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This study focuses on the application of Sensors, Arduino Mega, and GSM Module for the
development of an autonomous system to overcome the problems of cavitation, burnt
pumps, and overflow, among others associated with the manually operated pumping
system. Prevention of these challenges is very fundamental to system performance.
Though there exist numerous research on the automation of fluid pumping system,
literature is sparse that consider fluid level control and other flow parameters to ensure a
non-cavitation flow rate. A stanchion of a water system comprising of a surface and a
header. A stanchion of the water system comprising of a surface and a header tank was
developed and a single-stage centrifugal pump was explored for water pumping. A flow
meter was installed on the delivery line for flow rate and accumulated volume
measurement. A simple mechatronic module was developed to monitor the system's
operation and performance. The fluid flow meter measures the flow rate and the
accumulated volume of water transported into the header tank. An alarm system (buzzer)
was used to determine the maximum level of water in the surface tank to avoid surface
water overflow. In conclusion, the challenges of manually operated pumping systems such
as cavitation, overflow among others have been eliminated by introducing an automated

system that monitors the system conditions with little human intervention.

1. INTRODUCTION

Fluid is a substance that deforms continuously when

subjected to shear. In a pipe, a fluid flows over several surfaces.

Because the fluid's particles are moving in relation to one
another as the fluid is moving, shear stresses emerge. The
velocity of a fluid moving through a pipe is zero at the pipe
wall. Fluid viscosity and flow resistance are directly related
[1]. The fluid as a whole can be a combination of liquid and
gas [2]. Fluid flow can be aided by gravity, natural expansion
of fluids due to changes in climatic conditions, or through a
pump [3]. Flow agitation as patterning to this work will be
initiated by a centrifugal pump. From a tank that is vertically
positioned and has a positive suction head, fluid reaches the
pump impeller along or close to the rotational axis. As a result
of the impeller's acceleration, this flows radially outward into
a diffuser or volute chamber (casing), where it escapes into the
supply pipe and runs into the header tank. The most often
utilized type of modern pump for irrigation is the centrifugal
pump. They are employed to pump water from shallow wells,
lakes, streams, reservoirs, as well as streams [4].

Using centrifugal motion, the pump known as a centrifugal
pump transforms mechanical energy into hydraulic energy [5].
It is a rotor-dynamic pump that elevates a fluid's pressure using
a rotating impeller. Axial flow, mixed flow, and radial flow
are only a few of the several types of centrifugal pumps.
Centrifugal pumps are usually identified with their relatively
poor suction power and are prone to developing cavitation.
Cavitation will occur when the inlet pressure (Pju) in the fluid
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is less than the vapour pressure (P,,) of the fluid (Pine less than
P.p) [6]. With Piyes < Py, vapour bubbles will form in the fluid
at the impeller inlet and its continual explosion will result to
impeller pitting in the course of water transfer.

Cavitation in a water distribution system of plant, industry,
institution, household or a community from its source to the
end user, is bound to impose threats on the operator, pumps,
manifold, electrical installations (controls, cables etc.),
reservoirs, floors, decking, walls of the building or stanchion
and the end user if allowed unchecked. The drive to provide
alleviatory measures to forestall these looming challenges of a
manually operated system brought about the concept of
applying the GSM Module and Arduino to monitor, control,
and sense turbidity, and communication of water level in a
reservoir becomes imperative.

Research has been done in this area in recent time, but the
novelty of this present work are as follows: In addition to
information on performance of system being send via the GSM
module to the operator, the information on flow rate, water
level and system performance is being displayed on LCD for
visual aid.

Besides, the system is also developed to detect and display
the quality of water (turbidity). Turbidity check is essential for
water quality and saving the pump from clogging. This work
aims to develop an autonomous system for the measurement
of flow at a zero-cavitation flow rate using a mechatronics
system. The specific objective of this research is to determine
the fluid level in the tank beyond which the cavitation will
cease and the corresponding flow rate.
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2. LITERATURE REVIEW
2.1 Fluid flow

One of the key elements of fluid dynamics is fluid flow,
which is part of fluid mechanics. When subjected to
imbalanced forces, it entails a fluid moving and undergoing
equivalent deformation. This motion is determined by the
amount of pressure applied and continues as long as
unbalanced forces are not withdrawn [7].

2.1.1 Volumetric flow rate

It is described as the volume of fluid that passes a specific
cross-sectional area every second. By multiplying the cross-
sectional area (A) of the flow by the average flow velocity, one
can get the volumetric flow rate. Its unit is m%/s [8].

V= VgygA (1)

2.1.2 Fluid flow in pipes

Fluid encounters friction between the walls of the pipe and
resistance as it runs through it. Additionally, there is friction
between the various fluid layers. Different forms of flow are
created as a result of these resistive forces, which alter how the
fluid moves through the pipe.

