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The Reynolds number apparatus has been designed. The idea of this device enters all
the details of life, all trains, wing of aircraft and ships, and each of them has a specific
characteristic. Besides, the Reynolds number apparatus is designed to study the
characteristics of fluid such as the velocity of the fluid, discharge, friction factor and
the roughness coefficient. (Reynolds number) device was manufactured and fully took
all information and details on how to use the device through the lessons given and
reliable sources. The results from the device were taken such as the time and the amount
of volume in liters. Some types of flow remained in their condition and others changed
from transitional flow to turbulent flow. Based on the results, the relation between
Reynolds numbers and friction factor are analyzed and the correlation between the time
and the discharge are calculated too to investigate the analysis through this apparatus.
The results proved all three types of flow and the relationship between Reynolds and
friction factor is considered to be in linear regression. The relationship between
discharge and flow velocity and Reynolds number is a 'direct' relationship. The
increasing in the friction factor has displayed with decreasing in the value of Re. The
R2 fit the model with value near to 0.90 or less. Also, the linear model is fit the relation
between discharge and time, the increasing in the flowrate showed with decreasing the

time. In some cases, the nonlinear fit the model with R2 near to 70 or less.

1. INTRODUCTION

In fluid mechanics, the Reynolds number (Re) is a
dimensionless number that represents the ratio of inertial to
viscous forces, and hence measures the relative importance of
these two types of forces under specific flow circumstances.

A flowing fluid's Reynolds number (Re) is derived by
multiplying the fluid velocity by the internal pipe diameter (to
obtain the fluid's inertia force) and then dividing the result by
the kinematic viscosity (viscous force per unit length).

The Reynolds number, abbreviated as Re, is used to
determine whether a fluid flow is laminar or turbulent. In
technical terminology, the Reynolds number is the ratio of
inertial forces to viscous forces. In practice, the Reynolds
number is used to predict whether a flow would be laminar or
turbulent [1].

The Reynolds Number is the most widely used metric for
determining the boundary between laminar and turbulent flow.
As the mean velocity of a fluid flow increases and the
Reynolds number rises, momentum forces take over [2].

The dimensionless Reynolds number is critical when
predicting trends in a fluid's behavior. It is one of the most
essential governing parameters in a numerical model for
viscous flows [3].

Although the Reynolds number comprises both static and
kinematic properties of fluids, it is referred to as a flow
parameter because dynamic conditions are investigated. In
practice, the Reynolds number is used to predict whether a
flow would be laminar or turbulent [4].

If inertial forces, which resist a change in velocity and are
the cause of fluid movement, are dominant, the flow is
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turbulent. A glass of water, for example, is at rest when it
stands on a static surface and is unaffected by any forces other
than gravity. Flow attributes are ignored. Thus, this results in
independence from the Reynolds number for a fluid at rest.
When a water-filled glass is tilted, water spills, but flow
qualities obey physical rules, and a Reynolds number can be
used to predict fluid flow [5].

After attempting to compute drag force on a sphere while
ignoring the inertial element, Sir George Stokes (1819-1903)
suggested the notion of a dimensionless number that predicts
fluid movement.

In 1851, Stokes expanded on Claude Louis Navier's (1785-
1836) experiments, establishing the equation of motion by
adding a viscous element, revealing the Navier-Stokes
equation [6].

"Philosophical Transactions of the Royal Society"
published Osborne Reynolds' paper on the dimensionless
number, titled "an experimental analysis of the circumstances
which decide whether the velocity of water in parallel channels
should be direct or sinuous."

The dimensionless number was referred to as parameter:
Math 'R' until German physicist Arnold Sommerfeld (1868 —
1951) presented the 'R' number as the 'Reynolds number' at the
4th International Congress of Mathematicians in Rome (1908),
when he referred to it as the 'Reynolds number.' Since then,
Sommerfeld's term has been used all throughout the world [7,
8].

There are two types of fluid flow regimes to choose from:
laminar and turbulent. Transitioning between regimes is a
critical topic that is influenced by fluid and flow parameters.
As previously stated, the crucial Reynolds number, which
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varies depending on the physical case, can be characterized as
internal or external, depending on the amount of change.
However, whereas the Reynolds number for the laminar-
turbulent transition may be properly determined for internal
flow, it is difficult to do so for exterior flow [9].

Moreover, the Reynold's number is used to anticipate the
transition from laminar to turbulent flow, as well as the scaling
of similar but different-sized flow scenarios, such as between
a wind tunnel model and the full-scale version of an airplane.
The capacity to calculate scaling effects and foresee the
commencement of turbulence can be used to predict fluid
behavior on a larger scale, such as local or global air or water
flow, and thus the accompanying meteorological and
climatological implications [10, 11].

1.1 Derivation

The Reynolds number is a dimensionless number that
determines whether a fluid flow will be laminar or turbulent
based on a variety of factors including velocity, length,
viscosity, and flow type.

