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INTRODUCTION

This effort s the result of laboratory practices developed with the purpose of furthering
abilities in engineering students, by means of industrial applications, solved exercises
and series with answers, as well as examples produced via free software.

Over the 2016B semester and thanks to the teaching of fluid mechanics at Unidad
Académica Profesional Tianguistenco, it was found that students require to make examples
as regards the proper use of metric units, metric unit conversion and dimensional
analysis, which will allow them to properly use and handle variables and equations
often used in engineering.

Most commonly students only analyze examples put forward in the lesson and
probably will do some research in a book, however they do not tend to investigate
more than the minimum required to pass the course; one way to catch their interest
and help them dig deeper into specific subjects and comprehend better the subjects
taught in class is to use free software with the purpose of presenting some examples.
By using these tools, we can counteract the fact that students use exclusively computer
tools presented at school, which tend to be very expensive. Our purpose is to help them
explore free alternatives.

After the observations above, we were able detect the importance of practicing
examples with industrial applications. This book contains suggested subjects to aid the
teaching of fluid mechanics in a classroom, which favors the students’ comprehension
and gives them useful tools to handle the problems they will have to face in the industry.

In order to accomplish this, we expose the main subjects to study in a basic course
in a hierarchic manner: Introduction and basic concepts, statics of fluids, continuity
equation, energy general equation, momentum equation, design of pipeline systems
and equipment selection.

Answers to every exercise at the end of each unit are included. Surely contributions
that complement the exercise can be made simultaneously as the example is solved.

Special thanks to Universidad Auténoma del Estado de México, particularly to
Secretaria de Investigacion y Estudios Avanzados and to Unidad Académica Profesional
Tianguistenco, and also to the program FORDECYT 273496 for their infinite support
in the preparation of this book.
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BAsic CONCEPTS

Fluid Mechanics

Fluid mechanics is a branch of mechanic science in charge of studying the behavior
of static and moving fluids, in other words, of those substances that can be found
in liquid or gas state, whose molecules stay separated and adapt to the shape of the
container which holds them.

Figure 1

Studying this discipline enables us to understand the effect of the properties of
fluids under specific conditions, this can help us predict their behavior and use this
knowledge to select and use the proper equipment for specific systems such as hydraulic
installations in houses, mining industry, food industry, oil industry, automobile and
aeronautic systems, etc.

Figure 2

Fluid mechanics is a compulsory subject in many engineering programs and sc iences.
[ts study requires knowledge of the main properties of matter, essentially those of
which the fluid’s behavior heavily depends on such as viscosity, superficial tension,
density as well as general concepts of physics, statics and dynamics and the proper
use of mathematical tools such as integral and differential calculus and software that
allows solving the governing equations of this discipline.

Among the abilities that the student of fluid mechanics and of any other engi-
neering field must have is the proper use of metric units in different systems, use
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of scientific notation and the skill to make dimensional analysis of various mathe-
matical equations.

Formally, fluids are substances deformed under the action of shearing stress, no
matter how little this stress is. To properly understand this definition, it is necessary
to remember that stress is force applied upon a specific area. There are two types
of stress: normal and shear. The first one is applied perpendicularly to the area as
pressure. The second is applied tangentially on the surface, as a torsional stress. In
the case of fluids, we may think that they comprise successive layers of matter, if
we slide a body through the surface of the fluid, the fluid will always deform. On the
other hand, if we are dealing with solid objects the shear stress will have to be very
big so that it is deformed.

In order to dig deeper into the properties of a fluid, it is necessary to speak of the
continuous supposition, which consists in supposing that even though the atoms
and molecules of a fluid are separate, it is considered that there are no empty gaps,
and so, most of the space is occupied by matter; there is continuity in the matter
that constitutes the fluid, this allows us to assume that the average value of the
properties of the fluids is constant.

Among fluids’ properties there are:

Density
The relation between the mass and volume of a substance
masa m kg
e M =
volumen v m

It can be expressed in terms of relative density or specific gravity, which is a rela-
tion between the density of the substance of interest between the density of water
in standard conditions of pressure and temperature.

DR — S — pinteres
pwater

Viscosity

Viscosity is the capability of a fluid’s molecules that allows them to move according
to the molecules around them. If we think of a laminar fluid as the consequence of
layers of fluids piled one over another, the relative movement of the layers under
the action of a shear stress will depend on viscosity. The relation between shear
stress and the movement of the layers is given by the following equation:
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. !ldu
Xy dy
Which shows that the shear stress (t) applied on a fluid that moves in x direction (u)
with respect to the perpendicular distance to the area where such stress is applied
(v)- The negative sign is due to how heat flows from the areas with the highest
temperatures to the ones with lower temperatures, the shear stress flows from the
areas with higher velocity to the ones with lower velocity. According to the expression
showed before, viscosity in the international unit system is expressed in N s / m?.

Superficial tension

Superficial tension is the resistance that a fluid shows before breaking its bonds in
the surface. In a fluid the molecules at the center are attracted in every direction by
the molecules surrounding them, which allows the total force on them to be zero;
on the other hand, the molecules on the surface are only attracted by the molecules
on the inside of the fluid, and so the total force is towards the inside of the surface,
that is why a fluid’s surface is more or less curved depending on the intermolecular
attractions.

Volumetric expansion coefficient

B=3a
Compressibility coefficient
k=1  Av
v Ap

Flow

In fluid mechanics, flow is the amount of matter that crosses through an area in a
specific amount of time. Volumetric flow and mass flow are used very often. Volu-
metric flow is expressed in m3/s and mass flow is expressed in kg/s.

vol = VA

Dimensional Homogeneity
The equations used in engineering must be dimensionally homogenic, which means
that the dimensions and units used must be the same. To achieve this, we use the
fundamental dimensions and their units in the interest system.

For instance, to ascertain the dimensions of I/, in the following equation we use
dimensional analysis.

SLdIIDNO) JISVg E



(P V? .
m ;+7+gz =W,

Since each of the terms inside the parentheses have L?/s? dimensions and the mass
flow uses M/s, the dimensions used for W, are

M L_2 _MLL _(Fuerza)(distancia) _ trabajo

2 2 . .
s S s S tiempo tiempo

= potencia

And so, its unit in the international system is Watt (W), while in the British system,
itis horse power (hp).

ﬂ'@, kg/s; Mass flow

vol, m?®/s; Volumetric flow
P, kg/s; Density

V, m/s; Velocity

d, m; Pipeline diameter

Scientific Notation and Engineering Notation

In exact sciences and engineering it is necessary to express quantities in scientific
notation and engineering notation, as it corresponds. With the purpose of making
the values of different variables more comprehensible, each science and engineering
branch has metric scales, depending on the context in which one works; for instance,
it is very common to use small quantities in laboratories, so expressing that 0.001
L of a substance has been added in a test tube can be better understood by using
scientific notation as 1 mL. On the other hand, the energy supply in big industries
such as mining and automobile may be very large, this way it is expressed in MW.

Figure Scientific notation (x Prefixes
10"
0.01L 1x102 1dL
1234]
23 MW
23x10°m
1234567 m/s

Table 1
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FLUID STATICS

Pressure

Fluid statics is a branch of mechanics that studies nonmoving fluids, this means
those for which the sum of all the forces acting on the fluid is zero. This branch of
science is very important because of the frequency with which we need to work
with static fluids that are artificially or naturally contained and whose effects over
what contains them are very important for aspects as safety, design or to choose
which material to use. The force applied by a fluid on the surface that contains it is
due to the effect of the pressure exercised by the fluid column present in the infini-
tesimal section of the area.

Force can be ascertained as:

Force= mg=(Vol)g=(A_,...0.a) &

While pressure is given by:

Pressure= Force/ Asection = (Asectionhﬂuid) g/ Asecti0n= ghﬂuid

It is necessary to understand how pressure is expressed, atmospheric pressure
(P,,.) is that which the air applies on an area, its value is high at sea level and di-
minishes as altitude increases because the height of the air column decreases, also
air density decreases as the altitude increases.

Manometric pressure (P__ ), it is expressed in reference to atmospheric pressure
because the measurement instruments are calibrated to such pressure. This way, a
manometer will read zero when exposed to the atmosphere and will begin to give
values different from zero when the pressure is higher or lower.

In many cases, it is necessary to specify absolute pressure (P, ), this means the total
pressure of the system, which includes the manometric pressure and the atmospheric
pressure, which allows us to unify operation conditions and facilitate the reproduction of
the ambient conditions for the experiment in any location in the globe.

In cases where the pressure is lower than the atmospheric, this means that a
part of the air contained in atmospheric conditions has been evacuated, it is called
vacuum pressure, the maximum vacuum pressure that we can get would be if all
the gas molecules where evacuated from the system and it would be absolute zero.

An example of the various ways to express pressure is shown: at the sea a scuba
diver is exposed to higher pressure as he dives deeper; on the other hand, as he
ascends back to the surface the pressure lowers, this is caused because pressure
rises as the fluid column that the system supports is larger.

The pressure felt by the scuba diver as he dives to 20 m underwater in salt water
(p=1030 kg/m?) is 202.86 kPa manometric and the absolute pressure that he feels
is 303.386 kPa, when the atmospheric pressure is 101.3 kPa (P_, ).
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If a scientist wants to study the properties of a certain material for the scuba
diver’s watch, such scientist will have to apply an absolute pressure of 303.386 kPa,
reproducing the conditions where the watch will be working on, regardless of the
atmospheric pressure of the place the scientist is.

Pam=87 kPa

|
|
Pam=1013 KE,@I
|
|

STANDARD SEA LEVEL

p=1030 kg‘l'ng

Pre

Pman=pgh=202.86 kPa
Pabs=Pman+Patm=303.386kPa

Figure 3

Forces Applied on Flat Submerged Surfaces
On certain occasions, it is required to know the force applied by a fluid over the
surface of the container that holds it, for instance to ascertain the necessary force to
open a liquid ring vacuum gate in an industrial process or that necessary to main-
tain a welded section of a tank containing certain mineral pulp, the thickness of a
material in certain sections of a container, etc.
To calculate the force applied by the fluid on the surface, it is necessary to divide the
area of interest into sections of infinitesimal size, since the pressure applied by the fluid
will rise as the areas go deeper, calculating the force in each of them and adding them.

