the
optimum power as compared to the case when you tilt your PV
module daily [14]. In case if the PV module is fixed at a winter
angle, it gives 39% (during the summer) to 95% (during the
winter) of the optimum power. In case if the PV module is tilted
four times a year as per the schedule provided in table-1, it gives
71 to 95% of the optimum power.

Fig.1. Four different scenarios of tilting the PV module

B. Strategy to Measure the Optimal Angle for Solar

A

C
N
Dec-20
Fel

A
May-20

Jun-20
Jul-2(

B. Panel

As the study is being done for Khuzdar, where a large ratio
of the inhabitants are either illiterate or non-technical, we
present a viable method for calculating the optimal solar panel
angle for such a group of people. This method is providing
optimum performance fixing the module in one position
throughout the year or tilting blindly. The output attained from

solar energy depends on latitude and the season. Hence the
optimizing the tilt angle of the solar panel while considering the
latitude and season of the season is challenging from research
perspective to enhanced the power output. In current method,
for PV panel for the optimum angle is adjusted twice a year.
During winter, it is reckoned by summing 29° to the product of
latitude and 0.9. For example, the latitude of Khuzdar is 27° so
the tilt angle will be (27 x 0.9) + 29 = 53.3°. During summer,
the tilt angle is obtained by subtracting 23.5° to the product of
latitude and 0.9. Again, calculating it for Khuzdar region, it
comes (27 x 0.9) — 23.5 = 0.8°. During spring and fall, simply
subtract 2.5° from the latitude, i.e. (27-2.5 = 24. 5°) [18].

C. Declination Angle (6)

As Declination Angle (D.A) denoted by (8) is the angular
distance between the equator and to the north or south of the
sun. Due to orbital rotation of earth the declination is different
in various season. The earth is tilted by 23.45°, so the D.A
varies by +23.45° or -23.45° at solstices and remains 0° at the
spring and fall equinoxes [18]. Fig.2 shows the different values
of D.A at different season.

Fig.2. Different value of declination angle in various seasons
The mathematical expression for declination angle is defined as
in (1), as

T . 284+d
§ = 2345 sin[2n (222)) 1)
Whereas § is declination angle in (rads) and d shows the
number of day of the year. (e.g, d = 33, on 2" Feb).

D. Hour Angle (w)

It is the angular distance between two meridians i.e. the
meridian of the plane containing the sun and the meridian of the
observer. The following mathematical expression are used to
calculate the hour angle in (2) [18].

coscos a sin Az

sin sinw = —

@)

coscos & coscos ¢ (3)
In (2) and (3) the A, shows the solar azimuth angle, « is the
altitude angle and ¢ is the latitude of the observer. The solar
azimuth angle (y) is the angle of the sun rays and the north as
measured clockwise around the observer’s horizon can be

expressed mathematically in (4) as [16].
. i sinsin @ coscos & sinsin @ coscos §
sinsiny = : = 4
sinfz coscos a

coscos §
sinsin a —sinsin §sinsin ¢

sin sin w =

E. Elevation Angle

An object above us always makes an angle between the
horizontal and the line of sight to the object reffered as an
elevation angle. It is evident that elevation angle is various
round the day such as 0° at sunrise and sunset and 90° when
sun is at right angle to the surface of the earth as described in
(5) as [18].

a=90+¢ -6 (5)
Where ¢ is the latitude of the solar module.

The power density of solar energy on the surface shall be
maximum when tilted surface of the PV panel and sunlight at
90 ° to each other. The Fig. 3, is quite helpful to draw
mathematical expression to compute the radiation incident on
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the tilted surface (Smodauie) When the solar radiation measured on
horizontal surface (Shorizontal) Or the solar ray’s perpendicular to
the sun (Sincidem) [15]

Solar array

Smodule

— 1

Horizontal Plane

Fig.3. Incident rays of sun on tilted surface

The phenomena in Fig.3 can be expressed mathematically in (6)

and (7) as,

Shorizontal = SincidentSINA (6)
()

Smodute = SincidentSin(a@ + B)

a is elevation angle defined and g is the tilt angle.

To find out the tilt angle (B), it is investigated to determine the
incident energy of solar in warm climate of Khuzdar region
having latitude N 27°44'18.16 "and longitude E 66°38'36.09 " for
whole year. The variation in the elevation angle of incident rays
of sun for twenty fours is negligible. In the current research
interval of one hundred twenty hours (5days) is chosen to
compute the optimum tilt angle. It can be seen from (7) that
the solar panel energy may be equal to the maximum incident
energy only if the sin (a + B) term is equal to 1, its mean the
output would be maximum if the sum of e and g is 90. We
know the value of a, and subtracting it from 90 gives us the
value of the desired optimum tilt angle. The process is repeated
every 5 days for calculation of 8

Il CASE STUDY

To calculate the optimum tilt angle of PV panel data for
Khuzdar city have been obtained from the meteorological
department of Balochistan, Pakistan by personal visit and some
from their official website. Table Il shows the monthly
maximum and minimum temperature and duration of sunlight
from sunrise to sunset [17]. It is clear from the given data that
the weather is sunny and clear throughout the year.

The tiltangle is calculated from June 2021 to May 2022 because
of changing of elevation angle of the sun to attain maximum
efficiency.

C. Tilt Angle from June (2021) to December (2021)

The Table IV shows the output power measured in (kwh/m?/day)
while adjusting the tilt angles for month of June, July, August,
September, October, November and December of 2021 in

district Khuzdar, province Balochistan of Pakistan. The interval
amongst each measurement is five days to show the significant
variations in the output power of PV panel.

To illustrate the graphical analysis of the output power from the
solar panel and adjusting the tilt angle for the data in Table IV
is shown in Fig.4, Fig.5, Fig. 6, Fig.7, Fig.8, Fig.9 and Fig.10
for month of June, July, August, September, October,
November and December 2021 respectively.

TABLE 1l
MONTHLY MIN & MAX TEMPERATURE ( OF KHUZDAR REGION FOR YEAR
(2021-22)
16 11.15
@ 11.1248 11.1248 =
- 155 111 3
= ~
[
ED 15 11.05 E
S 145 0%, %
£~ &
V| 1095 5
155 160 165 170 175 180 %
o
No. of day
No. of day
Fig.4. Tilt Angle for June vs. Output Power (kwh/m?/day)
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Fig.5. Tilt Angle for July vs. Output Power (kwh/m?/day)
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Fig.6. Tilt Angle for August vs. Output Power (kwh/m?/day)
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TABLE Iv
TILT ANGLE FOR JUNE
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Fig.7. Tilt Angle for September vs. Output Power (kwh/m?%day)
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Fig.8. Tilt Angle for October vs. Output Power (kwh/m?/day)
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Fig.9. Tilt Angle for November vs. Output Power (kwh/m?/day)
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Fig.10. Tilt Angle for December vs. Output Power (kwh/m?/day)

From the tabulated data, it can be seen that when the duration
of daylight is decreasing, the solar irradiance also decrease
exponentially, whereas resultantly the tilt angle of the solar

TABLE Vv
TILT ANGLE FOR JANUARY

panels is increase from June to December as show in Fig.4,
Fig.5, Fig. 6, Fig.7, Fig.8, Fig.9 and Fig.10. Similarly irradiance
is decrease from July to December leads to reduction in output
power of the PV as shown in Table IV.

D. Tilt Angle from January (2022) to May (2022

As the irradiance start to increase from January to June leads
to enhancement in the output power of the PV panel and it can
be seen that when the duration of daylight is increasing, the
solar irradiance also increases exponentially, whereas
resultantly the tilt angle of the solar panels is decreases as
shown in Table V.

7.5
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Fig.11. Tilt Angle for January vs. Output Power (kwh/m?/day)
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Fig.12. Tilt Angle for February vs. Output Power (kwh/m?/day)
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Fig.13. Tilt Angle for March vs. Output Power (kwh/m?/day)
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Fig.15. Tilt Angle for May vs. Output Power (kwh/m?/day)

Fig. 16 shows the overall tilt angle for the whole year. It can be
seen from the Fig.16 that the optimal angle goes up during the
winter and comes down during the summer mainly due to the
position of the sun in the sky.

80
o 60
= /\
& 40 ~
F 20 ~ -

0

' & Mménthd'of the'yedr ¢ ™ M
Fig.16. Tilt Angle of the year

V. CONCLUSION

In this work, we have tried to find out the optimal tilt angle
of the PV panel for a city situated in Pakistan, Khuzdar.
Although, in literature we can find modern techniques like
MPPT, but MPPT and all others modern techniques are
expensive and complicated to be used by poor inhabitants of an
underdeveloped country. Hence, we confined our work in
providing the data to the local inhabitants and making them out
how to adjust your frame according to the given tilt angles.
From the deduced data, it can be seen that the tilt angle in
summer is less than the angle in winter. From study, it is also
learnt that optimal tilt angle varies as a function of latitude and
weather. From our results, it has been proved that when the
knowledge of advantage of tile angle is known to the
inhabitants of this region, they can increase their annual power
output of the PV panel by 6% to 29%. The same methodology
can also be used in the other regions in Pakistan so that people
may exploit maximum efficiency of PV panel installation. In
future, this work can be carried out ahead to design such type
of smart motor which can adjust the optimal tilt angle by
sensing or inserting the specific longitude and latitude of that
specific region.
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Abstract— In liquid propellant rocket engines, film cooling is
an integral part of the cooling process. During the internal flow
of the propulsion system, it serves as a protective measure,
shielding critical components from excessive heat. In recent
years, advances in computational power have enabled advanced
CFD tools to become more accurate and useful in predicting
complex flows encountered in liquid-fueled engines. The
purpose of this study is to evaluate the effectiveness of film
cooling using CFD. In this study, numerical simulations were
performed for air subsonic film cooling on a flat plate. Three
different models were used for the steady-state simulations:
SST k-0, Realizable k-g, and Spalart-Allmaras. Further,
steady-state simulations were carried out using the SSTk-o
model with varying grid resolutions. The findings indicate that
all three models, namely realizable k-¢, SST k-®, and Spalart-
Allmaras, demonstrate  reasonable agreement with
experimental data in terms of average performance. However,
the realizable k-¢ model is more accurate and provides better
agreement with experimental data than the two other models.
The SST k-® model, when employed with different grid
resolutions, also demonstrates agreement with experimental
data. This solver performs extraordinarily well, effectively
capturing film cooling efficiency degradation within the
subsonic regime.

Keywords: CFD, Scramjet Engine, Hypersonic Flow, Supersonic
Comparison, Heat Load.

I. INTRODUCTION

The efficient cooling of components within combustion
chambers is of paramount importance in modern propulsion
systems, particularly in liquid propellant rocket engines
[1][2]. The harsh operating conditions, including high
temperatures and pressures, necessitate effective cooling
strategies to ensure the longevity and performance of critical
components. One such vital cooling technique is film
cooling, which involves the injection of a cooler fluid
(usually air) parallel to a heated surface to shield it from
excessive heat. The study of film cooling effectiveness is
essential for optimizing engine design and ensuring safe and
reliable operation [3].

Combustion chambers play a critical role in jet engines,
generating high-pressure, high-temperature gases through
chemical reactions between fuel and oxidizer [4]. The design
of combustion chambers thoroughly analyzed prior to their
practical implementation. The feed system supplies high-
pressure oxidizer and fuel to the combustion chamber of a
liquid fuel jet engine [5]. In the combustion chamber, the

mixture burned at a constant pressure, causing the
combustion gases to flow through the turbine and nozzle of
the combustion chamber [6]. The combustion gases of a
scramjet engine are, delivered directly to the nozzle without
passing through an intermediate turbine stage. Increasing
chamber pressure causes exhaust gases to expand for a higher
nozzle area ratio, resulting in increased performance.
However, high heat flux accompanied by higher combustion
chamber pressure  [1][7][8]. Combustion dynamics
phenomena emerge in numerous applications and frequently
yield grave repercussions for the proper functioning of the
apparatus. When these phenomena manifest within high-
performance contrivances such as gas turbines, aero-engines,
or stages of liquid rocket propulsion, they frequently
culminate in operational breakdown, and in the most severe
instances, total annihilation of the apparatus [9]. In
numerous scenarios, these dynamic occurrences stem from
an interconnection between combustion and the resonant
acoustic modes inherent to the system. Oscillations of
elevated frequency, entwined with transverse modes, amplify
heat fluxes that surpass the designated heat transfer rates.
This, in turn, leads to the liquefaction of chamber walls,
resulting in subsequent system failure. In select cases, this
chain of events can even prompt remarkable propulsion
system detonations [10]. There are a number of processes
involved in combustion instability, including injection,
atomization, vaporization, mixing, and chemical kinetics,
and limited information is available to predict the occurrence
of combustion instability, despite several studies addressing
the issue. The literature [11][12] and its references provide
extensive reviews of the various processes influencing
combustion instability.

An effective cooling system employed in the combustion
chamber of a scramjet engine is essential for ensuring its
structural integrity. The purpose of this mechanism is to
shield the combustion chamber wall from the intense heat
generated during the combustion process, thus maintaining
the chamber at a low and safe temperature [13]. A film
cooling system effectively lowers the temperature of the
burning gases near the chamber walls by using a mixture of
fuel and air or pure fuel in the injection process. The research
conducted by Troti [14] examined the effectiveness of film
cooling techniques in maintaining combustion chamber walls
at high temperatures during the core flow. An analysis was
conducted to compare the experimental and numerical results
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of various film cooling prototypes and heat transfer factors.
The numerical solver currently being used has been
thoroughly verified and validated by Barbera Betti [15].
Verification and validation procedures included several test
cases, including convergence and divergence nozzles, air
subsonic film cooling, and helium/air supersonic/supersonic
mixing layers. As a measure of the accuracy of numerical
solvers for steady-state challenges. The overall
computational model and the sub-models were also validated
by comparing them with experimental data. It was
considered essential to ensure that the theoretical spatial
order of accuracy matched the spatial order achieved in
solution verification, and that the numerical solution
obtained from three different grid levels exhibited
asymptotic grid convergence within the specified range as
well [16].

Kirchberger [17] has done in his study investigation heat
transfer, tests with kerosene and nitrogen have been
conducted using gaseous and liquid film cooling models. The
study was conducted in 2010 by Bogin Jr. al. [18] worked on
the combustion process of the ignition quality tester with
KIVA-3V by using CFD. The problem of the transient
process in engines based on the combustion of liquid fuel has
been studied. First attempt by India to create a "dynamic
simulator for liquid-propellant rocket engines” called
CRESP-LP-LP [3] in early 2000s. Currently, the University
of Technology in Tehran has developed transient simulation
tools. To investigate, the transient system in the combustion
system, Several tests were conducted by Karimi et al.[19]
CNES has tested AMESim platform in Europe for modeling
and simulating the dynamics of these structures. The cooling
of films has also been studied through experiments and
numerical simulations. In rocket engine chambers, wall heat
transfer is an important factor of research and design,
particularly for chambers that use film cooling To better
understand the flow field, the film cooling mechanism must
be studied in detail. By doing so, it would be possible to
accurately predict the chamber wall heat flux and optimize
the design of rocket engine chambers [20].

The aim of this study to contribute to the understanding of
film cooling efficiency by conducting a systematic numerical
analysis utilizing the SST k-w, Realizable k-¢, and S-A
turbulence models. The assessment involves a grid-
independent study with different grid resolutions, and the
simulation results compared with experimental data. The
findings from this study hold the potential to advance our
understanding of film cooling mechanisms, providing
valuable insights for the design and analysis of combustion
chambers in liquid propellant rocket engines.

Il. MATHEMATICAL FORMULATION

Computational Fluid Dynamics was utilized to simulate
fluid stream and heat transfer in this study. The discretization
approach was used to approximate the principal equations
and their boundary terms as a system of linear equations.
Heat transfer and fluid stream problems are solved
mathematically by using the discretization method. Due to
the advancements in CFD and the application of these
techniques to industrial complexity, there is a growing
demand for computational strategies that can accurately
simulate flows in complex geometries. An ANSYS Fluent is
considered to solve conservation equations for mass and

momentum, it is suitable for simulations involving all types
of fluids, whether steady-state or transient [21]. This study
considers the conservation equation for combination of
fraction and its variation in detail. To investigate these
equations in detail, this study employs the non-premixed
blend fraction combustion model. Following is the equation
for mass conservation [22][23]:

1)

dp ,
5% +V.(pv) = S,
Where p is used to represent density and S,,, represents the
effect of source term for the velocity. This equation provides
a generalized form of mass conservation for both
incompressible and compressible fluids. This equation is
expressed in the form of a 2D axis-symmetric equation, due
to the geometry of the test case being 2D axisymmetric. As
follows:

av+a( )+a( ) 2
at " ox PV arpﬁvr
+ B
"
=Sy,
momentum preservation is defined by,
3

9 N
a(pﬁ) +V.(pi) =-Vp+V.(D+VGg+F

Where p is the density, ¥ is the velocity, p is the pressure, (T)
is the second order stress tensor, g~ is the gravity and external
forces is denoted by F.

T (4)

2
= [(vﬁ + 7T -2V, 171)]

Where u represent the dynamic viscosity of the fluid. Radial

and axial momentum conservation equations are given by,
a( )+16( )+16( ) (5)
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Equation (7) represents the conservation of energy [20],
a S
- (PE) + V. (B(oE +p)) = —V.(T; hjJ;) + Su (7)
The SST k- model is similar to the standard k- model:
a a a oK\ | ~
o5 (PK) + a—:i (pku;) = 6_Xj<rk 0—X]> +G—Y + Sk 8
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And
—(p ) +o— (pa)u]) (r“’ax)+G -Y,+D, +
S, . )
Leo=p+ (10)
Where, o}, is the turbulent Prandtl number for k
Ly=p+t (11)
the turbulence viscosity calculated as follows:
k 1
He = T (12)
a’aqw
Where S is denoted the rate magnitude:
1
Ok = T 17 (13)
Ok1 Ok2
1
Ow = R (14)
w1l w2
al+(Ree
a=al, 2R ) <Rif ) (15)
1+(R—k)
The blending function F1and F,are defined as.
F, = tanh(®}) (16)
. vk 500p 4pk
®1 = min [max (0-09my’ pyzw) ’ %,zDZByz]
(17)
+ 1 19k 3w 4p-10
Dw—max[ pa'a,zwaxjaxj 1 ]
(18)
F, = tanh(®3)
(19)
_ vk 500p
P, = max [2 0.09wy’ pyzw] (20)

Production of k and w defined by below equations, where G,

3. Test case description

and G,, represents production factor of turbulence kinetic
energy and o respectively.

Gx=min(Gy, 10pB*kw) (21)
Gy =Gy (22)

t
These above formulations differ SST K-o model from a
standard k- model. For the SST k-w model is given below.

A = Flaoo,1 + (1 - Fl)aoo’z (23)
Where,
. 2
Gy = B2 — (24)
’ Boo a "
o [P
B. 2
oz = 52— ——— (25)
w2 [Bé

The expression "feasible" implies that the model satisfy
certain numerical imperatives on the Reynolds stresses,
reliable with the material science of choppiness streams. The
feasible k-¢ demonstrates contains an elective detailing for
the fierce consistency. An altered transport condition for the
dispersal rate €, has been gotten from a correct condition for
the vehicle of the mean square vorticity vacillation. Feasible
k-¢ display suggested by Shih et al [24] was planned to
enhance insufficiencies of conventional k-e models by
receiving the accompanying a new vortex thickness recipe
including a variable Cp initially suggested by Reynolds. New

model condition for scattering (¢) in light of the dynamic
condition of the mean square vorticity variance. One
constraint of feasible k-e display is that it produces non-
physical tempestuous viscosities in circumstance when the
computational space contains both pivoting and stationary
Zones.

ak

—(pk) to- (pku]) —[ j] + G+ G, —
pe — Yy + Sk (26)
And

ur\ 0e
E(P ) + (pgu]) ——[(M-I—U—:)g]] +pCiSe —
,DC2 k+\/_ + Cls C3£Gb + SE (27)
Where szmhﬂal+n=55,5=

n+5 £

J25,;Si;

A Spalart-Allmaras display settles the demonstrated
transport condition for kinematic vortex (fierce) thickness. it
display was specifically designed for aviation applications
including divider-limited streams and has shown excellent
results for limit layers exposed to antagonistic weight slopes.
It is to deliver accurate predictions of boundary layer
characteristics, such as turbulent kinetic energy and the wall
shear stress. Moreover, the model can be used for flows with
a wide range of pressure gradients at low computational cost
[23].