The applicability of the Reynolds number depends on the
properties of the fluid flow, such as density variation
(compressibility), viscosity variation (non-Newtonian),
internal or exterior flow, and so on. The critical Reynolds
number is a representation of the value used to define the
transition between regimes, which changes based on the flow
type and geometry [12, 13].

The viscous behavior of a flow is predicted by the Reynolds
number if the fluids are Newtonian. As a result, understanding
the physical situation is crucial in order to avoid generating
inaccurate forecasts. Transition regimes and internal and
exterior flows with either a low or high Reynolds number are
the key fields where the Reynolds number can be fully
explored. Newtonian fluids are defined as fluids with a
constant viscosity. If the temperature remains constant, it
doesn't matter how much stress is given to a Newtonian fluid,;
its viscosity will remain constant. Some examples are water,
alcohol, and mineral oil [14].

1.2 Reynolds applications

The uses Reynolds number like many non-dimensional
quantities are for the purpose of constructing miniature models
of designs for large machines, in order to undergo many tests.
For example, if the goal is to build a new aircraft, a prototype
of the plane is usually designed first and builds a reasonable-
sized wind tunnel to test its performance in all cases [15]. For
the scale model to be realistic in terms of test results, the
dimensional quantities in the design and in the model must be
identical, including the Reynolds number. In the plane
example, the air velocity in the tunnel and the size of the
miniature plane are chosen so that Reynolds' number remains
the same as in reality [16].

1.3 The purpose of the research

It is to design Reynolds number apparatus. The apparatus is
utilized to classify the types of flow and to study the
characteristics of flow such as velocity, discharges and others.
It's also to explain the effect of Reynolds number on the type
of flow in tubes, where the dimensional Reynolds number is a
crucial number for classifying the flow.
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2. REYNOLD'S APPARATUS
2.1 Introduction

In nature and in laboratory tests, flow can take two different
forms: laminar and turbulent. In laminar flows, fluid particles
travel in layers, sliding over one another and causing a modest
energy exchange. When a fluid has a high viscosity and travels
slowly, it is called laminar flow. Turbulent flow, on the other
hand, is characterized by unpredictable fluid particle motions
and intermixing, as well as a substantial energy exchange
throughout the fluid. When the viscosity of a fluid is low and
the velocity is high, this type of flow occurs.

The dimensionless Reynolds number is used to classify the
flow condition. The Reynolds number Demonstration is a
well-known experiment in which dye is introduced slowly and
steadily into a pipe to examine flow characteristics.

The flow condition is classified using the dimensionless
Reynolds number. The Reynolds number Demonstration is a
well-known experiment that involves slowly and steadily
introducing dye into a pipe to study flow characteristics.

Fill the reservoir with a dye that is nothing more than
colored fluid (typically potassium permanganate solution).
The dye should be the same density as water in terms of weight.
Keep an eye on the temperature of the water. You can enable
a very low rate of flow through a glass tube by partially
opening the exit valve [17].

2.2 Theory

In this experiment, dye injected into a laminar flow
produces a clear, well-defined line. It will only combine with
the water in a minor way due to molecular diffusion. When the
flow is turbulent, the dye will quickly mix with the water due
to the substantial lateral movement and energy exchange in the
flow.

A transitional stage between laminar and turbulent flows
occurs when the dye stream wanders around and shows
periodic bursts of mixing, followed by a more laminar
behavior [18].

When the dye stream wanders around and shows frequent
bursts of mixing, a transitional stage between laminar and
turbulent flows occurs, followed by a more laminar behavior.

The Reynolds number (Re) is a helpful metric for describing
flow. The Reynolds number is a dimensionless parameter that
represents the ratio of inertial (destabilizing) to viscosity
(stabilizing) forces. The inertial force grows as Re increases,
and the flow destabilizes and becomes entirely turbulent [19,
20].

The Reynolds experiment determines the critical Reynolds
number for pipe flow (2000 <Re<4000) at which transitional
laminar flow (Re<2000) occurs. The Reynolds number (Re) is
a helpful metric for describing flow. The inertial force
increases as Re grows, causing the flow to destabilize and
become totally turbulent (Re>4000) [21].

The Reynolds experiment establishes the threshold
Reynolds number for pipe flow at which laminar flow (Re2000)
transitions to transitional flow (2000<Re4000) and transitional
flow transitions to turbulent flow (Re>4000) [22]. The
application of a critical Reynolds number rather than a critical
velocity to all Newtonian fluid flows in pipes with a circular
cross-section has the advantage of being universal [23].

The studying the behavior of clustering particles is
demonstrated to which it is caused by the acceleration. It is



used to understand the behavior of faster natural and artificial
phenomena. Also, the application of Reynolds number
calculation is studied for the cluster particles [24].

Another application for Reynolds number is found, in which
the  velocity configuration is  performed  using
Magnetohydrodynamic (MHD) flow. The Reynolds number is
calculated in the conditions such as incompressible fluid in
pipe section. Some equation was utilized such as Navier-
stokes equation, continuity equation, differential equation and
finite element method. It was found at the value of Re is equal
to 10 and at a x-distance is equal to 0.0034. At numerical
results, the velocity increased with the elliptical pipe rather
than circular pipe. Thus, the type of cross-section pipe is
carried out and it was demonstrated that the elliptical section
is more beneficial than circular section using such parameter
such as Re [25].