The height of the liquid over the system is expressed in function of the angle that
forms the surface of interest with the fluid level (y sin o), which allows us to find
out the vertical height of the liquid column on each section of the area, thus force is
calculated as:

F=[ PdA=pgy(sena)dA=ysena ydA

In the equation above the integral is defined as the first moment of area, and so

force is expressed as: B
F =yysena

Where is specific weight, , is the distance from the level of the fluid to the centroid
of the area of interest with respect to the inclination of this area.
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ysena

— centroide

The calculated force represents the sum of the pressure applied on each infinitesimal
pointofthe area of interest, now we must calculate on which point the force mentioned
before (islocated, and so the calculated force located at this point balances the forces
applied by the fluid over and under the calculated force, and so a momentum balance
is carried out,

YeF = J.de = fdeA = fy(yysena)dA = ysenafyzd/l

Where the integral on the right is defined as second momentum of inertia of the
area which is given by:

I, =1+y%A
Where is the inertia momentum, and so the momentum balance turns to:

YepF = ysena (I + y*A)

I
Yep = 3_1 + }_/_A
Where is the distance (Parallel to the inclination of the area of interest) from the
level of liquid to the point where the sum of momentums of the forces applied by
the fluid on every infinitesimal section.

One of the most common applications of the calculation of forces on flat or curved
surfaces is the design of equipment and structures; for instance, the following
exercise: It is required to design a container for a slurry mix used in food industry.
Because of the normativity, the container must be made with welded stainless steel.
Ascertain the force that the weld must resist, as well as the effort to which a 1-cm
thick weld rod is submitted.
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Forces Applied on Submerged Curved Surfaces

It is often required to calculate the forces applied by a fluid on curved surfaces, this
is because it is better to have curved sections of only one material than flat sections
per unit, because in such areas, defects frequently appear in the material, though
this can be due to design and aesthetical aspects.

To calculate the force that a curved section must be able to handle, it is important
to consider that the fluid applies an impulse in horizontal direction, as calculated
for a flat section, considering an inclination angle with respect to the fluid surface
bigger than 90°. Besides, there is a vertical force corresponding to the weight of the
fluid deposited on the curved section.

In order to make a methodological analysis, the area under analysis is divided
into three sections: The section corresponding to the horizontal force (Section A),
which is found next to the edge of the curve and toward the bulk of the liquid, a vertical
section located above the section that contains the curved surface (Section B), and
the section that contains the curved area and that is delimited by it and by the two
sections mentioned before (Section C).

The methodology to ascertain the force applied over the curved surface is pre-
sented below:

1) The horizontal force at section A is calculated, taking as area of interest the
area projected by the curve and following the procedure mentioned before
to calculate the force on flat surfaces, locating as well as the pressure center.

2) Theverticalforceapplied onsectionB (F ,)is determined, which corresponds
to the weight of the fluid in the volume of the prismatic figure and is located
in the centroid of figure .

3) The vertical force applied by the weight of the fluid contained in section C
(F,,) is determined and is located in the centroid of the curve.

4) The total vertical force is calculated (F ), adding both of the vertical forces
calculated earlier, moreover it is calculated the point where the first one is.
To achieve it, a sum of momentums of both vertical forces and total vertical
force is made.

5) Netforce (F,) is calculated using F, and the total vertical force F, , calculating
the corresponding inclination angle.

6) The resulting force is located. To achieve this, the horizontal force is located
in, the total vertical force is located in its respective pressure center is
located at the point where both forces intersect; the resulting force (F) is
collocated with the calculated inclination angle.
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MovING FLUIDS

Fluid Flow

We deal more often with moving fluids than with static fluids, whether it is to find out
ariver’s flow or to select the equipment to transport a fluid in industry. For example,
if we are dealing with oil, we need to know the characteristics and behavior of the
fluid; that is why, in this section, we will explain the particularities of fluids that will
allow us to study them properly.

The behavior of a fluid can be studied from two different standpoints: one where
it is a fixed reference system selected and it is called Eulerian and a fixed volume
control is utilized. From the Lagrangian standpoint, the system is analyzed by
means of what passes through the fixed system from a perspective where a particle
of the fluid is selected and so the behavior is determined following its trajectory.

Eulerian approximation Lagrangian approximation
Control volume
el '

Fluid particie

|
\ "\ Fiuid particle

/
N / trajectory

-
]

Accumulation

||
i Outlet 1

Figure 5

As mentioned above, a fluid is defined as a portion of matter that can be deformed by
any slight action of shear stress, which is applied over one or several directions on a
specific area. Hence, a fluid can be studied in different directions for each reference
system, which will allow us to properly describe the fluid.A laminar fluid can be
simplified as unidimensional, whereas a turbulent fluid has to be tridimensional; this
behavior is noticed in the trajectory’s lines that stablish the path followed by a fluid
particle, which means, they are determined using the Lagrangian way.

Systems are needed more often than control volumes. A system is that which is
delimitated by real or imaginary frontiers, through which matter and energy can or
not pass through. A control volume is a space delimitated by real or imaginary fron-
tiers, through which there is exchange of energy and matter. In physics analysis, we
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tend to work with systems, while it is not common to work with control volumes,
however there is a way to relate a system to a control volume; through the Reynolds
Transport Theorem, which tells us that the change in the properties of a system is
equal to the net flow of this property through the system'’s frontiers, plus the sum
of this property generated inside the control volume.

For instance, if we fix the change of energy in a water heater that is on as a control
volume, the quantity of water that is flowing in and out to concentrate energy must
be quantified through the frontiers, as well as considering the energy generated or
that escapes from the control volume over the analysis on any other mechanism.

Reynolds Transport Theorem

Reynolds Transport Theorem establishes that if B is a property (mass, energy, force,
etc.) and b is the value of this property per mass unit (specific property), the change
of property over time in the system is equal to the accumulation of the property in
the control volume, plus the net quantity of this property, entering in or out of the
control volume. This means,

dB
dt

Where the term on the left corresponds to the change of property B respect to the
time in the system. The first term after the equal sign corresponds to the generation
or consumption of this property respect to time in the control volume. The second
term corresponds to the sum of the entrances and exits of this property, through the
surfaces of the control volume.

In the water heater example, the Reynolds Transport Theorem would be:

d o
— pb dVol +f pbV-dA
Sup Vol C

sistema dt Vol C

B=E, energy, ]
b=e=E/m, specific energy, k] /kg

d

dE
— — pe dVol +j peV-dA
Sup Vol C

dt

sistema dt Vol C

Where the term on the left would correspond to the thermodynamic analysis of the
initial and final energy of the system. The first term on the right side of the equation
corresponds to the generated or consumed energy inside the control volume; thismeans,
the accumulation that can be either positive or negative. The last term of the equation
corresponds to the sum of the energy going through the control volume together with
the fluid that flows in and out of the frontier; this term is known as connective term.
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Taking a system:

L L
.

State 1 State 2
T, T
P P,
‘ AE = E-E,
L - m;
R E Change of energy=
E‘ 2 Final energy- Initial energ
Initial energy Final energyl

L U

Figure 6
Taking a controf volume:

180°

v,

Vi -dA; =V, dA; cos 180 = -V, dA,

Accumulation

£ J Vol
- e dv o,
de L

o

i 5 P
A Az\ul

Pg 'm! = l-"z d-“z cosl = Vz dAz

d

sistema de Vol ©

dE

- pey V- da, +f paez Vo dA;

Sup Vol € 2

pe dVol +J.

Sup Vol € 1

Tha diffarantial vector of sred, i porpandicular (o the srea and 13 direclion is oulside of the eantral valume
Figure 7

Continuity Equation

The continuity equation is one of the fundamental equations of fluid mechanics that
allows analyzing the change of mass with respect to time in a control volume; for this,
the Reynolds Transport Theorem is used with mass (M) as the studied property:
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B=M, kg
b=M/m=1

dMl df (1)dV!+J (1}?@
. Isystem = 57 [ (4] Ju] .
T at Jyy ¢ Sup Vol C

Owing to this, the continuity equation looks like this:

dMl df av J+J V-dA
——lsystem=7-| pdVo p V-
dt T dt by Sup Vol €

In many systems of study in engineering, we work with static fluids, that is why the
term on the left side of the equation is equal to zero; and so, the continuity equation
ends up as:

d
—f p dVol +f pV-dA=0
dt Vol C Sup Vol C

The first term corresponds to the mass accumulated in the control volume and can
be either positive or negative; this means that the control volume can be full or
empty. The second term corresponds to the mass that breaks through the control
volume frontiers, it may be flowing in or out of it. The entrance or exit of mass is
calculated with the second term of the continuity equation, this means, with the
point product of the velocity vector, because the point product V - dA) is defined as
the magnitude of the velocity, multiplied per the magnitude of the differential area
per the cosine of the angle formed by this two vectors; this point defines whether
the fluid is entering or exiting the control volume.

In the following figure, a container filled with alimentary syrup is displayed, with S=1.82.
When the syrup level inside the tank is equal to 2 m, a 2-inch diameter valve opens,
supposing that the exit speed is constant and equal to 8.85 m/s.

Given these facts, solve the following problem: what is the change of height of the
liquid’s level? and how long does it take for the liquid to be as low as 0.5 m if the
diameter of the tank is 3 m?

2m

¥
0sm

=7 J/

l 8.85m/s Lt

Figure 8
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The tank is being drained, for if there is accumulation, this means, that the height h
of the tank is changing with respect to time, there is only one pipeline of entrance
or exit, and so, that is why the second term of the continuity equation turns into one
term, turning the equation into the following:

d

— p dVol +f pV-dA=0
dt Vol C Sup Vol C

dVol=A,  dh

tank

d o e
E,f P Apipelinedh + j P Vpipetine " AApipetine = 0
Vol C pipeline

In the pipeline, the vector of the difference of area is outside, that is why it is
parallel to the velocity and its direction is also outside the control volume, and so,
Viuveria * QAtuberia =V dAcos(, integrating and grouping constants.

dh
p Atanque F +p VA COS(O) =0

And so, the height change in the liquid’s level respect to time is:

m
dh _ P Vpipeline Apipetine _ _ (3-85 ?) (7)(0.0254m)?

— = = = —0.0025 20
dt  Aan (M L5m)? e !
5
This means that the level of the tank decreases at a rate of 0.0025 m/s, while the E
time when the height of the liquid inside the tank decreases to 0.5 m will be: o
ah 0.0025 2
— = —U. m/s
dt /
dh _ _dt
0.0025m/s

fdt = f dh = 394. 07— (hlosm = hlym)
00025—

t =591.1s



MOMENTUM EQUATION

It is often needed to know the force associated to a control volume, and so a force
analysis is carried out, it can be represented in a momentum diagram similar to the
process that would be made if it were a free body diagram. To relate the force analysis
in a system to the force analysis in a control volume, the Reynolds Transport Theorem
is used.