2.1.3 Laminar flow

According to Prima et al. [9], laminar flow, also known as
streamline flow, is when a fluid particle moves in a straight
line parallel to a pipe wall at a very low velocity without
causing any disruption between the layers. To understand the
type of flow in the tube, the Reynolds number is a crucial
parameter. For a pipe, a flow with a Reynolds number of less
than 2300 is regarded as laminar. The velocity, pressure, and
other flow characteristics at each fluid point are constant in
laminar flow [8].

2.1.4 Turbulence flow
The characteristics of turbulent flow, include irregularity,

dissipation, a high Reynolds number, and three-dimensionality.

Despite appearing chaotic, they are controlled by the Navier-
Stokes equation [2, 9]. This flow has a high velocity and a
Reynolds number of over 4000. The most typical flow type
needs to deal with challenges including being difficult to see
with open eyes and having very subtle variations that can only
be seen with a laser [7, 9].

2.1.5 Transitional flow

Transitional flow is a combination of laminar and turbulent
flow, with the laminar flow towards the pipe's borders and
turbulent flow in the center. Each of the above movements
exhibits distinct behaviors as a result of the frictional energy
lost during flow movement, and several equations are used to
forecast these behaviors. Transitional flow is a form of
medium-velocity flow with a Reynolds number of at least
2300 but not more than 4000 [10].

2.1.6 Reynolds number

The Reynolds number describes the relationship between
inertial and viscous forces within a fluid that is experiencing
relative internal motion as a result of varying fluid velocities.
A boundary layer, such as the bounding surface inside a pipe,
is an area where these forces affect how they behave. The
Reynolds number of a flow is determined as:
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Re = — ()

where,

U is the characteristic velocity

L is the length scales of the flow and

¥V is the kinematic viscosity of the fluid.

In turbulent flow at a high Reynolds number, the velocity
scales are wide in magnitude, spatial scale, and in temporal
scale [11].

The Reynolds Number (Re) defines whether the fluid is
laminar, transitional, or turbulent as described below [12].

Re<2300 Larminar Flow

Re<<Re<<10,000 Transitional Flow

Osborne Reynolds found in 1880 that the stream system is
primarily dependent on the balance of fluid viscous and
inertial forces [12].
where,

Vae=average velocity (m/s),

D=internal diameter (m),

p=dynamic viscosity (Pa*s) and

v=§=kinematic viscosity of fluid (m?/s),

Reynolds Number is a unit less quantity.

2.1.7 Bernoulli’s principle
According to Bernoulli's Principle, a fluid's speed increases
at the same time that its static pressure or potential energy
decreases [13]. It can be developed from the idea of energy
conservation. According to the law of conservation of energy,
energy cannot be generated or destroyed but can only be
transformed from one form to another.
In fluid flow, there are three types of energy [12]:
i. Potential energy (PE) that is related to its height
il. Kinetic energy (KE) occurs by the act of velocity
that is due to the movement of fluid
iil. Flow or pressure energy (FE)
Therefore, the total energy at any point in a streamline flow
of fluid in a pipe is presented in Eq. (3):
E=PE+KE+FE 3)
Bern Bernoulli’s equation states that provided the flow is
steady, the sum of various forms of mechanical energy in a
fluid along a streamline is the same at all points in that
streamline.
It is mathematically expressed as:

P, V2 P, V#
—+—+Z=—+-—=+7Z, 4)
w 29 w 29

where,
P; and P,=inlet and outlet pressure respectively.
Z; and Z,=height of inlet and outlet respectively.
V2 and V=inlet and outlet average velocity respectively.
w=pg.
where,
p=density of the fluid in question and
g=acceleration due to gravity.
All the parameters in Eq. (4) can also be considered as the
head.

2.1.8 Continuity equation
Using the continuity equation and momentum equation, the



flow of the majority of fluids may be analytically characterised.

The continuity equation states that the amount of fluid entering
a given volume either exits or stays there.
Thus,
A1Vi=A4:V> 0r Q=A1V, )
where,
A equals area of pipe measured in square meter (m?) and

V equals the volume of fluid that flows through within a
timed frame measured in meter cube (m?).

2.1.9 Head losses in fluid flow

There are two categories of head losses: major and minor.
Major: The inside surface of the pipe's roughness is what
causes head losses, also known as frictional losses, which
happen over the whole length of the pipe. They are primarily
brought on by friction [14]. Minor losses are those brought on
by a change in fluid momentum. They are primarily caused by
pipe components such as bends, valves, abrupt changes in pipe
diameter, etc. Minor losses are often insignificant in
comparison to friction losses in larger pipe systems.
Additional elements provide flow and turbulence resistance.
The system curve is the graph of the head loss against the flow
rate after analysis. Characteristic curves are the graphs of the
experimentally determined pump head and pump efficiency
versus flow rate. The intersection of the system curve and the
characteristic curve is where the pump placed in a piping
system operates. The operating point is the name of this
intersection [15].

