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Abstract—    Flow is a fundamental property of streams that 
effects on fluid temperature, substance concentration and 
distribution organisms throughout the stream. Therefore, the 
flowmeter component in industrial facilities is essential in 
ensuring product and personal safety. The mechanical stress of 
flow fluid turbine depends on the basic geometry specifications 
of the turbine, its rotational speed, the exact geometry of the 
blades. The main objective of this paper is to design a flow 
meter model to represent the water flow as electrical energy. 
The model will be constructed by building the turbine 
components with a specific generator to convert the turbines 
mechanical energy into electrical energy. Additionally, the 
correlation stander will be used to optimise the output reading 
with the reference flow.  
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I. INTRODUCTION 
Flow is defined as the quantity of fluid (gas, liquid or 

vapour) that passes a point per unit time. Due to the number 
of different fluids in the oil industry, flow is obviously an 
important area of physics to understand. 

A flowmeter is an instrument used to measure linear, 
nonlinear, mass or volumetric flow rate of a liquid or a gas. 
When choosing flowmeters, one should consider such 
intangible factors as familiarity of plant personnel, their 
experience with calibration and maintenance, spare parts 
availability, and mean time between failure history [1]. 

Flowmeters serve two purposes: the first is a process 
control and the second is for improving product quality 
which reduces material costs and increases efficiency. It is 
frequently used in industries such as petrochemicals, 
pharmaceuticals, home energy, pulp and building and 
metallurgy. The development and use of flowmeters have 
changed with time, but their requirement remains the same: 
precision and accuracy [2]. 

 

II. FLOW MEASUREMENTS 
With most of liquid & gas flow measurement 

instruments, the flow rate is determined inferentially by 
measuring the fluids velocity or the change in kinetic energy 
[3]. Flow can be defined as how many volumes of fluid 
passes through a certain point at a certain time. Other factors 
that affect the liquid flow rate include the liquid's viscosity 
and density, and the friction of the liquid in contact with the 
pipe. 

 

          Flow(Q) = Quantity(V)
Time(t)

                              (1.1) 

III. METHODOLOGY 

A. Software 
In the software stage, the Arduino board is going to be 

connected as an interface with the simulation to control the 
real-time system and display model response. 

B. Hardware 
The system contains several elements for ensuring water 

flow like a pump and manual valve and the measuring device 
which is the flowmeter. Finally, an inlet tank and outlet tank 
to contain the water inside the system (Figure 1). 

 

 
Figure 1: System block diagram 

Building a turbine by designing the fan will contain 
several blades and their design will have a curved shape (see 
Figure 2) to push incoming flow. Coupling a shaft will be 
contained during an appropriate container. After that, the DC 
generator will be coupled to the turbine. Lastly, using an 
interface to change the electrical signal to readable data. 

Flow sensors 
The element that will sense the passing fluid is the 

flow sensor which consists of a plastic valve body, a water 
rotor. When the water flows through the rotor, it will roll and 
the speed is changed with a different rate of flow. A small 
shaft is extended from the sensor which it can easily be 
modified by removing four screws on it. It features 1/2″ 
nominal pipe connections, 0.78″ outer diameter, 1/2″ of 
thread. 
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Figure 2: Inside flowmeter 

 

Figure 3: Flow sensor 

DC Generator: 
A generator (electrical) is a device that converts 

mechanical energy into electrical energy. Generators often 
use motors, turbines, engines, cranks, pistons, or other 
sources of mechanical energy [4]. Likewise, generators may 
use chemicals or other materials that produce electricity 
when mixed or ignited. It does not produce electricity by 
itself, but simply it produces a flow of electricity by forcing 
electrons from an external source to flow through an 
electrical circuit. 

 

Figure 4: DC Generator 

Body: 1.33" diameter x 1.04" long, Shaft: 0.08" 
diameter x 0.31" long. high-quality metal case generator with 
solder terminals, solder pads, or wires for power connection. 
It can generate a high or low voltage. 

 

IV. TURBINE FLOWMETER 
It is invented by Reinhard Woltman in the 18th 

century, the turbine flowmeter is an accurate and reliable 
flowmeter for both liquids and gases. It consists of a multi-
bladed rotor mounted at right angles to the flow and 
suspended in the fluid stream on a free-running bearing. The 
diameter of the rotor is very slightly less than the inside 
diameter of the metering chamber, and its speed of rotation is 
proportional to the volumetric flow rate. Turbine rotation can 
be detected by solid-state devices (reluctance, inductance, 
capacitive and Hall-effect pick-ups) or by mechanical 
sensors (gear or magnetic drives) [5]. 

