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Arduino Based Pressure Sensor Integration in the
Measurement of Flow Field

Sharabanna®, Venkatesh?
L2 ecturer, Department of Mechanical Engineering, Sanjay Gandhi Polytechnic, Ballari

Abstract: In fluid mechanics, study of velocity profile for a fluid flow gives better understanding about the nature and physics of
fluid. We use manometer and pitot static tube in conventional way to measure the velocity profile .But advances in sensor we can
use Arduino with the pressure sensor and study the velocity profile with easy and portable way. The study of velocity
measurement has been done with help of sensor and electronics component.
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L. INTRODUCTION
Fluid Flow is a part of fluid mechanics and deals with fluid dynamics. It involves the motion of a fluid subjected to unbalanced
forces.
This motion continues as long as unbalanced forces are applied. For example, if you are pouring water from a mug, the velocity of
water is very high over the lip, moderately high approaching the lip, and very low at the bottom of the mug. The unbalanced force is
gravity, and the flow continues as long as the water is available and the mug is tilted.

A. Fluid Pressure

A measurement of the force per unit area. Fluid pressure can be caused by gravity, acceleration, or forces in a closed container.
Since a fluid has no definite shape, its pressure applies in all directions.

In a fluid column, as the depth increases, the pressure increases as well. Pressure (P) increases because as you go deeper, fluid at a
lower depth has to support fluid above it as well. Therefore to define fluid pressure, we can say that it is the pressure at a point
within a fluid arising due to the weight of the fluid.

Pressure in liquids is equally divided in all directions, therefore if a force is applied to one point of the liquid, it will be transmitted
to all other points within the liquid.The pressure in fluids can be calculated using the following relation:

P =hpg (Pressure = Height or Depth of the liquid % Density of the liquid x Gravitational pull (9.81m/s)).

Pressure is a scalar quantity. The SI Unit (International System of Unit) of pressure is the Pascal, or Newton per meter squared
(N/m~2).

B. Flow Velocity

Velocity is the most straightforward term, as it is the average speed of a fluid flowing through the pipe. Think of flow velocity like
you consider the speed of your car. Except, instead of recording flow velocity in MPH or km/h, fluid is typically in m/s or ft/s.

Flow Rate: This is the volume of fluid that passes through the pipe per unit of time, recorded in m3/s or ft3/s.

As the equation below shows, flow rate is positively correlated with velocity—as the speed of the fluid increases, the amount (or
volume) of fluid passing through the pipe during a given time period also increases.

The characteristics of laminar and turbulent flow are very different. To understand why turbulent or laminar flow is desirable in the
operation of a particular system, it is necessary to understand the characteristics of laminar and turbulent flow.

C. Flow Regimes

All fluid flow is classified into one of two broad categories or regimes. These two flow regimes are laminar flow and turbulent flow.
The flow regime, whether laminar or turbulent, is important in the design and operation of any fluid system. The amount of fluid
friction, which determines the amount of energy required to maintain the desired flow, depends upon the mode of flow. This is also
an important consideration in certain applications that involve heat transfer to the fluid.
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D. Flow Velocity Profiles

Not all fluid particles travel at the same velocity within a pipe. The shape of the velocity curve (the velocity profile across any given
section of the pipe) depends upon whether the flow is laminar or turbulent. If the flow in a pipe is laminar, the velocity distribution
at a cross section will be parabolic in shape with the maximum velocity at the Centre being about twice the average velocity in the
pipe. In turbulent flow, a fairly flat velocity distribution exists across the section of pipe, with the result that the entire fluid flows at
a given single value.

Figure 5 helps illustrate the above ideas. The velocity of the fluid in contact with the pipe wall is essentially zero and increases the
further away from the wall.