2.2 Pumping system

Pumps use force from an external source to lift fluids like
liquid and gas from one place to another, from a lower level to
a higher level (electrical or mechanical). The pumping
mechanism can be made to work manually, partially, or totally
automatically. A pump is a hydraulic device used to move or
lift fluids. It consists primarily of an impeller or piston that
moves within a cylinder, with valves strategically placed to
admit or retain the fluid as it is drawn through them by the
piston's or impeller's motion, which is connected to a rotating
shaft. A pump converts mechanical energy into pressure
energy [16]. Utilizing a windmill or a watermill to pump water
is among the earliest applications [6]. In recent times, pumps

applications are numerous, ranging from domestic to industrial.

Pumps design are used in various applications such as air
conditioning systems, irrigation [17], water supply,
refrigeration, transfer of crude or refined products, fuel and oil
distribution in automobiles, power plants, and others.

Figure 1 gives a pictorial view of a typical pumping system
with a static suction head (positive head). The pump is
installed below the suction tank (source). A static suction head
is generated which enhances high static pressure at the
impeller inlet. The system geometry favours flow by gravity
to naturally flood the impeller housing to the corresponding
height of the static discharge head.

While Figure 2 gives a typical illustration of a pumping
system with a static suction lift (negative head). The pump is
installed above the suction tank. Static suction lift is generated,
and it is prone to cavitation if the system is designed without
strictly adhering to Net Positive Suction Head (NSPH) guiding
roles.
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Figure 2. Pumping system with static suction lift

A single-stage centrifugal pumping system consists of the
pump(s), manifold, and reticulation, control panel (electrical
system), the suction pipe, connected to the fluid source, and
the delivery pipe, connected to the entry tank(s). Other
components include valves, for flow control or simulation, and
pressure pots, where pressure gauges or manometry tubes are
connected for various pressure readings as the case may be.
The pump, being the mechanical unit, cannot operate in
isolation without external force. It is driven by an external
force. This force could be mechanical, electrical, and others.
For moving fluids in industrial activities, centrifugal pumps
are used in a variety of settings. The mechanical design of
centrifugal pumps makes them dependable.

A rotating disc that has been moulded into vanes is the
impeller, which is the primary component of a centrifugal
pump. A casing surrounds the impeller to channel and direct
the produced liquid flow [3, 17]. Water enters close to the
impeller's centre, where motion is given to the fluid by the
turning of the vanes, and the water is subsequently expelled
out the casing's exit. Centrifugal pumps can be made to fit



certain needs or specifications by changing their individual
designs and arrangements. The system design or geometry
plays a very important role in the performance of the pump. It
could affect its performance positively or otherwise. Among
other issues, improper pipework can cause cavitation and
hydraulic instability in a pump system. The suction piping and
suction system design should be prioritised in order to prevent
cavitation. High amounts of vibration and noise may be
brought on by cavitation, internal recirculation, and air
entrainment, which can harm seals and bearings [8, 17].

Numerous hydrodynamic issues, including cavitation-
related noise and vibration, internal recirculation, and air
entrainment, can arise when fluid flow is less than 50% of the
best efficiency point (BEP). At very low flows, sometimes as
low as 35% of BEP flow, some pumps can withstand suction
recirculation instability.

2.2.1 Pumping system piping and its effect on fluid flow

Large flow turbulence, bearing troubles, seal issues (failure),
early breakdown of pump components, or catastrophic failures
are all easily caused by poor pipework design. Suction
pipework is crucial because, among other working parameters,
the liquid must reach the pump impeller's eye at the proper
pressure and temperature. Cavitation danger will be reduced,
and pump performance will be reliable with a smooth, uniform
flow. The Head is significantly influenced by piping and
passage diameter. The pressure loss due to friction would
roughly be inversely proportional to the fifth power of the pipe
diameter. For instance, a 10% increase in pipe diameter could
lead to a 40% reduction in head loss. Similar to this, a 20
percent increase in pipe diameter might cut head loss by 60
percent. In other words, the frictional head loss would be lower
than 40% of the head loss at the original diameter [13]. Pump
suction piping design is a crucial aspect because of how
important a net positive suction head (NPSH) is in pumping
applications [15]. The suction pipework should be as short
overall and as basic and straight as possible. To prevent
turbulences, a centrifugal pump should typically have a
straight run that is six to eleven times the diameter of the
suction tube [18]. Permanent suction strainers are typically
discouraged, although a temporary suction strainer is typically
necessary.

2.2.2 Pumping systems and their effects

Tables la and 1b are used to summarize various systems
geometry and the nature of the liquid being pumped and the
resultant effects while in operation.

Table 1a. Features and effects of a good pumping system

SIN FEATURE EFFECT
A static suction head is
1 Pump installed below the generated which enhances

suction tank(source) high static pressure at the
impeller inlet.

Not susceptible to the hot

fluid if suitable guidelines

are adhered to.

