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Abstract

Educative computational tools for education in Chemical Engineering has been increasing in the last decade due to the
advance in technology. This branch of engineering has many subjects that make it difficult to have only one robust software
that contains all the main subjects. It involves the creation of special programs dedicated to specific areas of study. One of
the main subjects in Chemical Engineering programs is fluid mechanics. This study presents the application of a graphical
user interface developed in Matlab for the study of piping systems where the flow rate, pump power, and pressure drops
are determined as a function of the material, diameter, length, and elevation of the pipe, as well as the number and type of
pipe couplings. The software is based on an algorithm that allows the solution of piping systems with elevation using energy
balances, specific equations of fluid mechanics, and specific geometric parameters. Three relevant case studies were
developed, showing the behavior of the energy expenses of the pumps. It was found an increase in the pump power from
91.4% to 3713.4% when a pipe diameter of 2% inches is increased from 20% to 60%. It was observed that the effect of the
length of the pipe on the energy consumption of the pump is not significant for flows lower than 8 L/s. When the flow rate
in the pipeline is 15 L/s and a change of pipeline is made from a 2-inch pipe - PVC schedule 40 to one of PVC schedule 80
of the same size, a 26.5% increase in pump power is needed. For steel pipes with schedule 40 and schedule 80, a rise of

30% and 67.8% was required, respectively.

Keywords: Pump power, graphical user interface, Pipe diameter, Pipe length.

1. Introduction

Every day engineers have multiple challenges imposed by
society in many engineering areas, and one of the most
common is the distribution of fluids in a pipe. Frequently,
many interesting phenomena affect the supply of fluid inside
a pipe which have to be considered during a detailed design
of piping systems for instance heat transfer [1][2], corrosion
[3], vibration [4], as well as many important risks [5]. Fluid
transport systems in pipe networks are exposed to multiple
factors that negatively affect their operation. Some of these
factors are vibration caused by fluid pulsation, external
excitation, and two-phase gas-liquid flow; This phenomenon,
although intrinsic during the transportation process, requires
control, since its mitigation depends in many cases on the
excess energy expenditure of the pumping systems and the
damage to the pipeline networks [6]. To achieve vibration
control, a mathematical theoretical study is required with
dynamic models that accurately describe the distribution of
fluids. These models often have complex solutions based on
iterations of numerical models; Therefore, integrating
mathematical models with technology facilitates the learning
and analysis of engineering designs. Some of the actions
taken to minimize pulsations in the pipes are adding dampers,
and acoustic filters and changing the pipe configuration.
Another factor that affects the lifespan and correct
functioning of piping systems is flow-accelerated corrosion
(FAC), whose wear action destroys the pipes and their
accessories. This mechanism includes electrochemical
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reactions with subsequent chemical erosion that dissolves the
protective oxide film on low-alloy steels. In this phenomenon,
the mass transfer between the fluid and the surface of the pipe
determines the hydrodynamic behavior of the fluid. The flow,
speed, and shear stresses accelerate this phenomenon,
increasing the danger and turbulence in the flow [7]. Many of
the accessories suffer from FAC; However, the 90° elbow, an
unavoidable accessory of transport systems, is the most prone
to this phenomenon due to the enormous directional change
of the flow. For these reasons, designing models that
adequately describe the behavior of fluids in a pipe network
is complex. Important simulation software has been designed
with multiple toolboxes; However, these software are not easy
to use, and the cost of licenses is high. Software such as
COMSOL MULTIPHYSIC offers a wide range of physical
phenomena in their integrated modules, especially for the
simulation of processes where heat and momentum transfer
are decisive. Research has been done on improving heat
transfer in materials such as ceramics with the help of this
software [8], On the other hand, in the case of analyzing
hydrocarbon transport systems, ANSYS is generally the
computational tool used, which contains a large number of
thermophysical properties of fluids and can exchange data
with other software [9], other computer tools could be
mentioned.

The are other phenomena that affect the piping design
which involves the fluid momentum on the surface of the
pipes caused by the multiple fittings such as valves, pipe
couplings, etc., [10]. Must piping systems spend a high
amount of energy because of the use of pumps or when
implementing heat transfer to the fluids.
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The energy-saving for the care of the environment,
together with the economic savings make it necessary to
analyze a design process before its execution carefully.
Hence, when designing a piping system with elevation, it is
essential to observe not only the flow behavior but also the
mathematical development involved in these processes [11]—-
[14]. One of the most critical variables is the diameter since
its proper selection can help to obtain a significant minimum
expense due to the substantial investment required in piping
systems [15]-[19]. It is necessary to analyze the effect of the
different pipe diameters together with the other variables that
are part of the design of the system in the energy costs
required in a pump [20]-[23]. For the reasons mentioned
above, proper preparation of the engineers in their
professional training is essential.

To ensure that engineers have fast and assertive learning
and can solve multiple problems including those of piping
design during their undergraduate time, they must
complement the knowledge acquired in the theoretical classes
with all the fundamental equations with the help of computer
tools so that they receive the necessary educational
competencies [24] that help them make an adequate analysis
of the effects that different input variables can cause on one
or several output variables [25], mainly energy requirements
in a pump or volumetric flowrate inside a pipe.

Software such as Ansys, COMSOL Multiphysics, and
Sigma pipe [22][26]-[28], can be used to analyze by pipe
section the internal behavior of the fluid and its effect on the
surroundings. Excellent results of the phenomena that govern
the system can be obtained with these programs. However,
the physics that governs the system is very complicated
because of the multiple variables and the complex differential
equations used that need numerical methods to be solved [29].
To teach engineering students the way to solve all the
differential equations used in the mentioned software result
complicated. Thus, it is necessary to create simple software
that gives undergraduate students the possibility to have a
more robust knowledge about the effects that multiple input
variables have on some output variables in systems such as
pipe flow distribution.