3. THE DIMENSIONS OF THE REYNOLDS NUMBER
APPARATUS

The dimensions of the Reynolds number apparatus are listed
as below:

The length of the lowest tank is equal to 150 cm.

The width of the lowest tank is equal to 20 cm.

The height of the lowest tank is equal to 40 cm.

The length of the reservoir tank is equal to 100 cm.

The width of the reservoir tank is equal to 20 cm.

The height of the reservoir tank is equal to 30 cm.

The dimensions of the whole apparatus is considered as 30
cm as the height and the width as 40 cm. The pipe of the glass
tube has a diameter of less than 1 inch (22 mm) with the length
is equal to 90 cm while the dye injection pipe has a diameter
of 1 mm with the length of 20 cm; moreover, it is around of 10
cm enter inside the glass tube and the other 10 cm is considered
to be outside the tube. The diameter of the glass tube from the
outside is equal to 25 mm and from the inside is equal to 22
mm.

3.1 The procedures for the Reynolds number design

In the designing, we used a plate with the thickness of 2 mm
in the upper and lower tanks. The single angle with 6 mm is
used to form a border around the glass tank. The glass tank is
beneficial to see the flow during the experiment in which the
types of flow can be recognized clearly. Based on the lower
tank, it is done form plate with 2 mm thickness. The dimension
of the lower tank is: 150 cm length, 20 cm width and 46 cm
height. While, the dimension of the upper tank is: 100 cm
length, 18 cm width, and 30 cm height. Also, the dimension of
the table that is hold the upper tank is designed as follow: 60
cm height, 38 cm width. The length of the glass tube is 90 cm
with the diameter is equal to 1 inch form outside and 22 mm
in the inside. The diameter of the dye injection tube is equal to
3/4 inch. The diameter of the tube connected between two
tanks is equal to 1.5 inch. The diameter of the pumping tube is
equal to 3/4 inch with control valve in which has the same
diameter. The pipes in which connected with the pump are
designed in this apparatus is considered to be PPR. In Figure
1, it illustrates the diagram of the Reynold's number apparatus
with all its sections. The device consists of a glass tube with a
bell mouth entry on one end connected to a constant head
water tank and a valve on the other end to control the flow rate.

The flow rate of water is also monitored using a measuring
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cylinder and a stop watch [26, 27].

Fill the reservoir with a dye (usually potassium
permanganate solution) that is nothing more than colored fluid.
The dye should have the same weight density as water. Keep
track of the water's temperature. By partially opening the
outlet valve of a glass tube, you can allow a very low rate of
flow through the tube [28].

Figure 1. Reynolds number apparatus
3.2 Reynolds experiment

This paper describes how to perform a laboratory
experiment to estimate the critical Reynolds humber for a pipe
flow under various discharge conditions. The goal of this
research is to portray laminar, transitional, and fully turbulent
flows in a pipe, as well as the conditions that cause each flow
regime to occur.

Flow behavior will also be visualized by pouring dye into a
pipe slowly and steadily. Visually determine the flow
condition (laminar, transitional, and turbulent) and compare it
to the Reynolds number computation findings.

inertial force, Fi = mass * acceleration
=density*volume*(velocity/time)
=density*area*velocity*velocity

Fi :p.A.V2
F,=uv-D

where, F;: inertial force; F,: viscous force; V: velocity of the



fluid; D: diameter.

The Reynolds number is the ratio of inertial and viscous
forces in a fluid. The following formula can be used to
calculate the inertial force of a fluid:

The Reynold's number is a number that is used to define the
flow type. It's a Laminar flow if Re<2000. It's a tumultuous if
the number exceeds 4000. In the middle, it's a transition zone.
It's also a proportion of inertia and friction." The Reynolds
number is a one-dimensional number that indicates whether a
fluid flow is laminar or turbulent. Inertial and viscous forces
almost entirely drive fluid behavior under dynamic situations
[29].

Inertial Force / Viscous Forces = Reynolds number

The fundamental cause of fluid movement that opposes a
change in velocity of an item is inertial force.

Resistance to flow is caused by viscous forces.

Turbulent Flow if F inertial is larger than F (force) viscous
otherwise, Laminar Flow [18],

Re—i—p'A'Vz _pv-D _v-D
u-v-D )7 r

=

\

where, v=velocity of fluid flow, D=diameter of glass tube,
p=Density of fluid, g=Dynamic viscosity of fluid,
Y=kinematic viscosity of fluid.

In the design the apparatus is required as the following
parts:
* A watertight container
A tiny reservoir with colored fluid or dye in it
A bellmouth opening to a glass tube
A tank for measuring
At the outflow of the glass tube and the inlet of the
dye injector, there is a regulating valve.

A timepiece

3.3 Test procedure

The procedure is considered to be as the following:

(1) Adjust the inflow to maintain a consistent head in the
supply tank by slightly opening the intake valve. Allow the
flow to settle down.