The transport Equation for v :

a ~ a ~ 1 a ~y 0D
2 (09 + = (pou) = Gy + 2 [a—xj{(u +on) s+
a
Chap (a 1) ] Y, + S (28)

This paper examines a subsonic film cooling structure along
a flat plate with respect to the evaluation of film cooling
efficiency. An adiabatic wall is shielded from the mainstream
hot flow by inserting cold air parallel to the wall [25]. The
thickness of the splitter plate is not negligible in terms of slot
height, and therefore it affects the flow downstream of the
insertion of the film in the present study. A constant pressure
of 1 bar is used in the numerical simulations conducted using
ANSYS Fluent. Mainstream is air with a stagnation
temperature of 462.92K and a velocity of 11.10 m/s. Once
again, air is used in the film stream at a low temperature of
296.33K as opposed to the mainstream temperature at a high
velocity of 24.70 m/s as opposed to the mainstream speed. It
has been conducted by using three types of grids levels which
are fine, medium, and coarse. CFD simulations for the
turbulence models Spalart-Allmaaras and K-epsilon have
also been performed. In this study, we have applied a least
squares cell-based gradient of second order pressure and
second order upwind momentum, as well as turbulence
kinetic energy and specific dissipation rate for steady
pressure-based coupled schemes. Data relating to fine,
medium, and coarse SST k-0 has been compared with
experimental data [26]. In addition, turbulence models SST
K-, Spalart-Allmaaras and k-epsilon have been tested using
experimental data.
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B. Configuration Test case

In this study, retained a subsonic film cooling
mechanism [27]. The geometrical details of present test
case given below Figure 1. In this case required 2D axis
planar geometry.

200
- mm ﬁ

main
J—— — -
p
film — -
—_—
Adiabatic no-slip wall
Tn.lm"\
Py sruin
air
Spiter thickness t =0.76 mm i
A
LEE™ i\ 40 mm
P, .
Ol Slot haight s = 4mm.
air
i
Adiahatic no-slip wall

Figure 1: Geometrical detail and subsonic film cooling in combustor

C. Grid generation
Modelling and mesh generation for subsonic film cooling
experimental test case has been done using Gridgen software,
structure grid is made for present study. Steady 2D- axis
planar is presented Figure 2.

Velocity inlets

Film inlet

Main stream inlet

Pressure outlet

Figure 2: Grid at Different regions of the combustion chamber.

D. Boundary conditions
Figure 3 is predicting detail of boundary conditions.
Steady planar simulation has been done for the present test
case. Boundary conditions used for present test case are
given below in table 1.
e —

Man Stream
(Velocity tnlet)

i
Fiten Stroam Inlet e oy
(velocity inlot)

Adiabatic No-Ship Wan

Eulerian wal

S i

\ / " Presure outiet

Adiabatic no-slip wall

Fig. 3: Boundary conditions near velocity inlets and Outlet region.

Table 1: Boundary conditions values used for steady-state simulation
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Grid independent study

F.
Boundary conditions The SST k- model used for different grid levels to

2470

Velocity (m/s) 11.10
Temperature (K) 462.92 296.33

E. 3.4 Solver setup

The numerical simulation setup for the present test case [27]
follows the following stepwise process. In this study, a steady
2D planar solver based on pressure is employed, with the
velocity formulation set to absolute. A 2D axisymmetrical
planar geometry has been used. A heat transfer problem is
involved in this test case, thus the energy equation is enabled.

Three different models are analyzed for turbulent flow, and

they are compared with experimental results.

Specifically, these models are as follows:

e The SST k-omega model incorporates the option for
viscous heating. In this model,

a, = 052, B5 = 0.09, and ¢* = 1.5 are used as
constants.

o Arealizable k-epsilon model can be used with enhanced
wall treatment and viscous heating. C,-Epsilon, TKE
Prandtle Number, TDR Prandtl Number, and Energy
Prandtl Number, respectively, are set to 1.9, 1, 1.2, and
0.85.

e The Spalart-Allmaras model have option for viscous
heating. In the model, the constants are C,; = 0.1355,
Cp, = 0.622, Cyy = 711, C,, = 0.3

SST k-omega models are used for different grid resolutions,

including medium, fine, and coarse. Solving the k-omega, k-

epsilon, and Spalart-Allmaras models is achieved by means

of a coupled pressure-velocity coupling scheme. The
coupling scheme in all models is discretized using least
squares cells. All of the models discussed above utilize
second-order discretization for pressure. For momentum,
turbulent kinetic energy, and specific dissipation rate,
second-order upwind discretization is used. In order to
calculate the turbulent dissipation rate, the k-epsilon model
uses first-order upwind discretization. Modified turbulent
viscosity is discretized using first-order upwind in the

Spalart-Allmaras model, while energy is discretized using

second-order. The solution is initialized using a hybrid

initialization method. Each model is solved for a minimum
of 10,000 iterations.

1. RESULT AND DISCUSSION

In the present study, a numerical simulation of film
cooling efficiency has been performed over a flat plate in
subsonic ~ film  cooling configuration  (Multi-block
computational domain). Pressure based steady state
simulation has been done by applying SST k-, Realizable
k-€ and Spalart-Allmaras model. Also by using SST k-o with
different grid levels, fine, medium and coarser simulation has
been done. During the film process, air is used as the
mainstream and as the film stream, with a temperature of
462.92 K and 296.33 K respectively. Computed results are
validated and observed in the following manner.

investigate the behavior of film cooling effectiveness. Fine,
Medium and coarser grids level adopted in subsonic film
cooling plate. Figure 4. display the dimensionless
temperature profile (n) at slot exit (x/s). The dimensionless
temperature profile or film Colling effectiveness of fine,
medium and coarser grid levels obtain average at two
location fist in interval (0, 2) and second in (6, 8). Figure 5
represents contour of static temperature (K) of medium, fine
and coarser grids respectively. These contours are very
similar to each other and display qualitative physical
behavior of temperature fields. These contours show hot
behavior in mainstream, change behavior at splitter location
and depicts cold at adiabatic wall location. Figure 6 indicates
stream wise velocity (m/s) profile contours, they depict low
velocity magnitude at mainstream location and very high at
adiabatic wall location. further they display average velocity
magnitude at splitter location.

1.1~
1 |
<I
<]
0.9
= |
0.8 |- bd b
- <J- Experiment -
I Fine :
— — — —  Medium
07k T coarser
L. Ly
0'60 10 20 30 40 50
XiIs

Fig. 4: film cooling efficiency (1) along bottom wall, CFD prediction with
different mesh sizes models.

. 463.0

429.7
Medium grid
oot
. — — 363.0

Fine grid

I 3297
296.3

|

coarser grid
Fig. 5: Static temperature (K) contour SST k- o models.
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. 26.4

Medium grid
15.8
E— 105
Fine grid
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Coarser grid
Fig. 6: Velocity magnitude (m/s) contour SST k- ® model.

I 53
00

G. Numerical simulation by different models

The SST k-w, Realizable k-¢ and S-A models are used to
simulate film cooling efficiency over subsonic flat plate. In
Figure 7 it is instantaneous realization of the film cooling
efficiency (n) are averaged to obtain the mean film cooling
effectiveness profiles at two locations downstream of the slot
exit defined by x/s by all Models. But Realizable k-¢ gives
best agreements with experimental data it obtain averaged
three location of the slot exit of film cooling effectiveness.
Figure 8 represent temperature contour inside combustion
chamber of realizable k-¢, S-A and SST k- models, they are
depicting qualitative temperature physical behavior, they all
display similar profiles with cold flow at adiabatic wall and
hot flow in the mainstream. The temperature mingling layer
increases stream-wise towards the wall with a resulting
increase of the wall temperature. Figure 9 shows the field
stream wise velocity contours, they all display boundary
layer of velocity magnitude. Since the shear layer reaches the
boundary layer of the wall, it is known as the film breaking

point.
1.1

0.8

| > Experiment
e o W
i s e Ra )
- — — — — Spalart-Allmaras
07
| 1 1 L { I - |
0'60 10 20 30 40 50
x/s

Fig. 7: Film cooling efficiency () along bottom wall, CFD simulation with
different models vs experiment.
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Fig. 8: Static temperature (K) contour SST model.
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Fig. 9: Velocity magnitude (m/s) contour SST model.

V. CONCLUSION

Measurements of the adiabatic effectiveness over subsonic
flat plate has been simulated by CFD. Pressure based steady
states simulation has been performed through solver by using
different turbulent model and grid levels. Simulation results
relatively  reasonably  agreed  with  experimental
quantitatively and qualitatively. There is good agreement
between numerical solutions and they are able to predict the
slope of the efficiency decay even when they use different
turbulence models. The present results are very promising
and encourage the use of CFD to simulate and model liquid
propellant rocket engine combustion chamber film cooling
mechanisms. CFD methods are also more cost-effective than
performing physical experiments. The results obtained can
be used to optimize the design of the cooling systems and
improve the efficiency of the rocket engine.
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Abstract—In order to assess the impact of on-farm water
management practices regarding agriculture productivity for
sustainable development in three districts of Balochistan this
research was conducted. Cross-sectional research design was
applied. Quetta, Pishin and Mastung districts were chosen
randomly. One hundred (100) farmers were selected. Sample
random sampling was applied. Field information was recorded
and put into the SPSS. Pearson Chi-Square test was run.
Results show that most (45%) of growers are 19 to 40 years of
age. Similarly, (45%) of growers obtained religious or Islamic
education at Madrassa level. Vast majority (90%) of growers
belonged to the joint family system. Majority (65%) of growers
are getting married. So as to measure the on-farm water
management practices the Pearson Chi-Square test applied.
Statistically variations were observed in four out of five
variables regarding on-farm water management practices.
Thus, it was concluded that the perception differences remained
regarding on-farm water management practices in three
districts of Balochistan. It was recommended that a series of
capacity building programs be arranged for farmers so that
they could improve their sequential crop productivity methods
and on- farm water management practices. Farmer's
participation is encouraged within terms of on-farm water
management practices for sustainable agriculture development.

Keywords— Water management practices, Impact, Agriculture,
Sustainable development, Balochistan.

V. INTRODUCTION

Worldwide, water is a precious commodity and
preliminary resource and input mostly used for domestic
purposes, agricultural productivity, industrial sector and the
like. Water is a fundamental sustainer about ecosystems
(Brown et al., 2015). The timely availability of irrigation
water for agriculture crops is part and parcel, an almost major
bottleneck for agricultural productivity as well as food
security at country level (Kang et al., 2009). Internationally,
for agricultural productivity more than seventy (70 percent)
groundwater is being used and extracted. Therefore, the
agriculture sector is in the leading position for the
consumption of water (DOLL, 2009; and Siebert, 2010).
However, the groundwater is taken into account or regarded
as a prime source of irrigation water for agricultural
purposes. Globally, vast majority of nations are using and
reliance on the ground water resources rather than rain or
surface water. In the era of 1960s, the innovative water
technologies and latest irrigation practices were used for

agricultural purposes or crop productivity (Scanlon et al.,
2012; and Schwartz & Ibaraki, 2011). However, for better
crop yield and suitable crop productivity, the groundwater
used is around 38% (113 million hectares) worldwide (Watto
& Mugera, 2015; and Siebert, 2010).

It was observed that around 20% of farming land, their
irrigation practices or water sources used to increase the yield
and agricultural productivity around 40% within terms of
food security (Douville, 2021; and EIB, 2023). Latest
irrigation practices enhancing the crop production as a results
the crop production increasing at a greater extent. Therefore,
water reservoirs critically imperative regarding agricultural
production. For better agriculture production, 65% of ground
water and 90 percent of extracted groundwater is used in
India (Chindarkar & Grafton, 2019; and NGWA, 2021).
Especially in arid countries, the ground water and latest
irrigation practices are imperative resources for agricultural
production as well as drinking water for human consumption.
In this regard, the Arab regions are the most water-scarce
region. Over mining of groundwater may affect agricultural
production. In Iran the indiscriminate uses of groundwater
affect agricultural production. Thus, the Iranian government
developed private security to protect the groundwater assets
in 2023 (UN, 2022).

A.  Water resources management and their practices in
Pakistan

As reported by the World Water Development Report
(UN) during the period of 2000, the entire tangible renewable
water assets improved at the rate of 2,961 m® per capita
(UNESCO, 2006). It was observed in Pakistan, an
accessibility of water supply recorded more than 1,000 m?
per person, which indicates that Pakistan is falling in the high
stress country category. Generally, during the years of 2004-
05, the water availability has reduced at the rate of 1,101 m?
per capita as reported by the Planning and Development
Division Government of Pakistan (GoP, 2007). Due to the
rapid urbanization process, speedy industrialization
advancement, quick demographic population growth factors
are responsible for making the situation worse at the country
level (Pakistan Economic Survey, 2007).

On the other hand, the process of rapid mining of
groundwater continues depleting. In spite of a dropping the
ground water table at country level, the rate of electric tube
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wells increased at 6.7% and diesel tube wells increased 7.4%
(ADB, 2004). Furthermore, contamination of the atmosphere
at a very high rate, saltwater intrusion and saltation are
limiting factors that restrict the water resources at country
level. However, in this regard, 36% of ground water remains
extremely salty or saline (GoP, 2008).

In Karachi and Islamabad cities and their urban premises, the
surface water is used for domestic consumption. In the other
cities of Pakistan, the groundwater supplies run by different
Departments. Groundwater is used in most rural areas of
Pakistan. However, on the other hand, canal irrigation used
as the major sources for domestic water and agricultural
water (GoP, 2005). Pakistan is blessed with a variety of
environments. However, at country level 96% water used for
agricultural purposes, 2% for domestic purposes and similar
2% for industrial purposes (Bridges, 2007).

Agriculture sector remains as the major source of livelihood
options of the rural population, which contributes more than
25% of country GNP and constitutes the bulk of labor forces
(65%), but agriculture remains as the major source of the
economy which is based on water assets (GoP, 2002).
However, the agriculture sector contributes 19% of the
country's GDP (GoP, 2019).

At the country level, water is a basic and vital component for
power generation for their masses. Around 29% electricity
was generated through hydro-power that was based on water
assets. On the other hand, Pakistan's world largest irrigation
system is existing that is used for domestic, agricultural and
industrial purposes. Total covered irrigated area was 181,000
km? in Pakistan (Pakistan Water Gateway, 2005). Likewise,
water availability of rice growers is lower as compared to
India and China (LEAD, 2016). Better agricultural water
management practices and technologies are the major cause
for better agricultural production and also responsible for per
hectare yield increasing (Watto and Mugera, 2014).

A. On-Farm water management practices

On-farm water management project is enhancing the
agricultural efficiency, yield, production, capacity and output
through an efficient water system and well-mechanized
system for better food security dimension. Major obstacles at
country level is the non-availability of irrigation water,
unreliability and inequality of water supply at farmer’s field
or grower’s doorstep as a result the agricultural production is
affected badly. Preliminary water supply by Indus Basin
through canals under the supervision of Provincial Irrigation
Department. While, on the other hand, construction of
watercourse or watercourse operation and their maintenance
is the sole responsibility of the growers. Due to the lack of
financial resources, most of the watercourse were damaged
as a result of 50% water conveyance losses. Therefore, the
farmers did not get a better profit margin from their
production or yield. In this context, a variety of research was
carried out to solve this problem and to minimize these water
losses or conveyance losses from up to 46% to 56%. On the
other hand, the application losses at field level were also
observed at country level. In order to stop the conveyance
and water losses the government of Pakistan firstly
implemented the 5-year pilot project. Afterward this program
was converted almost immediately On Farm Water
Management (OFWM) (GoP, 2016).

The silence features of program were given under:

e The Water Users Association is the basic component in
this system. However, association and recordkeeping of
WUA under work project administration so as to
promote the water course and their improvement at
district level.

e Develop the water user’s associations based on cost
sharing units.

e Application of water management practices and their
plans run at district level by project administration.

e Increase the agricultural yield by using the optimal level
of irrigation water.

e Watercourse, their renovation, their  further
improvement, precision of land leveling, plant
protection measures, agronomy practices, irrigation
application and the like run at district level through
project management or authority.

e Agricultural farm machinery and their actual renting at
approved rates given by authority.

e Render the capacity building program so that to
strengthen the overall application of irrigation water
and their efficiency.

e Develop the effective linkage mechanism between the
agricultural department and farming community.

e Service matters, maintenance of physical infrastructure,
purchasing of different items or capital goods and others
related matters based on check and balance.

e Develop a superior coordination mechanism and well
Monitoring and Evaluation (M&E) system.

e Promote the grower’s contribution to irrigators' water
distribution system.

e Improving agricultural productivity.

e Supporting the growers in diverse on-farm water
management practices.

e Arranged the training for staff and growers regarding
agricultural operation as well as maintenance of
irrigation systems.

e  Develop the well mechanism regarding farm planning or
farm design.

e Reciprocal feedback for the entire project's business
(GoP, 2016).

VI. PROBLEM STATEMENT

Balochistan region is considered as an under-
privileged province of Pakistan. 85% of the province's
population directly or indirectly depend on agriculture and
allied agriculture activities. Therefore, agriculture and
livestock remain as the major livelihood option of the rural
farmers (Osbabhr et al., 2008). Having the robust potential and
huge land areas, the agriculture production is still limited due
to the lack of better water management practices at farm
level. Therefore, this research was carried out so as to assess
the impact of water management practices regarding
agriculture productivity for sustainable development in the
selected district of Balochistan.

A Study objectives

Current effort as following specific objectives:

[I]. To measure the socio-economic profile of the
respondents.

[II]l. To find out the limiting factors that are responsible for
reducing agricultural productivity.
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[III]. To identify the water management practices for
agricultural productivity.
[IV].  To develop the need-based suggestions for future
policy measures that will be supportive for water
management practices.

B. Review of literature

Pakistan is the blessed country within terms of
systemic irrigation system and prolonged history regarding
the ground water resources and their utilization. In the early
period, the karezes system, hand pump methods, open wells
system with the help of rope/ buckets and Persian wheels
were the most effective irrigation methods (Meckonnen et
al., 2016; and Qureshi et al., 2009). In this era, pumping
ground water systems were applied for irrigation systems as
a result the water table decreased day by day. However, canal
irrigation systems are regarded as the most effective method
for supplies of water for drinking and agricultural purposes
(Qureshi et al., 2008). In this context, around 17000 tube
wells are put in functional so as to get rid of soil salinization
risk (Mekonnen et al., 2016; and Qureshi et al., 2009).
Ground water and water management practices were the
prime source of irrigation at country level. Around fifty
percent of the water requirement for agricultural purposes
was dependent on ground water resources. Thus, the
groundwater and water management practices were a major
source of irrigation for farming communities because of its
tractability availability (Watto and Mugera, 2015; and Shah,
2007).

C. Study design or methodology

In order to achieve the general objectives of present
research (Trochim, 1989), the cross-sectional research design
was applied (Campbell & Stanley, 1963) in order to assess
the impact of cause and effects association between and
among variables (Mady, 1982). Quetta, Pishin and Mastung
districts were chosen for this research randomly. One
hundred (100) farmers were selected for sample size and
target population (Shaddish et al., 1991). Sample random
sampling was applied in this research (Adcock & Collier,
2001). Closed-ended questions were developed. A structured
questionnaire in this regard was developed. Socio-economic
attribution based on assumption in this research was major
independent variables (Campbell and Fiske, 1959). On the
other hand, the table of McCall (1980) concerning
“determining sample size from a given population” was
carefully chosen. 5-point Likert Scaling as the major scaling
that was used in this research (Wolcott, 1990; and Patten &
Mildred, 2002). Thus, field information in this context,
recorded and put into the SPSS (a computer software for
social scientists) (Pyrczak, 2002). Pearson Chi-Square test
was run in this research to detect the association and
relationship among variables (Duffy, 1987). Alpha level was
set at 0.05 level.

V. RESULTS

A. Socio-economic variables and their explanation

In this research the socio-economic variables were
the vital independent variables. Therefore, in this research
the variables were measured by using the statistical test.