The sum of forces in a direction i in the control volume is

LF; = ma;
As acceleration is dv,/dt, then,
dv;, d(mv;)
o=mag =m =T

According to Reynold’s Transport Theorem:

dB

losen =g pbavol+ [ pbv-dA

Vol C Sup Vol C

And can be equalized to the sum of forces in the control volume for each component:

. dv; d(mv,)

=ma; =m-—=—

' ' dt dt

Examples

1. A water nozzle is used to perpendicularly clean grease from a metallic surface
submitted to lamination. If the water nozzle flow is equal to 40 Kg/s and its diame-
ter is 2 inches, determine the force components that the support piece that weighs
320 Kg must resist.

Metallie surface
Suppon
e

W=mg Farca of
g =981c0845 support, F,

Figure 9
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According to the image, the reference axis can rotate and will only be a momentum
associated to the impact of the fluid in direction of the z axis, even though the fluid
moves in direction x as it impacts against the surface, it is supposed to make it in a
symmetric way, and so the forces associated to the fluid are annulated in this direction.

And so, the sum of forces in the control volume will be:
SE =F—-W
And the equation of the momentum in static state will be:

d(mv,)

—systemzf pUzV' dA = pV(VAcos 180)
dt Sup Vol C

Mass flow= 40 kg/s
4 V= (40 kg/s)/((1000 kg/m?(3.1416)(0.0254 m/s)?)
V=18.73m/s

x p
180° w# V.= -19.73 m/s
e

v

Metallic surface

Support
plece

Figure 10
And so, the force that the support piece must resist will be:
YE,=F,—-W = pV (VAcos180)=p V? A
F,=W+ p V2 A = (320kg) (9.81 ;n—zcos 45) + (1000%) (19.73%")2 (0)(0.0254m)= 33.28 kN
2. A diameter reduction is made to project water to the atmosphere through a

nozzle as the one shown below. If the nozzle has to be fixed with a metallic ring to
the floor, determine the force the ring must resist.
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0.15mis

Figure 11

In this case we have a confined fluid, which is why the effect of the pressure will be
important, because inside the pipeline the fluid applies a force towards the interior
of the control volume, and at the exit the atmosphere applies a force towards the
interior of the volume control, the sum of forces will be:

®
P2 F_'zAz. —
6in <1 ——

P.=P., =101.3 kPa

Vie = -| 2 |
P, = 608.39 kPa

er=|V1|

Figure 12

d
IF, = —F 4+ Fpy — Fpp = pv; dVol +f pv;V-dA
dt Jyoc Sup Vol €

ZFz:_Fs‘}'Fm_sz:f p U V- dA, +f p Uy, V, - dA,
Sup Vol C1 Sup Vol C2

XF, = =F + Fpy — F,

p2 = PVx1V14; cos 180 + pv,,V, A, cos0

—F; = —=Fpy + Fpy — pvyiVidy + pvy, V24,

And so, the force that the ring will have to resist along the x axis is:

—F, = —(608390 Pa)(m)(0.0762m)? + (101300 Pa)(m)(0.0381m)?
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- (1000%) (8.22?) (822 ?) (1)(0.0762m)?
+ (1000%) (—32.98?) (32.89 ?) ()(0.0381m)? = —16.81 kN

There are no data about the weight of the pipeline in the z axis nor of the weight of
the fluid in the volume of interest.

Energy Equation

Now the Reynolds Transport Theorem will be used to analyze the energy in a control
volume starting from the physical and thermodynamic knowledge of the systems. The
energy inside a system is mainly composed of three types of energy: kinetic, potential
and internal energy.

If in this case the extensive property (B in Reynolds Transport Theorem) is total

energy:
2

B=E=E;,+E,+U= +mgh+U

Therefore, our specific property (b in Reynolds Transport Theorem) is,

2
b=e=ec+ep+u=7+gh+u

According to the 1°* Law of thermodynamics, which states the conservation of energy,

AE=Q+W
As we replace it on Reynolds Transport Theorem we obtain the following expression,
dE d e e
E |system = ajl/ol Cpe dVel + J;'up ol CP eV -dA

Where
. . dm
Wflu]o = PdVol = P7

Considering there is no accumulation,

dE . . . 3
E |5}’5tem = f pe V-dA = Q + Warrow - Wturbme - Wflaw
Sup Vol C
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V2 . : : dm
f P ‘E"‘QZ"’H V'dA=Q+Warrow_wturbme_P—
Sup Vol C P

Moving the last term to the integral on the right side, we have,

V2 P P : §
f P (7+gz+u+—) V-dA =Q + Worrow — Wewrbime
Sup Vol C P

With the integration of one same line of current of laminar flow and between 2
points with constant properties, the equation becomes

VZ— V2 2 AN ; ;
2 +9Z; — 9z tu; —uy + P m = Q + Worrow — Weurbine
When we divide it between mg
VZZ—V12+zz—zl+u2_u1+P2_P1 =.i. I/I'/m.:row_VVm.r.‘bme
29 g Py mg mg mg

As we rearrange it

V_zz_ +z,+ E-{— Wm-?.’hme _ i Uz =iy = V_IZ_ 2 _-p_l 5 Wrzfrﬂw
2g pg Mg mg g 2g pg  mg
Uz—Ug

Q . .
Where: . = = 5=+ = is called head losses and they are associated to the energy
lost because of friction, rugosity on the surface, accessories of the pipeline such as
reducers, amplifiers, etc.

ht — Wiurbine

mg is the head turbine loss and is associated with the energy extracted by
the turbine in the system.

W{m
h — Zpump
b

mg head pump is the energy added to the system by the pump.

And so, the general energy equation for a fluid will be:

L WS/ S S S
29" g T 2g g T

We notice that on the right side of the equation, we have the initial energy of the
system added to the energy that can be supplied by a pump; whereas on the left
side, we have the final energy of the system added to energy lost because of friction,
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heating or a device that extracts energy (turbine), This way, point one in the analy-
sis must be at the beginning of the flow, while point two must be the point at which
the fluid has already traveled through the pipeline and lost energy.

Simplifying for the cases where there is no pump, assuming there are no head or
head pump, the energy general equation would look like Bernoulli’s equation

V2 P, V2 P
—tzt— ==tz +—
29 pg 29 pg

To ascertain head losses, h, the friction effects must be considered because of the
characteristics of the pipeline and the fluid (h f) and the lower head losses associated
to accessories such as expansions, contractions, etc (h,).
To determine hf, we must consider Re and relative rugosity:
VD _ VD k
Re=£==—and R.r.==2

u v D
With these two quantities it is possible to find out the friction factor, f, using Moody
charts to calculate head losses from friction. These graphics are available in fluid
mechanics books and electronic documents.

LV?
hf - f B 5
These losses shall be calculated on each section of the pipeline where velocity values
as well as diameter, rugosity or other factors change.
Speaking aboutlower head losses, for each accessory of the pipeline, the k coefficient
must be determined and all the values of h, must be summed. These values can be
found in text books on fluid mechanics and electronic documents.

V2
hk - kz

Head losses and minor losses are added to calculate head losses in the energy general
equation.

As an example, for the system shown below in which 3 Kg/s of water are flowing
through a pipeline made of galvanized iron, the required power supply for a pump
with 68% of efficiency is calculated as follows:
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Elevation

d — 400 m
Accesories
4 90° miter bend without vanes (a,b,c,d)
f b 2 90° smooth bend r/d=2 (e,g)

1 pipe entrance (h)
1 expansion (i)
Elevation

100 m —_ Pipe diameter: 2 in

h a Pipe length: 400 m

Mass flow: 3 kg/s

Figure 13

If we need to find out the power of the pump, it is necessary to establish the two
points of analysis. The fluid is pumped toward the upper tank; that is why point
one must be in the left side of the tank and point two must be on the right side, the
known data to solve the general energy equation are:

Point 1 Point 2
z,=100 m z,=400 m
Vpipeline:1'53 m/S
Pl = Patm PZ = Patm
V,=0 V,=0
kg m
ro VD _ (1000m) (153%)(0.05m)
u 114 x 10-3Pa -s
=6.7x 10*
k /D= 0.15 mm/50 mm=0.003
f=0.028
LV
h= e
400 m\ [ (1.53 m/s)? B
0-028 (0‘05771) ( 2 (9.81 mz) -
S

26.73m
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K =0.50 K=1.1 K,=0.19" (soft pipeline elbows | K,=1.00" (Expansién, D,/
(Entrance of the | (Pipe r/d=2,fyg) D,=0.00y 6=180°)
pipeline, h)
elbows
straight
without
striations,
a, b,c,d)

m 2
0535) orsm

VZ

h,=h+h =26.73 m +0.75 m = 27.48 m

z;+h,=2z,+h,
h, =(z, —z,) + h, = (400 m — 100 m) + 27.48 m = 327.48 m

Woumo=hy 1g= (327.48 m)(3 kg/s)(9.81 m/s%)=9.64 kW

Wyrmp 964 kW

WP'!‘G";IJ!HPI]? =) n T = 14.17 kW

*The values of k , K, K, and K; can be obtained from several tables in various bibliographic references. The value

of fis obtained from the Moody chart which can also be found in several bibliographic references.
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NAVIER-STOKES EQUATION

As previously mentioned, a fluid can be characterized by different properties, as well
as by the conditions to which it is exposed. Often, we wish to simplify the conditions
in which the fluid is at in order to analyze it, predict or manipulate its behavior.

Nevertheless, in other circumstances when a better and more detailed characterization
of its behavior is necessary, it is impossible to ignore the variability of its properties,
as well as the non-obligated uniform behavior of its molecules. In these situations, we
require to use the Navier-Stokes Equations.

The Navier-Stokes equations allow analyzing, at a microscopic environment, the
behavior of a fluid in order to find out in an accurate manner its characteristics and
these are required when the friction effects or the dependency of the properties on the
velocity of the fluid are important. Some examples of the application of the Navier-Stokes
equations are found in the lines of current of the flow around an automobile, the flow
prediction in the blades of a windmill and even to know the transport of substances
through the bloodstream.