(2) Slowly inject dye and observe its characteristic/behavior.

(3) Determine the amount of outflow.

(4) Increase the discharge by slightly opening the exit valve.
Re-establish a steady head in the supply tank.

(5) Repeat steps 1-4 for each discharge until the dye has
diffused fully throughout the cross-section of the tube. (Draw
a circle around the point at the tube's output end when the dye
filament wavers for the first time).

(6) Repeat the experiment with a reduced flow rate, circling
the reading where the dye filament wavers for the final time
near the tube's output end when the flow changes from laminar
to turbulent.

Test procedure of Reynolds experiment is as follows:

Fill the tank with water and let it aside for a while to allow
the water to settle.

Fill the tank with water and let it aside for a few minutes to
settle the water.

Fill the reservoir with a dye that is nothing more than
colored fluid (typically potassium permanganate solution).
The dye should be the same density as water in terms of
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weight.

Keep an eye on the temperature of the water.

A glass tube's output valve can be partially opened to allow
a very low rate of flow through the tube.

Once the flow is stable, open the dye injector's inlet valve
and let the colored fluid run through the glass tube.

Observe the appearance of dye filament in the glass tube to
determine the type of flow obtained for that specific discharge.

Using a stopwatch, keep track of the amount of water
gathered in each measurement for a specific amount of time.

Repeat the approach above for changing discharge rates to
calculate Reynolds number for each type of flow.

Adjust the flow control valve for a slow trickle outflow,
then the dye control valve for a slow flow with a clear dye
signal.

The flow volumetric rate is determined via timed water
collection.

Observe the flow patterns, take photos, or draw hand
sketches as needed to classify the flow regime. Then, using the
stopwatch, record different readings for a specific volume of
the flow, and then repeat the technique to obtain different
readings in order to determine Reynolds number and the
fiction factor [30, 31].

You can raise the flow rate by opening the flow control
valve. Repeat the experiment to show transitional flow and
eventually turbulent flow, which is characterized by
continuous and extremely rapid dye mixing as flow rates
increase.

A laminar feature can appear in the upper half of the test
segment at moderate flows before shifting to transitional flow
farther down. The behavior of the upper section is described
as "inlet length flow," implying that the boundary layer has not
yet extended over the pipe radius.

The temperature of the water is then determined.

Return the remaining dye to its original container to store it.
To guarantee that no dye remains in the valve, injector, or
needle, completely rinses the dye reservoir [32, 33].

3.4 Observations

Make the following observations while passing colored
fluid through a glass tube.

In the three cases below, observe the development or
appearance of dye filament in the glass tube at various
velocities and record the flow type based on the appearance.

When dye filaments create a straight line, this is known as
laminar flow [34, 35].

When dye filament flows in a slightly wavy pattern, this is
known as transition flow.

When a dye filament diffuses throughout the whole cross
section of a tube while traveling through it, this is known as
turbulent flow. All three of these flows are depicted in the
diagram below.

The discharge through this pipe is regulated by a control
valve and measured with a measuring cylinder.

As a result, the Reynold’s number and flow velocity can
both be computed [36, 37].

A dye reservoir sits on top of the head tank, from which a
blue dye can be injected into the water to monitor flow.

The dye injected into the water in the head tank is regarded
as a sign in our design, allowing flow conditions to be
observed. Laminar flow, transitional flow, and turbulent flow
are the three types of flow conditions [38]. These types are
shown in the Figure 2, Figure 3, Figure 4 and Figure 5.



Laminar
Low discharge How
Transition
Flow
Medium discharge
— Turbulant
Flow
High discharge

Figure 2. Types of flows in pipe flow

Figure 3. Laminar flow condition Figure 5. Turbulent flow condition
4. CALCULATION OF REYNOLDS NUMBER which collected based on the Reynolds number apparatus in
which is designed. The Tables 1-7 display the calculations for
In this section, the calculation is done based on the data in the Re and friction factor for different run of the apparatus.

Table 1. The calculation of Re and friction factor for first term

Run Discharge (m3s) Velocity( m\s) Dynamic viscosity — Re Flow regime f
1 3.333% 1075 0.0877 11073 1925  Laminar flow  0.033
2 3.703 1075 0.0974 11073 2138 Transition flow 0.046
3 4 %1075 0.1052 1%1073 2309 Transition flow  0.045
4 4347 %1075 0.1144 1%1073 2511 Transition flow 0.044
5 4.545% 1075 0.1196 1%1073 2625 Transition flow 0.044

Table 2. The calculation of Re and friction factor for second term

Run Discharge (m3s) Velocity (m\s) Dynamic viscosity Re Flow regime f
1 5.26*10%° 0.1384 1*102 3038.71  Transition flow 0.042
2 7.14*10° 0.187 1*10°3 4105.77  Turbulent flow 0.033
3 5.88*10°% 0.154 1*10°3 3381.224 Transition flow 0.035
4 6.66*10° 0.175 1*102 3842.3  Transition flow 0.035
5 6.66*10° 0.175 1*10°3 3842.3  Transition flow 0.034