Figure-1, Sample distribution about growers age

m mUpto 18
@ 19t0 40

411055

56 and above

Age is the imperative component in this research, because
due to age factor farmers gained the farming experiences
more effectively as well as having sound decision making in
any circumstances. Therefore, the age component is
considered as shown in figure-1. Respondents were asked
about their age composition. Most (45%) of growers are 19
to 40 years of age. While, 20-21% of growers have 41 to 50
and up to 18 years respectively.

Figure-2, Sample distribution about grower’s educational level
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Figure-2 shows that most (45%) of growers obtained
religious or Islamic education at Madrassa level. While most
17% of growers were uneducated. Whereas, most 11-10% of
growers were getting the primary/ higher level of schooling
to intermediate degree respectively.

Figure-3, Sample distribution about grower’s family type
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Sample distributions regarding the grower’s family type are
shown in figure-3. In this regard the data was gathered at
field level. Vast majority (90%) of growers belonged to the
joint family system. While, only 10% of growers belong from
single family status.

Marital status growers of grower were determined and
gauged as shown in figure-4. Majority (65%) of growers
getting married or by status involved in marriage. While,
35% of growers did not get married and still have single
status.

Figure-4, Sample distribution about grower’s marital status

MARRIED UNMARRIED

Table-1, Chi-square test about on-farm water management practices

Highly statistically discrepancies and differences found
about various on-farm water management practices
statements. Pearson Chi-Square was used in this research.
Alpha level was calculated so as to determine the significant

On-farm water
management
practices Asymp: Sig.
Value df (2-sided)
Per hectare yield of various crop increased
Pearson Chi-Square 46.137a 8 .000%*
Likelihood Ratio 52.274 8 .000
Linear-by-Linear 17.331 1 .000
Association
Phi .679 - .000
Cramer's V 480 - .000
Farmers' knowledge concerning latest irrigation methods improved
Pearson Chi-Square 15.456a 8 .05INS
Likelihood Ratio 19.325 8 .013
Linear-by-Linear 119 1 731
Association
Phi 393 - .051
Cramer's V 278 - .051
Farmers income level improved
Pearson Chi-Square 19.470a 8 .013*
Likelihood Ratio 25.655 8 .001
Linear-by-Linear 8.399 1 .004
Association
Phi 441 - .013
Cramer's V 312 - .013
Farmer's participation level
Pearson Chi-Square 31.192a 8 .000**
Likelihood Ratio 34.061 8 .000
Linear-by-Linear 10.088 1 .001
Association
Phi .559 - .000
Cramer's V 395 - .000

Sustainable agriculture development retained due to water

management practices
Pearson Chi-Square 22.103a 8 .005%*
Likelihood Ratio 28.115 8 .000
Linear-by-Linear .362 1 .547
Association
Phi 470 - .005
Cramer's V 332 - .005

No. of Valid Cases in this research= one hundred (100) growers

[*Statistically significant at zero point five alpha level

value Phi and Cramer's V respectively. However, on the
other hand, p-value set on is .005 level (statistically
significant).

In this research Pearson Chi-Square values are highly
statistically significant, in statements like “per hectare yield
of various crops increased” (Pearson Chi-Square=46.137a,
Likelihood Ratio=52.274 and Linear-by-Linear
Association=17.331) respectively. While, a statement such
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as “farmer's participation level” (Pearson  Chi-
Square=31.192%, Likelihood Ratio=34.061and Linear-by-
Linear Association=10.088 respectively.

Only statistically significant observed statements like
“farmer’s income level improved: (Pearson Chi-
Square=19.470% Likelihood Ratio=25.655 and Linear-by-
Linear Association=8.399) respectively. And statements
like: “sustainable agriculture development retained due to
water management practices” (Pearson Chi-Square=22.103%,
Likelihood Ratio=28.115 and Linear-by-Linear Association
=.362) respectively.

Thus, statistically non-significant found statement like
“Farmers' knowledge concerning latest irrigation methods
improved” (Pearson Chi-Square=15.456%  Likelihood
Ratio=19.325 and Linear-by-Linear Association=.119)
respectively based on 0.05 alpha level about on-farm water
management practices. Thus it was concluded that
statistically significant observations.

D. Conclusion and recommendations

This research observed the present on-farm water
management practices in three districts of Balochistan
namely, Quetta, Pishin and Mastung. In this context, raw
information or data was acquired at field level in respective
districts of Balochistan province. Based on obtained results
following recommendation was developed. Capacity
building programs related with on-farm water management
practices part and parcel and preliminary ingredients to
empower the farmer’s practical knowledge. Therefore, it
should be recommended that a series of capacity building
programs be arranged for farmers so that they can improve
their sequential crop productivity methods and on- farm
water management practices. Farmer's participation is
encouraged within terms of on-farm water management
practices for sustainable agriculture development.
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Abstract—Now a days Streetlights have become an important
part of traffic safety. As a result, it is critical that we preserve
energy as much as we can. A street light monitoring system is an
automated system that improves efficiency. The paper will use
the Internet of Things (IOT) as its primary technology. This
paper main goal is to develop a Smart Streetlight Monitoring
System that uses effective methods to reduce electricity
consumption. The majority of places have automated street
lights that identify when it's day or night and turn on and off in
accordance. This paper is being expanded by adding a new
constraint to turn on the light, which is that the streetlight will
only turn on if there is darkness and someone is walking down
the street. We also check the battery voltage and display it on the
screen if the voltages are low, so the responsible person can
troubleshoot the issue. We'll count the total number of vehicles
passing by on a certain road or parked in a parking area. We
also include a feature that allows the system to detect a fire in its
early stages and send out an alert notification via alarm.

Keywords—IoT, Smart Streetlight, Sensors, Energy consumption,
Energy efficiency

l. INTRODUCTION

The streetlight monitoring system is one of the most
important aspects of any city or small town. There is no way
to overestimate the value of street lighting, however the
current system has several drawbacks. Now, before the sun
sets in the evening, street lights are turned on, and they are
shut off the next morning when there is enough light for
driving. Occasionally, the street light is left on throughout the
day[1]. Another instance of waste is the full-blast lighting at
midnight, even though there is little to no traffic[2]. When
none of the objects are passed under the lights, a lot of energy
is spent and wasted. Therefore, there is huge amount of
wasted energy in the OPEN/OFF cycle. Streetlights that are
out of service can potentially be a source of criminality on
the roads and highways. One of the principle purposes behind
changing to a free framework is that there is smaller amount
electricity. One of the most serious issues is a road fire. There
is currently no system in place that generates an alarm in the
event of a fire. The best energy efficiency solution is
presented in this paper. Additionally, the lighting system's
manual operation has been entirely done away with. On the
other hand, this system automatically turns on and off the
lights. Only when there is someone passing through the street
will the streetlight glow at full strength. It can also detect a
fire in an area, sound an alarm, alert the system, and take
appropriate safety measures depending on the circumstances.
Reduce the number of people on the lead list. The proposed
system could be used for other additional purposes, including

lighting in industries, universities, lots, and

supermarkets.

parking

1. LITERATURE REVIEW

One of the consumable electricity sources that is
necessary for daily life is street lighting. The present
manually operated street lighting systems have a number of
limitations. The recommended method makes use of a
method that automatically dims street lights at night when
nearby people or cars are present. A controller and many
sensors are also required for a street lighting system to be
considered intelligent [3]. The objective of this study is to
develop a smart lighting system that uses less energy and can
be controlled and monitored by mobile applications. A small-
scale prototype that uses an Arduino board for control and
automation has been created. It starts with establishing the
circuit, recognizing the LDR sensor's input, and placing the
PIR sensor [4]. This paper focuses on smart lighting
communication protocols that can be used in smart cities to
manage power effectively. In addition to providing a brief
overview of the various loT protocols used in various SLSs,
we introduce a generic communication model for an SLS.
Then, using a quick analysis of various lighting conditions,
we also discuss the effects of SLS (indoor and outdoor) [5].
In this article, a traffic signal's timing is simply based on the
number of cars parked along a road. In this model, a
clustering algorithm based on the KNN algorithm is being
used. A new model will be able to determine predicted timing
using this technique based on the signal's inputs, which are
the number of cars. How much time must be given and how
many vehicles must be on each side of the road will
determine this [6]. The main goal of this research is to create
a street light that is automated and controlled to meet the
needs of vehicles, pedestrians, and roads. A user-friendly
control system that leverages IOT and LoRa can monitor and
manage lighting systems from far-off places by using
already-existing networks and unlicensed radio frequencies
[7]. This research proposes an loT-based smart street light
system. When people are detected, the lights would turn on
fully in this system; otherwise, they would turn on dimly or
turn off. In our paper, we develop a system that makes use of
10T [8]and [19]. A study of streetlights with microcontroller-
based control lighting. When no one is present, the lamps
turn off or dim the brightness before the vehicles arrive. It
will be challenging for pedestrians and automobiles to
distinguish between smart street lamps and conventional
street lights as all street lights switch on before they arrive
[9]. The primary goal of the paper is proposed a system that
would allow for the automation of street lights and the
internet-based transfer of their data. Lights can be turned on

Balochistan Journal of Engineering & Applied Sciences, Volume 6, June 2023



Smart Streetlight Monitoring System using 10T

and off automatically depending on the surrounding
conditions. Sensors measure light-dependent as well as
humidity and temperature sensors to sense environmental
conditions. An artificial power source, such as solar panels,
may run the entire system [10]. This paper proposed a system
that offers a remedy for regulating light intensity while taking
traffic on the road into account. Instead of employing an IR
sensor, this device uses a piezoelectric sensor to track the
movement of objects on the street. An MSP430
microcontroller is in charge of the process [11].

1. MATERIAL AND METHODS

We propose a smart streetlight monitoring system to
ensure, low power consumption. Our proposed system is
divided into four modules based on its functionality
Object Detection
Vehicle Counting
Fire Detection, Alarm and Send Notification
Measure the voltage of battery

A. Object Detection

In first module lights are ON but dim, that consume less
energy, after that any object passes under the lights that
glows properly, when object move out of the range the lights

Ll

are in the normal form.
Figure 1 IR sensors for object detection

B. Vehicle Counting

In second module, we measure the total number of
vehicles that passes through the specific road/parking area.
All the vehicles that passes from the road are count and keep
in the record.

X 4

Figure 2 IR sensors for vehicle counting

C. Fire Detection, Alarm and Send Notification

In third module fire detection. We detect the fire, alert the
surround by alarm, and send the notification to the admin
viva mobile application. When there is any sort of fire in the
surroundings between the ranges of the sensor, it alerts the
surroundings as well as admin.

Alert . Message
| 4 | 4

et
e

v

Figure 3 Flame sensor for fire detection

D. Measure the voltage of battery

In another module, we will measure the voltage that are
used to glow the lights and send notification to the admin via
application. If the voltages are low or high from the specific
range, it alerts the admin that take specific action to avoid the
major cause of the any failure.

|

Measure Voltage

A

Figure 4 Measure the voltage of battery

A. Arduino IDE

Writing code and uploading it to a board are both made
simple by the open source Arduino Software (IDE). In
contrast to Windows, Mac OS, and Linux, it makes use of a
distinct platform. It supports the programming languages C
and C++. The environment is developed in Java, and it
requires the installation of the IDE software before it can be
used with any Arduino board [12 - 15].

B. C Programming language

C has structures that effectively translate to common
machine instructions by design. It has been used for software
ranging from supercomputers to PLCs and embedded
devices.

C. Blynk Application

Blynk is a cutting-edge loT platform that enables you to
deploy your products at scale, connect any hardware to the
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cloud, and create apps to manage it. [16 - 18]. This app is
used to show the notification that is sent from the system
using NodeMcu. We used Button to ON/OFF the fire
detection system.

Turn

Notification
On/off

Figure 5 SSLMS Blynk Application

D. LED’s

A light-emitting diode (LED) is an integrated diode that
emits light when turned on. The electrons inside the LED can
reconnect with holes, release energy in the form of photons,
and generate light when we apply power to all of its tracks.
As aresult, the light source is a two-hour semiconductor light
source. Our lighting system is made up of light-emitting
diodes, and the quantity of light emitted is exactly the same
as the amount of light emitted it nature, which means that
when the outside light is less than the light emitted by LEDS,
it has more power.

E. LDR SENSOR

The Light Dependent Resistor (LDR) is a type of sensor
that detects light. The LDR is light-sensitive, and the quantity
of light it receives affects how resistant it is. It is frequently
utilized in electrical circuits, including those for automated
lighting and contrast control.

F. IR SENSORS

An electrical gadget called an infrared sensor may
identify things by detecting the infrared light those items
emit. An IR LED transmitter takes in infrared light between
700nm and 1mm in wavelength. When a particular 30 volts
are delivered to the LED transmitter, IR radiation is emitted.
These photons strike an object, which then reflects the
incident IR light back to the receiving photodiode.

G. MEGA ARDUINO

The ATmega2560 serves as a board for the Arduino
Mega 2560 microcontroller. Connect it to a computer
through USE, or power it using an AC-to-DC converter or
battery. Several shields designed for the Uno and earlier
Duemilanove boards work with the board.

H. FLAME SENSOR

The Flame Sensor module may recognize flames or
strong lights. This sensor picks up infrared light from a flame
or light source with a wavelength of 760 nm to 1100 nm. The
YG1006 photo transistor sensor has great speed and
sensitivity, and is used in fire sensors.

V. WORKING FLOW

IR sensor detect the vehicle

Flame sensor detect the fire:

¥, Yesio
e

Notificzfion send fa Arduino check the
v status fsensor

Noffication send to Arduino check the
app sfatus if sensor
Fig. 6. Diagram of our proposed System

This diagram explains how the "smart streetlight monitoring
system using loT" work. It is powered by a battery, which is
charged via a circuit that converts changing voltage into
stable voltage. The Arduino then adjusts the power LED
circuit in response to changes in the IR sensor and LDR. IR
sensors detect the vehicles and measure the total number of
vehicles that passes through the specific road/parking area.
All the vehicles that passes from the road are count and keep
in the record. Flame sensors are used to detect the fire, alert
the surround by alarm, and send the notification to the admin
viva mobile application. We also measure the voltage that are
used to glow the lights and send notification to the admin via
application. If the voltages are low or high from the specific
range, it alerts the admin that take specific action to avoid the
major cause of the any failure. The blink application is used
to display the OUTPUT.

Arduino measure the health of battery, if good

V. DISCUSSIONS AND RESULTS

In comparison to the traditional street light system,
which keeps the lights on all night, the energy efficiency has
increased. While strolling at night, it also assures traffic
safety. One of the most serious issues is a road fire. It can also
detect a fire in an area, sound an alarm, alert the system, and
take appropriate safety measures depending on the
circumstances. Power electronics are being used more and
more often throughout many facets of modern life. Other
smart applications explains in studies [20 - 23] may combine
to design a smart city application. Sensors are one example
of a component that has been utilized in an experiment that
has become a crucial part of our daily lives. Energy may be
effectively conserved using this system.

VI. CONCLUSION

By completing this project, we will be able to see how
the smart streetlight monitoring system works and how it
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benefits in energy conservation. The technical solution for
setting up a smart street lighting system has been simplified.
Provides cheap street lighting control infrastructure. It is
possible to reduce the amount of energy used, which makes
it more natural. Light errors in this system can be easily
detected. The Municipal Organization will benefit greatly
from this system.

In future work we use Machine Learning to detect the
number plate of vehicles to accurate counting of vehicles and
store the data of the vehicles that help in any sort of criminal
activity. In module, we measure the voltage of battery and
send notification to the control room to the specific patch of
lights to detect the fault in battery to prevent from the damage
of the system.

REFERENCES

[1] M. Saifuzzaman, N. N. Moon, and F. N. Nur, “IoT based street
lighting and traffic management system,” 5th IEEE Reg. 10 Humanit.
Technol. Conf. 2017, R10-HTC 2017, vol. 2018-Janua, no.
December,  pp.  121-124, 2018, doi:  10.1109/R10-
HTC.2017.8288921.

[2] S. Vani, R. Indumathi, V. Hindhu, and C. Engineering, “lot Based
Street Light Intensity Optimization and Air Pollution Monitoring
System,” vol. 8, no. 5, pp. 45-56, 2020.

[3] M. Caroline Viola Stella Mary, G. Prince Devaraj, T. Anto Theepak,
D. Joseph Pushparaj, and J. Monica Esther, “Intelligent energy
efficient street light controlling system based on IoT for smart city,”
Proc. Int. Conf. Smart Syst. Inven. Technol. ICSSIT 2018, no. Icssit,
pp. 551-554, 2018, doi: 10.1109/ICSSIT.2018.8748324.

[4] Z. Baharum, A. S. Sabudin, E. M. M. Yusof, and N. A. Ahmad,
“Mobile-Based Application: The Designation of Energy Saving
Smart Light System for Monitoring and Controlling,” Int. J. Interact.
Mob. Technol., vol. 15, no. 18, pp. 90-103, 2021, doi:
10.3991/ijim.v15i18.24733.

[5] A. K. Sikder, A. Acar, H. Aksu, A. S. Uluagac, K. Akkaya, and M.
Conti, “loT-enabled smart lighting systems for smart cities,” 2018
IEEE 8th Annu. Comput. Commun. Work. Conf. CCWC 2018, vol.
2018-Janua, pp. 639-645, 2018, doi: 10.1109/CCWC.2018.8301744.

[6] S.K.Janahan, M. R. M. Veeramanickam, S. Arun, K. Narayanan, R.
Anandan, and S. J. Parvez, “IoT based smart traffic signal monitoring
system using vehicles counts,” Int. J. Eng. Technol., vol. 7, no. July,
pp. 309-312, 2018, doi: 10.14419/ijet.v7i2.21.12388.

[7] J. Mathew, R. Rajan, and R. Varghese, “IOT BASED STREET
LIGHT MONITORING & CONTROL WITH LoRa/LoRaWAN
NETWORK,” Int. Res. J. Eng. Technol., pp. 1173-1177, 2019,
[Online]. Available: www.irjet.net

[8] N.Cm, V. Ts, M. Dakshayini, and P. Jayarekha, “loT-Smart Street
Light System,” J. Inf. Technol. Sci., vol. 5, no. 1, pp. 7-10, 2019.

[91 U. M. PIYUSH SAINI, PRATEEK SAINI, AJAY KUMAR
JANGID, “A Smart Street Light System With Auto Fault Detection,”
no. July, 2020.

[10] R. Majumdar, A. Srivastava, D. Tulsian, and V. P. Mishra, “IOT

(11]

[12]

(13]

[14]

[15]

[16]

(17]

(18]

(19]

[20]

[21]

[22]

(23]

based Street Light Controlling Mechanism,” Proc. 2019 Int. Conf.
Comput. Intell. Knowl. Econ. ICCIKE 2019, no. December, pp. 433—
436, 2019, doi: 10.1109/ICCIKE47802.2019.9004248.

D. R. Parkash, Prabu V and P.G, “Internet of Things Based Intelligent
Street Lighting System for Smart City,” Int. J. Innov. Res. Sci. Eng.
Technol., vol. 5  no. 5 pp. 7684-7691, 2018, doi:
10.15680/1JIRSET.2016.0505181.

"Arduino Software Release Notes". Arduino Project. Retrieved
September 25, 2019.

Jean-Luc Aufranc (2021-03-03). "Arduino IDE 2.0 beta released with
live debugger, revamped user interface". cnx-software.com.
Retrieved 2021-03-04.

Sulaman, M., Bazai, S. U., AKram, M., & Khan, M. A. (2022). The
Deep Learning based Smart Navigational Stick for Blind
People. UMT Artificial Intelligence Review, 2(2).

"Arduino - FAQ". www.arduino.cc. Retrieved 2020-08-27.

Barrie Jenkins, Peter Mullinger. 2011. Industrial and Process
Furnaces:  Principles, Design and Operation, Butterworth-
Heinemann/IChemE series, p.329. Butterworth-Heinemann. ISBN
0080558062

S. P.Bag. 1995. Fire Services in India: History, Detection, Protection,
Management, Environment, Training and Loss Prevention, p. 49.
Mittal Publications. ISBN 8170995981

Chenebert, A.; Breckon, T.P.; Gaszczak, A. (September 2011). "A
Non-temporal Texture Driven Approach to Real-time Fire Detection"
(PDF). Proc. International Conference on Image Processing:1781—
1784.CiteSeerX 10.1.1.228.875.d0i:10.1109/ICIP.2011.6115796.
ISBN 978-1-4577-1303-3.