In this section it will be shown how the Navier Stoques equations are obtained
for rectangular coordinates in the x axis. The procedure is similar to obtain the
Navier-Stokes equations in the y and x axes, and also to obtain them in cylindrical
and spherical coordinates.

To start with the analysis, a control volume of a fluid will be chosen, keeping in
mind that the volume can be smaller and smaller until it is infinitesimal with Ax, Ay
and Az dimensions and on which the force analysis will be made.

R

O g
TTe—

i
: | 9
.,5;-.“-"' il z
o |
g x
Figure 14

In the control volume of figure 13, four forces are acting: a) shear stress, this means the
momentum transfer from a face to the opposite face; b) the transferred momentum
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by the fluid that goes through control volume; c) the force due to the pressure that
the fluid applies on the interior of every face of the control volume; and, d) the
weight in the analyzed direction. The effect of the sum of the mentioned forces can
be appreciated in the movement of the control volume in the analyzed direction,
this means the variation of its velocity with respect to time.

And so, the analysis of the forces in the x axis is given by:

a) Shear stress. It is which appears between the successive layers of the fluid
and whose effort is affected by the viscosity of the fluid.

Yoy

=X

Figure 15

) AxAz

(Tyx |y - Tyx|y+Ay

For a fluid that moves over the x axis and whose stress is being transferred in the z
axis due to the viscosity (tz), through the area AxAy:

-—

z
L

Z+AZ 5 v ~ |

X —> : Shear stress transfer
) —»
—*
z
y - DXy
> X
Figure 16

(ryx |y — Tyx|y+Ay) AxAz

NOLLVNODY STHOLS-HIIAVN E



For a fluid that moves over the x axis and whose stress is transferred over the x axis
due to the viscosity (t_), through the area AyAz:

Shear stres:
transfer

x x+tAx

Figure 17
(Txx |x — Tyx |x+Ax)AyAZ

b) Momentum balance is the effect of the force of the x component of the velocity
that passes through the control volume, through any of its faces:

Fo=[pVV-dA |El= V.= pV,VA

Because of the flow that enters and exits through the faces located in x and x+4x,
this means the mass flow in x that goes through the faces with area 4yAz.

Ax
e

fprw-az - fpv,jﬂ

”

xXt+hx

Figure 18

(pVyVy Iy - pVyVy|y+Ay)AyAZ
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Figure 18 shows the mass flow that enters and exists through the faces located in y
and in y+4y, through the area AxAz.

N [ovv-a
L
y
/
Z >
\ / N
r
[ohv-aa / ./
Yoy
y
Ll
Figure 19
(oW, —phal ,, ) axaz

In the figure 19, we observe the mass flow that enters and exits through the faces
located in z and z and z+4z through the area AxAy.

[pwv-aa

Ax

Z+Az

zv

7

] A
y
ljpw-m

Figure 20

il ¢

(pV7Vx|7 - pV7Vx |7+A7)AxAy
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c) Pressure force applied toward the inside of the control volume in the faces located
in x and Ax with an area AyAz.

-—
4
A
R
Px ’ l Px+Ax
’Al
"
> X
X x+Ax
Figure 21

(Plx - P|x+Ax)AyAZ

d) Force due to the component x of gravity F=mg

For the chosen system there is no gravity component in the x axis, albeit, the axis
could rotate in a way where the effect of gravity in this direction is different from
zero, and so this term would have to be included, because it may be required to
analyze some study cases.

pg.AxAyAz

e) The sum of forces mentioned before is equalized to the accumulation, this means
the variation of velocity over the x axis of the control volume:

d
- pV,AxAyAz

As we add all the terms equal to the accumulation, and then divide it by the volume,
we have:

NOLLVNODY STHOLS-HIIAVN E



i Vo= Tyx|y N Tyx|y+Ay n szlz - sz|z+Az n Txxlx - Txx|x+Ax
T Ay Az Ax
PVl = pVVelene | PVl Z PR Ly oL = oV
Ax Ay Az
Plx P|x+Ax
+
Ax pgx

As mentioned before, since we start the force analysis, the control volume is infini-
tesimal, which means its volume tends to zero and so the majority of the terms of this
equation, we would have the negative definition of the derivate:

lim Plx _P|x+Ax . _Q
Ax—o Ax N dx

As it is a multivariable analysis, the Navier-Stokes equation in the x axis would be
expressed like this:

a a

a a a a a apP
EPVX - [ay Tyx +E‘rzx + a‘[xx] - [apvxvx +§pVny +EszVx _a'*' PYGx

And so, an analysis can be made for axes y and z:

a a a a
+21 +£rzyj—[£pvxvy+a pV,V, +—= pVVJ——+pgy

) _qa
ax oy T gy Tyy

5PV =

d d d d d d aP
ot p z = [a Tz T dyTyz + ETZZ] - [& pVsz + a_ypvyvz +E pvzvz] - & +pg;

These equations are generally solved simultaneously with the continuity equation.
As we are dealing with multiple variables and non-constant properties, the exact
solution of these equations has been developed only for some specific cases, while
its application to complex systems must be made with the help of specialized soft-
ware, using numerical methods that will enable us to have a simultaneous solution
to all the equations.

Next is presented the proper use of Navier-Stokes equations for two cases where
there is an exact solution.

Parallel Plates Moving in Opposite Directions

Lubricant is placed between two large plates that are moving in opposite directions
at a constant speed of 2 m/s. Solve the following case: find out the speed profile of
the lubricant between the two plates.
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2m/fs

—X
J/ Lubricant film| 3 § =5 mm
‘: L—--""::J
y -2m/s

Figure 22

Initially the conditions of the system are stablished; the plates move in a stationary
state, due to its constant speed, besides it is assumed that the thermodynamic
property of the fluid is constant as well and uniform in the system, and the fluid
is moving only along the direction over which the plates move, this means that the
flow is unidimensional.

According to the diagram, the flow moves over the y axis, while the shear stress
is transmitted over the x axis, this is why Navier-Stokes equation must be used in
rectangular coordinates for the y axis:

a a a d a
2P == [t 5t + 5| = [Fonn +

The term on the left side of the equation mentioned before has a value equal to
zero, because the system is stationary. The first term on the right side is different
from zero, because the fluid is moving along the x axis, and the shear stress is being
transferred over the y axis, the second and third terms on the right are equal to
zero, as there is no transference, at the moment, over the y or z axes since the flow
is unidimensional, and so V,=V,=0 and d/dy(AVyVy)=0, that is why all the terms in
the second parenthesis on the right side are zero, the term dP/dy=0 because the
thermodynamic properties of the fluid are constant and the last term rdg =0,as for
the chosen system there is no gravity in the y axis and so the equation will be:

d
ET},X =0

Solving by variable separation

av,
By definition 7,, = —u %, and so—pu d_; = (y,so0lving once again by variable separation

Ve=Cy+C(,
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To determine the value of constants C, and C,:

CF1 y=0 V.=2m/s
CF2 y=d V=-2 m/s

Assessing the conditions at the border, the speed profile equation is:

4 M
sz—Tsy+2m/s

And so, the distribution of velocity between the plates is linear and does not de-
pend on the properties of the fluid.

r.x{__ﬁ
—

0 2 P
0.5 1.6 —— = =
1 1.2 ¥
1.5 0.8
2 0.4
2.5 0
3 -0.4
3.5 -0.8
4 -1.2
4.5 -1.6
5 -2
Figure 23

Natural Flow in an Inclined Wall
A fluid film slides by gravity along an inclined wall, as fluids in industrial processes
do, as in mineral mud transporting, painting processes, etc.

no=0217 Na'm®
p = 875kgm?

b = 5mm

N

Figure 24
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As it is shown in the figure above, y and z coordinates where chosen, rotating them
to align them to the wall. The fluid moves over the x axis, while the effort is trans-
mitted over the y axis. The same as in the last example, some considerations will
have to be made, namely: unidimensional flow (over the z axis), stationary state
and constant thermodynamic properties.

And so, the Navier-Stokes equation in the z axis will be

0 0 0 0 d 0 4] oP
3cPV = |3z e +Eryz +£Tzz] - [aPVsz + @PVsz + PV =5, 1 PY:
d
Eryz =pPg;

Solving by variable separation:

Ty = P9y + G
. __av
Replacing 7y, = —# Pk

2
VZ:_ngZMy +Cy+C,

And stablishing the equations in the frontier:

CF1 y=0, 4,,=0

This condition in the frontier is stablished between fluids in contact with air, be-
cause the shear stress between the air and the fluid is negligible compared with the
shear stress between the layers and the fluid. Besides, this condition in the frontier
is stablished in symmetric flows as well, over the symmetric axis.

CF2 y=4,V =0, because of the non-sliding condition.

As we assess the conditions at the border; the velocity profile in the oil film is given by:

VZ=

pgz 2_ 2
2 (6% =y*)

In this case we obtain a parabolic profile, which now depends on the properties of
the fluid.
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0 0.428
0.5 0.423
1 0.411
1.5 0.389
2 0.359
2.5 0.321
3 0.274
3.5 0.218
4 0.154
4.5 0.081
5 0.0

Figure 25

QN
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ANALYSIS OF THE REDUCTION OF THE PIPELINE
IN A TURBULENT REGIME (NUMERIC SIMULATION)

In this section we will develop a numeric simulation with a basic exercise in which
we make use of the theory explained in previous chapters. It is important to keep in
mind that the equations will not be exactly the same as in previous chapters, this is
because the software we will be using for the development of this exercise already
contains the programs of the discretized equations.

The term discretize refers to converting a mathematical equation into a computer
language with the purpose of solving it by computer numerical methods.

For this exercise a simulation tool called ANSYS Fluent was utilized; it is very
powerful and extensively used in the industry. The purpose is that the reader obtains
basic information to be able to develop an exercise of fluids with ANSYS; another
purpose is that the user acquires experience that will possibly be useful in their
professional career.

Example to be Simulated

In this example we will see the necessary considerations to run a simulation of the
behavior of the flow inside a pipeline, with characteristics that will be explained later,
as well as the procedure previous to the simulation. Basically, the problem to be solved
will be the simulation of a copper tube, which suffers a reduction in its geometry with
a 25°angle. This reduction to the geometry or flow will generate a phenomenon in the
flow that will be observed in the simulation with the ANSYS tool.

Modeling
Following some specifications will be presented in order to delimit the simulation
and avoid losing the main idea, which is simulating the effect of a flow.

Considerations:

- The development will be made for a steady state.

- A 3D model will be produced.