Features

1) Board mount pressure sensor series with analogue voltage output and digital i2c output
2) calibrated and temperature compensated

3) Differential/relative, bidirectional differential, absolute and barometric sensor versions
4) Wide variety of pressure ranges: 0.054 psi (1.5 inch water) up to 100 psi full scale

5) piezo resistive sensor with high precision digital signal conditioning

6) Total accuracy < 0.5 %fso at room temperature for standard pressure ranges

7) teb < 1.0 %fso (-25 ... 85 °c) for standard pressure ranges

8) High long term stability

9) Fast response time (typ. <1 ms)

10) Supply voltage range: 4.75 ... 5.25v

11) Analog output: 0.5 to 4.5 v ratiometric

12) Digital output via i2c interface: 15 bit for pressure and temperature measurement

13) Programmable i2c-address

14) Ceramic dip-8 package (width: 0.6 inch)

15) Package options for tubing or manifold mount (o-ring sealing)

16) Substitute product for sm5852 / sm5812

17) Rohs Compliant

E. Typical Applications

1) Static and dynamic pressure measurement
2) Barometric pressure measurement

3) vacuum monitoring

4) Gas flow

5) Fluid level measurement

6) Medical instrumentation

7) Heating, ventilation and air conditioning

1. LITERATURE SURVEY

Design an Optical Transducer for Pressure Measurement Ashraf Hamzal, Ahmed Khames2, Ali Lesewed3, M. Saad4: This paper
presents the optical transducer for pressure measurement. Where, there are many and different types of instruments to measure
pressure, such as mechanical measuring instruments and electrical measuring instruments. Each one of them depend on a different
working principle.

This type of measuring instruments are highly used since this type is used in airplanes and other places, because it is easy to
assemble and disassemble, easy to use, easy to repair, accurate in measuring values, high quality, Its working principle does not
depend on few mechanical elements and sensitive to small changes of the pressure. The optical pressure transducer has been
designed based on the principle work of the diaphragm and photoconductive circuit
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1. EXPERIMENTAL SETUP

Fig.1 Experimental setup

A.  Components Used
1) Pressure Sensors

Pressure sensors

The OEM pressure sensors in the AMS 5812 series are high-precision sensors with two different outputs, an analog output and a
digital 12C output. The analog 0.5 to 4.5V output is ratiometric to the supply voltage and provides pressure measure- meant data
only, while the 12C output provides pressure as well as temperature measurement data. Both outputs can be used simultaneously.

2) Breadboard
A breadboard is used to make up temporary circuits for testing or to try out an idea. No soldering is required so it is easy to change
connections and replace components. Parts are not damaged and can be re-used afterwards.

Fig 3: Breadboard

3) Jumper Wires

Jump wires (also called jumper wires) for solder less bread boarding can be obtained in ready-to-use jump wire sets or can be
manually manufactured. Jump wire material for ready-made or homemade wires should usually be 22 AWG (0.33 mm?) solid
copper, tin-plated wire - assuming no tiny plugs are to be attached to the wire ends.

Differently colored wires and color-coding discipline are often adhered to for consistency. Typically, a few wire colors are reserved
for the supply voltages and ground (e.g., red, blue, black), some are reserved for main signals, and the rest are simply used where
convenient. Some ready-to-use jump wire sets use the color to indicate the length of the wires.
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Fig 4: jumper wires

4)  Arduino UNO

The Arduino UNO is a standard board of Arduino. Here UNO means 'one’ in Italian. It was named as UNO to label the first release
of Arduino Software. It was also the first USB board released by Arduino. It is considered as the powerful board used in various
projects. Arduino.cc developed the Arduino UNO board.

Arduino UNO is based on an ATmega328P microcontroller. It is easy to use compared to other boards, such as the Arduino Mega
board, etc. The board consists of digital and analog Input/output pins (1/0), shields, and other circuits.

The Arduino UNO includes 6 analog pin inputs, 14 digital pins, a USB connector, a power jack, and an ICSP (In-Circuit Serial
Programming) header. It is programmed based on IDE, which stands for Integrated Development Environment. It can run on both
online and offline platforms.