Jahangeer, A., Bazai, S. U., Aslam, S., Marjan, S., Anas, M., &
Hashemi, S. H. (2023). A Review on the Security of 0T Networks:
From Network Layer’s Perspective. IEEE Access.

Ullah, R., Bazai, S. U., Aslam, U., & Shah, S. A. A. (2023, May).
Utilizing Blockchain Technology to Enhance Smart Home Security
and Privacy. In Proceedings of International Conference on
Information Technology and Applications: ICITA 2022 (pp. 491-
498). Singapore: Springer Nature Singapore.

Bhatti, U. A., Masud, M., Bazai, S. U, & Tang, H. (2023).
Investigating Al-based smart precision agriculture
techniques. Frontiers in Plant Science, 14.

Ghafoor, M. ., Roomi, M. S., Ageel, M., Sadiq, U., & Bazai, S. U.
(2021, December). Multi-Features Classification of SMD Screen in
Smart Cities using Randomised Machine Learning Algorithms.
In 2021 2nd International Informatics and Software Engineering
Conference (I1ISEC) (pp. 1-5). IEEE.

Fakhar, S., Baber, J., Bazai, S. U., Marjan, S., Jasinski, M., Jasinska,
E., ... & Hussain, S. (2022). Smart classroom monitoring using novel
real-time  facial expression recognition system.  Applied
Sciences, 12(23), 12134.

Balochistan Journal of Engineering & Applied Sciences, Volume 6, June 2023


http://www.arduino.cc/

Balochistan Journal of Engineering & Applied Sciences (BJEAS) — (p-ISSN: 2518-2706
Volume 6, No.1

Adopting Homomorphic Encryption in Neural
Networks: Issues and Future Directions

Mehmood Baryalai', Muhammad Imran Ghafoor?, Zubair Zaland?, Jahanzeb Bakhtiar*, Muhammad Ashraf °

1 Department of Information Technology, Balochistan University of Information Technology, Engineering, and Management Sciences

(BUITEMS), Quetta, Pakistan
2 Department of Engineering, Pakistan Television Corporation Lahore, Pakistan

3 Department of Software Engineering, Balochistan University of Information Technology, Engineering, and Management Sciences

(BUITEMS), Quetta, Pakistan
4 Department of Computer Science, 11C University of Technology, Cambodia

5 Department of Computer Engineering, Balochistan University of Information Technology, Engineering, and Management Sciences

(BUITEMS), Quetta, Pakistan
Correspondence Author: Mehmood Baryalai, Email: mehmood.baryalai@buitms.edu.pk

Abstract—A cornerstone of intelligent information
processing systems is categorizing data into its appropriate class
with a similar pattern. Recommender systems all work on the
principle of recognizing a pattern that has already been
established. Data can be correlated from multiple sources using
such systems, which is always beneficial. However, the adoption
of intelligent classification technologies has led to one of the
most controversial issues in recent years, namely, the threat to
privacy associated with them. Not all sources can afford to
compromise on the privacy of their data in processing
environments for correlation or processing. Many technologies
and methods are available to help achieve the best of both
worlds by allowing in-telligent classification tasks to be
performed in untrusted environments while protecting per-
sonal information. However, despite the fact that homomorphic
encryption appears to be the most promising of these methods,
there is an urgent need to give answers to questions related to
the classification of private information in untrusted
environments based on the advance-ments made in
homomorphic encryption and neural networks. Additionally,
this paper presents important ideas and works relevant to
classifying encrypted data using neural networks with the use
of privacy-preserving homomorphic encryption techniques in
order to highlight the gap for answering the questions posed.
Keywords—Data privacy, homomorphic encryption, neural
network, Data classification, secure classification.

I INTRODUCTION

The internet is a facility to share data and information. But
the widespread data-breaches and privacy violations have
worried businesses as well as the average person to utilize
the full potential of internet. Among the potential utilizations,
intelligent data classification is progressively increasing
throughout. Such intelligent data classifications are made on
data that is already stored on the internet or uploaded
temporarily for the sake of classification. There are instances
in which the data items which needs to be uploaded may
contain sensitive and private information. Due to this
sensitive nature, such data items are kept back, and their
classification is avoided altogether from the fear of data-
breaches and privacy violations.

On the internet, entities can store and host their data in their
own datacenters or on a third-party server. Maintaining
private datacenters are expensive for many businesses and

individuals because it requires financial, hardware, software,
and human resources. So instead of owning a private
datacenter, it is an ideal case if data is stored and hosted-up
on third-party datacenters but only after encryption, for
which relatively small amounts of rent will be paid. In the
same way, if the data is hosted in a private datacenter, it still
needs to be encrypted due to security concerns.

In both the cases of storing and hosting our encrypted data
on a third-party or our private premises, it needs to be
processed later at some point. And since the data is encrypted
now, we either have to fully decrypt it (either on third-party
or our private premises) or use an intelligent way to process
without decryption. The intelligent way of processing
without decryption is to use the homomorphic encryption
schemes.

To stress the need for adopting a privacy-preserving
classification mechanism, [1] has provided convincing cases.
There are cases where we need to know the existence of
certain objects or people in an image. This is done using
object or face-recognition neural networks matching the
required data points from the image like the facial elements
with that of people in an existing database.

In classifying malware network traffic, a combination of
techniques including neural networks are used. When dealing
with medical data, there are multiple scenarios in which we
must provide access to doctors or hospitals to our personal
health reports. This data can be in the form of medical
imagery like X-rays or CT scans, or it can be the records of
our medical prescriptions. The combination of all this data is
already used by Google’s DeepMind project [2] to assist
doctors in curing their patients. For a financial institute or a
business, it is desirable to analyze market trend and predict
the future. This becomes very accurate when their internal
data can be consolidated and compared with that of other
players in the market.

This paper examines the integration of homomorphic
encryption in the inference stage of a classification task in
neural networks. More concretely, this paper examines the
technical aspects in each of them and presents a set of issues
regarding their integration. The paper then discusses the
attempts to solve each of the issues. And after discussing the
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attempts, the paper also provides a roadmap of work that
needs to be done.

The organization of the paper is, in introduction need for
privacy-preserving classification and its prominent areas has
been discussed. In the next section important and interrelated
concepts for each of the neural networks and the
homomorphic encryption will be discussed independently.
Issues in  performing classification  tasks on
homomorphically encrypted data will be detailed in
section 3. The followed section 4 will provide an account of
what has already been explored. And the subsequent section
5 will provide a general guideline of what needs to be
explored further.

1. BASIC CONCEPTS
A. Neural Network

A neural network is essentially a computational
structure which is very good in finding the closeness of an
unknown observation of data to already known patterns [3].
The reader may think of identifying a face from an image in
which instead of comparing the pixel values for equality with
a known image, the neural network match the pattern in the
pixel values with an already analyzed pattern from
previously seen images of the same face. These (artificial)
neural networks are originally inspired by the way biological
neural cells operate in our nervous system. Several
abstractions from the biological neural cells have been
adopted into the present computational neural networks
which are necessary to discuss.

Neural networks basically are a combination of
interconnected neurons processing input values through a
function f and then transmitting the output to the next
neuron.

: Net Output o;
I_- W E € Iﬂ.r".'-‘l @)
:r —'—'ﬁ'_'_ " FORX+ Waz+ .+ W)

Fig. 1 An abstraction of a single neuron

The abstraction of a single neuron can be seen in Fig. 1.
which shows n number of inputs shown by x;. Each of these
input connections to the neuron has an associated weight
value shown by w;. The incoming input x; is multiplied by
the corresponding weight w; where both the values are
expected to be real values. These incoming values obtained
after multiplication are integrated at the neuron usually just
by adding them all so that a net input is obtained. The net
input (subjected to a threshold range) is then passed to the
activation function f which triggers an output o;.

B. Homomorphic Encryption

The aim of creating homomorphic encryption
schemes is to perform arithmetic operations directly on the
encrypted data. This exclusive property enables us to

perform any arbitrary operations on the ciphertexts without
the need of decryption. In the most recent homomorphic
schemes, the supported arithmetic operations available are
the addition and multiplication. Subtraction can be
performed by negating the second number and adding to the
first. The division operation however is not possible in a very
straight forward way. In the same way, since comparison of
two numbers is a logical task which is therefore also not
straight forward.

In 2009, Gentry proposed the first fully homomorphic
encryption (FHE) scheme [4]. An FHE scheme makes it
possible to encrypt data and then carry out arbitrary
computations on the encrypted data by operating on
ciphertexts only without the need to decrypt the data first,
and without knowledge of the secret decryption key. Prior to
Gentry’s work in 2009, PHE schemes showed how to
compute a single type of homomorphic operation over the
encrypted values. Among them, some did allow multiple
types of operations but in a very limited way. Notable ones
are shown against their supported type of encryption in Table
1 as follows:

Table 1: Partially Homomorphic Cryptosystems

Supported Homomorphic
PHE Cryptosystem Encryption
El Gamal [6] Multiplicative
Paillier [7] Additive
RSA [8] Multiplicative

Additive, but it can encrypt
only a single bit

Unlimited number of additions
but only one multiplication

As opposed to the recent Boolean circuit based evaluations,
[5] discusses PHE schemes which have their plaintext
messages and their corresponding ciphertexts contained in a
related algebraic structure, often a group or a ring. This
typically limits the function f to be an algebraic operation
associated with the structure of the plaintexts. PHE schemes
are more efficient than the later discussed SHE and FHE.
Also, in such schemes it is not necessary to have a separate
evk, the pk can be used in its place.

An example of SHE is the Brakerski, Gentry, and
Vaikuntanathan (BGV) scheme [11] which bases its security
on the Ring Learning With Errors (RLWE) problem. RLWE
is considered to form a fundamental foundation for future
public-key cryptography in a post-quantum computational
world in which cryptanalysis of traditional problems, like
integer factorization and discrete logarithm, will be much
easier to solve. Although these schemes have no limit
intrinsically on the manipulated ciphertext [5], the BGV
showed that such schemes can be feasible to implement and
adopt practically for relative efficiency and reasonably short
ciphertexts [12]. SHE schemes also serve to build up later
schemes like FHE and LHE, after modifications.

Goldwasser-Micali [9]

Boneh-Goh-Nissim [10]
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C. Related Work in Privacy-Preserving Classification

Several researchers have worked on preserving
privacy of our data which includes adopting homomorphic
encryption. In this regards, researchers have tried techniques
like the differential privacy [14] and [16]. But the wider
adoption of homomorphic encryption in neural networks is
yet to come by developing more user-friendly code libraries
and toolsets. However, several works exist to integrate HE
with NN.

A recent implementation using FHE for classification tasks
was presented by Bost et al. [1] in their library integrating
building blocks for construction of classifiers. Their work
consists of a set of protocols using homomorphic encryption
and MPC through which they built three major classifiersi.e.
Hyperplane Decisions, Naive Bayes, and Decision trees.
Their protocols, however, are only designed to accommodate
two parties; the cloud with the classifiers and the client with
the data. In such a scenario, the client needs to establish a
continuous connection and participate in the computation
process of the classifier with a constant connection.

Orlandi et al. [17] also explored the evaluation of a neural
network by obscurity of the weights and the data transfer
through homomaorphic encryption among multiple parties, in
which, they are leaking much of the information of weights
of the network to the other party.

Another recent development by Dowlin et al. [18] introduces
CryptoNets which demonstrates a levelled homomorphic
encryption scheme applied in the execution of a trained NN.
In their work the authors applied the levelled-homomorphic
encryption scheme of Bos et al. [19], inspired by the original
fully homomorphic encryption scheme suggested by Gentry
[13]. Their method is applied to the 28 x 28 images of
handwritten digits from Mixed National Institute of
Standards and Technology (MNIST) dataset [20]. In their
work, they avoided the heavy bootstrapping method of re-
encryption in the original scheme and instead, they estimated
the number of operations required in computing any arbitrary
function homomorphically over encrypted data without the
loss of accuracy in the final decrypted result.

D. Available Implementations

Practical implementations of PHE are common. A simple
search on GitHub for “paillier” re-turned more than 90 results
for repositories of project source codes in languages like
Java, Py-thon, C, JavaScript etc. Similar was the case for
other PHE schemes like “elgamal” which re-turned 161
repositories in various languages.

On the other hand, most of the FHE are of theoretical nature
and exist only on paper today. Only two major
implementations of FHE exists which are: Halevi and
Shoup’s HElib [21]; and Microsoft’s SEAL [22].

HEIib is an implementation of the HE schemes by Brakerski,
Gentry, and Vaikuntanathan (BGV) [11], in which the library
uses several optimizations like the ciphertext packing tech-
niques for single instruction, multiple data (SIMD) [23] and
the bootstrapping for FHE as de-tailed in [24]. Currently the
HElib is meant for researchers working on HE having very
low-level routines (e.g. shift, add, mul, etc) which are
considered as the assembly language for HE. It is written in
C++ and uses the NTL mathematical library often used with

the GNU Multi-Precision
multiplications.

The Simple Encrypted Arithmetic Library (SEAL) is an
implementation of the HE schemes by Fan and Vercauteren
(FV) [25], in which, the security is again based on the Ring
Learning With Errors (RLWE) problem like the BGV.
RLWE is considered very strong, and the ciphertext size
noise growth properties are claimed to be better mainly due
to a smaller secret key size and secu-rity parameters.

A notable optimization library using CUDA GPU
acceleration for SWH is the cuHE [26]. It is designed to boost
homomorphic encryption schemes such as the BGV [11],
Lépez, Tromer, and Vaikuntanathan (LTV) [27] and Dor6z,
Hu, and Sunar (DHS) [28] by taking the advantage of the
greater parallel computing power and high memory
bandwidth offered by GPUs. It also takes advantage of an
efficient implementation of the bootstrapping algorithm of
[29] making it an ideal support for our work.

library (GMP) for faster

M. ISSUES IN PRIVACY-PRESERVING
CLASSIFICATION

The classification task can be listed down as a set of
arithmetic operations along with a few modifications to the
neural network. In view of the discussion above, the
following issues needs to be solved to achieve privacy-
preserving classification:

A Evaluating Activation Function

The crucial part in evaluating a single neuron is the
evaluation of the activation function by using only the
multiplication and the addition operations. This is
problematic when we do not have support for the division
operator.

Functions such as those presented in section 2.1. However,
can be approximated by polynomial expressions using
integer values, and do not necessarily need to be expressed
in a bitwise manner. Some of the more efficient FHE
schemes allow to encrypt polynomials that can encode such
integer values. The advantage of this approach is that a single
ciphertext now contains much more information than just a
single bit of plaintext but restricts the possible operations to
arithmetic circuits in these polynomials. Furthermore, these
functions are often simple enough such that the expensive
bootstrapping procedure can be avoided. Evaluating
functions like the logistic sigmoid requires us to approximate
it using Taylor series. This is because in the original equation
we cannot raise the value of e (see equation 1) to an
encrypted number x. So, the normal polynomial terms from
McLaurin series (i.e. a case of Taylor series in the region near
x = 0) for approximating the logistic sigmoid (shown in
equation 1) are stated as:

=1, _*t,3, 1 s 17 7 31 9
flx) = 2 Ta% Pre + 280" Bosa0 ™ 1451520~
(1)
The more the number of terms we use to approximate the
function the more accurate will be the result, but more
computational power will be needed.
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B. Interpreting the Final Result

The output values from the neurons in the last layer are the
confidence values of the network. These output neurons and
their values correspond to the various classes it can predict
about. Normally the last layer uses the softmax activation
function which provides all the values in probabilities for
each class. However, the probabilities are just a
representational form to help in the understanding of the
output.

Since homomaorphic encryption cannot evaluate the softmax
function and even if it is done then it will add further
overhead. And because the output values represent the
confidence of the network for each class, therefore for now,
we can take the max of all the encrypted values and will
know the predicted class. Several ways exist to find the max
value for the encrypted results, it can be either of the
following:

— Get the max in the binarized form of the encrypted result

— Send the values to the client to decrypt and get the result
against each class.

— Use a multiparty computation protocol to find the
maximum of the values.

C. Dual-Cloud Based Approach

A different approach of using non-colluding dual-cloud in
evaluating a privacy-preserving neural network was given in
[30]. The given approach worked by segregating the
activation function to a second cloud in such a way that it
will be computed in plaintext, whereas the first cloud hosts
the weights and the topology of the neural network. The first
cloud receives encrypted inputs from the client by using
Paillier Cryptosystem which is an additively homomorphic
scheme. The non-colluding nature of the two clouds and the
computation mechanism of the neural network provides
results after preserving the privacy of the client input data.
Such a setup is very good in obtaining classification results
without compromising on privacy, however the results will
show that it is relatively slower.

The notable insight for the implementation was about the
overall computing time of the neural network against
different encryption key lengths as shown in Fig: 2. For this
experiment Mixed National Institute of Standards and
Technology (MNIST) [20] dataset was used having
handwritten digits for the classification task. The dataset that
was chosen contains digits in the form of labels along with
pictorial images for training and 10,000 for testing and alike
applications used in the studies [31] and [32]

10000 +

1,530.02
1000 -

100 +

# of seconds at log 10 scale

17— T : T . T + T + 1

0.1128 256 512 1,024 2,048 4,096 8,192
key length in bits

Fig. 2 Total Roundtrip Time until classification results against different key
length

V. FUTURE DIRECTION

Integrating homomorphic encryption within neural network
classification faces two main hurdles. They are the hurdle of
evaluating the classification result through limited support of
operators and using integers, and the hurdle of heavy
computation required due to homomorphic encryption.

For the purpose of evaluating the classification in a
constrained environment, other activation functions like the
Softsign activation function shown in equation 4 below:

fo) =—

1+|x| (2)
This function will not require us to approximate as like the
logistic sigmoid. But we still need to solve two hurdles: the
division operation; and possible negative numerator which is
not supported in homomaorphic encryption. if we are able to
solve them then we will see a significant increase in the
performance.

Since the homomaorphic encryption is inherently slow, GPU-
Based computation needs exploration for optimizing the
homomorphic operations within a neural network. For this
purpose we can use the software library of [26].