- The characteristics of the pipeline are: Copper with an absolute
rugosity of 0015 mm.

- The angular reduction of the pipeline is 25 degrees.

- The material, whose behavior will be studied, is water.

The geometry will be similar to that in figure 26, which has with the dimensions of
the pipeline, as observed.
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100

20 —— v=15m/s

50

Figure 26

=y
-

We will start with the development of the 3D object with ANSYS Fluent; for this, we
will be basing on the development of figure 26. Using the geometry module with the
application DesignModeler, as shown in figure 27.

v A

1 g Geometry

2 | Bl Geometry
£l Edit Geometry in SpaceClaim...

3D

)

Edit Geometry in DesignModeler...

EN

Replace Geometry

Duplicate
Transfer Data From New
Transfer Data To New

Update

Update Upstream Components
Refresh

Reset

Rename

Properties

Quick Help

Add Note

Figure 27

We selected mm as working unit, as shown in figure 28.
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J File Create Concept Tools | Units View Help

| & @ ‘J E}UnchMeter
J.v M~ A~ Jiv A~ Centimeter

Millimete
N Vilmete

Micrometer
J & Extrude *Revolve €S Foot
= Oléline Inch \_
= E8 A:3D
| »
(;,I;_ ¥YPlane Large Model Support
by 3fa ZXPlane |7 Degree
-y YZPlane Racian
v @ 0 Parts, 0 Bodies
Medel Tolerance >
Figure 28

Now we make a new sketch over the XY axis (figure 29).

&4 5.8 A
o W
g3 DXPlane
g% YZPlane

S /& 0 Parts, OBodies

[ 008 tlllnwm

Figure 29

Look at face: Allows us to look at the different faces of the sketch (Figure 30).

g

Figure 30
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In the sketching window we can select the Line in order to draw something similar
at the middle of our model without having to worry about measurements (Figure
31).

Draw =

"\ Line

& Tangent Line

# Line by 2 Tangents
2\ Polyline

(= Polygon

[ Rectangle
{MRectangle by 3 Points
&¥ Oval

(= Circle

1A Circle by 3 Tangents
3\ Arc by Tangent

% Arc by 3 Points

Sketching | Modeling |

Figure 31

The middle of the model must match with the x axis, which will be used next as the
turning axis (Figure 32).

Figure 32

As we draw, some constrains might appear regarding the geometry; the most common
are:

V: Vertical constrain

H: Horizontal constrain
C: Line coincidences

P: Point coincidences
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We will apply the necessary restrictions, if they were not generated as we drew the
lines, obtaining a similar model as the one shown in Figure 33.

Figure 33

Afterwards we will scale the model, considering symmetry. Making use of the spe-
cific scale tools, or selecting the option general, and using the right click to see the
available options for the chosen element.

Cancel
it Horizontal

I Vertical

% Length/Distance
4 Angle

@) Zoom to Fit (F7)

Curser Mede »
View »
#9 Look At

X Delete
} Generate (F5)

Figure 34
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As we have correctly scaled the sketch, we can hit exit and generate a Revolve on

the axis (Figure 35).
=l| Details of Revolvel
TR v

Geometry Sketchl

Axis 2D Edge
Operation Add Material
Direction MNormal

| 1 FD1, Angle (>0) 360 ®
As Thin/Surface? No
Merge Topology?  Yes
-/ Geometry Selection: 1

Sketch | Sketchi

Figure 35

For the Revolve operation, we must select the sketch that we have just generated as
geometry, and we will use the x axis as the turning axis.

* Revolve

=& A:3D
E‘,ﬁ. XYPlane
- L@ Sketch1
= ZXPlane
,ﬂ. YZPlane

\g* Revolvel
~./®@ 0 Parts, 0 Bodies

Figure 36

This operation will not be performed until we hit the button Generate or F5 (Figure 37).

y 4
_// Generate
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Figure 37
And so, the making of the geometric model is finished.

Model Discretization

Once we have the geometry of the model to simulate, the next step is the generation
of a mesh on the geometry. In order to do this, we will add an ICEM FCD module, lo-
cated in the window Workbench. We can do this by right clicking: Geometry>Transfer
to new>ICEMFCD (Figure 38).

i) Edit Geometry in DesignModeler...
3D
Edit Geometry in SpaceClaim. ..
Replace Geometry »
53 Duplicate
Transfer Data From New 3
| Transfer Data To New » B Fluent (with Fuent Meshing)
F  Update Geometry
Update Upstream Components | LiEEED
@ Refresh ) Icepak
Cioast N\ Mechanical APDL
Rename @ TurboGrid
Dot & Turbomachinery Fluid Flow
: o vstaTF
Quick Help
AAA Mnbm

Figure 38
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Another way to do this would be dragging the component from the section Compo-
nent Systems and laying it over Geometry (Figure 39).

o "
i i
| N ———..
)
1 (]
| .
i ! = @ Geomery « Transfer A2
- 3D
R p—
i i
[ S ————
Figure 39

We double click on Model to initiate ICEM (Figure 40).

v A - B
1 1
2 () Geometry v ,——®2 @ Model ~ 4
3D ICEM CFD
Figure 40

Y+ Model Discretization
Before generating the mesh, we will calculate Y+, which is critical as we use the
realizable k-€ model made, together to wall treatments.

Wall treatments consist in the elaboration of equations that solve the viscose
sub-coat by average values, instead of solving it by small elements near to the wall.

The viscose sub-coat plays a very important role in turbulent fluids. In this zone
near to the wall some effects such as rugosity or friction appear, as well as a high
rise of the velocity. This might be very difficult to solve for elements near to the wall
where we search for a y+=1, in the sub-viscous coat.

As we use wall treatments, we obtain average values for this coat. Depending on
the type, we will need to position in certain range. As we use realizable x-¢, we have
to position in the overlap coat.

Y+ indicates us in which part of the fluid we are. Parting from the turbulence
model and the treatment type we will have to position within certain range.

The wall treatment requires a range from 30 to 300 y+, locating them in the overlap
coat, which produces a smaller number of elements (Figures 41 -A and 41 -B).
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Figure 41 - A

turhulent core

baffer &

sulrlayer

outer layer E

- I | i
—innertayer———

—— 3

baffer &

=——— .-

Figure 41 - B

In order to calculate Y+, we must be aware of the model’s operation conditions and
some of its characteristics:

The diameter of the pipeline or the characteristic length.
Absolute rugosity of the pipeline.

Average velocity in the pipeline.

Flow density.

Dynamic viscosity of the fluid.

=TT <™ O
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Y+ is known as the dimensionless distance, because through it the position of a
point respect to the wall y is located. And so, y=0 indicates there is contact with the
pipeline.

Y+ depends on the characteristics of the fluid, such as dynamic viscosity, and
density, as well as the operation conditions of the system, which is described by the
dimensionless velocity u*

Ty
u*= |

The dimensionless velocity u* depends on the density of the fluid and the shear
stress in the wall of the fluid:

1
TW=§'p'V2*Cf

The shear stress depends on the velocity of the fluid and the shear stress in the wall
of the fluid:

1
Tw=§'p'V2*Cf

The shear stress depends on the velocity of the fluid V, the density and the friction
coefficient Cf, which should not be confused with Darcy’s friction factor.

Next, we will present a way to calculate it. In case of wishing not to do the cal-
culations, there are some webpages that with the conditions and characteristics
shown above will do the necessary operations and will give the value of Y:

http://www.pointwise.com/yplus
https://www.cfd-online.com/Tools/vplus.ph

Next, we will present the Reynolds equation that describes the inertial and viscous
forces that are present in a fluid.

V-D V-D-p
R

Re =

Based on the previous equation we will indicate with the calculation of Reynolds
number the type of fluid we are working with, whether it is turbulent (Re>4000), in
transition (4000>Re>2300), or laminar (Re<2300). It is very important to say that
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in a laminar flow turbulence models do not apply, besides the mesh form will not
play a relevant role:
2.1 (Rr N 2.51 ) c A
—==2-lo —_t— =
Vi 81037 " Re - v f=3
Then, using Colebrook equation, Darcy’s friction coefficient, , the friction factor Cfwill

be calculated. The friction factor Cf corresponds to a fourth of Darcy’s coefficient.
A Moody diagram can be used to obtain the same results.
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Figure 42

Source: Cengel, Y. A, Cimbala, J. M., & Sknarina, S. F. (2006).
Mecdnica de fluidos: fundamentos y aplicaciones (Vol. 1). McGraw-Hill.

For our model we have two pipelines, we will analyze both of them to verify the
most adequate value for Y+. Our model comprises water:

o~

V=V=xA
D1=20mm D2=15mm Pipeline diameter.
€=0.0015mm Absolute rugosity of copper.
Vli=15m/s V2=2.667m/s Average velocity in the pipeline.
=998.6 Kg/m? Water density.
u=0.000103 Kg/m*s Dynamic viscosity of water.

We will try to obtain a y+ equal to 40, which is still within the recommended range.
A y+ equal to 30 might not be accomplished, because of variations due to geometry,
pressure, velocities, et cetera.
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Two different calculations will be made, one for each type of pipeline (20 and
15mm), where the diameter and velocity values will change in each case.
Due to the pipeline reduction, we will obtain a more turbulent fluid in the reduced
section, this can be observed in Reynolds numbers.

Rel =29085 Re2 =51714
The larger the Reynolds number, the finer the mesh will be.
yl=1.37e-3 y2 =7.74e-5

We will use the largest value, in this case y1. We will use the largest value, because
if we use the smallest one, this will not be valid for less turbulent sections.

Once the distance of the first cell y is defined, we will proceed to create the mesh
in ICEM-CFD.

Naming the entities where we will apply the conditions at the border. For this we
click right on Parts and select Create Part (Figure 43).

B Model
B Geometry
1 Subsets
—{1 Points
—a Cuves
— Sufaces
B [
O
Create Assembly
Remove Assembly
Show Paits Info »

Figure 43

In order to see the surfaces, we must select the Surfaces box, inside the Fluent tree
in the geometry section (figure 44).

Geometry
(1 Subsets

o Surfaces
-

Figure 44
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We select the lateral surfaces naming them: WALL (Figure 45).

Figure 45

As we make the operations on ICEM, we can middle click to apply the option in process,
or by clicking on the Apply button (Figure 46).

Create Part @

Part [WALL [Si=
— Create Part

F¥

. Create Part by Selecti

Entities | W ...
[ Adjust Geomety Names
Apply |
Figure 46

Then we create the entity INLET with the surface shown in figure 47.