2 Cold liquid

Short and straight suction

3 pipe. Minimum number Low suction loses
of valves and fittings
4 Large pump inlet Lower suction velocity

Table 1b. Features and effects of a bad pumping system

SIN FEATURE EFFECT
Static suction lift is generated,

and it is prone to cavitation the

Pump installed

! above the suction NSPH role is not strictly
tank (source)
followed.
2 Hot liquid Susceptible to cavitation
Long ar_ld |rrggular High suction loses
suction pipe
Reduced or small . . .
4 suction inlet High suction velocity

2.2.3 Cavitation in fluid flow

The Bernoulli equation for incompressible flow, where p
signifies the local static pressure, denotes fluid density, and v
denotes flow velocity, is the best tool for describing cavitation.
This concept states that when the flow velocity increases, the
static pressure must also decrease. Thus, when the static
pressure falls below the fluid's vapour pressure, cavitation (the
creation of gas bubbles in a fluid flow) will result [3].
NPSHR3% is the traditional measurement used in pumps to
assess cavitation performance. For example, the NPSHA (Net
Positive Suction Head available) is typically equal to
k*NPSHR3%, where k is a safety margin (often 1.5-2), and
the Net Positive Suction Head necessary at which a 3% head
decrease is noticed [19]. According to dissolved gases and
fluid turbulence, the onset of cavitation often occurs at
significantly higher values of NPSHA, and it is observed that
operating with a margin as high as 4 may be necessary to
assure damage-free operations [6, 19]. One of the first faults
examined mostly in the Pump Laboratory was cavitation. For
a centrifugal pump, it happens when the Net Positive Suction
Head Available (NPSHA) falls below the Net Positive Suction
Head Required (NPSHR).

NPSHA=hy)+hys)+hay (6)

Eq. (6): Net Positive Suction Head Available (NPSHA) for
a centrifugal pump.
where,

hp=Pressure head:P inlet /ng

2
hys=Velocity head =Z—g,

P
hy,=Vapour pressure= "/ 0g>
and where,
Pinie=Fluid pressure at the inlet,
hy=Fluid vapour pressure,

I . Ib (kg
p=Fluid density, 2 (ﬁ),
g=Acceleration due to gravity, 3ZTZﬂ (Qiim),

. t(m

V=Velocity, f? (?)

S=Suction side of pump.

Cavitation will occur when the inlet pressure in the fluid is
less than the vapour pressure (P,,) of the fluid (Pine is less than
P.,). With Piye; < Py, vapour bubbles will form in the fluid at
the impeller inlet.

2.2.4 Cavitation free and prone levels

The Static Suction Head (Positive Suction Head) and the
Static Suction Lift (Negative Suction Head) are determined by
system orientation i.e., the location of the fluid source to be
sucked. If a pump is placed below the reservoir, it gives a



positive suction head thereby reducing the chances of
cavitation as a result of an increase in the suction pressure at
the pump inlet. Figure 3 shows a simple illustration of a
reservoir that enables a Static Suction Head. The diagram
indicates various levels in the tank as the head drops in the
process of pumping. Whereas a pump positioned above the
reservoir gives a negative suction which increases the chances
of cavitation more if not properly installed and adhering
strictly Net Positive Suction Head required to keep the pump
functioning to capacity [3, 19]. The water level in the tank
above the centre line (suction line), the distance between the
pump and the tank, suction pressure at the inlet of the pump,
and the system geometry are some of the basic determinant
factors to a drop or increase in the net positive suction head
required.

This work is putting necessary measures by ensuring proper
level control of water in the surface tank by means of
application of a liquid level control sensor. The work by design
and development has put necessary factors to ensure the
nearness of the pump to the reservoir and suitable system
geometry to check cavitation.

Very Safe Level

Safe Level

Susceptible Level

Very Suscepible Level

Figure 3. Cavitation free and prone levels

e The NPSH (Net Positive Suction Head) simply refers
to the fluid supply to a pumping system.

e NPSHR (Net Positive Suction Head Required) is the
amount or volume of fluid that a pump will require at
a certain operating point to deliver the expected flow
rate.

e NPSHA (Net Positive Suction Head) is the amount or
volume of fluid that the system can release or deliver
to the pump when NPSHA<NPSHR. It means it
requires more fluid than the available volume.

2.2.5 Automation of pumping system

The advent of automation technologies has changed human
function from creator to controller [20]. The primary goal of
automation technology was to lessen operator effort and
training requirements while simultaneously improving
operations' efficiency and precision. It was thought
conceivable to develop an autonomous system that required
little or no human interaction, hence minimizing or completely
eliminating the possibility of human error [16]. Automation
technology is used in the procedures of several industries.
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Automation of the pump system will lead to more accurate
control, and consequently to better its performance and
reduced loss of water [21]. Observations of domestic and
industrial establishments indicate that there are great
variations in the water supply associated with uncontrolled
systems. There are several possibilities in system automation.
With the application of programmable logic controllers,
Arduino and other microcontrollers in the automation of pump
systems a more accurate control of the system operation fluid
flow and level control are achievable [5]. Additionally, the
prospect of a more precise water supply was made possible by
growing substrate-grown crop areas and advancing glasshouse
horticulture technology [17, 20, 21]. Accuracy in water supply
could be viewed in terms of quality and quantity. So,
monitoring the flow rate and turbidity of fluid being
transferred is very important in a controlled system [22].
Automatic data capturing, processing, storage and the ease of
keeping the operator fully furnished with information
regarding the system performance are realisable through the
interfacing of required sensors and transducers. With fluid
flow and level control sensors, the flow rate of the system is
monitored to ascertain the performance of the pump with a
focus on the flow rate. The introduction of pressure sensors to
the suction and temperature sensors to the fluid give static
pressure and temperature value which are some important
parameters to ascertain if the flow is a non-cavitation flow rate
on the note when compared to the vapour pressure of the fluid
[18, 21, 22]. Vapour pressure is a function of the temperature
of the fluid being pumped.