Recently introduced Binarized Neural Networks (BNNs) are
also viable options if we can support or accommodate
negative values. These networks are shown to be very
efficient as they work by constraining the weights and
activation functions to be either {0, 1} or {—1, 1}. They
actually reduce the computational complexity by using single
bit exclusive-not-or (XNOR). The proposed approach of this

study will be carried out for the studies [33 - 35].
V. CONCLUSION

Performing computation on encrypted data is termed as the
holy grail of cryptography. In today’s service-oriented nature
of the internet, we have very mature neural networks that can
help us in knowing about our data by classifying it to known
classes. We discuss the integration of these two exceptional
technologies together and get a resultant platform where we
can be sure of the privacy of our data and still get valuable
insight from it. This paper discusses the issues and gaps for
privacy-preserving classification networks and suggests
possible solutions in terms of implementation and practical
adoption. In future, the proposed approach of this study will
be carryout for [31] and [32].
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Abstract— Pakistan GDP directly depends on agriculture
sectors. Scarcity of water and climate changes are the most
important factors that severely effect the productivity of Agri-
crops. Cultivable land in the country is more extensive but
water reservoirs and other resources are very limited, smart
agriculture may be more sustainable in these areas. Smart
agriculture with integration of 10T and loT based innovative
ideas would bring a dynamic change in farming system of the
country. Proposed research was design for bringing innovative
change in typical 10T based Smart farming system, Therefore
current research has been designed to improve traditional
farming system with more intelligent loT system. The
performance of modified 10T based system was compared with
manually operated Smart Irrigation System. The results
showed that Maximum plant length of 40.90inches was
recorded in the plants irrigated by modified 10T based
irrigation system. Maximum root length of 8inches was
recorded in plants irrigated by Internet of things (1oT) based
SIS followed by Modified 10T based SIS with root length of 7.5
inches. Furthermore, The results revealed in this research
showed that modified 10T based SIS used minimum level of
water . The water used efficiency was 1.93 gallons, where as
maximum water use 8.07 gallons were recorded in manually
operated smart irrigation system. Furthermore the energy use
was also minimum of 4amp by the plants of modified 10T based
smart irrigation system. The energy use was minimum at
10.67amp by the plants irrigated by manually operated smart
irrigation system. The recorded minimum cost effect were Rs.
153.33 in the plants irrigated by modified 10T based SIS during
6" month and maximum cost effect of Rs, 521.33 were recorded
in plants irrigated by manually operated smart irrigation
system.

l. INTRODUCTION

The increased world population required high
production of commodities to full fill demand of food in all
sectors of life, particularly in agriculture where demand and
supply are still not matching. Managing capital and labor is
still a required challenge for maximizing productions of
agricultural sector. High efficiency irrigation evolvement in
smart agriculture farming provides a better solution for
matching supply and demand chain, resource management
and labor. Agriculture sector in Pakistan contributes a major
source of income and more than 70% people depending for
their lives to this sector. Agriculture provides 25% of GDP.
The irrigation systems in Pakistan are operated manually by
using traditional methods like flood and furrow irrigation etc.
However in few areas these traditional techniques have
replaced with smart irrigation system such as High efficiency

irrigation systems (HEIS) like, drip , bubbler and sprinkler
irrigation [7]. loT refers to a latest technology which
integrates different devices automation for the real time data
evaluation being collected through various devices [6]. The
accuracy and capabilities of collected data have increased
significantly with the integration of the system. According to
needs, various types of sensors could be employed for the
data collection procedure. The collected data can be analyzed
through the application of Data Science (DS). Data Sciene is
an approach which make it possible to use predictive and
prescriptive analysis to get beneficial information. [11].
Province of Baluchistan possesses five agro ecological
zones. All types of Agricultural crops can be grown
successfully in different pockets of the area. Majority of
areas of province have irrigated by rains only few areas of
Naseerabad division have irrigated by Indus River. No doubt,
the cultivable land is more extensive but water reservoirs are
very limited, smart agriculture may be more sustainable in
these areas. Smart agriculture with efficient use of limited
water not only provides much production under low water
usage but it is also manageable by few labors. Integration and
upgradation of formal 10T devices along with the help of
cloud management system and units of their security for
smart irrigation system would bring a dynamic change in
farming system remote areas.[5]. Integration with high
technology (loT) with the farming practices would be better
solution for high production within the limited resources.
This would be based purely on the quantities approaches and
statistical line which may bring best revolutionary changes in
the traditional agriculture system of the area [1]. It is
therefore has been planned to design an innovative intensive
loT system with inclusion of all required sensors and
observatory devices (Camera) for intensive utilization of
available resources. This research has been planned to
integrate traditional farming system with more intelligent
modified 10T system. The main objective of my work was to
develop a self-operated irrigation system which would be
economical and time saving by using Node based
microcontroller modified with additional devices like,
growth recording camera, environmental monitoring sensors
for intensive utilization of water and growth performance.
The modified loT based system have integrated with smart
irrigation system at LUAWMS olive farm, Sukkan for its
performance evaluation.
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Il. RESEARCH METHOLODY

A Research Design

This experiment was carried out on Olive
experimental farm of Lasbela University of Agriculture,
Water and Marine Sciences, Uthal during the year 2022-23.
The selected olive plants were used for this experiment.
There were two parallel functional components in this
proposal. The 10T based (loT Based and Modified 10T)
system and the smart irrigation system (SIS

B. Data Collection & Variables of Study

B.A Comparison of efficiency of manually operated,
loT based and modified loT based SIS

For evaluation of efficiency of modified loT based
SIS with Manually operated SIS and IoT based SIS following
data were recorded. The recorded data were Agronomical
(growth performance) data , water use efficiency, energy use
efficiency and cost effect of subjected plants from the
systems installed areas, The obtained data from three systems
were compared with each other by using standard procedures
for efficiency assessment. The o data were further analyzed
statistically for significant effect of variances.

C. Installation and integration of 10T devices

IDE software (Integrated Development
Environment), Arduino for writing the programme were
used. Six moisture sensor were used for monitoring of
moisture level of six olive plants. Humidity sensors were
installed among the selected plants of loT based and
Modified lot based system. Three weather/temperature
sensors were used in the root zones of selected plants for
Modified loT system. For monitoring of plant, growth three
growth-recording cameras have installed to focus and
observe the growth of selected plants of modified loT
system. For each system the first olive plant were treated as
replication one (R1), Plant two as R2 and plant three as R3.
For recording of water consumption by the plants of each
system three consumption meters were used. For energy use
efficiency ampere meters were used. For integration of
devices Node MCU (ESP8266) Wi-Fi Module were used.

Figure. Node MCU

sy )

Figure. Digital temperature and

Fig. Moisture sensor humidity sensor Fig. Growth monitoring camera

D. Installation of smart irrigation system and
maintaining of water level in selected plants

Already installed Trickle irrigation system have used for
integration of lot based systems. The smart irrigation system
were included with following components. Auto-controlled
valves were used to maintain water requirement of all three
systems. The source, main supply lines, sub-main lines,
lateral lines and water emitters were used for every system.
Each plant has watered with two pairs of paralleled emitters.
They supply of water was uncontrolled with determine need
in plants of manually operated system, where as in plants of
10T based system supply of water was controlled with
controlled valves according to need on the basis of received
information by moisture, humidity sensors. The supply of
water was intensively controlled in plants of modified loT
system; it was completely based upon received information
for installed sensors and growth recording cameras.

VI. EXPERIMENTS AND RESULT

Agriculture sector play’s an important role in the
economic development of a country. It contributes major part
in GDP of the country like Pakistan. Scarcity of water and
climate change are the most important factors that severely
affect the productivity of agri-crops. In order to improve
production and reduce production related factors,
particularly for intensive management of limited water
resources in the farming system of the area evolvement of
intelligent agriculture with integration of innovative loT
(Internet of Things) are essential. In this regard, various
innovative changes have made by various technologist in the
field of 10T. The purpose of these innovative up gradations
were to utilize limited Agri-Resources efficiently and
intensively. Therefore the proposed research work was also
designed to bring innovative modification in already
available 10T based SIS particularly for olive plants. Further
the objective of this research work was to design a system
(modified 1oT), which would be more effective and cost
efficient as compared to already available system, In this
regarded proposed system were designed initially for olive
plants.

A.  Description of experiment

Smart irrigation system.

The main components of installed Smart Irrigation
System were, a source (Tube well), main supply unit, water
consumption meter, main supply lines, sub-main supply
lines, control valves, air vents, grommet take off, lateral lines
and emitters (two pairs of emitter for each plant). The supply
of irrigation water were managed by manually. The water
need of plants were assess by visually observation basis.
Thus the supply of water in this system was irregular and
uncontrolled.
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Fig. Lateral Lines

Fig. Emmetter

A.B.  Modified loT Based Smart Irrigation System

This was the actual designed work. The main
objective of this research work was to develop and bring
innovative change in typical 10T based SIS. Further, it was
aimed to develop a system, which would be more efficient
under low water consumption at intensive level, would also
be low energy consuming and low cast as compared to other
available systems. With this concept, typical 10T based
system was modified with addition of soil temperature
sensors and growth recording cameras. Purpose of Inclusion
of soil temperature sensor was to monitor one of the core
factor of plant growth and water holding capacity of soil,
further this effect directly on plant growth and vyield.
Inclusion of growth recording camera was to monitor the
growth of plant because the water use consumption is directly
proportional to plant growth, in typical loT based SIS, both
these factor were ignored for monitoring and data collection.
There were also two parts of this system, first designed smart
irrigation water system and modified 10T system The smart
irrigation system included a main source (Water Tank) for
ensuring the continuous supply of irrigation according to
need as per required time. The supply of irrigation water were
ensured with main supply and sub-main and lateral lines. The
main supply line were included with a automatic control
valve operated by 10T system. A water consumption meter
for measuring consumption of water daily and monthly basis,
an air vent was also installed with main line for removing of
air bubbles to save blockage of water flow. Whereas other
part included loT system. This system included various
sensors, such as soil humidity sensor, soil moisture sensor,
and environmental weather sensor. Soil temperature sensor
and growth recording camera. IDE software (Integrated

Development Environment), Arduino for writing the
programme were used. For integration of devices Node
MCU (ESP8266) Wi-Fi Module were used.

¥

Fig. Water consumption meter

Fig. Circuit Diagrammed of the research

RESULTS

Three identical smart irrigation systems i.e. manually
operated SIS, typical 10T based SIS and proposed modified
IoT based SIS have installed at LUAWMS, olive farm,
Sukan. The comparison of performance were evaluated on
the basis of following parameters;

A Growth performance among olive plants irrigated
by three types of Smart irrigation systems

Table: Comparison of Olive growth performance irrigated by three

systems
Parameters Manually 10T Based Modified STD
operated 10T Based
Total Length | 33.23bc 38.40c 40.90d 3.91
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The growth performance among olive plants irrigated by
three SIS has been depicted in Table 4.2. Significant
differences were found among all three systems. The results
showed maximum increase in all agronomic parameters of
plant growth by the Modified 10T based SIS, whereas
minimum growth performance were recorded in plants
irrigated by manually operated SIS. Maximum plant length
was reported in the plants irrigated by modified loT based
irrigation system i,e. 40.90 inches followed by 10T based
SIS (30.40 inches) and Manually operated SIS (33. 23
inches). Maximum root length was recorded in plants
irrigated by 10T based SIS i.e. 8 inches which were followed
by Modified loT based SIS (7.5 inches) and manually
operated SIS (7 inches). Respectively, the maximum plant
canopy of 12.13inches dia were recorded in plants irrigated
by 10T based SIS, this is followed by 12 inches dia in plants
irrigated by modified 10T based SIS and 11.5 inches dia in
plants irrigated by manually operated smart irrigation
system, Maximum number of small and big branches were
exhibited by the plants irrigated by modified 10T based SIS
i.e. 24 and 112, followed by plants irrigated by manually
operated SIS were of 26 &52 and plants irrigated by loT
based SIS were of 11 and 37. Maximum number of leaves in
small and big branches were recorded in plants irrigated by
modified 10T based SIS i.e. 175 and 57, followed by plants
irrigated by loT based SIS were of 151 & 46 and plants
irrigated by manually operated SIS were of 72 and 22
respectively.

The overall performance showed by these result were
exhibited by the Plants irrigated by Modified 10T based SIS
the obtained results are quite resembled to the results
reported by [5]. The statistical analysis were also showed
significant in variances. The bar chart also showing
significant growth increase in plants irrigated by modified
loT based SIS.

200

100

o M . - N In I ™ |

Total Root Canopy Big Small Leaf Leaf Big

Length length of plant Branch Branch Small Branch
B Manually operated M IoT Based BrdMﬂdiﬁed loT Based

Fig. Bar Chart showing Olive growth performance irrigated by three
systems

B. Water use efficiency in the olive plants among all
three types of smart irrigation systems

Table: Comparison of Olive water use efficiency (gIns) irrigated by three

stems
Days Manually 10T Based Modified STD
operated 10T Based
15Days | 7.17a 3.50a 2.20a 2.58

Root length 30 Days
9 7.00a 8.00a 7508 0,50 ys | 7.17a 3.90a 3.17c 213
Canopy  of 45Days | 7.00a 5.17¢ 2.10a 2.48
plant 11.50a 12.13b 12.00b 0.33 60 Days | 8.07b 4.83b 2.27b 291
Big Branch 26.67b 11.67b 24.33c 8.07 75 Days 7.00a 5.27¢c 2.40b 232
Small Branch | 52.33¢ 37.00c 112.33f 39.81 90 Days 7 433 5.67c 1.93a 281
Leaf Small 105 days : . : :
Branch 72.33d 151.00e 175.33g 53.84 7.07b 4.27b 2.77b 218
Leaf  Big LSD 1.36 1.07 0.95
Branch 22.33ab 46.67d 57.67e 18.08 The comparison of water use efficiency by the plants among
LSD 24.55 4.44 3.48 all three systems has been depicted Table-4.2. The overall

results showed maximum water used efficiency during all
105 days, by the plants irrigated through manually operated
SIS and minimum water use efficacy during all 105 days,
were recorded in the plants irrigated by the modified loT
based SIS. The use of water by the olive plants irrigated
through 10T based SIS were quit more than modified loT
based SIS and less than Manually operated SIS. The results
revealed in this research showed that modified 10T based SIS
used water at minimum and intensive levels. Maximum
water use efficiency was recorded in the plants during the
60th day irrigated by manually operated SIS. The water use
efficiency was 8.7 gallons, whereas minimum water use
efficiency was recorded in plants during 90th days, irrigated
through modified 10T based SIS. The water used efficiency
was 1.93 gallons. Result of this research are comparatively
better than the result reported by [12]. The results are also
statistically significant. Same result can be seen in bar chart.

10
. il 1l [

15Days 30Days 45Days 60Days 75Days 90Days 105 days

B Manually operated M |oT Based Modified loT Based

Fig. Bar Chart showing Water use efficiency (glns) for all three systems

C. Eight months energy use efficiency among all
threes smart irrigation systems
Table: Comparison of Eight months energy use efficiency among all threes

systems
Month Manually 10T Based Modified STD
operated 10T Based

1% month 10.33ab 6.33b 4.67b 2.91
2" month | 11.00b 5.67a 5.00c 3.29
3 month | 11.00b 7.33c 4.00b 3.50
4"month | 11.33c 6.67b 4.33b 3.56
5" month | 11.00b 7.33c 4.00b 3.50
6™ month | 11.00b 7.00c 4.67b 3.20
7" month | 10.67b 6.33b 3.67a 3.53
8" month | 9.67a 5.67a 3.33a 3.21
LSD 1.23 1.35s 1.30

The comparison of eight months energy use efficiency by the
plants among all three systems has been depicted Table-4.3.
The results revealed in this research showed maximum
energy used to the plants irrigated by manually operated SIS.
Whereas minimum energy was used by the plants irrigated
by modified loT based SIS. This showed that proposed
(designed) system were more efficient in use of energy at
minimum intensive levels. The results of this research are
more significant than results recorded by [14], [8] and
various other technologists. Maximum used energy was
recorded in the plants irrigated by manually operated SIS.
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During 7th month at 10.67 amperes. And minimum energy
was used by the plants irrigated by modified lIoT based SIS.
The used energy was 4.00 amperes during 5th month. All
variances of energy used efficiency between each system was
statistically significant at probability level less than 0.05%.
Efficient results by plant of modified 10T based SIS can be
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Fig.  Bar Chart showing Eight months energy use efficiency for all three
systems

D. Eight months cost effect for all three types of smart
irrigation system.
Table: Comparison of Eight months cost effect (RS) for all three systems

Month Manually 10T Based Modified STD
operated 10T Based
1st month | 475.33 291.33 133.96
214.67
2nd month | 506.00 260.67 230.00 151.27
3rd month | 506.00 337.33 184.00 161.06
4stmonth | 521.33 306.67 199.33 163.95
5st month | 506.00 337.33 184.00 161.06
6st month | 506.00 322.00 214.67 147.34
7stmonth | 490.67 291.33 168.67 162.51
8st month | 444.67 260.67 153.33 147.34
LSD 56.62 62.15 59.935

Comparison of eight month cost effect among manually
operated SIS, 10T based SIS and Modified loT based SIS has
been depicted in Table-4.4. The results showed that
minimum cost effect were recorded by the plants irrigated
through modified 10T based SIS, whereas maximum cost
effect were shown by plants irrigated through manually
operated SIS. The recorded minimum cost effect were Rs.
153.33 in the plants irrigated by modified loT based SIS
during 6th month. Maximum recorded cost effect was Rs 521
shown in plants irrigated by manually operated SIS during
4th month of experiment. Upon comparison the overall low
cost effect were recorded by plants irrigated through
modified 10T based SIS, the recorded cost from first month
to eight months were Rs. 230-153.33, this was followed by
Plants irrigated through 10T Based SIS the cost effect ranges
were Rs 337.33-260.67. Maximum cost effect was recorded
in plants irrigated by manually operated SIS with a range of
cost effects from Rs. 521.33 to 444.67. The result showed
that modified 10T based SIS preformed at lowest cost during
same period this showed that proposed system is more
efficient as compared other two systems. Same results were

reported by [7]. The variances of the result are significant at
probability level of less than 0.05%. The bar chart also
expressed minimum efficient cost effect by plants of

modified 10T based smart irrigation system.
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Fig-4.14. Bar Chart showing Eight months cost effect for all three system

VII. CONCLUSION AND RECOMMENDATIONS

A. Conclusion

The increased world population required high
production of commodities to full fill demand of food in all
sectors of life. Particularly in agriculture where demand and
supply are not still matching. Agriculture sector play’s an
important role in the economic development of a country.
Pakistan GDP directly depends agriculture. Scarcity of water
and climate change are the most important factors. In order
to improve production and reduce production related factor
particularly intensive management of limited water resources
in the farming system of the area evolvement of smart and
efficient agriculture with integration of innovative loT
(Internet of things) is needed. In this regard various
innovative changes have made by various technologist in the
field of 10T. The purpose of current work was also an effort
to bring innovative change in Traditional and typical loT
based SIS. The main objective of current research was to
design a modified 10T based Smart irrigation system which
would be more efficient, cost effective and resource saving.
Hence proposed system were designed by inclusion of all
possible data recording and monitoring devices for intensive
utilization of available resources. Designed system were also
compared with manually operated smart irrigation system
and typical 10T based SIS for performance evaluation. In this
regard following performance data (Plant Growth
performance, Water use efficiency, Energy use efficiency
and cost effect) were recorded for analysis. The result
revealed in this research showed that maximum increase in
all agronomic parameter of plant growth were seen in plants
irrigated by the Modified Internet of Thing based SIS
followed by Internet of Thing based SIS, whereas minimum
growth performance were recorded in plants irrigated by
manually operated smart irrigation system. The typical 10T
based SIS also showed significant results as compared
manually operated smart irrigation system. Hence, results in
this research showed intensive level of water use efficiency
by the plants irrigated through modified 10T based SIS.
Furthermore, the energy use efficiency and cost effect were
also minimum of plants irrigated by modified 10T based SIS,
Maximum energy use efficiency and cost effect were showed
by the plants irrigated through manually operated SIS, the
energy use efficiency and cost effect were also significant of
plants irrigated by loT based SIS as compared to plants
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irrigated by manually operated SIS. On the basis of overall
results recorded by present research it is concluded that
modified 10T based ANOVA for Eight months cost effect for
modified 10T based SIS preformed more efficient as
compared to two other systems both in best plant growth
under lees resources use. This became possible due to
intensive plant growth, environment and soil health
monitoring devices. The plants irrigated by modified 10T
based ANOVA for Eight months cost effect for modified loT
based SIS performed best under intensive utilization of
resources. Concluding the Modified 0T based smart
irrigation is more fit and most suitable for Olive crops to save
water, energy and labor cost.