TX and RX LED's

Reset
Button AREF Digital 1/0 pins

Power LED
Indicator

ICSP pin

usB

Crystal Oscillator
Voltage Regulator [
ATmega328

| Microcontroller
Power Button

33v Analog pins
Vin

5v

GND

Fig 5:Arduino UNO parts

Arduino UNO Components Details

e ATmega328 Microcontroller- It is a single chip Microcontroller of the ATmel family. The processor code inside it is of 8-bit. It
combines Memory (SRAM, EEPROM, and Flash), Analog to Digital Converter, SPI serial ports, I/O lines, registers, timer,
external and internal interrupts, and oscillator.

e ICSP pin - The In-Circuit Serial Programming pin allows the user to program using the firmware of the Arduino board.

e Power LED Indicator- the ON status of LED shows the power is activated. When the power is OFF, the LED will not light up.

e Digital 1/0 pins- The digital pins have the value HIGH or LOW. The pins numbered from DO to D13 are digital pins.

e TXand RX LED's- The successful flow of data is represented by the lighting of these LED's.

e AREF- The Analog Reference (AREF) pin is used to feed a reference voltage to the Arduino UNO board from the external
power supply.

e Reset button- It is used to add a Reset button to the connection.

e USB- It allows the board to connect to the computer. It is essential for the programming of the Arduino UNO board.

e  Crystal Oscillator- The Crystal oscillator has a frequency of 16MHz, which makes the Arduino UNO a powerful board.

e \oltage Regulator- The voltage regulator converts the input voltage to 5V.

e GND- Ground pins. The ground pin acts as a pin with zero voltage.

e Vin- Itis the input voltage.

e Analog Pins- The pins numbered from A0 to A5 are analog pins. The function of Analog pins is to read the analog sensor used
in the connection. It can also act as GPIO (General Purpose Input Output) pins.
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Arduino is an open-source electronics platform based on easy-to-use hardware and software. Arduino boards are able to read
inputs - light on a sensor, a finger on a button, or a Twitter message - and turn it into an output - activating a motor, turning on an
LED, publishing something online. You can tell your board what to do by sending a set of instructions to the microcontroller on
the board. To do so you use the Arduino programming language (based on Wiring), and the Arduino Software (IDE), based
on Processing. Over the years Arduino has been the brain of thousands of projects, from everyday objects to complex scientific
instruments. A worldwide community of makers - students, hobbyists, artists, programmers, and professionals - has gathered
around this open-source platform, their contributions have added up to an incredible amount of accessible knowledge that can be
of great help to novices and experts alike. The components of Arduino UNO board are shown below:

5) USB Cable

Soldered Nano compatible, Nano Cable Mini USB to USB ( cable colour might change from the one shown in picture) ATmega328
Operating Voltage (logic level): 5V Input VVoltage (rlecommended): 7V ~ 12V Input Voltage (limits): 6V ~ 20 VDigital I/O Pins:
14 (of which 6 provide PWM output) Analog Input Pins: 8 DC Current per 1/O Pin: 40mAFlash Memory: 32KB (ATmega328) (of
which 2 KB used by bootloader) SRAM: 2KB (ATmega328) EEPROM: 1KB (ATmega328) Clock Speed: 16 MHz"

Fig 6 : USB Cable

6) Pitot Tube

The pitot tube is a classic fluid dynamic sensor named for its inventor, Henri Pitot, who in the 18th century developed it to
measure the speed of rivers and canals in France.a device that consists of a tube having a short right-angled bend which is placed
vertically in a moving body of fluid (such as air) with the mouth of the bent part directed upstream and that is used with a
manometer to measure the velocity of fluid flow

Pitot tube is connected to the tube and this tube fitted to the pressure sensor

DIMENSIONS

Inside dia : 1 mm

Outside dia : 2 mm

Fig.7 Pitot tube
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7) Tube
Usually one end of the tube is connected to the pitot tube other end of the tube is connected is pressure sensor where its connected

breadboard

Fig.8 Tube

8) Operations Performed

a) Marking Out: Marking out consists of transferring the dimensions from the plan to plywood in preparation for the next step,
manufacture. Here a measuring tape, square and scriber is used for marking.

b) Cutting Operation: Cutting is the separation or opening of a physical object, into two or more portions, through the application
of an acutely directed force. For metals many methods are used and can be grouped by the physical phenomenon used. Here a
rectangular plywood is cut as per the dimensions required.