Figure 47

And we finalize with OUTLET (Figure 48).

T

Figure 48
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Our tree will be very similar to the one in figure 49.
Model
-0 Geometry
—1 Subsets
—1 Paoints
—ad Curves
—# Surfaces
o
—ad INLET
—&f OUTLET
& SOLID_1_1

Figure 49

If we wish to change the color of a specific part, we right click on Change Color (Figure

50).
Bl Pats Hl
—af IMLET
o [ .
|- SURFA  Info
—ad WALl  Blank
T WALLL Pt
Brgak by connectivily
Renaine
Delate
Figure 50

Initiating with the creation of the block of our model (Figure 51).

Geometry | Mesh  Blocking

@ !\igg ""{; f}i% ‘:%:; Ti‘; {

{Create Blockr

Figure 51

Defining the name of the domain as FLUID, by a 3D block projecting the vertexes
(Figure 52).

Cimate Block

Pt [FLUID =]
I iehert Pt Hame
Create Mock

[ Ao M, A #
BB ew

Initialize Dlocks

Type [0 Boundeg Bon =|

Figure 52
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Selecting everything visible on the screen (Figure 53).

Select geometry

soectgeomery
E R RSN AT Y T ECC]

Figure 53

The initial block must be very similar to the one in figure 54.

w—— {l

i — |
t

13

I il

|

Figure 54

We will show the points of our geometry in order to make cuts through them as

seen in figure 55.
Model
Geametry
Subsets
Paintz
Curves
Surfaces

Figure 55

We will make the next two cuts through a point in our block (Figure 56).

— e - - ey |

Figure 56
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The cuts will be made through a point, selecting first a line that is perpendicular to
the cut to be made and then fixing the cutting point (Figure 57).
Geometry | Mesh  Blocking |

BBABRS
——— St Block (Key =5} —

Spi Block. ?
Splil Block. 2

BESGH
SEd

Spit Block
Block Select
= Vbl " Selscted

Blockfs | i
] I

I Copy dstitustion ot rmsvest parslel edgn

I Progect vestices

I Move O-Giid node

I Splt ot st il st

Spht Method

Splt Mathod [Prasceted pont =

5 ...

gy |[ ok | pemin |

Figure 57

We associate the borders to its closest curve, activating the projecting vertexes option

(Figure 58).

Figure 58

In order to associate, we do the following selections Blocking Associations > Associate
Edge -> Curve, activating the projecting vertexes option (Figure 59).

Bllocking Asseciations ?
Edit Azzocaation:

G

AIX W
Associate Edge > Curee
e
:m:n-:l— & ...
¥ Proect vediced

™ Propect 1o nuface ntevechion

[ Propect ends to curve inerischon
™ Relmence Mei

Figure 59
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As we do the associations projecting vertexes, they move the closest to the curve they
have been associated with, besides blocking movements outside of it (Figure 60).

Figure 60
Next, we will create an O-Grid in our block. It will adapt the block to a curved surface,
by a series of cuts in the block, as it forms in the shape of an O, hence the name.
This formation prevents obtaining deformed elements in the geometry, as seen
in figure 61.

Mo O-grid BB

© 2014 AMSYS. Inc. September 12, 1014 20 Release 150

Figure 61

In order to be able to apply an O-Grid we go to the section Split Block (Figure 62).

>

Figure 62

Blocks, faces, borders and vertexes can be selected in 3D mode (Figure 63).

Figure 63

We select all the blocks of our model, as well as the faces corresponding to INLET
and OUTLET (Figure 64).
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Figure 64

Before clicking on Apply, we activate the Absolute option, which will convert the units
into meters from the gap of the 0-Grid and not from the proportions of the block.

In this step we will apply the value of y obtained through a y+ equal to 40: The value
will be 1.4 e-3; afterwards we click on Apply so we can see the applied changes (Figure
65).

Spiit Block 4

@ oo
oie

~ Dgrid Black
Select Blockfs) @ *R
selectFacelsl 8 S8
seectEdsell T 7
Selest Vart(s) ;ﬁ; %

Clear Selected

|»

I~ fwound block(s)

Offset [14e3
¥ absolite
[~ Link Shape

eooy |[ 0K | Diemiss |

Figure 65

Following, we will define the parameters or divisions in our model (Figure 66).
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Ede [@23027 A% ...

Length | 0541777
Nodes 00 3 a—-Length of the selected border
Mesh law
Select [BiGeometnc =
/Distance between the first and second node
[ romestess loooos=es# | Growth between one division and the other in
I~ Spl Linked Select Revesse
’ gy ‘1!;5‘17 : positive direction
Spacing 2 [0.0025 [ooos * Distance between the last and penultimate node
™ $52Unked Sohc] Revese| Growth between one division and the other in
Rato2 [125 1% —— ) ) )
M s o = negative direction
-— .
™ Spacing Alelative Maximum space between nodes
[ Mode: Locked
™ Paameters Locked
W Copy Parsmeters

Figure 66

As we select a border, an arrow appears pointing out at the indicated direction of
the border. As we apply defined growths and spacing, the first one corresponds to
the beginning of the border and the second to the end (Figure 67).

S S S e —

]

i{'-‘.

i
- 1]

-

\
13

Figure 67

Edge Discretization

We must be sure to activate the option that allows us to copy the parameters to
the parallel borders; we will begin with the lengthwise dimensions on the pipeline
(Figure 68).
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Pre-Mezh Params

— Meshing Parameters

& e

Edge|22?3-‘| "ﬁ

Lergth | 0.05
Nodes [151 2 |
Mesh law
Select |BiGeametic =l

Spacing 1 [1e+010 | 0000333333 D

[~ 5p1 Linked Selectl Heversel
Ratio1 [2 [r []

Spacing 2 [1e+010 | 0000333333 D

[~ 5p2 Linked Selecll Fleversel

Max Space [1e+010  |0.000333333 D
[ Spacing Relative
[ Modes Locked

[~ Parameters Locked

v Copy Parameters
Copy

Method | To &l Paralel Edges |

Ratio2 2 |1 [0

Apply | ] I Dismissl

Figure 68

Applying 50 nodes (generating 49 divisions), through the 20 mm and 15 mm constant
sections. As we apply the Mesh law Bigeometric divisions with the same longitude
throughout the border are applied (Figure 69).

Figure 69
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In the reduction, we will apply 15 divisions (figure 70).

Figure 70

In the sections that form the circumference an initial size of 1.5e-3 will be applied in
both sides; this will help use fewer nodes and prevent rough changes between the
first layer (based on y+=40) and the other layers that do not need values as small as
the first layer does (Figure 71).

Edge [T 4211 - -
A

Lenghh 1on7Te 7\

Nodes [B B ._'

Meah law

Seboct [Bilicometic =

Spacng 1 [0.0015 [aoars

™ 91 Linked Selec| Bevesse|
Ra1 [11 (5]
Spacing2 [0.0015 [acors

[~ 5p2Linked Salect Ravessa |
Ratio2 11 [ [
Maw Space [0 e

Figure 71
To verify the quality of the mesh, click on the icon shown in figure 72.
Figure 72

Fluente will ask if we wish to update the mesh; it will not be possible to see the
quality if we do not click yes (Figure 73).
’ Mesh E

Mesh iz cumrently out of
date - recompute?

Yes | No Re-mesh out of date parts Re-mesh specific parts

Figure 73
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Afterwards, we will apply the 3x3x3 Determinant criteria (Figure 74).

PreMesh Quality 9
Catevian [Deteminant 303 ~
M ovesview|

Histogiam Dptions

Moxvae [0
Mtk [T
Matheg @ 3
Wumooiber [0 2

I Oy winiboe irdens rangs
[ Active paits orly

apey [ 0k | Dieie

Figure 74

With the blocking and parameters shown, the quality must be similar. In order to
generate the mesh we right click on Pre-mesh in Fluent tree; afterwards we will go to
Convert to Unstruct Mesh (Figure 75).

Bl Blocking
& Submat
1 Velices
' Edges
1 Faces
1 Blocks

10 Preby

4 Wae Framo
S Topoll ¥
O Panz Sald b \ie
& FLuIT
o et | Hefrecimn
& OuTLl  Froect Wertces
I Progect E dges
~ v Project Facer
Move Vestices: ot

Recompube
Fre-mech Irlo

Mave Velices

Comvent ko MidiBlock Mesh
Refeence Mulifthock Mesh

[;3;* A FdWorst elamerts
¥ ot I |

= | Scan plane:
Muve Verlex Cut plane

Method [Sigle | Dutput Blocks

Figure 75

If we have already generated a mesh, a window will appear, and so, we must click

on Replace (Figure 76).
@ Mesh Exists e

e

Mesh Already Exists

Replace I Cancel I

Figure 76
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Model Configuration
In this section, we will proceed to place the physics into the system inside of the
geometry of the system.

We will add a Fluent component in our Workbench session, dragging the Fluent
component and dropping it over the mesh.

Another option is to locate over the mesh component and right click on transfer
Data To New>Fluent (Figure 77).

- B
£ 3
ICEM ¢ ’ s
53  Dupiicate
Transfer Data From New »
| Transfer Data To New » @ o
#  Update (i3 Finite Element Modeler
Update Upstream Components Fluent
J Refresh A Mechanical APDL
Reset =+ Polyflow
EE Rename g+ Polyflow - Blow Molding
Properties =% Polyflow - Extrusion
Cuick Help [& Turbomachinery Fluid Flow
Add Note

Figure 77

As we add it, we must right click on the ICEM component and then hit update, so it
turns the mesh into Fluent format (Figure 78).

A B v C
»2|§@ Model 7 a2 8 sehn o
ICEM CFD ‘ Edit...
E3 Duplicate
Transfer Data From Mew »
Transfer Data To New »
|/ Update
Figura 78

We will activate double precision in the Fluent configuration and then hit Ok (Figure
79).
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r
L3 Fluent Launcher (Setting Edit Only)
9 Y.

(=[O [

Dimension
D
@ 3D

Display Options
Display Mesh After Reading
‘workbench Color Scheme

Fluent Launcher

Options
Double Precision
["] Meshing Made

Processing Options
@ Serial
) Parallel

|| Do nat show this panel again

ACT Option
[7] Load ACT

[#] Show More Options

[ ok ]| cemce | [ Hep ~

Figure 79

As the mesh is loaded in Fluent, we must proceed to verify if there are any
errors as well as the quality. These options can be found in the “General”
tab of the Fluent tree (Figure 80).
+ @ Setup

b BY Models

b & Materials

b @ Cell Zone Conditions

» J% Boundary Conditions
! Dynamic Mesh
@ Reference Values

4 i) Solution

2 Methods

Figure 80

We will click on “Check” and then on “Report Quality” to verify that there
are no errors (Figure 81).