Table 3. The calculation of Re and friction factor for third term

Run Discharge (m®s) Velocity (m\s) Dynamic viscosity Re Flow regime f
1 1.6*10% 0.042 1*10°3 922.152 Laminar flow 0.069
2 1.81*10° 0.047 1*10°3 1031  Laminar flow 0.062
3 1.25*10° 0.032 1*10°3 702.59  Laminar flow 0.091
4 3.44*10° 0.090 1*10°3 1976.04 Laminar flow 0.032
5 1.25*10° 0.032 1*10°3 702.59  Laminar flow 0.091

Table 4. The calculation of Re and friction factor for fourth term

Run Discharge (m3s) Velocity (m\s) Dynamic viscosity — Re Flow regime f
1 7.692 % 1073 0.2024 11073 4443  Turbulent flow 0.033
2 8.333%107° 0.2193 1%1073 4814 Turbulent flow 0.032
3 9.0909 %1075 0.2392 1%1073 5251 Turbulent flow 0.032
4 1%107% 0.2631 1%1073 5776 Turbulent flow 0.031
5 1.25 % 107* 0.3289 1%1073 7221  Turbulent flow 0.030
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Table 5. The calculation of Re and friction factor for fifth term

Run Discharge (m®s) Velocity (m\s) Dynamic viscosity  Re Flow regime f
1 2.083 %1075 0.0548 1%1073 1203 Laminar flow 0.053
2 2.222 %1075 0.0584 1%1073 1282 Laminar flow 0.049
3 2.380 %« 107° 0.0626 1%1073 374  Laminar flow 0.171
4 2.567 % 1075 0.0674 1%1073 1479 Laminar flow 0.043
5 2.857 %1075 0.0751 1%1073 1648 Laminar flow 0.038
Table 6. The calculation of Re and friction factor for sixth term
Run Discharge (m®s) Velocity (m\s) Dynamic viscosity Re Flow regime f
1 5.88107° 0.154 1%1073 3293.4  Turbulent flow 0.064
2 6.25 % 107° 0.164 1%1073 3600.78 Turbulent flow 0.063
3 6.66 x 1075 0.175 1%1073 3842.3  Turbulent flow 0.063
4 7.14% 1075 0.187 1%1073 4105.77 Turbulent flow 0.062
5 8.33%107° 0.219 1%1073 4808.3  Turbulent flow 0.061
6 1%107% 0.263 1%1073 5774.42 Turbulent flow 0.060
7 1.11 %107 0.292 1%1073 6411.15 Turbulent flow 0.059
8 1.25 %1074 0.328 1%1073 7201.56 Turbulent flow 0.058
Table 7. The calculation of Re and friction factor for seventh term
Run Discharge (m3s) Velocity (m\s) Dynamic viscosity Re Flow regime f
1 1*10* 0.2634 1*108 127.03  Laminar flow  0.503
2 9.09*10° 0.239 1*108 115.444 Laminar flow 0.554
3 8.333*10° 0.219 1*108 105.78  Laminar flow  0.605
4 1.25*10°% 0.3288 1*103 158.82  Laminar flow 0.4029
5 1.25*10°5 0.3288 1*103 158.82  Laminar flow 0.4029

4.1 The discussion of the Reynolds number and friction
factor

The relation between friction factor and Reynolds number:

For the first run when the friction factor is laminar, the
relation between Reynolds number and the friction factor is
expressed as shown in the figure below.

2500

2000 - y=-20711x+ 24959

R?=0.9186

Reynolds Number
o
(=]
(=)

=
[w]
o
o

500

0.03 0.05 0.07

Friction Factor

0.09

Figure 6. The relation between friction factor and Reynolds
Number for the first run

Laminar flow is defined by fluid particles following smooth
routes in layers, with each layer moving smoothly behind
adjacent layers in fluid dynamics [39].

The fluid tends to move without lateral mixing when mixed
at low rates, and the neighboring layers glide behind each other.
There are no orthogonal currents in the flow direction, and the
fluid has no swirls or swirls.

Fluid particles in laminar flow follow smooth paths in layers,
with each layer traveling smoothly after neighbouring layers
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at moderate speeds with little mixing. Adjacent layers tend to
fall behind one another as the fluid flows without lateral
mixing.

In the flow direction, there are no orthogonal currents, and
the fluid has no swirls or swirls. The shorter the time it takes
for the flow to become laminar, the lower the runoff speed.

The relationship between the Reynolds number and the
friction factor is seen in Figure 6. The data is fitted using a
linear model with an R? of 0.92.

For the second run, the flow became laminar because there
were no orthogonal currents on the direction of the flow, and
there were no swirls. In laminar flow, and for another reason,
a lack of reservoir water results in low pressure. This makes
the amount of giants small as time increases, the flow will
remain laminar.

In Figure 7, it illustrates the relation between discharge and
time. The linear model is fit the data with R? is equal to 0.98.