3. MATERIALS AND METHODS

To effectively accomplish the aim and objective of this
study, various materials and methods suitable for the work
were carefully selected. Emphases was placed on intensive
literature review on material selection. For components with
different grades, we went for the highest in terms of design
capacity and functions.

To ascertain their accuracy, some of these components were
subjected to test using various instruments and results were
compared with the information given by the producer before
using them.

3.1 Materials selection

The following electrical components were thoroughly
selected for the work:

GSM (Global System for Mobile Communications) Module,
DC to DC Buck Converter, Arduino MEGA, Turbidity Sensor,
4 Channel Relay, 12 Volt Battery, 12 VDC Diaphragm Water
Pressure Pump, Flow Meter, and LCD 12C.

3.1.1 Global System for Mobile Communications (GSM)
module

GSM (Global System for Mobile Communications) is a
digital mobile telephony system that is widely used in all parts
of the world. A GSM modem is a specialized type of modem
which accepts a SIM card, and operates over a subscription to
a mobile operator, just like a mobile phone [11, 21]. Figure 4
is to be used in this work for sending messages to the
recipient’s phone.



Figure 4. SIM800OL GSM module

A dependable and ultra-compact wireless module is the
SIM800L. The SIM800L is an integrated Dual-band
GSM/GPRS solution in an SMT module that can be used in
client applications. The SIM800L, which has an industry-
standard interface, offers GSM/GPRS 800/1600MHz
capabilities for data, voice, fax as well as SMS in a compact
package  with  little  power  consumption.  The
24mm>24mm>3mm-tiny SIM800L can fit in practically all
space constraints in user applications.

3.1.2 DC to DC buck converter

The SIMB800I transmission burst consumes a minimum of
2A for effective signal reception and functionality [11]. This
is the reason the use of buck converter shown in Figure 5 was
employed to enhance the capability of the system. This DC-
DC converter has a current limiter built in which is adjustable
with a potentiometer.

Figure 5. DC-DC buck converter

3.1.3 Arduino MEGA 2560

An open-source physical computing platform named
Arduino is developed on a straightforward 1/0 board and a
programming environment that supports the
Processing/Wiring language. One can develop custom stand-
alone items with Arduino or connect them to computer
software (e.g., Flash, Processing, and Max MSP). Arduino has
varying amounts of boards, of all the boards that were
produced by Arduino; the Arduino MEGA 2560 was chosen
for the study to create a development environment that
implements the processing and interfacing language.

Figure 6 played a major significant role in the system, as it
was used to initiate communication between different
components and sensors within the system and it also serves
as the controller for the study.
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Figure 6. Arduino MEGA 2560

3.1.4 Channel relay

The 4 Channel Relay Modules is a handy board that may be
used to manage high voltage, high current loads such as motors,
solenoids, lamps, and AC loads. It is made to connect to
microcontrollers like Arduino, PIC, and others. Relay
terminals (COM, NO, and NC) are exposed with screw
terminals to facilitate connections. Figure 7 was used to
interface the pump to the Arduino board so as to receive
signals at the programmed time. The choice of a 4-channel
relay was to give room for expansion of the use of the system.
This means on the long run after the system could be adopted
for other applications with the three other COM pins.

Figure 7. 4-channel relay module

3.1.5 12-Volt battery

The 12 VDC battery as shown in Figure 8 was used as a
means of powering the pump. The battery used for this study
isa 12VDC 7.5AH battery. The choice of this battery was due
to the current capacity.

Figure 8. 12-Volt rechargeable battery

3.1.6 12VDC diaphragm water pressure pump

The diaphragm pump in Figure 9 was interfaced with the 4-
channel relay which was then connected with the Arduino
Mega board because the output of the Arduino board cannot
power the pump as the pump draws more current when
operating. The pump would lift the water to a level of 1.5
meters height with a moderate flow rate which would be read
by the flow meter.



Figure 9. Diaphragm pump

3.1.7 Flow meter

The flow meter in Figure 10 measures the flow rate of water
passing through the pipe while the pump is turned on. The flow
rate is read into the Arduino board, after which it is displayed
on the LCD for proper documentation and record.