General
Mesh
[ Scale... ][ Check ][ReportQuaity]

Figure 81

In Model section, we will select the turbulence k- model, in Viscous section.
We will not modify any of the options of the k-g model (Figure 82).
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4 g9 Models
AY Multiphase (Off)
AS Energy (Off)

Viscous (Laminar)
A9 Radiation (Off)
AS Heat Exchanger (Off)

Vb -
Hodel Mode! Constants
Invacd | G-Epsion
Larninar | 1.9
Spalart-Abmans (1 eqn) |
| TKE Prandt Number
@ kepsion (2 &an) : 1
omega (2 eqn) |
Transtion kid-omega (3 aqn) [[T08 Prandt Horber
Tramstion SST (4 ean) 22

Reynoids Stress (7 eqn)
Scale-Adaptive Serubtion (SAS)
Daetached Eddy Simulation (DES)
Large Eddy Srrulstion (LES)

k-epsion Model 1
Standard
RNG User-Defined Functions
@ Reakrable Turbulent Viscosty
Hear-Wal Treatment mone
® Standard Wal Functions Prandtl Nurbars :
Scatable Wl Functions SE Pranetl SR

Hon-Equlbrium Veal Functions
Enhanced Wal Treatment
Mentar-Lachnar

User-Defred Wall Functians
Optons
L Curture Cosreunn
I Production Limiter | |
[5%] [Gancel] [Heb]
Figure 82

Afterwards, we will add the work fluid from the Fluent library; we will double click
on the materials section and then click on air.

4 ) Materials
4 & Fluid
air

» &S Solid
B Cremetan Maceriats — -_— = =)
|vamg Watical Type Orcer Maberivb by
| ar fud =] & Wome
| Chemical Fammuia Flient Flud Mazeras Sl o

e [t patsase..._ |

* s - [userdetnec carabase..|
Properter
: Densty (ko/mad) conscant: =
i 1225
M| vacosry (e constant x| s
i 17805
i
gl
|
o] e m—
f Cuange/Craate | [Deleta | [Gose] [Heb. ]

Figure 83
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In the materials tab we will go straight to the Fluent data base, and we will search
for water-liquid (h20<l1>), then we will copy this material (Figure 84).

4 LY Materials
4 & Fluid
air
w water-liquid
I3 Fluent Databaze Materints W
| Fuent Fuid Materas [1/563] FlEE ':;ﬁwa —
vinyhsilylidene (h2cchsih) * | Order Materils by
vinyk-trichborosilane (sicBchZch) 2 Hame
winylidene-chionde (ch2ccl) ' Chemscal Formula
wwirt = i (hio<i>)
ater-vapor (h2o)
wiood-volatiles (wood _vol)
|| Copy Materak from Ca
Properties
| Densty (kg/m3)|constant =) view...| =
008.3 E
Co (Spechic Heat) (i/ko-) | constant x ][ viaw
4182
Tham! Condyctty (wjm-) | constant x] viaw
0.6
Wiscostty (kg/m-s) | constant x) [ View..
0.001003
save | [Copy | [Close -_Hlbl
Figure 84

Just click once to add the material to the list of materials in use.
If any material was added by accident, it is possible to delete it by right clicking
on the material and then selecting Delete. (Figure 85).
4 L4 Materials
4 & Fluid
air

B & S
b & Cell Z Copy...
[» It Boun Delete
- Mumnar
Figure 85

Conditions at the Border
In this section the conditions at the border will be established in the system, referring
to the entrances and exits of flow inside the geometry.

We will change the fluid material, because Fluent uses air as a pre-established
option.
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4 (@ Cell Zone Conditions

fluid (fluid, 1d=7)
> J¥ Boundary Conditions

Figure 86

We must verify that the conditions are set as it is shown next:
Inlet = velocity-inlet

Outlet = Pressure-outlet

Wall_1 Wall_2 = wall

The conditions at the border appear as shown in Figure 87.
4 ¥ Boundary Conditions

inlet (velocity-inlet, id=10)
J% int_fluid (interior, id=8)

outlet (outlet-vent, id=11)
P& wall (wall, id=9)

Figure 87

In case they do not concur, it is necessary to right click on the entity. In our case, the
outlet is defined as an outlet-vent. We will select pressure-outlet as condition type
(Figure 88).

L Nancty Basad Relative
Edit...
P wall (wall, id=9) -
§ Dynamic Mesh “opy
Ref Val o

4 eference Values Type . —

olution

D Methods Expand All R

i Controls Collapze All inlet-vent

Bl & intake-fan

a Mﬂmar? interface

5 Cell Registers :

.o Initialization mass-Mow-inlet

l Calculation Activities mass-flow-cutlet

# Run Calculation outflow

e v outlet-vent

El Graphics

z Plots overset

O Animations pressure-far-field

P Reports pressure-inlet

‘arameters & Customization pressure-outlel
symmetry
velocity-inlet
wall

Figure 88
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As we change the type of condition a window will appear, where we can indicate
the operation conditions of the entity. We will keep the pressure at 0 Pa, but we will
change the turbulence method to intensity and the hydraulic diameter to 0.015m
(Figure 89).

r Pressure Outlet L “‘

Zone Name
outlet

| momentum [ Themmal | Radmtion | Species | DPM | Mukphase | Potental | UDS |

Backflow Reference Frame | Absolute -]

i Gauge Pressure (pascal) 0 constant =
Pressure Profile Multiplier g ] E]
Backflow Direction Specification Method Normal to Boundary -
Backflow Pressure Specffication [Totai Pressure ']

|| Radial Equilibrium Pressure Distribution
["] Average Pressure Specification
[7] Target Mass Flow Rate
Turbulence
Spedification Memod[lnteﬂ.ﬁty and Hydraulic Dameter
Backflow Turbulent Intensity (%) 5
Backflow Hydraulic Dameter (m) 0.015]

(o] [cancel] [Heb |

®E

Figure 89

At the input we will apply a 1.5 m/s velocity, as well we will apply a turbulence
method through intensity and a hydraulic diameter of 0.020m (Figure 90).

Velocity Inlet =

Zone Name
inlet

| Momentum [ Thermal | Radiation | Speces | DPM | Muiphase | Potental | UDS |

Velocity Specification Methndiuanntude, Normal to Boundary ‘]
Reference Frame|Absolute -]
Velocity Magnitude (m/s) 1.5 [constant ']
Supersonic/Initial Gauge Pressure (pascal) 0 [ constant -
Turbulence

Specification Methud[lntensitv and Hydraulic Diameter v ]

Turbulent Intensity (%) 5 [B

Hydraulic Diameter (m) 0.020 @

Figure 90
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Now applying rugosity on the wall of the pipeline (Figure 91).

B wai =
| Zone Hame
wall_
Adiacent Coll Zone
fud
Momentum | Thenral | Fadston | Speces | DPW | Skpnase | Lo | wel Fim | Petantet | |
® Stationary Wl
Mo Wal
Shear Conditmon
@ No Sio
Speched Shaar
Maraogoni Sress.
| wial Roughress
Roughness Model Sand-Gran Roughress
& Sracdard )
High Roughes (icng) | TEUIhnee Height (m) 0.015¢2 [corwtane <]
Rowghness Constant 0.5 | comstant. =]
(0] [cancel] [nee |
s
Figure 91

Model Solution

This section will configure the possible results we may obtain thanks to the physics

placed inside the system. We will begin with the configuration to solve the model.
We will choose a Coupled method checking the box Pseudo Transient (figure 92).

Soluticn Methods
Pressure-Veinoity Couping
Scheme

[coupiea =]

Tutbulent Knete Enetgy
[Froe vcer Uz )
Tutbulant Dspation Rate

||Hmnmu Upwind a_|

! Fsewdo Transent

"] WWarpedFace Gradient Comection

1] High Order Term Relation [ options... |
| efau |

Figure 92

We will start the simulation in a hybrid form, we will only hit click in Initialize; then,
we will calculate with 100 iterations. The solution should converge in fewer than

50, as we observe in figure 93.
4 @ Solution

&~ Controls

] Report Definitions
[ E Monitors

[E] Cell Registers

P, Initialization
b Al Calculstion Activities
- '-,f Run Calculation
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Run Calculation
Check Case... Update Dynamic Mesh... |
Pseudo Transient Opfions
Fluid Time Scale
Time Step Method Timescale Factor
) User Specified i
@ Automatic

Length Scale Method Verbosity
Consarvative &l 0

K0

Mumber of Iterations  Reporting Intenal
1000| 8 =
Profile Update Interval

i B

[Data File Quantitlss..,] Acoustic Signals... |

Acoustic Sources FFT... |

Calculate

Figure 93
Processing
In this section we will analyze the results of the programmed calculations for this
problem and we will establish the ways in which we want the results to be shown.
Our objective is to obtain results in a graphic form through contours. Before
starting the pressure and velocity contours we will add two windows in Fluent (fig-
ure 94).
4 @ Results
4 ) Graphics
& Mesh
@ Contours
*: Vectors
=X Pathlines
<= Particle Tracks

Figure 94

In order to add a new window, we will place ourselves on the current window of

Fluent (right click) and we will annex a new window (figure 95).
Scaled Residuals

Tabbed View
SubWindow View

Full Screen

New Window

Copy to Clipboard

Figure 95
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We add a pressure contour on the first window with the displayed options. Once it
is configured, click the Save/Display option and then click on Close (figure 96).

Contour Name
presion
Options Contours of
V] Fitled Pressure... -
(7] Node Valies grric pragsure -
LJJ Global Range Min (pascal) Max [pascal)
¥] Auto Range o N0
Co to Range -411.9015 3024.319
Draw Profies o Tout = =] =]
iy EEE
inlet
int_fluid
Colorng v
8 Banded | wall
|
[ Mew Surface ~|
(Hee]

Figure 96

We will add a new plane to show the inside of our new model for the plane XY, as
shown in figure 97.

Line/Rake...
Plane...
Quadric...

Iso-Surface...
Iso-Clip...