\
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Figure 7. The relation between the discharge and the time for
the first run
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Figure 8. The relation between discharge and time for the
second run

Single-phase flow is caused by the difference in pressure
between one region and another [1]. Therefore, air minutes
move from the high pressure area to the low pressure area to
acquire this. The amount of pressure drop is directly
proportional to the fluid velocity, and the dimensions and form
of the space through which the fluid moves determine the
specific kinetic energy of the fluid at a particular velocity [2].
Moreover, in the Figure 8, it demonstrates the relation between
the discharge and the time. The linear model is fit the analysis
with R?is equal to 0.993.

The mismatch between the present results and the reference
values in the greatest horizontal velocity defect in the near
wake for transient and turbulent flow is most likely due to the
plate's limited thickness. At varying Reynolds numbers, the
friction coefficient is distributed along the plate's side.

The relationship between Reynolds number and friction
factor is seen in Figure 9. The data is fitted with a non-linear
model with an R2 of 0.80.

Within the validity range of the latter, the friction
coefficient varies on a regular basis. For smaller values of Re,
the distribution along the plate does not change considerably,
but the pointwise value of the friction coefficient grows more

quickly [3].

y = 10706e %028
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Figure 9. The relation between friction factor and Reynolds
Number for the second run
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Figure 10. The relation between discharge and the time for
the third run
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Figure 11. The relation between Reynolds number and
friction factor for the third run
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Figure 12. The relation between Re and f for the fourth run
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Figure 13. The relation between discharge and time for the
fourth run

The longest period of flow was 12 minutes. The flow
velocity is shown in Figure 10. The fluid tends to flow without
lateral mixing at low speeds, and the adjacent layers glide
behind each other. There are no orthogonal currents in the flow
direction, and the fluid has no swirls or swirls. The linear
model is fitted with an R2 of 0.66.

In Laminar flow, it is occurred in which leads to the
confirmation of the quality of the flow and not to divert it to
another flow. The Figure 11 represents the relation between
Reynolds number and friction factor. The linear model fits the
data with R? is equal to 0.98.

Regarding the fourth run, likewise, for the same previous
reason regarding the Reynolds number, the amount of
disability is between the fluids and solid particles and the inner
walls of the transparent tube decrease when the Reynolds
number increases. In Figure 12, it displays the correlation
between Reynolds number and friction factor. The non-linear
model is fit the data with R? is equal to 0.98.

In the Figure 13, the relationship between discharge and
time is performed. The data fit the linear model with R? is
equal to 0.656. The following criteria have noticed:

Laminar flow type.
The relationship between hypotension and flow



velocity and Reynolds number is a 'direct’ relationship.
The highest time is 48 seconds; different from the
graphic in Figure 10 was 12 seconds.
However, the flow became laminar because there
were no orthogonal currents on the direction of the flow, and
there were no swirls. In laminar flow and another reason the
reservoir water shortage leads to little pressure. This makes the
amount of giants small as time increases, the flow will remain
lamellar [4].

For the fifth run, the relation between discharge and time is
explained in the figure above. In the Figure 14, it represents
the relationship between discharge and time. The linear model

is fit the data with R2. The following criteria have been noticed:

Both laminar flow and turbulent flow occurred.

At 30 seconds he switched from laminar flow to
turbulence.

Laminar flow occurs when a fluid moves slowly or
has a high viscosity, regardless of the fluid system's size. The
higher the Reynolds number, such as the higher the fluid flow
rate, the more the flow will transition from laminar to turbulent
flow within a certain range of Reynolds numbers.

™.
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Figure 14. The relation between discharge and time for fifth

run
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Figure 15. The relation between friction factor and Reynolds
Number for fifth run

*Shear stress is corresponded with the kinematic viscosity,
the lower the Re, the more it will increase. The greater the
value of Re, a shear stress inhibitor is proportional to the
kinematic viscosity, as it gives positive values.

In the Figure 15, it displays the relationship between the
friction factor and Reynolds number. The linear model is fit
the data with R? is equal to 0.53.

For the sixth run as shown in the Figure 16, the relation
between friction factor and Reynolds number is shown in the
figure above. It is noted that the higher the Reynolds number,
the lower the pressure drop value will increase at the same
ratio of solid load and this is due to the fact that the flow
becomes turbulent.
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Figure 16. The relation between friction factor and Reynolds
Number for sixth run
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Figure 17. The relation between discharge and time for sixth
run

More often the greater Reynolds number and this disruption
to flow cause an increase in pressure loss (hypotension).

The behavior of the pigment flow layer can be studied in
turbulent flow regimes, and the flow control valve at the tube's
end was utilized to adjust the speed of the water inside the tube.
When the speed was low, the colored layer remained visible
along the length of the huge tube. As the velocity was raised,
the layer split at a specific spot and spread over the liquid cross
section. The transition from laminar to turbulent flow was the
location where this occurred.

If we notice the difference between Figure 14 and Figure 17,
it is at the highest time of 30 seconds.

The first is laminar flow, and the second is from my lamellar
to my disorder. This is due to the difference in flow velocity,
which has a major impact on determining the type of flow.