V. METHODOLOGY
The Arduino board and pressure sensor is connected through the jump wires and breadboard as shown in the circuit diagram below.
It is given to the system consisting of suitable program through the USB cable.
Pressure sensor is connected or pinned into the breadboard, then by using jumper wires one is connected to the ground. Then input
value is given to 5v in the arduino uno, output pin in the bread boad is connected to the Ao pin .USB cable one end is conned to the
arduino uno other end is connected to the system.
There are two ports in the pressure sensor, tube is connected exactly opposite to the dotted line indicated in the pressure sensor
means first port by using air drier, air as a working fluid used in this project .the tube is connected to the pitot tube in order to
measure the velocity of flow in the tube. Once program sketch is verified it showing compile is done then uplod next output will be
displayed. Initially open atmospheric velocity of air is very low, once air flow enters into the tube using blower values gradually
Increases as show in the fig, output will be displayed in the desktop

A. Software Description

The software which we use here is Arduino IDE. The main features we need to know about it are:

e Code area: This is where you will type all your code.

e Verify: This allows you to compile your code to code the Arduino understands. Any mistakes you have made in the syntax of
your code will be shown in the info panel.

e Upload: This does the same as verify but will then send your code to your Arduino if the code is verified successfully.

e Info panel: This will show any errors during compiling or uploading code to your Arduino.

e  Serial Monitor: This will open a window that allows you to send text to and from an Arduino.
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@ sketch_jull1a | Arduine 1.8.19 (Windows Store 1.8.57.0)
File Edit Sketch Tools Help

sketch_jullia

float rawdata;
float netdata;
float pressure;
float velocity:
void setup() {

pinMode (AQ, INFEUT):;
Serial .begin (9600} :l
¥

void loop() {
rawdata = analogRead (A0);
netdata = (rawdata - 509) ;

pressure (netdata*517/412)

wvelocity sgrt (2*pressure/1.125) ;
Serial.print {" number =");
Serial.println (rawdata);
Serial.print (™ number =%);

Serial.println{netdata);

Serial.print (™ pascal =");

Serial.println (pressure);
Serial.print{™ m/s =");

Serial.printlin(velocity):

delay (1000) ;
}

Fig 9: velocity and pressure measurement sketch code

B. Working

Initial Operation

Electrical Connection

The electrical connection of AMS 5812 sensors is typically made by soldering them directly on a printed circuit board or by
mounting them on a suitable socket. The basic circuit of the AMS 5812 sensor with analog and digital output in use is shown in
Figure 2. To use the analog ratiometric voltage output only, it is sufficient to connect PIN2 (GND), PIN7 (VCC) and PIN8 (OUT).
To read the digital output only, it is enough to connect PIN2 (GND), PIN7 (VCC) and the 12C-bus lines to PIN4 (SDA) and PIN5
(SCL).

Important: For 12C-bus communication, each bus line (SCL and SDA) has to be connected to the positive supply voltage (pin Vcc
or +5.0 V) via a pull-up resistor. Please add pull-up resistors (4.7 kQ are recommended) to your bus line if they are not integrated in
the 12C-master.

ouT
— _ i o voltage
VCC Vig= 500 T i supply
AMS 5812 ; +
4k7 £ Z 4k7
SDA i
—FP— e
ScCL e

Fig 10: Working
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C. Circuit Connection Procedure

1) After connecting the circuits as per the circuit diagram, the USB cable is connected to system, the output port is selected by
clicking’s tools- port- COM4, then the program is uploaded to circuit. Now the pressure sensor senses the flow of air in the
atmosphere and whatever he air flow in to the pipe in the pitot tube gives the pressure and velocity is displayed in the system in
terms of Pascal and velocity is displayed in m/s.