Figure 10. Flow meter

3.1.8 Liquid crystal display (LCD) with 12C module
LCD1602 or 1602 character-type liquid crystal display as
shown in Figure 11 was used to display data or signals sent to
the Arduino from the sensors such as turbidity level, flow rate,
the water level in the tanks, and the system operating condition
It functions like a dot matrix module to display letters,
numbers, characters, and other data. It consists of 57 or 511
dot matrix positions, with one character per position. Between
each pair of characters and between each line, there is a dot
pitch and a space. A 16 by 2 LCD, which shows 2 lines of 16
characters, is the type of LCD utilized in this research.

Figure 11. LCD with 12C hardware mounted on it

Typically, LCD1602 features parallel ports, which means it
may simultaneously control several pins. 8 and 4 port
connections are two different types of LCD1602 connectors.
For this study, the four-port connection was used and this was
made possible by the use of an enhancing hardware device
known as an 12C bus. PHILIPS created the 12C bus, a kind of
serial bus. This high-performance serial bus has the bus
governing and high- or low-speed device synchronization
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features needed by various host systems. Only Serial Data
Line (SDA) and Serial Clock Line, two bidirectional signal
lines, are present on the 12C bus (SCL). To facilitate the ability
to display on the 12C LCD1602 (See Figure 12), the blue
potentiometer on the device is used to control the lighting.

Figure 12. LCD display

3.1.9 Method

This study aimed at examining the water quality with a
major focus on the turbidity level read in the Nephelometric
Turbidity Unit (NTU) [10], using the SENO0189 turbidity
sensor [23] while producing feedback messages to the operator
of the end users. It is also designed to display the instantaneous
flow rate for the water under pressure by the pump, which is
activated as soon as the lowest water level indicator on the top
tank stops touching the water. The following were some of the
materials and components used for the actualisation of this
study.

This study consists of three major segments which are as
follows:

i The Mechanical Construction and Fabrication

ii. The Electronics Components and  Sensors
Assembling

iii.  The Control and Programming Segments

3.2 The mechanical construction and fabrication

The complete study consists of the initial frame and the tank
and the plumbing installations. Solidworks 2015 was used to
carry out the design of the frame. Solidworks is a computer
tool for solid modeling that is generally used with Microsoft
Windows for computer-aided design and engineering [23].
The software program helps designers and manufacturers
develop a virtual prototype before the fabrication of the actual
product. The frame of this study was designed using this
software program as depicted in Figure 13.

Figure 13. Mechanical study design on Solidworks

The mechanical installation segment also featured the
plumbing installation that involves the routing of pipes to
connect the inlet of the header tank with the pump and the



pump to the suction outlet of the ground tank, and from the
outlet of the header tank to the inlet of the ground tank, to
complete a closed loop circulation.

3.2.1 Electronic components and sensors assemblage (control
module)

To develop a functional automation control module for the
pumping system, various electrical components; GSM (Global
System for Mobile Communications) Module, DC to DC Buck
Converter, Arduino MEGA, Turbidity Sensor, 4 Channel
Relay, 12 Volt Battery, 12 VDC Diaphragm Water Pressure
Pump, Flow Meter, and LCD 12C were carefully selected and
used. Arduino MEGA was interfaced with the GSM module
and both were connected to other components following the
circuit. The completed assemblage is shown in Figure 14.

Figure 14. The completed automation control module
(mechatronics system)

Figure 14 is the internal component of the complete system
to show that the work was carried out. At the finishing stage,
the device was enclosed in a square box with holes drill on it
for cross ventilation. Outlets were created for all the sensors
and other components connections. Besides, an extractor fan
was installed to extract the heat generated while working.

3.2.2 System circuit

The circuit diagram for this segment was done on an online
open source platform circuito.io as depicted in Figure 15. This
is an online platform that offers a drag-and-drop means of
building an Arduino-based study. Figure 15 represents the
Circuit and the wiring diagram of the components. It was
designed using an application known as circuto.io.

As you drag components into the workspace, the connection
is being automatically.

usser FSM Module
[ [evel Indicator %5 Connector

B Y 11117 Y

Flow Sensor

LD

Relay

Arduino Mega
6 Flow Level Control
Centrifugal Pump

Figure 15. Circuit diagram for the study; design on
circuito.io
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3.2.3 System interfacing segments

This segment explores the modality by which the system
functions. It also shows how the communication between
sensors and electronic components inter-relates. Arduino is the
major prime controller of the system. Other components,
readings, and measurement components are conditioned to
comply with the programmed algorithms so as to produce a
fully controlled system. Figure 16 illustrates the mode of
interaction of the various components and sensors, whereas
Figure 17 represents the working chart for the Mechatronics
System.

WATER LEVEL
SENSORS.

GSM
MODULE

ARDUINO
MEGA 2560

TURBIDITY
SENSOR

PUMP

FLOW
SENSORS

LCD DISPLAY

Figure 16. The control and programming segment chart

3.2.4 Program pseudocode for the system

The system was programmed using the Arduino Integrated
Development Environment (IDE) which is software
programmed and developed to send commands to the Arduino
board.