V. RESULTS AND DISCUSSION 

A. Coupling procedure 
Coupling a flow sensor with the DC generator will be as 

in Figure 5. This procedure should be tight to ensure the DC 
generator takes advantage of every rotation and produce an 
output signal. 

 

 
Figure 5: The turbine is accomplished with the generator 

 

 
Figure 6: Connection diagram 

 
The final step is passing water through the pipes and 

uploading the Arduino program to extract the results from 
the serial monitor. 

 

B. Results 
To have the measurements in Voltage (V), use the 

NORM-SCALE equation: 

 
𝑁𝑜𝑟𝑚?−𝑁𝑜𝑟𝑚𝑚𝑖𝑛

𝑁𝑜𝑟𝑚𝑚𝑎𝑥−𝑁𝑜𝑟𝑚𝑚𝑖𝑛
= 𝑆𝐶𝐴𝐿𝐸?−𝑆𝐶𝐴𝐿𝐸𝑚𝑖𝑛

𝑆𝐶𝐴𝐿𝐸𝑚𝑎𝑥−𝑆𝐶𝐴𝐿𝐸𝑚𝑖𝑛
          (2.1) 
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Normalization usually means a scaling a variable to have 
a value between 0 and 1 which means that the Arduino 
reading. Scales of measurement is an ordered number with 
meaningful divisions which is the voltage. From the above 
equation we realize that it needs to change from Arduino 
reading to voltage from this equation: 

 

             𝑉 = 5∗𝐴
1023

                                       (3.1) 

 
 

Table 1: Voltage and Arduino reading 

Arduino readings -A 
(Unit) 

Voltage -V 
(V) 

 
372 1.82 
428 2.09 
451 2.2 
491 2.4 
563 2.8 
608 3.0 
646 3.2 
688 3.4 
748 3.7 
797 4.0 
827 4.04 

 
 

Table 2: Results Table 

Reference 
Flow (L/min) 

Arduino readings 
(Unit) 

Measuring 
flow (L/min) 

20 372 19.984 
21 428 21.216 
22 451 21.722 
23 491 22.602 
24 563 24.186 
25 608 25.176 
26 646 26.012 
27 688 26.936 
28 748 28.256 
29 797 29.334 
30 827 29.994 

 
 
 

 

Figure 7: Relation between Reference flow & Arduino 
Readings 

I. CALIBRATION 
The calibration process will be done with another 

flowmeter working on a hall-effect principle but has the 
same hardware. Form the figure 7: 

          𝑦−𝑦1
𝑥−𝑥1

= 𝑦2−𝑦1
𝑥2−𝑥1

                                     (4.1) 

            𝑦−428
𝑥−21

= 46.5                                         

             𝑥 = 0.022𝑦 + 11.8                                (5.1) 

              𝑦 = 𝑚𝑥 + 𝑏                                            

The next step will be comparing between input flow as a 
reference data and experimental results which is taken from 
the flowmeter prototype. 

 

Correlation 
Correlation is a statistical technique that can show 

whether and how strongly pairs of variables are related. It is 
useful because it can indicate a predictive relationship that 
can be exploited in practice. 

A positive correlation is a relationship between two 
variables in which both variables move in tandem - that is, in 
the same direction. A positive correlation exists when one 
variable decreases as the other variable decreases; or, one 
variable increases while the other increases. a perfect 
positive correlation is represented by the correlation 
coefficient value +1.0, while 0 indicates no correlation, and -
1.0 indicates a perfect inverse (negative) correlation [6]. 

𝑟 = 𝑛∑𝑥𝑦−∑𝑥∗∑𝑦
�[∑𝑥𝑖2−(∑𝑥𝑖)2]∗[𝑛∑𝑦𝑖2−(∑𝑦𝑖2)]

       (6.1) 

x= reference flow 

y= prototype flowmeter (measured flow) 

The correlation for the above data is: 

r=0.996 
The correlation is positive and nearly perfect +1. 
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CONCLUSION 
In general, the flowmeter has been designed by using 

a generator to convert the mechanical energy to output 
reading. Therefore, the output of electric energy can be used 
for many applications as a voltage source rather than as 
measurements only. Moreover, the correlation between the 
output reading and the reference flow is positive nearly 
perfect. 
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