Fig 12: Circuit diagram

2) The sample of an experimental readings are recorded

IR T AT =L JF
22:42:40.943 => number =512.00
22:42:40.542 -> number =3.00
22:82:40.990 -> pascal =3.76
22:42:40.99C -> m/s =2.59
22:42:41.92E -> number =512.00
£2:42:41.975 -> number =3.00
22:42:41.975 -> poscal =3.76
22:42:41.975 -> m/s =2.59
22:42:42.95% -> number =513.00
22:487:42.958 ->» number =4.00
22:42:42.95% -» pascal =5.02
22:42:43.00€ -> m/s =2.99
22:42:43.949 -» number =512.00
22:42:43.944 -> number =3.00
22:42:43.991 -> paescal =3.76
22:42:43.991 -> mfs =2.59
22:42:44.92E -> number =511.00
22:42:44.97% -»  number =2.00
22:82:44.975% -> pascal =2.51
22:42:44.97% - m/s =2.11
22:§2:45.8958 - number =511.00
22:42:45.95% -> number =2.00
22:42:45,958 -> pascal =2.51

Fig 13: velocity and pressure of air at atmosphere.
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3) Now the air blower is provided with a AC supply and made to run. It pumps the air into the tube.

4) Now the air is sensed by the sensor at pipe e, the velocity and pressure of air is displayed in Pascal, m/s. Now the initial
readings and the final readings are being compared, as a result we can see that for atmospheric conditions air is decreased at
final stage increases velocity as well as pressure.

5) The below readings shows the velocity of air for atmospheric conditions

6) The sample of an experimental readings are recorded after flow of air into the tube

2:44:35.239 -> number =511.00
22:44:35.239 -> number =2.00
2:44:35.239 -> pascal =2.51
22:44:35.286 -> m/s =2.11
22:44:36.224 -> number =785.00
22:44:36.224 -> number =276.00
22:44:36.271 -> pascal =346.34
22:44:36.271 -> m/s =24.81
22:44:37.210 -> number =1022.00
22:44:37.257 -> number =513.00
22:44:37.257 => pascal =643.7

22:44:37.304 -> m/s =33.83
22:44:38.214 -> number =1022.00
22:44:38.261 -> number =513.00
|22:44:38.261 -> pascal =€43.74

Fig 4.4:7.In the above tabular column we are tabulated pressure and velocity readings shows the air is flow into the pitot tube
through blower.

D. Advantages

1) Ease to handle in a simpler manner.

2) Requires less maintenance.

3) The technology doesn’t bring any unemployment issues as it only safeguards the employees either be the chemical industry or
the physically challenged persons.

4) Accuracy

5) Durability

6) Less space required for setup

7) Good reliability

E. Disadvantages
1) Very low frequency response
2) Components are sensitive

F. Applications

1) Stagnation pressure measurement
2) Drag force measurement

3) Velocity measurement

4) Flow measurement
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V. RESULTS AND DICUSSIONS
This report mainly focus on the velocity and pressure measurement of air, also we can draw the velocity profile. Here it is done by
passing the air in to the Pitot tube equipment by using a blower. Containing sensor and arduino UNO setup using program. Through
series of values we can observed velocity and pressure initially very low for atmospheric conditions, after when air flow in to the
tube increases gradually sensor will sense displayed the output.

A. Future Scope

1) We measure differential pressure.

2) This set up can be implement in wind tunnel, Drag force & Air Drag.

3) With the help of this setup we can implement and also draw velocity profile.
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