The way that section titles and other headings are displayed
in these instructions, is meant to be followed in your paper.

Print o LCD
Display

check if there's

Print to AR
Lco o

in header
Display tank?

Figure 17. Working chart for the mechatronics system

3.2.5 Flow demonstration procedure |

Performance evaluation was carried out using a fully
developed pumping system with a stanchion containing both
surface and header tank, a single stage centrifugal pump and
complete pipe reticulation to evaluate the advantages of this
device and it is dedicated to Thermo-fluid laboratory of Afe
Babalola University as a training rig for the students after
evaluation.

The system programme was written using Arduino IDE
which is a software programme developed to send commands
to the Arduino board in this study. With the Arduino Board as
the major prime controller of the system, the command was
initiated in its environment whereby all the components'



readings and measurements are conditioned to comply with
the programmed algorithms so as to produce a fully controlled
system. Water was filled manually into the surface thank to a
static head of 0.15M from the center line. The flow level was
placed at 0.05M height above the centre line. With the suction
valve fully opened, the command was initiated to pump water
from the surface tank to the header tank using a 12V DC
centrifugal pump.

In the process, the temperature of the water was measured
and the vapour pressure being a function of the temperature
was obtained from the water physical property table. The
volume of water was collected within a set time of sixty (60)
seconds and the flow rate was calculated using discharge Q =
%. All parameters were noted, calculated, and recorded. After

repeating the exercise six times using the same sixty seconds,
the suction head and the retained head of 0.05M to avoid
cavitation. The discharge Q is calculated to know if the pump
performance is up to its designed capacity or not.

3.2.6 Flow demonstration procedure Il

The flow simulation was conducted with the same set and
procedure followed in 1, but to confirm if time variation will
affect the flow type, the time was set at a range of ten (10) to
sixty (60) seconds. Here, the Reynolds number was calculated
to determine the type of flow. There are more than three types
of flows, but Reynolds number placed emphasis on three
which are Laminar, Transitional and Turbulent.

In this work, the three types of flow were involved.

1. Laminar flow: Reynolds number was less 2300. Here,
fluid particles move straight lines parallel to the wall
of the pipe.

2. Transitory flow: The Reynolds number was above
2300, but not up to 4000. Here, is a combination of
both laminar and turbulent. Laminar on the wall of
the pipe, while turbulent at the center of the flow.

3. Turbulent flow: Here, Reynolds number was above
4000 and the flow pattern was not gentle.

This was achieved by regulating the valve on the delivery
line. The essence of this was to confirm if the system will be
suitable for a flow demonstration rig for the students. It was
not comprehensive in this paper because we have gathered
sufficient results from other parameters to justify the pumping
is safe and will effectively be devoid of the negative outcomes
associated with manually operated pumping systems.

4. RESULTS AND DISCUSSION
4.1 Results for constant timed flow demonstration

A steady state flow is a condition in which the quantity of
liquid flowing per unit of time is constant. Analysis was
carried out on the flow process of the plant, to ascertain the
stability of the flow. At a fixed time of sixty seconds, some
volume of water was collected to determine the flow rate of
the water from the ground tank to the header tank. This was
repeated six times. The temperature with negligible intervals
was also recorded. The results obtained in the course of the
demonstration were analysed and recorded in Table 2.

Table 2. The results from the constant timed flow demonstration

Maximum

Tempt. - Minimum Static Pressure  Vapour Pressure  Volume  Time Flow Rate
SN ogy StatieP ressure KN/m? KN/m? (M)=103  (Secs)  (m¥s)

1 22.50 102.80 101.82 271 3.62 60 6.03<10°
2 22.00 102.80 101.82 2.64 3.60 60 6.00<10°
3 22.40 102.80 101.82 2.70 3.60 60 6.00<10°
4 21.90 102.80 101.82 2.62 3.61 60 6.02x10°
5 22.70 102.80 101.82 2.75 3.61 60 6.02x10°
6 22.70 102.80 101.82 2.75 3.61 60 6.00<10°°

Cavitation will occur when the inlet pressure in the fluid is
less than the vapour pressure (P,y) of the fluid (P is less than
P.,). With Pjyer < Pyp, vapour bubbles will form in the fluid at
the impeller inlet [6, 23]. The fluid level in the reservoir
(surface tank) changes with time as the pump works. As the
volume reduces if the recharging source is not high the suction
pump will run until the water level will get to a susceptible
cavitation level. To develop a cavitation-free system, both
maximum and minimum static pressures were calculated using
the maximum and minimum suction head.

Comparing both results obtained with vapour pressure of
the fluid, which is the function of its temperature, confirms
that the system is safe.

4.1.1 Flow rate and jet monitoring

Flow and jet monitoring are very important indicators in
system performance evaluation. Fluctuation in any of these
parameters shows the system is not delivering or releasing

sufficient water enough to enhance the pump performance [24].