Figure 97

We will apply the values shown in figure 98, click the Create option and then click
on the Close option.
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We observe the pressure contours in our model from the following image.
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-4.12e402
| pascal |

Figure 99

We will implement the same process, but now with velocity added (figure 100).
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Figure 100

Finally, we will show the velocity vectors on the plane XY. In order to do this, we
must add a new window, we will select the shown options, click on the Save/Display
option and then we close the window in figure 101.
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Figure 101
In the last figure we show the result of the velocity vector (figure 102).
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Figure 102

Summary

In this exercise, different points were analyzed to carry on a simulation in Fluent:

Meshing of the model in ICEM-CFD

Y+: considerations and calculations

Tools and basic processes

Configuration of the model k-¢ Feasible Creation of planes
Result contours

Result vectors
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CONCLUSIONS

Fluid mechanics is a very extensive field of study where we have the opportunity
to explain different phenomena related to fluids, behaviors that could be generat-
ing inside the different systems that may be mechatronic, electronic, mechanic and
above all multiphysics.

For example, in the mechatronic area we could develop a system applied in the
medical field to rehabilitate certain parts of the body (hands, feet, head, etc.) and at
the same time to have these devices to carry a hydraulic system used to rehabilitate
a determined part of the body; in order to achieve this, it would be necessary to
develop both the electronic control and the hydraulic system of such device.

In hydraulic design, it is fundamental to carry on the study of the behavior of
the working fluid because the hydraulic system applied has to adapt to the desired
mechatronic system. For this reason, previous studies on visualization are carried
out and it is even possible to carry out a numeric simulation of the behavior of the
hydraulic system in the various devices that interact directly with the hydraulic system
for a proper performance.

[tis very common to have non-desired flow behaviors in the different developments
in which hydraulic systems are involved; therefore, without a doubt, it is essential
to move forward to the correction of such non-desired behaviors. The indicated
phenomena can be calculated and be numerically analyzed as it has been shown
in this book. Likewise, numerical simulation can be performed from a specialized
software such as Ansys, Comsol or Code Saturne, in order to simulate the different
behaviors that could provide an answer and solution to potential errors in the reality.

So far, we have provided the basic tools to analyze different flow behaviors as well
as the option to assess the result of such behaviors. In the exercises it is possible
to observe that the phenomena in fluid mechanics can be very complex but in its
right dimension, they turn out to be simple, as long as the basic principles of the fluid
mechanic are well grounded.

Finally, it is important to stress that the applications of fluid mechanics encompass
the industries and their different activities. Here, we have limited ourselves to a
couple of exercises. It is very important to mention this as the different products of
industrial use and consumption are related in one way or another to fluid mechanics.
To name some brands: Mabe, Samsung, Whirpool, among others. We hope to be able
to include other alternatives in a subsequent volume.

This way, it is also important to mention that this book’s main idea was to offer
students analytic examples and developments, as well as the numeric simulation of
real cases for them to have the necessary knowledge to develop any study involving
fluid mechanics.
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No doubt, one of the book’s main inputs for students is numeric simulation. There
are different applications for this academically as well as industrially and in research
centers, where it is used even in structural mechanics and electromagnetic fields, to
mention some. Therefore, it is important for students to start working with numeric
simulation so that at the end of their studies they master the basic knowledge of
numeric simulation with fluid mechanics so that they have job opportunities.
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BRIEF BIBLIOGRAPHIC NOTE

The idea of writing this book was to offer the readers a tool, to help those interested,
to be able to work in the analysis of fluid mechanics, in a complete way, though
at once summarized. Based on their personal experience, the authors provide the
necessary information to start working in the analysis of the mechanics of fluids.
This book includes the fundamental equations of the field in a summarized way and
these are explained to the reader in an easy way to understand.

The equations were a compilation from the most common books on mechanic
of fluids, namely: Y. A. Cengel, ]. M. Cimbala y S. F. Skanarina, Mecdnica de fluidos:
fundamentos y aplicaciones, (Vol. 1), McGraw Hill (2016). This book describes the
fundamental equations of mechanics of fluids with an extensive vision, and for this
reason we gathered the most important points in the fundamental equations here
presented from this book. We have the same situation with the book by A. Crespo,
Mecdnica de fluidos, Ed. Thomson (2018), where the equations are outlined in a
less demonstrative way, but we consider that the terminology is more explicit than
in the first book. Finally, the book by A. Barrero Ripoll and others, Fundamentos y
aplicaciones de la mecdnica de fluidos, Ed. McGraw Hill (2016), we consider it to be
one of the most complete as regards the useful descriptions to produce this book.

Regarding numeric simulation, there is vast bibliography with analysis of the
method of finite volume that is applied by ANSYS software to develop the exercise
exposed in this book, but the aim of numeric simulation is not only to know the
study and development of the method of finite volume, but also to show different
ways to simulate a phenomenon of fluid, which is the main topic of this book.

For the use of ANSYS, the above mentioned does not occur. On the contrary,
consultation references are almost nonexistent for the knowledge and operation of
ANSYS software. The reason for this is that as it is specialized software, distributors
of the simulation tool do not share any bibliography regarding its use. This shows
the importance of this material that is created from the experience of those who
wrote Fluid Mechanics with CFD exercises.

Distributors of the tool for the knowledge of the software ANSYS offer specialized
courses in various fields (mechanics, fluids, electromagnetism) for which ANSYS
works. In the field of fluids that belongs to ANSYS Fluent, for example, to be able
to perform what is shown in this book, it would be necessary to take the basic
course on ANSYS Fluent. This course has a duration of 24 hours and is taught over
three days and, as a pre-requirement, experience in the use of ANSYS Mechanical
is demanded. The course comprises twelve topics, such as: Introduction to
CFD methodology, cellular zones, border conditions, post-process, resolution
configurations, turbulence modeling, heat transference modeling, mobile zones,
transitory simulations, and user defined functions (UDF).
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As it may be observed, there are numerous requirements for the use of ANSYS
Fluent. Therefore, we trust that the numeric simulation developed in this book with
ANSYS Fluent, has been helpful and has turned out to be practical and simple for
users who begin to deepen in the use of ANSYS Fluent, fundamental in modern
industry.

JLON JIHdVYIYOITdIg J91d4g E



GLOSSARY

ANSYS. Numeric simulation tool, based on finite element and volume.

ANSYS Fluent. Numeric simulation software, specialized for modeling of fluids,
turbulences, heath transferences and reactions for industrial applications.

Tree of the model. Display of the functions generated in the model in ANSYS.
CAD. Use of computing systems to help in the creation, modification, analysis or the
optimization of a design.

CAE. In the use of the software, it simulates performance with the objective of im-
proving product designs or contributing to the solution of engineering problems
for very diverse sectors.

Mesh quality. It is the fineness with which the mesh has been discretized in geometry.
CAM. Software to generate a CNC program. It can be used to program any machine
controlled by CNC.

Code Saturne. Free license software of computational numeric simulation, based
on the finite volume method.

Comsol. Private license software of numeric simulation, based on the finite element
method.

Border conditions. They are the conditions presented in the model or differential
equations that explain certain physics problems.

Convergence in the simulation. It means that the result is about to have a possible
numeric solution.

Moody diagram. It is the graphic representation in double logarithmic scale of the
friction factor in function of the number of Reynolds and the relative roughness of
a pipeline.

Mathematical discretization. In the computing field, it refers to a mathematical
equation, which means interpreting it in the form of algorithms to give it a solution
through computational methods.

Discretization of the model. Discretization of the equations to be implemented in
the system.

Discretization of the model Y+. It consists in implementing equations to solve the
viscose sub-cape through average values.

Divergence in the simulation. [t means that the result has no solution, so thatitis
considered there is an error in the simulation.

Energy equation. It can be considered as a proper declaration of the principle of
energy conservation for the flow of fluids.

Continuity equation. Equation used to analyze mass change in regard of time.
Navier-Stokes equation. Equation that allows us to analyze in a microscopic way
the behavior of a fluid in order to accurately ascertain its characteristics and they
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are needed when the effects of friction or the dependence of the properties on fluid
velocity are important.

Geometry. Graphic representation of the model to be simulated, normally generated
by a CAD program.

Dimensional homogeneity. In every physics equation, each term should have the
same dimensions.

Inlet. Term used in ANSYS to identify an entry of the system.

Iterations. Repetition of a process with the intention to accomplish a desired goal,
objective or result.

Velocity magnitude. It links the change of position (or displacement) to time.
Meshing. Discretization of a geometry.

Mechanic of fluids. It studies the laws of fluids’ movement and its processes of
interaction with solid bodies.

Method of finite element. It is a discretization of a geometry in a finite quantity of
elements for which differential equations, which describe the displacement of the
nodes or points of intersection of elements, are simultaneously solved.

Method of finite volume. A method that allows discretizing and numerically solving
differential equations. The discretization of the meshing represents a point that is
no more than a volume inside the system.

Model. Physical, mathematical or any other logical form of representation of a system,
entity, phenomenon or process.

Node. Point of intersection.

Scientific Notation. It is a specific way of writing very large or very small numbers.
Engineering Notation. It is as Scientific Notation, excepting the fact that it only
uses powers of 10 that are multiples of 3.

Reynolds number. It is a dimensionless number used in mechanic of fluids, reactor
design and transportation phenomena to characterize the movement of a fluid.
Outlet. Term used in ANSYS to identify an exit of the system.

Pre-mesh. Tool used to visualize the possible geometric discretization, before the
final discretization of the geometry.

Processing. Calculations made by a computer in order to generate possible results.
Data processing. Accumulation and manipulation of certain elements of the data,
to produce significant information.

Post processing. The interpretation and visualization of the results.

Turbulent regime. It is the chaotic movement of a fluid, in which its particles move
in disorder and their trajectories produce small periodic whirlpools.

Revolve. ANSYS tool, which generates solids of revolution.

Absolute rugosity. It is defined as the average variation of the inner radius of the
pipeline.
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Relative rugosity. It is defined as the quotient between absolute rugosity and the
diameter of the pipeline.

Numeric simulation. It is the execution of the program in one or several computers
in order to find out the behavior of a specific system.

Sketch. Selects where we will be working on.

Revolved solids. It is a solid figure obtained as a consequence of rotating a certain
flat region around.

Revolved surface. Exterior surface of a solid of revolution.

Reynolds Transport Theorem. It studies the density variation inside an infinitesimal
control volume.

Water-liquid (h20<I>). Term used by ANSYS to describe water.
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