B. Recommendations

On the basis of revealed results of current research,
Modified loT based ANOVA for Eight months cost effect for
modified loT based SIS performed best under less resources
utilization. The resources in Baluchistan province are quite
limited for agriculture. For efficient utilization of limited
resources at intensive level current designed is need of time.
Therefore it is recommended that Modified loT based
ANOVA for Eight months cost effect for modified loT based
SIS can be successfully practiced in other crops orchard
like, Chickoo, Apple, Pomegranate, Almond, Pistachaio etc,
implementation of this type of system in said orchards will
performed best under low water and energy use. The farming
in such areas will also be cost effective.
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Abstract— This work looked into the exhaust valve of a CIDI
engine. The valve tends to stick when too much silt collects on the
walls of the exhaust system, particularly when driving in urban
settings, or when leaks in the vacuum or exhaust pipes occur. The
engine ran at constant speed and load to know the deposition
accumulation on exhaust valve. In this regard, A single cylinder,
a diesel engine was selected and tested for 200 hours on each fuel
sample to determine the effects of three tested fuels namely, DF,
DF95WCO5, and DF20WCO20Pe20 on long run endurance
test. According to the study's findings, the running surface of the
exhaust valve had a very high level of damage. The findings
showed that DF95WCOS5, particularly on the exhaust valve,
produced relatively larger amounts of deposits. Furthermore,
when DF95WCO5 was utilized, the deposits generated on key
engine components such as intake/exhaust valves, had a very
different structure and elemental makeup than when DF and
DF20WCO20Pe20 were used. However, it was observed that
addition of n-pentanol as ternary blend resulted lessor deposits
compared to both fuels. Overall, waste cooking oil inclusion rate
revealed that deposits formed more frequently, particularly on
the valves, and that these deposits also tended to be wet and
brittle.

l. INTRODUCTION

Many nations are currently working to develop a more
sustainable, cleaner form of energy in order to address
environmental issues [1]. Alternative fuels, particularly those
that can replace diesel fuel entirely or in part, have recently
risen to the top of researchers' priorities lists for this fuel type.
Biodiesel is the most promising candidate as a diesel fuel
substitute [2-4]. To achieve environmental sustainability,
recycling is one of the most important factors [5]. Every year,
the world discards numerous billion gallons of used cooking
oil [6]. However, when WCO is not properly disposed of, it
contains a major threat to the environment. Water passages
may become clogged and contaminated by WCO. The WCO
entered into waste water system can impede the regular
operation of waste water treatment facilities [7]. A justifiable
solution for both ecological well-being and energy security is
to treat and recycle waste combustion products (WCQ) for
use in diesel engines [8]. WCO has the added benefit of being
inexpensive, with all costs associated with collection and
treatment [9]. Another promising way to lessen reliance on
depleting fossil oil reserves is to recycle WCO as a renewable
fuel for diesel locomotive. Although Rudolf Diesel, the
creator of the diesel engine, initially intended for it to run on
vegetable oils [10], Vegetable oil directly used in modern
diesel engines can lead to issues like excessive engine wear,
lubrication oil gelling, heavy carbon buildup in engine parts,
injector coking, piston ring sticking, and fuel filter clogging
[11]. Due to WCO's high viscosity and low volatility, diesel

engines produce a lot of particulates due to poor fuel-air
mixing, atomization, and vaporization. WCO reformulation
using alcohols has stimulated attention of researchers because
it approaches easy, practical, and cost-effective technique to
reduce the viscosity of vegetable oils [12-18]. Regarding the
analysis of n-pentanol and diesel mixtures, very few studies
are available [19]. The group of high carbon alcohols includes
n-pentanol, one of the most promising alcohols. Diesel
engines have been tested with the five-carbon straight chain
substance n-pentanol [20-27]. The main goal of this research
is to conduct a comparative analysis of the exhaust valve
deposits produced by 200-hour endurance tests on n-pentanol
and waste cooking oil powered by diesel fuel, respectively.

ASTM American society for testing and materials
C Carbon
0c Degree centigrade
Cu Copper
Cl Compression ignition
DF Diesel
fuel
DI Direct injection
DF95- Diesel fuel 95% + Waste cooking oil 5%
WCO5
DF60- Diesel fuel 60% + Waste cooking oil 20% + N-
WCO020- pentanol 20%
Pe20
EDX Energy dispersive X-ray spectroscopy
Fe Iron
| Internal combustion
C
Ni Nickel
O Oxygen
SEM Scanning electron microscopy
Ni Nickel
WCO Waste cooking oil

1. MATERIAL AND METHODS

A Fuel Preparation and Characterization

A restaurant provided the used cooking oil for collection.
The additive n-pentanol was chosen to reduce viscosity of the
used cooking oil. In a temperature range between 130 and 180
0C, the WCO was primarily used for frying activities. The oil
was heated and strained before mixing to get rid of food
particles and water dribbles. Since diesel abhors water and
water can cause phase separation, it was crucial to adjust the
strength of mixtures. The WCO was refined using a 4m filter.
The test blend fuels(% vol.) were prepared. All test fuels had
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stable engine operation and were miscible. When compared
to test fuel characterization, Figure 1 depicts the appearance
of diesel, used cooking oil, and n-pentanol.

300 —-=— 700

W g =800

This was done by using a mechanical homogenizer machine
and mixing all the fuel components together using the splash
blending technique for 30 minutes at 4000 rpm. (1) DF (100%
vol.) (2) D95WCO5 (95% volume diesel, WCO5% volume
waste cooking oil) (3) D60WCO20Pe20 (60% volume diesel,
20% volume waste cooking oil, and 20% volume n-pentanol).
The indispensable fuel characterization as per ASTM
standard are given in table.1

Table 1. BLEND FUEL PROPERTIES

Properties D100 | D95- D60- Test Method

WCO5 | WCO020-

Pe20

Flash point | 78 85 98 ASTM D-93
o]
C
Viscosity i
40°C Cst 2.28 2.34 1.14 ASTM D- 7042
Cetane 50 53 56 ASTM D- 6890
number
Density 085 |089 | 083 ASTM D-
g/ml 7042
Heating 425 39 415 ASTM D-
valve ' ' 5468
MJ/Kg

l. EXPERIMENTAL SET UP

The experimental investigation used a direct injection 1-
cylinder, four-stroke diesel engine for this purpose. The
dynamometer for eddy currents had the engine attached to it.
The engine was stabilized by running for 10 minutes prior to
any trials, and it was then run for 8 hours every day. To
ensure precise and consistent measurements, each fuel
sample underwent a separate testing procedure. The engine
test rig schematic diagram is displayed below.

Il Len,
(=1 ) o
e
Transfer Blended Fuel Transfer Blend Waste
—— Cooking

Baseline Fuel Tank |
\ Qil

rBlended Fuel Tank

\
W‘ Mechanical Stirrer

f lesel Engi

Rotameter-_ |- /’D ool Engine  Exhaust Gas Mufler
V KR RRRK x//

Controlier

Eddy Current dynamometer-—._ e
~

Fig. 2. The engine test rig schematic diagram.

On three test fuels: DF (diesel fuel) as the baseline, DF95-
WCO5 (5% waste cooking oil, 95% diesel fuel), and n-
pentanol DF60WCO20Pe20 (60% diesel fuel, 20% waste
cooking oil, and 20% n-pentanol) respectively. The endurance
test was conducted for 200 hours at 1300 rpm and constant
load. Engine configurations are mentioned in table 2.

Table.2. Configurations.
Model Compression ignition indirect diesel engine

Maximum 80 Nm
engine torque
Maximum 7.7 KW
engine power

Injection 14.2 + 0.5 MPa
pressure

Valves Inlet valve 0.15-0.25mm
clearance

Piston mean [6.93 m/s
speed

Cooling water [1360 g/kW h
consumption

Specific fuel [278.8 g/lkW h
consumption

Compression [21-23
ratio

Specific oil  4.08 g/lkW h
consumption

Means 576 kPa
effective

pressure

Stroke 80mm
Bore 75mm

Output (12 4.4kW/2600r/min
hours rating)

Displacement [0.353L

The locomotive was disassembled, and the exhaust valve was
removed after the 200-hour endurance test. For each test fuel,
the cycle was repeated in the same manner. Afterwards. In
order to determine the deposits that had accumulated on each
sample and their elemental composition, all exhaust valve
samples were brought to the lab for scanning electron
microscopy (SEM) and energy dispersive x-ray spectroscopy
(EDS) tests.
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1. RESULTS AND DISCUSSION

A. Injector visual inspection

The deposits, or as they are commonly known, carbon
accumulations in diesel engines are heterogenic combinations
comprises of soot, carbon ash and the leftovers of oxygenated
materials [28]. It has been claimed that measuring the
temperature of the combustion chamber wall and the area of
fuel impingement could be used to estimate the thickness of
deposits [29-30]. Low wall temperature and unburned fuel may
cause the engine chamber to accumulate more deposits [31]. In
a 200-hour long-term  endurance test on DF,
DF60WCO20Pe20, and DF95WCO5 blends. As can be seen
in Figure 3, photos of the exhaust valve were then taken. All of
the valves' images were taken with a (DSLR) camera. Visual
inspection following the completion of the procedure revealed
a specific deposit buildup on the surfaces surrounding the
exhaust for all fuel samples, as depicted in Figure 3. However,
the exhaust valve was dirtier when using DF95WCOS5 fuel than
when using DF100 fuel. Evidently, compared to both fuels, the
exhaust valve operated on DF60WCO20Pe20 demonstrated
less deposit formation.

Fig. Depsits on the valves via (a) Fresh valve (b) DF(c) DF95WCOS5 (d)
DF60WCO20Pe20.

B. SEM and EDS analysis

Low wall temperature and unburned fuel combined with
low wall temperature can cause an increase in the amount of
deposits that can form in the engine chamber [32]. Two parts of
the engine's mechanism, the intake and exhaust valves, are
located on the cylinder head. These valves control how much
gas and liquid enters and exits the combustion chamber [33]. A
lengthy endurance test was performed on a diesel engine that
was powered by waste cooking oil (WCQO), which is just waste
cooking oil and diesel fuel. It has been asserted that determining
the combustion chamber wall's temperature and the area of fuel
impingement could be used to determine the thickness of
deposits [34-35]. The combination of low wall temperature and
unburned fuel could lead to more deposits forming in the engine
chamber. After the long-term 200-hour endurance test using the
test fuels DF, DF95WCO5, and DF60WCO20Pe20, the engine
was partially disassembled and deposit formation on each
exhaust valve was examined. Using SEM and EDS techniques,
it was possible to comprehend how the deposit formed and what
its associated composition was. To ascertain the chemical
make-up of each test fuel, Figure 4 displays the SEM
micrographs of deposits at a 25x magnification along with any
related EDS.

TR

Fig.4. The SEM magnified micrographs of the deposited exhaust valves
operated on DF, DF95WCO5 and DF60WCO20Pe20 related elemental
analysis.

Fig. 4(B-D) show the SEM micrographs at 25_
magnifications in conjunction with EDS of deposits on exhaust
valve fuelled with three blend fuels and compared to base line
fuel respectively. It can be clearly seen from figure 4(b-d) that
deposits with DF60WCO20Pe20 are substantially reduced
compared to rest of two blends as well as base line fuel. Fig.
4(b-d) shows the SEM of deposits on exhaust valve fueled with
DF (diesel fuel) at 25_ magnification and related elemental
analysis by EDS on deposited surfaces as indicated to be on
the top layer, which shows the amount of oxygen

(O) (52.66%). The top layer shows a concentration of
oxygen (39.54) in case of DF95WCO5. However, the
concentration of carbon (C) in these 44.63 % and 45.42 %,
respectively. The  deposited valves fuelled with
DF60WCO20Pe20 on the surfaces have a lower concentration
of carbon (9.96%) and lower concentrations of oxygen
(24.81%). This suggests that the carbon concentration in the
accumulation layer is low.

Results of the research exposed that higher quantity of
deposit accumulation was detected in DF95WCO5 compared
to DF.

I1l.  CONCLUSIONS
The research findings are:

e The higher inclusion rate of waste cooking oil enhanced
deposits accumulations on diesel engine parts,
particularly on the exhaust valve.

e By using increase direct waste cooking oil inclusion rate,
a tendency toward increased more deposit on the engine
component was observed.

e DF fuel led to a large amount of deposits. More
specifically, the use of DF95WCO5 showed excessive
wetness in the exhaust valve. Thus making the
DF95WCO5 caused deposits tend to be wet and brittle.
However when using DF60WCO20Pe20 less deposit
formation on the exhaust valve.

e Based on the deposits morphology, in every engine
component, different shapes could be observed even by
using the same fuel. By using different fuels, different
deposit structures were detected in similar parts of the
engine, especially in the injector tip, piston crown, and
cylinder head. This was not observed in the exhaust
valve.
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In the DF95WCO5 caused deposits, spherical patterns
dominated the structures observed. This could be mainly
attributed to the unburned fuel that failed to properly
combust, and would later dominate the deposits structure.
This deposit structure is similar to deposit structure
observed in the piston groove.

It can also be stated that waste cooking oil/n-pentanol blend
can easily be accepted as a substitute fuel in CIDI engines
without any modifications.
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Abstract—Even though fossil fuels are finite and dwindling,
their use to meet human needs seems relentless. To cater to our
energy requirements without harming the environment, it's
essential to tap into diverse renewable energy sources In this
study, tamarind seeds were utilized in the production of
heterogeneous acid catalysts that were next put to use in fatty
acid esterification processes. Carbonization was followed by
functionalization with concentrated sulfuric acid, utilizing a
wide variety of different sulfonation conditions in order to
produce the sulfonated biochar. The waste was carbonized in
order to generate the sulfonated biochar. Biochar was
characterized through analyzing techniques as; SEM, EDX and
FTIR. As per results, the sulfonated biochar with enhanced
properties was obtained at optimal temperature of 200 °C,
contact time of 4 hours and maintaining the ratio of 1:10 solid to
acid. Under ideal circumstances for the esterification reaction, a
conversion of 97 % was accomplished using a catalyst
concentration of 4%, a molar ratio of 10:1 for methanol to oleic
acid, and a reaction time of 2 hours at a temperature of 80 °C
The results of this study demonstrate that it may be possible to
build a novel heterogeneous acid catalyst for use in the
production of biodiesel by making use of biomass that is
produced in vast quantities by the agricultural industry.

Keyw ords—biochar; trans esterification; biomass based catalyst;
biofuels; biodiesel

I. INTRODUCTION

Major issues with the use of fossil fuels include depleting
oil reserves and the release of greenhouse gases, these
elements drive research into renewable energy options.
Biodiesel, an alternative fuel to diesel, has garnered a lot of
interest in this sector in recent years. Biodiesel, which may be
made from waste products like vegetable oil, animal fat, or
edible oil, has useful properties such being non-toxic and
biodegradable. It has similar physicochemical qualities to
diesel made from petroleum and offers good combustion
emission. Also, biodiesel can be used alone or mixed with
regular diesel made from petroleum [1].

The price of raw materials is the key factor holding back
progress in the biodiesel sector. Consequently, non-edible
vegetable oils and discarded cooking oils, and numerous
other acid oils are regarded as desirable raw material sources.
Waste oils also have a number of benefits that increase the
economic competitiveness of biodiesel. These advantages
include the absence of competition with the food market, the
recycling of residual oils, and a reduction in production costs

[2].

The most prevalent process is the trans esterification reaction
with homogeneous alkaline catalysts for producing biodiesel.
However, when highly acidic oils are combined with basic
catalysts, saponification reactions reduce production
efficiency. Traditional homogeneous acid catalysts have a
number of drawbacks, including undesirable side effects,
equipment corrosion, and a substantial quantity of wastewater
that must be treated, which increases environmental
contamination. Therefore, heterogeneous acid catalysts are
preferable for trans esterification reactions involving highly
acidic lubricants. In addition, they have the benefit of being
non-corrosive and readily recoverable and reusable [3].
Research has been conducted on heterogeneous acid catalysts
such as zeolites, anion exchange resin, sulfated zirconia, and
heteropoly acids. In comparison to other types of catalysts,
Carbon-based catalysts offer benefits including minimal
preparation costs and high catalytic efficiency. They are also
accessible and inexpensive [4]. They are easy to
functionalize, making them good biodiesel esterification
catalysts. Heterogeneous acid catalysts are made from oilseed
cake, glucose, bagasse, and other biomass. Biochar is a
carbonaceous substance made from biomass wastes by
incomplete carbonization. Biochar has 27-34% oxygen by
mass, low in nitrogen and sulfur and high in phenolic and
carboxylic acid groups. The scientific literature is dominated
by studies of suffocated biochar (-SO3H groups) [5].

An intriguing phenomenon of different carbonized materials
were evaluated by contrasting a variety of suffocated biochar
catalysts' experimental results in esterification and trans
esterification processes. combine acid groups -SO3H
differently. Only a small portion of biomass utilized to make
heterogeneous biodiesel catalysts has been studied, despite its
central role in the process, according to the literature.
Therefore, efforts in this area should center on finding ways
to use more biomass waste and less conventional chemicals
[6].

Tamarind (Tamarindus indica) is a tropical fruit tree that is
well-known for its sour-sweet pulp used in various culinary
and medicinal applications. The seeds are a byproduct once
the pulp is extracted and have potential uses of their own.
Tamarind trees can be found in the southern regions of
Pakistan, especially in Sindh. They also grow in some parts
of Punjab and Balochistan[7]. This study aims to produce an
acid catalyst from tamarind seeds and to explore the
sulfogoogle trannation procedures of the biochar synthesis
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from this residue. Furthermore, its usage in the esterification
process for biodiesel manufacturing is examined.

Il. MATERIALS AND METHODS

Tamarind seed was obtained from Sanghar district,
Sindh province, Pakistan. 98% sulfuric acid was used during
the sulfonation process. using soybean, coconut, and palm
fatty acid distillates from vegetable oils, 99.8% pure
methanol, 99.8% oleic acid, 98.6% palmitic acid. 99% methyl
heptadecanoate and 95% heptane were required for the
calculation of methyl ester production. For the catalyst
recovery in the purification step, we UEdigeificetfianakaaiti
99.8%. All chemicals were of Merck lab-grade quality.

B. Catalyst synthesis

The process of producing catalyst is made up of three
steps, the tamarind seeds was used as the raw material for
producing biochar. First, it was ground, and then it was put
through sieves with mesh sizes of 35 and 120. Using a method
adapted from Bora et al, The shell particles that were retained
most (>35 mesh) underwent carbonization in an oven at 600
°Cfor an hour [8]. The biochar that resulted was sulfonated in
a condenser-fitted round-bottom flask set over a hot plate,
with constant stirring, variations were made in terms of time,
temperature, and the ratio of biochar to concentrated H,SO4
(w/v) to understand their influence on the sulfonation process.
When examined at 200°C with a biochar-to-acid ratio of 1:10
(w/v), the duration was varied between 1 to 8 hours. The
temperature's impact was assessed between 120 and 200 °C,
keeping a constant sulfonation period of 4 hours and a 1:10
(w/v) solid-acid ratio. Lastly, with a fixed temperature of
200°C over 4 hours, the biochar-to-acid ratio was varied from

1:10 to 1:30 (w/v) [9].
Sulfonation with Evaluation of

Tamarind seeds H2504 parameters
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Fig. 1. Methods involved in producing biochar based catalyst

C. Catalyst characterization

Using a method adapted from Boehm et al, An acid-
base reverse titration was used to measure the catalyst's
overall acid density. One hour was spent agitating 0.1 g of the
catalyst and 20 mL of a 0.1 mol/L NaOH solution. After
centrifuging this mixture, the clear liquid on top was
separated, and its acidity was measured with a 0.1 mol/L HCI

solution containing phenolphthalein [10]. Scanning electron
microscopy (SEM) was used to examine the catalyst's surface
morphology. Using X-ray energy dispersion spectroscopy
(EDS) and a microanalysis device, its surface elements were
identified. Using Fourier transform infrared spectroscopy
(FTIR), the functional groups of the catalyst were
investigated [11], [12]. Spectra were collected between 4000
cm? and 400 cm? with an accuracy of 4 cm™. The solid
particles were filtered in a vacuum, rinsed with deionized
water until they attained a neutral pH, and then oven-dried at
60°C for one day to produce sulfonated biochar [13].

Sulfonated biochar's catalytic performance was measured
by its ability to facilitate the esterification of oleic acid with
methanol, synthesized under various sulfonation conditions.
To comprehend the catalyst's effect on the reaction,
esterification was also conducted with only the carbon
support and the reactants (oleic acid and methanol) without
any catalyst. The synthesis pathway for the catalyst is
depicted in Figure 1. After the reactions, products were
centrifuged to retrieve the catalyst, then decanted and rinsed
with 90°C-heated distillate water to remove residual alcohol
and water. These samples were desiccated in an 80°C oven
overnight. The resultant biodiesel quantities were stored in
vials for subsequent analyses. The acid values of the
esterified products were compared to those of the original
reactants in order to calculate the conversion rate of the
reaction. Titration based to the AOCS Cd 3d-63 standard was
used to determine this acid value. The following procedure
outlined the steps required to ascertain the FFA conversion
[14]-]16].

FFA conversion % = (1 - ‘:Lf

1) x100% 0)
AVi is the fatty acid's acid value before the esterification
reaction (in milligrams of KOH per gram), and AVf is the
fatty acid's acid value after the procedure. Several variables,
including the duration of the reaction (ranging from 0.5 t0 2.5
hours), the amount of catalyst used (ranging from 1% to 5%),
the molar ratio between methanol and oleic acid (ranging
from 5:1 to 25:1), and the temperature range of the reaction
(60°C to 120°C), were investigated to optimize the
esterification parameters. Diverse feedstock’s were utilized in
order to evaluate the effectiveness of the catalyst under
optimal conditions utilizing various fatty acid combinations
in order to determine the catalyst's efficacy. This research
utilized Soybean Fatty Acid Distillate (SFAD), Palm Fatty
Acid Distillate (PFAD), and Coconut Fatty Acid Distillate
(CFAD). Alongside palmitic acid, these substances were
subjected to esterification procedures [17]-[19].