Flow rates from the proposed system in the course of the
simulation, from 1-6 appear steady. There were no significant
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changes in volume collected with time. The changes noted are

negligible. The pump designed flow rate, Q = % and the
3.62L
M

The result indicates that the system performance is good
enough to prevent the pump from cavitation and ingression of
air.

The water jet issuing from the delivery pipe into the header
tank maintained the same trajectory with laminar-like jets. A
jet maintaining the same trajectory in the course of pumping
indicates that there is no ingression of air.

developed system discharge, Q =

4.1.2 Results for variable timed volume collection flow
demonstration

Analysis was carried out to examine the effect of time on
flow velocity and volumetric flow rate under room
temperature. A scheduled time, from a higher value of 60
seconds to a lower value of 10 seconds was allowed for the
flow demonstration. A timed volume collection flow
demonstration was conducted six times giving an interval of



10 seconds. The results obtained in the course of the
demonstration were analysed and recorded in Table 3.
VOLUME (M3)

TIME N

Discharge Formula: Q =

V=Average velocity, to be derived from continuity equation:
0=AV
A=the area of the cylindrical pipe

Table 3. The results from the variable timed flow demonstration

Time Temp of Dynamic Average Discharge or Vapour Pressure
SIN  Volume (m?) o Viscosity velocity flow rate (m%/s) A

(Secs.)  Fluid (°C) Kg/m2/s (m/s) <10 KN/m

1 3.6x10° 60 24.8 0.00092 0.191 6.00 3.12

2 3.1x103 50 24.9 0.0009 0.197 6.20 3.14

3 2.4x10°% 40 25.0 0.00089 0.191 6.00 3.16

4 1.9x10°3 30 253 0.0009 0.201 6.33 3.22

5 1.2x10° 20 25.0 0.00087 0.191 6.00 3.29

6 6.2x10* 10 25.1 0.00082 0.197 6.20 3.37

When all properties of a flow are independent of time, then
the flow is steady [24]. From the results obtained, all the
properties are independent of time, which clearly indicates
that the flow is steady from its definition. A timed volume
collection was conducted for a range of time ranging from
ten seconds to sixty seconds to monitor, collect and analyze
data to determine some flow properties. Despite time
variation, flow properties arrived at, are all independent of
time. Constant temperature, velocity and flow rate were
constant with negligible difference in values.

Buzzer application connected to the ground tank is to show
that the entire circle of water, from generation, storage and
distribution can be checked and to ensure that other measured
areas are necessarily checked. No system is 100% accurate.
Though, during performance evaluation no false and missed
alarm was registered. It may still come up because of wear
and tear in the near future if proper maintenance measures
are not followed.

On this premise, other measures were also adopted before
the buzzer. Sensors were placed on the wall of the reservoir
from bottom to the top and these sensors were connected to
LEDs of different colours. Each LED is triggered on as water
touches each sensor. The buzzer is like the last resort.

5. CONCLUSIONS

Water is required in our day-to-day activities for our
survival. Its importance spans from domestic to industrial
applications. It is used for drinking, washing, cooking,
lucrative, transportation, food processing, irrigation, power
generation, and lots more.

Automation of the water pumping system becomes very
imperative to the quality of water delivery and the
performance of the system. The facilities or gadgets installed
are being protected since the system senses abnormalities
associated with its operation. The programme helps to avert
or reduce the negative impacts on the system to the barest
minimum.

In this work, the water level is being controlled by means
of liquid level sensors placed at some strategic locations and
connected to the Microcontroller (Arduino Mega) which
gives commanding signals to the pump either to turn ON or
OFF as the situation warrants. The system is equipped with a
GSM module that sends messages in the form of SMS to the
operator simultaneously.

The system geometry plays a very important role in
curbing cavitation by enhancing a zero-cavitation flow rate.
The design features of the system give room for a positive
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pressure head. Water by gravity naturally floods or fills the
suction to a corresponding static head on the pump manifold
without priming.

To curb air ingression into the suction and to avoid the
static head going below the vapour pressure, a liquid level
sensor is placed at a suitable height to retain a constant static
head of 0.05m water.
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APPENDIX

Appendix 1. Taking temperature readings before timed
volume collection

D

Appendix 2. Image of the completed mechanical frame
with plumbing installations and the control module




Appendix 3. Some sample messages

< m..

<

@

)

@

ARDUINO PROJECT
+2348166081287

Sample code Your
ARDUINO sIM800I
MODULE IS 100%

working

The PUMP is ON,
Your Project is Doing
Well!

The PUMP is ON,
Your Project is Doing
Well!

The PUMP is ON,
Your Project is Doing
Well!

The Water in the
Header Tank is FULL!!
and the PUMP is
turned OFF, Your
Project is Doing well!

Please Check the
Ground Tank, It
appears the Water is
LOW, PLease Provide
Water in the Tank

= .l 74% @ 9:47 pm

BR9:29 pm

BR9:31pm

9:35 pm

BRo:41 pm

_
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