The flow rate depends on the density, fluid velocity, and
area of the tube segment. The higher the velocity, density, or
area of the tube section is related to the higher the flow rate.

Since the height of the liquid in the tank decreases gradually
whenever the amount of the liquid decreases, the speed also
decreases and the flow rate decreases gradually, and this
means that the liquid exit rate changes with the change of time
and therefore it is not correct to calculate the time required to
empty the tank by dividing the weight of the liquid by its exit
rate, and this is only permissible when the exit rate is constant,
in the Figure 18, it indicated the relationship between
discharge and the time.

There are several ways for a boundary layer to shift to
turbulence. The beginning conditions, such as initial
disturbance amplitude and surface roughness, determine
which path is physically realized. Each phase has a different
level of knowledge.

As it is appeared, the correlation between Reynolds number
and the friction coefficient is shown in the Figure 19. It is a
non-linear relationship and friction decreases with increasing
Reynolds number.
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5. CONCLUSIONS

In fluid mechanics, the Reynolds number (Re) is a
dimensionless quantity that can be used to forecast flow
patterns in various fluid flow states [5]. Flows prefer to govern
laminar flow (paper-like) at low Reynolds numbers, but
Reynolds number disruption is caused by variances in fluid
velocity and direction, which can sometimes cross or even
clash with the flow's main direction (eddy currents). These
therapeutic currents begin to flow, consuming energy in the
process and increasing the amount of fluid available in the
fluid cavities.

Furthermore, the Reynolds number (Re) has a wide range of
applications, from fluid flow in a tube to air traveling over a
plane's wing. It is utilized in the gradient of comparable but
different size flow states, such as between a plane model in a
wind tunnel and a full-scale counterpart, to forecast the
transition from laminar to turbulent flow. Turbulence forecasts
and the capacity to quantify measurement effects can be used
to foresee fluid behavior on a larger scale, such as air or water
movement on a local or global scale, as well as the climatic
and climatic implications that ensue. Although George Stokes
invented the notion in 1851, Arnold Somerfield dubbed the
Reynolds number after Osborne Reynolds (1842-1912), who
was popular in 1883 [6, 7].

In this project, the Reynolds number apparatus has been
designed. It is utilized to study the types of flow conditions. Its
purpose is to explain the effect of Reynolds number on the
kind of flow in tubes, where the dimensional Reynolds number
is a critical factor in classifying the flow.

In the manufacturing process, the device was manufactured
locally and from different materials, including iron for the
upper and lower basin industry, with a thickness of 2 mm, and
a separate 6*6 iron was also used to make a frame to hold the
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side bottle, which gives a real view of the liquid flow process
inside the tube and the dye appears clearly, as well as a glass
tube with a diameter of 22 Mm for the dye flow into the tube
and give the special type of flow. The tube was used for the
type of heat-resistant and broken brassite. The material was
brought from Baghdad Governorate from special offices for
glass bhottles. The bottle was installed inside the upper basin
with a plastic handle and inserted into the second end of the
dye tube. Also, a special pump was installed to raise water
from Lower basin to upper basin with a diameter of 3/4 inch
tube of type PVC. The tube enters the upper basin and connects
to a perforated end to reduce vortices that get to the water
currents as a result of raising the water in the pump. These
vortices are obtained, as well as the pump is installed next to
the basin by iron piers, as well as an iron clip. To make lines
and paths for water movement and to prevent disturbances and
eddies in the upper basin before entering the transparent tube.
Additionally, several readings have been taken in order to
study the types of flow phenomena and attain the error of the
process in which compared with the R? value to see whether
fit the model or not.

Disturbed laminar transition occurred in the experiment.
Experiments with the Reynolds number device, in the
boundary layer through a tube, show that the boundary layer
becomes stable after a given length of flow. The boundary
layer becomes unstable and turbulent when the volume of fluid
flowing through the control valve is increased. This instability
happens at various scales and with various fluids. In most
circumstances, the free current of the fluid velocity outside the
boundary layer is considered the flow velocity.

Experimental measurements reveal that for "fully
advanced" flows, laminar flow occurs when the return is less
than 2300 and turbulent flow occurs when the return is greater
than 2900, based on our design for flow in a diameter tube (the
diameter is equal to 22 mm). A continuous turbulent flow will
form at the lower end of this range, but only a very long
distance from the tube's inlet [8]. At unpredictable periods,
intermittent flow will begin between the transition from the
plate to the turbulence and then back to the plate. This owes to
the fluids various velocities and velocities in different sections
of the tube's cross-section, which are affected by other factors
including tube roughness and flow homogeneity [9, 10].

Furthermore, the laminar flow dominates in the fast-moving
tube's core, while the turbulent, slow-moving flow dominates
towards the wall. As the Reynolds number climbs and the
intermittency between increments rises, the continuous
turbulent flow gets closer to the intake, until the flow becomes
fully turbulent at a return of > 2900. This result may be used
to non-circular channels with a hydraulic diameter, allowing
for the determination of the Reynolds transition number for
various channel forms. This transmission is also known as
Reynolds numbers.