I1l.  RESULTS AND DISCUSSION

A. Effect of the sulfonation conditions

Figure 2 shows catalyst synthesis as it relates to sulfonation
factors including duration, temperature, and solid-acid ratio.
All of these factors significantly altered the method. These
materials' ability to catalyze esterification processes is
evaluated by monitoring changes in the surface acid density
and the rate at which free fatty acid is converted [20]. In order
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to have a more comprehensive understanding of the
functionalization process of biochar. The relationship
between the functionalization of biochar and the period of
sulfonation becomes more evident when examining Figure 1.
The length of sulfonation appears to have a certain degree of
influence on the functionalization of biochar. The acid
density observed in unsulfated biochar was found to be 0.14
mmol g-1, indicating that the sulfonation process is likely
responsible for the generation of acid sites in the catalysts.
Nevertheless, with the prolongation of the sulfonation period,
there was an observed augmentation in the acid density
measurements, reaching a maximum of 4.2 mmol g-1 after a
duration of 4 hours. But, post this zenith, a gradual decline
was observed, plateauing to 2.9 mmol g following 8 hours
of sulfonation. After four hours of sulfonation, this result
indicates that the functionalization process may have reached
its maximum potential and that the pyrolyzed material may
have degraded as a consequence. Despite this, all of the
sulfonated catalysts demonstrated a high level of catalytic
activity throughout the esterification events [21]-[23].
Sulfonation durations spanning from two to six hours yielded
the most optimal results in terms of FFA conversion. At the
four-hour time point, a significant peak was identified,
characterized by a 98.5% conversion of free fatty acids (FFA)
and the highest recorded value of total acid density at 4.2
mmol g-1. Remarkably, in spite of fluctuations in acid
density, the results pertaining to FFA conversion exhibited a
reasonably stable pattern. This observation indicates that the
catalytic reaction reaches a saturation point under the
experimental conditions, irrespective of variations in acid
concentration. Previous studies have demonstrated similar
results when employing carbon-based catalysts produced
from corn chaff and a mixture of glucose and starch. In these
studies, the optimal sulfonation times were determined to be
4 and 5 hours, respectively [24][25].

When it comes to sulfonation procedures involving biomass,
the temperature is the primary factor that determines the level
of functionalization achieved by the material. This
characteristic is also proven in the current investigation, as
shown in Figure 3, as the sulfonation temperature rises, total
acid density values increase. This temperature increase could
increase acid-biochar mass transfer, thus solidifying the
sulfonation process, as studied by Niu et al [26]. The research
conducted by Ngaosuwan, Goodwin, and Prasertdham has
yielded results that are comparable. Using coffee grounds, a
carbon-based heterogeneous acid catalyst was produced.
Their research suggests that 200°C is the optimal temperature
for the sulfonation procedure, which is consistent with the
context of the present work [27].
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As shown in figure 2, sulfonated biochar's catalytic efficacy depends on
sulfonation conditions. Esterification occurred at 90°Cfor 2 hours with a 20:1
methanol-to-oleic acid molar ratio and 5% catalyst load. The sulfonation
process variables examined in this figure include: (a) Sulfonation time at 200

°Cwith a solid-acid ratio of 1:10. (b) The 4-hour sulfonation temperature with
a 1:10 solid-acid ratio. (c) H2SO4/biochar at 200°C and 1:10 solid-acid ratio.

All of the sulfonated biochars showed impressive
catalytic activity in esterification processes in the time-
dependent research. This suggests that beyond a specific
threshold, increasing the count of active sites doesn't
proportionally enhance the FFA conversion during the
catalyst's initial application. It underscores the idea that there
may be a saturation point beyond which additional active sites
might not significantly boost the esterification process.
During the examination of the solid-acid ratio, it was
discovered that an increase in the concentration of sulfuric
acid did not favorably influence the sulfonation of the biochar
(Fig. 2c), the decrease in acid density values was thereafter
accompanied by a gradual degradation of the biochar.
Starting from a weight-to-volume ratio of 1:10 and beyond,
this phenomenon became evident. Consequently, one
possible interpretation of this observation is that the
functionalization is approaching, or nearing, its saturation
point. This suggests that beyond this ratio, further increments
might not contribute as effectively to enhancing the catalyst's
performance [28].

Various biomass materials have been utilized in numerous
investigations, including sources such as cassava bark,
coconut shell, sawdust, and oleaginous seed cake, biochar
sulfonation processes with a ratio of 1:10 (w/v) were found to
be the most efficient. This prevalent ratio seems to be a
common finding across multiple biomass materials,
suggesting its potential optimality in the sulfonation process.
In contrast to the findings related to this ratio, the results for
the other variables examined showed that the FFA conversion
rates in the esterification reactions remained notably high
across all the catalysts explored in the current research [29],
[30].

Both sulfonic acid sites and extra oxygenated acid sites are
often produced during sulfonation reactions. The -SO3H
groups were found to be the most catalytically active sites, as
investigated by Zhang et al. It was also shown that the
esterification process was facilitated by carboxyl groups,
which enhanced the natural activity of the -SO3H groups
[31]. Since the -SO3H group is quite acidic, its participation
in the mechanism of the esterification reaction makes
protonation of the methanol molecule more difficult.
However, the rules of the game shift when a weaker acid
group, such -COOH, is introduced. Methanol's -OH segment
can create hydrogen bonds with the deprotonated COOH
group. This imparted negative charge on oxygen boosts the
methanol molecule's nucleophilic properties. Consequently,
this enhancement benefits both the pace and conversion of the
esterification reaction [31].

Without a catalyst, 6.8 % conversion to an ester was
accomplished in the esterification reaction between methanol
and oleic acid. Similar outcomes were attained when non-
sulfonated biochar was used during the procedure, a slightly
higher conversion rate of 7.3% was observed. However, this
modest increase suggests that non-sulfonated biochar isn't
particularly effective in significantly enhancing the FFA
conversion in esterification. This finding highlights the
possible increased activity of sulfated biochar, highlighting
the significance and efficacy of the sulfonation process. More
acid force density in a catalyst usually means better catalytic
performance for making biodiesel. The catalyst containing
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the highest concentration of acid, measuring 4.2 mmol of acid
per gram, was chosen for further analysis in this investigation
[32], [33]. The optimal sulfonation parameters for this chosen
catalyst were identified as: a duration of four hours, a
temperature setting of 200 °C, and a ratio of one solid to ten
acids (w/v) by weight. When compared with the data found
in the published research on other types of sulfonated
biomass, the values that were selected for the sulfonation
process conditions that were used in the manufacture of
biochar from murumuru kernel shells were found to be ideal.
Lathiya, Bhatt, and Maheria investigated how to create a
sulfonated carbon catalyst using orange peel byproducts. A
1:20 wiv (biochar to H2S04) solid-to-acid ratio was required
for their unique sulfonation method, coupled with an
extended sulfonation duration of 24 hours, all maintained at a
temperature of 200°C. When used in an esterification reaction
with corn acid oil, this procedure achieved a remarkable
91.7% conversion efficiency as a final product. Bora et al
conducted a study in which they turned waste from Mesua
ferrea seed shells into a sulfonated activated carbon catalyst.
Their research yielded an impressive conversion rate, with a
peak of 95.6% for the oil examined. The optimal conditions
under which these results were achieved involved a solid-to-
acid ratio of 1:8 w/v (carbon to H»SO.), maintained at a
temperature of 120°C over a duration of 10 hours [34], [35].

B. Characterization Results
¢ Morphology analysis of biochar and catalyst

18 5@ SEI

kY /4568 Samm
P/

Fig. 3. SEM Images (A) Biochar (B) Catalyst

Scanning electron micrographs (SEM) of the catalyst and
the unsulfonated biochar are shown in Figure 4, offering a
close examination of their surface structures. The biochar's
surface, as depicted in the figure, exhibits an irregular and
varied texture, prominently displaying a highly-developed
porous architecture — a characteristic often associated with
carbonized organic refuse. Contrastingly, the SEM
micrographs of the catalyst's surface reveal a decline in its
porosity. The intense sulfonating agent employed during the
biochar's functionalization led to the formation of minor
cracks, contributed to partial oxidation, condensation, and
even resulted in some loss of its inherent porous structure.
Further scrutiny of the image indicates that the partial
obstruction of the pores is attributed to the adherence of the —
SO3H groups to the catalyst support, i.e., the biochar. This
observation serves as compelling evidence of the
effectiveness of the biochar sulfonation process. 56371,

e Elemental analysis of biochar and catalyst
[ ) L )

Fig. 4 EDS analysis catalyst

EDS analysis of the composition (shown in Fig. 5)
showed a high carbon content, the result of the pyrolysis
process. After the sulfonation procedure, however, the
sample had a sulfur concentration of 2.74%, providing
evidence of the successful incorporation of sulfonic groups.
The increased amount of carbon shows the catalyst gone
through further carbonization process as well as higher
temperature sulfonation process enhanced carbon value.

e Functional group analysis of catalyst
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Fig. 5. FT-IR spectra of biochar catalyst

The FT-IR spectrum of biochar catalyst (Figure 6)
reveals that the stretching and asymmetric vibration bands of
-SO2 occurred at around 1020 and 1090 cm-1. The band seen
at 3310 cm-1 (biochar catalyst) is due to phenolic OH groups
and O-H stretching of -COOH. The frequency of 1680 cm-1
has been associated with the COOH C=O stretching.
Sulfonating the biochar's surface with H,SO4 allowed the
SOsH groups to bind to the catalytic surface [38], [39].

C. Biodiesel characterization

The fuel's quality and effect on the engine are reflected
in biodiesel's fuel characteristics. Biodiesel made from oleic
acid was tested to ensure its purity by measuring its
physicochemical parameters. The quality of the manufactured
biodiesel is confirmed to be up to ASTM standards. The fuel's
density and kinematic viscosity both play major roles in how
the fuel is injected. High concentrations of these
characteristics might clog the fuel injection system and cause
deposits to form in the engine [40]. Biodiesel was discovered
to have a density and kinematic viscosity of 0.889 g cm and
4.7 mm2 s?, respectively. The "flash point," or the lowest
temperature at which the fuel will begin to burn, is another
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crucial quality. With a flash point of 173 degrees Celsius,
biodiesel exceeds the standards of ASTM D6751. The
capacity to maintain cold is especially important for ensuring
adequate biodiesel fuel storage and for using biodiesel during
the winter months in cold places. Therefore, the cold filter
plugging point value that was discovered to be 1 °Cis deemed
to be excellent [41], [42].

COMPARATIVE STUDY

C. TABLE Il. COMPARATIVE STUDY
S. Mate | RM Total Catalyst FFA Referenc
No | rial acid (Wt%o) Conver | e
densit sion
y (%)
(mmol
g
1 Tama | 10:1 412 4 97.0 Present
rind Study
seeds
2 Cow 18:1 16.6 4 96.5 [43]
dung
3 Corn 7:1 2.6 7 93.0 [44]
straw
4 Cacao | 7:1 5 93.0 [45]
shell
5 Sugar | 18:1 24 1 94.4 [46]
cane
bagas
se
6 Palm 15:1 144 4 97.0 [47]
kernel
shel

The catalytic effectiveness of tamarind seeds and sulfonated
biochar produced from different biomass feedstock is shown
in Table 4, used as a feedstock for biodiesel production via
the esterification process. Different carbon sources can be
evaluated for their catalytic potential by being subjected to
the same synthetic processes (carbonization and sulfonation).
The optimal reaction conditions for each catalyst used in the
FFA conversion must also be verified. tamarind seeds use in
heterogeneous acid catalysis for biodiesel synthesis is
supported by the current study's findings, which demonstrate
a similar pattern to that seen in the literature.

V. CONCLUSION

After conducting extensive research, the ideal parameters
for sulfonating tamarind seeds in order to produce biochar
have been determined. The findings indicate that the most
favorable conditions consist of a solid-to-acid ratio of 1:10
(w/v) and a processing duration of 4 hours at a temperature of
200 °C. As a result of these conditions, the resulting catalyst
exhibits an impressive total acid density of 4.2 mmol g-1.
Similarly, the optimal conditions for the esterification of oleic
acid and methanol have been identified. These conditions
include a temperature of 90 °C, a reaction duration of 1.5
hours, a catalyst concentration of 5% (w/w), and a methanol
to oleic acid molar ratio of 10:1. These conditions yielded an
impressive FFA conversion rate of 97%. Such remarkable
conversion rates in the esterification reactions underscore the
potential viability of using agro-industrial by-products as
alternate starting materials for producing a heterogeneous
acid catalyst used for biodiesel synthesis. Furthermore, this
study emphasize the feasibility of utilizing cost-effective
residual acid oils as potential lipid sources in biodiesel
production. The study strongly suggests that reintegrating
discarded raw materials into the production process can lead

to the derivation of high-value products, highlighting the
concept of waste-to-wealth.

Acknowledgments

This research was funded by the Higher Education
Commission (HEC) of Pakistan under the grant number 518-
110288-2EG5-128 (50043375) for the Indigenous 5000
Ph.D. Fellowship Program Phase Il project. The authors
gratefully acknowledge Higher Education Commission
(HEC) Islamabad, Pakistan, for its technical and financial
assistance.

REFERENCES

[1] S. Kumar, S. A. Soomro, K. Harijan, M. A. Ugaili, and L. Kumar,
“Advancements of Biochar-Based Catalyst for Improved Production
of Biodiesel: A Comprehensive Review,” Energies, vol. 16, no. 2,
2023, doi: 10.3390/en16020644.

[2] H. Soomro et al., “Assessment of Sustainable Biomass Energy
Technologies in Pakistan Using the Analytical Hierarchy Process,”
Sustain., vol. 14, no. 18, 2022, doi: 10.3390/su141811388.

[3] X. Xiong, I. K. M. Yu, L. Cao, D. C. W. Tsang, S. Zhang, and Y. S.
Ok, “A review of biochar-based catalysts for chemical synthesis,
biofuel production, and pollution control,” Bioresour. Technol., vol.
246, pp. 254-270, 2017, doi: 10.1016/j.biortech.2017.06.163.

[4]  A. M. Dehkhoda, A. H. West, and N. Ellis, “Biochar based solid acid
catalyst for biodiesel production,” Appl. Catal. A Gen., vol. 382, no.
2, pp. 197-204, 2010, doi: 10.1016/j.apcata.2010.04.051.

[5] S. Anto et al., “Algae as green energy reserve: Technological outlook
on biofuel production,” Chemosphere, vol. 242, 2020, doi:
10.1016/j.chemosphere.2019.125079.

[6] R. Sharma et al., “A Comprehensive Review on Hydrothermal
Carbonization of Biomass and its Applications,” Chem. Africa, vol. 3,
no. 1, 2020, doi: 10.1007/s42250-019-00098-3.

[71 S. Kumar, K. Harijan, M. Jeguirim, M. I. Soomro, J. D. Nixon, and M.
A. Ugqaili, “Assessment of energy potential of date palm residues in
Khairpur district, Pakistan,” Biofuels, vol. 12, no. 10, pp. 1267-1274,
2021, doi: 10.1080/17597269.2019.1610599.

[8] A.P.Bora, S. H. Dhawane, K. Anupam, and G. Halder, “Biodiesel
synthesis from Mesua ferrea oil using waste shell derived carbon
catalyst,” Renew. Energy, vol. 121, pp. 195-204, 2018, doi:
10.1016/j.renene.2018.01.036.

[91 T.K. Choudhary, K. S. Khan, Q. Hussain, M. Ahmad, and M. Ashfaq,
“Feedstock-induced changes in composition and stability of biochar
derived from different agricultural wastes,” Arab. J. Geosci., vol. 12,
no. 20, 2019, doi: 10.1007/s12517-019-4735-z.

[10] H.P.Boehm, “Some aspects of the surface chemistry of carbon blacks
and other carbons,” Carbon N. Y., vol. 32, no. 5, pp. 759769, 1994,
doi: 10.1016/0008-6223(94)90031-0.

[11] S. X. Zhao, N. Ta, and X. D. Wang, “Effect of temperature on the
structural and physicochemical properties of biochar with apple tree
branches as feedstock material,” Energies, vol. 10, no. 9, 2017, doi:
10.3390/en10091293.

[12] S. Chellappan, V. Nair, V. Sajith, and K. Aparna, “Experimental
validation of biochar based green Bronsted acid catalysts for
simultaneous esterification and transesterification in biodiesel
production,” Bioresour. Technol. Reports, vol. 2, pp. 38-44, 2018,
doi: 10.1016/j.biteb.2018.04.002.

[13] F. Cheng and X. Li, “Preparation and application of biochar-based
catalysts for biofuel production,” Catalysts, vol. 8, no. 9, 2018, doi:
10.3390/catal8090346.

Balochistan Journal of Engineering & Applied Sciences, Volume 6, June 2023



Improved Catalytic Properties of Biochar Derived From Tamarind Seeds Through Sulfonation For Biodiesel
Production

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

S. Yu, L. Wang, Q. Li, Y. Zhang, and H. Zhou, “Sustainable carbon
materials from the pyrolysis of lignocellulosic biomass,” Mater.
Today Sustain., vol. 19, 2022, doi: 10.1016/j.mtsust.2022.100209.

A. W. Bhutto, K. Harijan, K. Qureshi, A. A. Bazmi, and A. Bahadori,
“Perspectives for the production of ethanol from lignocellulosic
feedstock - A case study,” J. Clean. Prod., vol. 95, pp. 184-193, 2015,
doi: 10.1016/j.jclepro.2015.02.091.

Z.E.Tang, S. Lim, Y. L. Pang, H. C. Ong, and K. T. Lee, “Synthesis
of biomass as heterogeneous catalyst for application in biodiesel
production: State of the art and fundamental review,” Renewable and
Sustainable Energy Reviews, vol. 92. Elsevier Ltd, pp. 235-253, Sep.
01, 2018. doi: 10.1016/j.rser.2018.04.056.

M. Li, Y. Zheng, Y. Chen, and X. Zhu, “Biodiesel production from
waste cooking oil using a heterogeneous catalyst from pyrolyzed rice
husk,” Bioresour. Technol., vol. 154, pp. 345-348, 2014, doi:
10.1016/j.biortech.2013.12.070.

R. V. Quah, Y. H. Tan, N. M. Mubarak, M. Khalid, E. C. Abdullah,
and C. Nolasco-Hipolito, “An overview of biodiesel production using
recyclable biomass and non-biomass derived magnetic catalysts,” J.
Environ. Chem. Eng., vol. 7, no. 4, Aug. 2019, doi:
10.1016/j.jece.2019.103219.

N. Hossain, T. M. 1. Mahlia, and R. Saidur, “Latest development in
microalgae-biofuel production with nano-additives,” Biotechnol.
Biofuels, vol. 12, no. 1, 2019, doi: 10.1186/513068-019-1465-0.

A. M. Dehkhoda and N. Ellis, “Biochar-based catalyst for
simultaneous reactions of esterification and transesterification,” Catal.
Today, vol. 207, pp. 86-92, 2013, doi: 10.1016/j.cattod.2012.05.034.

A. M. Dehkhoda, A. H. West, and N. Ellis, “Biochar based solid acid
catalyst for biodiesel production,” Appl. Catal. A Gen., vol. 382, no.
2, pp. 197-204, Jul. 2010, doi: 10.1016/j.apcata.2010.04.051.

A. W. Bhutto, A. A. Bazmi, and G. Zahedi, “Greener energy: Issues
and challenges for Pakistan-Solar energy prospective,” Renew.
Sustain. Energy Rev., vol. 16, no. 5, pp. 2762-2780, 2012, doi:
10.1016/j.rser.2012.02.043.

A. W. Bhutto, A. A. Bazmi, S. Karim, R. Abro, S. A. Mazari, and S.
Nizamuddin, “Promoting sustainability of use of biomass as energy
resource: Pakistan’s perspective,” Environmental Science and
Pollution Research, vol. 26, no. 29. Springer Verlag, pp. 29606—
29619, Oct. 01, 2019. doi: 10.1007/s11356-019-06179-7.

C. Shulin, “Microalgal biodiesel production via a two-Step process
with carbon-based acidic catalyst,” no. October 2016, 2013.

S. Dora, T. Bhaskar, R. Singh, D. V. Naik, and D. K. Adhikari,
“Effective catalytic conversion of cellulose into high yields of methyl
glucosides over sulfonated carbon based catalyst,” Bioresour.
Technol., vol. 120, pp. 318-321, 2012, doi:
10.1016/j.biortech.2012.06.036.