In the laminar flow conditions, in which all the fluid's
minutes move along parallel lines inside the tube, and
therefore it is also called stratification.

In the turbulent flow regime, in which vortices are formed
and the fluid movement becomes random. Mathematically,
fluid disturbance is represented by Reynolds decomposition.

Also, when the flow of water turns to the turbulent, that shift
requires more energy to push the water than if the flow was
flowing, because the turbulent flow causes energy loss due to
increased friction with the walls of the vessel - which causes
the generation of heat - which changes the viscosity of the
water [11, 12].



The relation between the Reynolds number and the friction
factor is described in the analysis in which it was found that
the relation for some points are considered to be linear
relations between discharge and time. As it was known the
increasing in the discharge occurred with the decreasing of the
time. Also, the decreasing in the discharge happens with the
increasing in the time. Thus, the relation is attained to be a
linear relationship and the R? fit the model with value close to
0.90. Thus, the errors in the design are considered to be minor.
According to the relation between the Re and f, it was found
that there is a correlation between these variables. It was
shown with increasing the Re, the value of friction factor
decreases and versa visa. The increasing in the friction factor
has displayed with decreasing in the value of Re. The R? fit the
model with value near to 0.90 or less. Also, there is a
correlation between the discharge and the time. In most cases,
the linear model is fit the relation and the increasing in the
flowrate showed with decreasing the time. In some cases, the
nonlinear fit the model with R2 near to 70 or less. Thus, there
is a correlation between the discharge and the time of the
experimental recoding data.

Briefly, our design is beneficial in which the various kinds
of flow can be studied. Also, it is essential to study the fluid
properties such as the discharge, velocity of the fluid, friction
factor and the value of the Reynolds number. The observation
of different types of flow can be achieved with the Reynolds
number apparatus and it can be demonstrated using dye
injection through the tube.

In the recommendation part, it might be used different fluid
to study the characteristics of the fluid such as viscosity. It is
also significant to perform some changes in the design. For
instance, the cross-sectional area of the tube is changed for
liquid to flow with a surface. Thus, distinctive dimension can
be used to give an essential value of Reynolds number to start
with the turbulence in the flow of the tube. In some cases,
changing the parameters of the width with the length of the
glass tube with different values is to acquire the re-
transmission and turbulent flows.

It is obvious that the running water through a surface with a
movement of small speed [13]. During the tube, the fluid flow
in a tube, the fluid layer in contact with the inner surface of the
tube is stable. This is an indication of the laminar flow type in
a tube. The layers of fluid increase in velocity towards the
middle of the tube. Thus, the value of Re reaches the critical
value and above, leading to a turbulent movement in the fluid
will start due to any imbalance [14].

Based on the analysis, the points are considered to be as the
following listed:

1. The ratio of the force of limiting friction and normal
reaction between any two surfaces in contact is defined as the
coefficient of friction. Angle made with the direction of
normal reaction by the resultant of limiting friction force F and
normal reaction R. R stands for reaction angle. It is proposed
that Re and friction factor be calculated utilizing tow surfaces
and the flow properties between them be studied.

2. After executing the tests and taking the relevant
measurements, it is recommended that you investigate the
amount of pressure inside the tube. Knowing the system's
specifications (tube length and diameter, air density, and time)
will allow you to extract the following quantities (Re and f). It
is suggested that the link between hypotension and flow
velocity be shown so that it can be determined whether there
is a positive association between flow velocities. The amount
of pressure drop in the tube is dependent on the speed of fluid
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flow into the tube and can be studied.

3. As the flow speed inside the tube increases, the pressure
drop increases with Reynolds number.

4. The coefficient of friction has an inverse relationship with
flow velocity and Reynolds number [15].

5. The scientists attempted to assess whether turbulence
persisted under varied flow conditions by pumping water into
the water moving down the pipe to create "turbulent puffs."
Turbulence reduces the speed of water flowing out of the
pipe's core by roughly 30% while boosting flow speed on the
pipe's walls, resulting in water flowing smoothly out of the
pipe emerging with a different-shaped jet than turbulent flow,
making measurements simple.

6. There is a 'direct’ link between discharge, flow velocity,
and Reynolds number. The friction factor for a pipe in the
transition zone falls fast as the Reynolds number and relative
roughness of the pipe decrease. The friction factor line for the
smoothest pipe is the lowest, where the roughness &/D is so
minimal that it has no effect.

7. As the Reynolds number increases, the continuous
turbulent flow draws closer to the intake and the intermittency
between them increases, until the flow reaches Re D> 2900
and is completely turbulent [15].

8. The thickness of the sublayer diminishes as the Reynolds
number rises, and so the surface bumps protrude through it.
The higher is the roughness of the pipe, the lower is the value
of Re at which the curve off vs Re branches off from smooth
pipe curve.

To sum up, the study of different types of turbulent flow is
suggested in order to see the difference between the rough and
smooth turbulent flow. More analysis is needed to study the
turbulent flow regime with the roughness of the pipe, thickness
of sublayer, relative roughness and others.
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