S. Niu, Y. Ning, C. Lu, K. Han, H. Yu, and Y. Zhou, “Esterification
of oleic acid to produce biodiesel catalyzed by sulfonated activated
carbon from bamboo,” Energy Convers. Manag., vol. 163, pp. 59-65,
2018, doi: 10.1016/j.enconman.2018.02.055.

K. Ngaosuwan, J. G. Goodwin, and P. Prasertdham, “A green
sulfonated carbon-based catalyst derived from coffee residue for
esterification,” Renew. Energy, vol. 86, pp. 262-269, 2016, doi:
10.1016/j.renene.2015.08.010.

E. Erdogan et al., “Characterization of products from hydrothermal
carbonization of orange pomace including anaerobic digestibility of
process liquor,” Bioresour. Technol., vol. 196, pp. 35-42, 2015, doi:
10.1016/j.biortech.2015.06.115.

K. Fakkaew, T. Koottatep, T. Pussayanavin, and C. Polprasert,
“Hydrochar production by hydrothermal carbonization of faecal
sludge,” J. Water Sanit. Hyg. Dev., vol. 5, no. 3, pp. 439-447, 2015,
doi: 10.2166/washdev.2015.017.

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

X. Fu et al., “A microalgae residue based carbon solid acid catalyst
for biodiesel production,” Bioresour. Technol., vol. 146, pp. 767770,
2013, doi: 10.1016/j.biortech.2013.07.117.

H. Zhang et al., “Nanocarbon-based catalysts for esterification: Effect
of carbon dimensionality and synergistic effect of the surface
functional groups,” Carbon N. Y., vol. 147, pp. 134-145, 2019, doi:
10.1016/j.carbon.2019.02.079.

M. E. Gonzalez et al., “Functionalization of biochar derived from
lignocellulosic biomass using microwave technology for catalytic
application in biodiesel production,” Energy Convers. Manag., vol.
137, pp. 165-173, 2017, doi: 10.1016/j.enconman.2017.01.063.

U. Kumar, S. Joseph Paul, and S. Jain, “Biochar: A source of nano
catalyst in transesterification process,” in Materials Today:
Proceedings, Elsevier Ltd, 2020, pp. 5501-5505. doi:
10.1016/j.matpr.2020.09.248.

D. R. Lathiya, D. V. Bhatt, and K. C. Mabheria, “Synthesis of
sulfonated carbon catalyst from waste orange peel for cost effective
biodiesel production,” Bioresour. Technol. Reports, vol. 2, pp. 6976,
2018, doi: 10.1016/j.biteb.2018.04.007.

A. E. Harman-Ware et al., “Microalgae as a renewable fuel source:
Fast pyrolysis of Scenedesmussp.,” Renew. Energy, vol. 60, pp. 625—
632, 2013, doi: 10.1016/j.renene.2013.06.016.

R. Mathiarasi, C. Mugesh kanna, and N. Partha, “Transesterification
of soap nut oil using novel catalyst,” J. Saudi Chem. Soc., vol. 21, no.
1, pp. 11-17, Jan. 2017, doi: 10.1016/j.jscs.2013.07.006.

L. E. Hernandez-Mena, A. A. B. Pecora, and A. L. Beraldo, “Slow
pyrolysis of bamboo biomass: Analysis of biochar properties,” Chem.
Eng. Trans., vol. 37, pp. 115-120, 2014, doi: 10.3303/CET1437020.

T. M. Huggins, J. J. Pietron, H. Wang, Z. J. Ren, and J. C. Biffinger,
“Graphitic biochar as a cathode electrocatalyst support for microbial
fuel cells,” Bioresour. Technol., vol. 195, pp. 147-153, 2015, doi:
10.1016/j.biortech.2015.06.012.

C. ltaliano, A. Vita, C. Fabiano, M. Lagana, and L. Pino, “Bio-
hydrogen production by oxidative steam reforming of biogas over
nanocrystalline Ni/CeO2 catalysts,” Int. J. Hydrogen Energy, vol. 40,
no. 35, pp. 11823-11830, 2015, doi: 10.1016/j.ijhydene.2015.04.146.

K. Hasni, Z. llham, S. Dharma, and M. Varman, “Optimization of
biodiesel production from Brucea javanica seeds oil as novel non-
edible feedstock using response surface methodology,” Energy
Convers. Manag., vol. 149, pp. 392-400, 2017, doi:
10.1016/j.enconman.2017.07.037.

J. M. Jung, J. I. Oh, K. Baek, J. Lee, and E. E. Kwon, “Biodiesel
production from waste cooking oil using biochar derived from chicken
manure as a porous media and catalyst,” Energy Convers. Manag., vol.
165, pp. 628-633, 2018, doi: 10.1016/j.enconman.2018.03.096.

M. M. El-Dalatony et al., “Whole conversion of microalgal biomass
into biofuels through successive high-throughput fermentation,”
Chem. Eng. J., vol. 360, pp. 797-805, Mar. 2019, doi:
10.1016/j.cej.2018.12.042.

S. H. Jien, “Physical characteristics of biochars and their effects on
soil physical properties,” Biochar from Biomass Waste Fundam.
Appl., pp. 21-35, 2018, doi: 10.1016/B978-0-12-811729-3.00002-9.

P. Planning et al., “Faculty of Industrial,” pp. 1-44.

S. Gunukula, A. Daigneault, A. A. Boateng, C. A. Mullen, W. J.
DeSisto, and M. C. Wheeler, “Influence of upstream, distributed
biomass-densifying technologies on the economics of biofuel
production,” Fuel, vol. 249, pp. 326-333, Aug. 2019, doi:
10.1016/j.fuel.2019.03.079.

M. Hamza et al., “A review on the waste biomass derived catalysts
for biodiesel production,” Environmental Technology and
Innovation, vol. 21. Elsevier B.V., Feb. 01, 2021. doi:
10.1016/j.eti.2020.101200.

Balochistan Journal of Engineering & Applied Sciences, Volume 6, June 2023



Balochistan Journal of Engineering & Applied Sciences (BJEAS) — (p-ISSN: 2518-2706
Volume 6, No.1

Simulation based Analysis of Numerical Relay for
Power Transformer Protection

Abdul Hameed Soomro?, Saeed Ahmed Shaikh®, Rahbar Hussain®, Suresh Kumar?, Rohit3, Sajid Ahmed?, Najaf Ali®
Faculty, Department of Electrical Engineering, Quaid-e-Awam University of Engineering Science and Technology Nawabshah Campus
Larkana, Sindh Pakistan

2Students, Department of Electrical Engineering, Quaid-e-Awam University of Engineering Science and Technology Nawabshah Campus
Larkana, Sindh Pakistan

Correspondence Author; Abdul Hameed Soomro, E-mail: abdul.hameed@quest.edu.pk

Abstract—Numerical relays have become an essential
component in modern power systems for providing accurate and
reliable protection to critical equipment, including power
transformers. Power transformers play a crucial role in power
transmission and distribution networks, and their failure can
lead to significant financial losses and even power outages.
Numerical relays for power transformer protection are designed
to detect faults and abnormal conditions in the transformer's
primary and secondary windings and provide quick and precise
tripping signals to disconnect the transformer from the power
grid. These relays use advanced algorithms to measure various
electrical parameters, such as current, voltage, phase angle, and
frequency, to detect faults such as over-current, overvoltage,
under-voltage, and differential current. Numerical relays for
power transformer protection offer several advantages over
traditional electro-mechanical relays, including faster response
times, increased accuracy, and more comprehensive protection
capabilities. This paper reviews the key features of numerical
relays for power transformer protection and their significance
in ensuring the reliable and safe operation of power systems. In
this research study the MATLAB software is utilized to get the
efficiency of protective relay under unbalance conditions.

Index Terms: Numeric Relay, Power Transformer

l. INTRODUCTION

A power transformer is a type of electrical transformer
that is designed to transfer electrical energy between circuits
at different voltage levels [1]. Power transformers are
essential components in the transmission and distribution of
electrical power, as they enable the efficient and safe transfer
of electrical energy over long distances [2]. Power
transformer protection is critical for ensuring the reliability
and safety of power systems [3]. A power transformer failure
can lead to significant financial losses, power outages, and
even damage to equipment or human life [4]. Over the years,
several protection methods have been developed to detect and
mitigate transformer faults [5-8]. R. H. Alrashidi et al. (2019)
proposed a new protection scheme for power transformers
based on wavelet transform and support vector machine
(SVM) [9]. L. Zheng et al. (2019) proposed a protection
method for power transformers based on the hybrid model of
artificial neural network (ANN) and ant colony optimization
(ACO). The proposed method was tested on a 220 kV
transformer. S. Zhang et al. (2019) developed a transformer

protection method based on the deep belief network (DBN)
[10]. The proposed method was tested on a 110 kV
transformer. F. Li et al. (2019) proposed a protection method
for power transformers based on a fuzzy clustering algorithm
and a novel decision-making approach [11]. The proposed
method was tested on a 110 kV transformer. Guo et al. (2019)
proposed a protection method for power transformers based
on a kernel density estimator (KDE) and a support vector
machine (SVM) [12]. The proposed method was tested on a
220 kV transformer. F. Xie et al. (2020) proposed a protection
method for power transformers based on the artificial
immune system (AIS) and principal component analysis
(PCA) [13]. The proposed method was tested on a 220 kV
transformer. R. Zhao et al. (2020) proposed a transformer
protection method based on the ensemble empirical mode
decomposition [14] and the extreme learning machine
(ELM). The proposed method was tested on a 110 kV
transformer. H. Li et al. (2020) proposed a protection method
for power transformers based on the hybrid model of fuzzy
clustering and adaptive resonance theory (ART) [15]. The
proposed method was tested on a 220 kV transformer. S. S.
Islam et al. (2020) proposed a transformer protection method
based on the frequency response analysis (FRA) and the
support vector machine (SVM) [16]. The proposed method
was tested on a 33 kV transformer. M. R. Hasan et al. (2021)
proposed a protection method for power transformers based
on the hybrid model of the genetic algorithm (GA) and the
SVM [17]. The proposed method was tested on a 380 kV
transformer. K. Wu et al. (2021) proposed a protection
method for power transformers based on a novel feature
extraction method and a support vector machine (SVM) [18].
The proposed method was tested on a 110 kV transformer.
These protection schemes were utilized individually as
discussed literature which increases the cost of protection and
complexity of the system [6].

In this paper, we will primarily focus on power transformer
and presented the numerical relay. Numerical relays for
power transformer protection are designed to detect faults and
abnormal conditions in the transformer's primary and
secondary windings and provide quick and precise tripping
signals to disconnect the transformer from the power grid
[19]. These relays use advanced algorithms to measure
various electrical parameters, such as current, voltage, phase
angle, and frequency, to detect faults such as over-current,
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overvoltage, under-voltage, and differential current [20].
Numerical relays for power transformer protection offer
several advantages over traditional electro-mechanical relays,
including faster response times, increased accuracy, and more
comprehensive protection capabilities [21]. This paper
reviews the key features of numerical relays for power
transformer protection and their significance in ensuring the
reliable and safe operation of power systems. The numerical
relay is shown in Fig. 1 [19].

In this research paper the MATLAB Simulink software is
utilized to analyze the performance of numeric relay under
over-current, overvoltage, and under voltage.

Section 2 describes the Power Transformer,

Section 3 describe the Numerical Relay,

Section 4 describes the Methodology,

Section 5 describes the Results and Discussions,

Section 5 describes the Conclusions.

Power
Transformer

Curent Sensor Ry ol it Breaker

(et reaker

R

Volsge Sensr il

Fig. 1 One Line Diagram of Numerical Relay

. POWER TRANSFORMER

Power transformers are critical components in the electrical
power industry, serving a vital role in the safe and efficient
transfer of electrical energy [[1]. Their applications are
widespread, ranging from power plants and substations to
industrial facilities and commercial buildings [22]. With the
continuous growth in demand for electrical power, the
significance of power transformers in the generation,
transmission, and distribution of electrical power will become
increasingly crucial [23]. One of the primary functions of a
power transformer is to adjust the voltage of the electrical
power being transferred, either by stepping up or stepping
down the voltage [24], this is achieved through changing the
turns ratio in the primary and secondary windings. Power
transformers can transfer electrical power at varying voltage
levels, from low voltage levels used in households to high
voltage levels employed in power transmission lines [25].
The fundamental structure of a power transformer comprises
a magnetic core around which two or more coils of wires are
wound [26], The primary winding is the coil linked to the
electrical power source, while the secondary winding is the
coil linked to the load. When primary winding is energized

then it produces a magnetic field that induces a voltage in the
secondary winding [26]. The power transformer is shown in
Fig. 2 [25].

Fig. 2 Power Transformer at Grid Station

I1l.  NUMERICAL RELAY

Numerical relays are digital devices that have been
increasingly used in power systems for protection and control
applications compared to their electromechanical and static
counterparts, numerical relays provide faster and more
accurate protection, as well as more advanced control and
monitoring features [20], and has led to their widespread
adoption in power systems around the world. The primary
advantages of numerical relays are their ability to perform
complex algorithms and logic functions in real-time [19], this
allows them to provide faster and more accurate protection
for power system equipment, such as transformers,
generators, and transmission lines. Additionally, numerical
relays can perform advanced control functions, such as
voltage regulation and reactive power compensation [21].
Numerical relays can be classified based on their
functionality, such as distance protection, differential
protection, and over-current protection [27]. In addition to
their protection and control functions, numerical relays can
also provide valuable data for power system analysis and
monitoring [28]. The working parts of Numerical relay are
shown in Fig. 3 [19].
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data
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o
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Fig. 3 Parts of Numerical Relay
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The structure of a numerical relay is consists of the Input
Module, CPU, Memory, Multiplexer, Analog to Digital
Converter, Output Module, and Digital
Input/Communication Module [29]. The Input Module is
responsible for managing the analog parameters of the power
system [21]. The analog signals with high-powered are firstly
stepped down through current and potential transformers and
then passed onto the numerical relay, which uses a low-pass
filter to remove any noise resulting from corona or induction
effects from nearby high voltage lines [30]. The CPU
functions as the central processing unit of the system, acting
as the "brain" that processes all data protection algorithms
and digital inputs, and also performing filtering tasks [31].
The Numerical Relay contains two types of memory Random
Access Memory (RAM) and Read-Only Memory (ROM).
The RAM stores input data and processes it during
compilation, while the ROM functions as a storage unit for
software and other data related to events and disturbances
[32], making it crucial for fault analysis and troubleshooting.
To facilitate the CPU in processing the analog signals
received from the current and potential transformers, an
Analog to Digital Converter is employed [33]. A numerical
relay has an output module consists of digital contacts that
become operational when CPU sends a trip command, these
contacts generate pulses, which serve as response signals, and
their response time can be adjusted as per the specific relay
applications. The Numerical Relay is equipped with serial
and parallel ports, similar to a computer, enabling its
connection to control and communication systems within the
substation [34], [35].

The equation representing a typical numerical relay is
expressed as follows [19].

I,z + 12 +Icz=1p2 1)

Where

la, Ib, and Ic are the phase currents of the power system and
Ip is the pickup current threshold of the relay. This equation
is used to detect a fault in the power system. If the sum of the
square of the three phase currents (1,2 + I,z + I.2) exceeds
the pickup current threshold (7,,2), the relay will trip the
circuit breaker to isolate the fault and prevent damage to the
power system [2]. The pickup current threshold can be
adjusted to provide the desired level of protection and
sensitivity to the relay.

V. METHODOLOGY

The research study utilized MATLAB Simulink software to
analyze the performance of numerical relay under over-
current, overvoltage, and under voltage. The simulation
results were obtained using the parameters listed in Table 1.
The Fig. 4 shows the one line diagram of proposed system

[2].

Table I. Simulation Parameters
S.No ‘ Parameters ‘ Value

System Parameters

1 Grid Voltage 132 KV
2 Power Transformer (S/D) 20 MVA/11 KV
3 Line Parameters R=0.01 Ohm,
L= 16.89 e-6 Henry

4 Frequency 50Hz

Over-current Relay
5 Relay setting 100%
6 CT ratio 300/5
7 Fault time 0.04 Seconds
8 Relay Operating Time 0.065 Seconds

Overvoltage Relay

9 Relay setting 10%

10 Delay Time 0.2 Seconds
11 Fault time 0.1 Seconds
12 Relay Operating Time 0.35 Seconds

Under-voltage Relay

13 Relay setting 10%
14 Delay Time 0.2 Seconds
15 Fault time 0.1 Seconds
16 Relay Operating Time 0.33 Seconds
11KV
FEEDERS
Bus-1| Bus-2 _>@
—
T.L Numerical I
() sl =
Source
Voltage Power
Transformer
—
Fig. 4 Proposed System with Numerical Relay
V. RESULTS AND DISCUSSIONS

A. Power Transformer Protection under Over-current fault
condition

Under this fault condition the fault occurs in all three phases
and switching time of relay was initiated from 0.065 seconds
with sampling time of 0.5 Seconds. It has seen that the feeder
voltage has dropped and feeder current has increased to 3000
Ampere as shown in figures 5(a) and 5(b). The relay coil of
numerical relay is energized and initiates the operation of
circuit breaker to isolate the power transformer form the
system as shown in figure 5(c).

Three Phase Voltage

Vollage in volts

Time (seconds)

Fig. 5(a) Feeder Voltage under Fault Condition
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Fig. 5(b) Feeder Current under Fault Condition

Ralay Parfomms

Time (o 1ey

Fig. 5(c) Numerical Relay Performance under Fault Condition

B. Power Transformer Protection under Over-voltage fault
condition
Under this fault condition the voltage in all phases was
increased and switching time of relay was initiated from 0.35
seconds with sampling time of 0.5 Seconds. It has seen that
the feeder voltage has increased up to 25% of normal value
as shown in figures 6(a). The relay coil of numerical relay is
energized and initiates the operation of circuit breaker to
isolate the power transformer form the system as shown in
figure 6(b).

Fig. 6(a) Overvoltage Fault Condition

Relay Porformance
T T

| ! | ! | ! |
o1 Gn B9 ey Gan )

Fig. 6(b) Numerical Relay Performance under Overvoltage
A. Power Transformer Protection during under-voltage
fault condition

Under this fault condition the voltage in all phases was
decreased and switching time of relay was initiated from 0.33
seconds with sampling time of 0.5 Seconds. It has seen that
the feeder voltage has decreased upto 12% of normal value as
shown in figures 7(a). The relay coil of numerical relay is
energized and initiates the operation of circuit breaker to
isolate the power transformer form the system as shown in
figure 7(b).

Voltage in volts

o 008 0.1 XD

0.2 626
Time (seconds)

Fig. 7(a) Under-voltage Fault Condition

ne (waconds)

Fig. 7(b) Numerical Relay Performance under Under-voltage
C. Discussion

This study is carried out to analyze the performance of
protective device for Power transformer under unbalance
conditions. It has been seen that the numerical is the best
selection to provide protection to transformer under different
unbalance conditions. This type of relay reduces the cost of
protection because multiple protections can be achieved
through single device. Without protective devices the
equipment’s may damage or failure which give huge financial
loss to the utility company and also reliability of power is
badly affected.

VI. CONCLUSIONS

Numerical Relays are critical in the protection of power
transformers in modern electrical systems. They are designed
to detect and isolate faults that may occur in the transformer,
preventing damage and ensuring the reliability of the system.
The architecture of a numerical relay includes various
modules such as Input, CPU, Memory, Multiplexer and
Analog to Digital Converter, Output, and Digital
Input/Communication. The ability to store and analyze data
related to events and disturbances is essential for effective
troubleshooting and maintenance of the transformer.
Numerical Relays provide highly accurate and sensitive
protection for power transformers, enabling quick and precise
detection of faults. The use of advanced algorithms and
software ensures reliable and efficient operation of the relay,
reducing the risk of false tripping or failure to detect faults.
In addition, the ability to customize the relay settings to match
the specific requirements of the transformer enhances the
effectiveness of the protection system. Overall, the use of
Numerical Relays for power transformer protection is
essential for ensuring the safe and reliable operation of
modern electrical systems. With their advanced features and
capabilities, numerical relays provide highly effective
protection for power transformers, reducing the risk of
damage and improving the overall efficiency and reliability
of the system.
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