This article presents an interactive graphical user interface
for the study and design of piping systems with elevation,
where users can handle different variables such as type of

fluid, pipe diameter, pipe length, pipe schedule, pipe
FluidSoft_DL_1

elevation, pipe fitting, pipe material, pump efficiency, and
Flow. Three essential cases of studies were developed that
involve the effect of length, diameter, material, and flow in
the pipes as well as their interactions on the energy
expenditure of the pump. The software lets to analyze the
behavior of specific parameters using plots based on multiple
variables to achieve an adequate selection of pipe fittings and
their dimensions to obtain an excellent cost-benefit ratio.
Section II shows the methodology of this research, beginning
with the presentation of the algorithm and ending with the
fundamental governing equations such as the general
equation of energy. Section III shows the main results and
discussion of the paper, where different patterns of the pump
power were found depending on the input variables selected
in the piping system studied. Finally, the conclusions of the
paper are presented, showing the pertinent variables with the
highest effect on the pump power.

2. Description of the computational coding.

FluidSoft DL.1 program is an easy-to-use creative interface
that allows students and recent graduates in engineering to
have significant support and learning experience through the
study of piping systems with elevation. It was designed so that
the user can work with different variables such as length,
diameter, altitude, etc., to observe their effect on the power of
the pump, the pressure drops, and the flow in the pipes. The
software has educational components to improve the
knowledge and learning process of engineering students.
When making decisions about choosing the best operating
conditions of a system, the software is beneficial because it
allows multiple parameters to be used quickly and easily. It
also allows the teacher to change the methodology of teaching
in the subject of fluid mechanics, specifically in the theory-
practice relationship, since it adds the simulation component
to the learning process. It makes the student understand in a
faster way all the phenomena happening in a piping system.

Figure 1 shows a screen capture of one of the multiple
views of the software, which shows the inputs given by the
user. Plots of the relevant variables emerge on different
screens.
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FluidSoft D.L 1 was developed in the Matlab® R2015a

version and can work on all computers with the corresponding
MATLAB Compiler Runtime (MCR) version. The software
can run on any PC with Microsoft Windows 32/64 bits.
The mentioned software was registered in the D.N.D.A.
Direccion Nacional de Derechos de Autor (National
Leadership Copyright), with register number 13-76-178 on
October 16-2019.

The programming algorithm on which the software is
based is shown in Figure 2.

QU Select the
Start type of fluid
Enter the punp Yes es the analys
efficiency req uire the use
‘ fapump?
Select the No
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resistance
Enter Z1, 22, Select the type of
type and b | 1. Pump power
of couplings 2. Flow rate
Select the
indep endant variahle
(L, D, Material, Type)
Perform the
calculation
v

Fig. 2. Flowchart of Fluidsoft DL.1

The computational coding of the mathematical models
performs iterative techniques until reaching the exact solution
of the studied problem. Fig. 2 shows one of the multiple
algorithms used to obtain the outcomes.

Figure 3a shows that the software has a drop-down list of
multiple fluids that can be selected to work with, and each of
them has physical properties that were included in the
software. Some of the working fluids are water, glycerin,
ethylene glycol, and kerosene and once the fluid is selected a
dialog box will be presented showing all its properties. If the
fluid is not included in the list, there is an option called others
where the user can enter the requested properties of the fluid
to be studied (see Figure 3b).
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Fig. 3. Types of fluid in the Software. a) drop-down list of multiple fluids.
b) properties of the different fluids

The coefficient of resistance at the pipe inlets is a value
that must be considered when moving the fluid from the tank
to the pipe for subsequent distribution. The fluid inside the
tank has a negligible velocity which increases considerably
when entering the pipe, causing a high energy loss that is
highly significant when determining the total energy losses.
The resistance coefficient is directly related to the geometry
of the tank entrance to the pipe, and there are established
values in the literature. Some pipes penetrate the tank into its
interior (reentrant), other pipes are connected to the tank using
sharp edges, and there are pipes connected with chamfered
inlets and with well-rounded inlets, each of these connections
has different resistance coefficients, see Figure 4.

Fluid Fluid Fluid
Tank Tank tank
v——* - : 4 v—> !' 0
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e 4] e d
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Fig. 4. The coefficient of resistance at the pipe inlets, a) reentrant pipe
inlet, b) sharp-edged pipe inlet, ¢) chamfered pipe inlet.

As it is well known, one of the most important variables
when designing fluid distribution systems is the total energy
losses along the pipe section. Its magnitude is highly related
to the type of pipe material, couplings, flow rate, pipe
diameter, among others. It is important to identify all losses
when designing the system and choosing the appropriate
pump; The software presents a list of different types of pipes
and couplings so that the user can make comparisons and
make a correct decision when making a design. Among the
different types of materials that can be selected are copper,
PVC, iron, and different types of steel. On the other hand,
various types of couplings can also be selected such as
elbows, valves, tees, and multiple pipe diameters, as can be
seen in Figure 5 a, b, c.

FluidSoft DL.1 software allows the user to make a
graphical comparison of the effect of fluid types, pipe size and
length, and pipe material on the flow pattern and power output
of the pump, allowing the user to have greater understanding
and guidance when selecting an optimal system configuration
that meets the energy and flow needs, achieving economic
savings and an efficient process.
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c¢) Couplings in the piping system.

The algorithm for graphical analysis in the software is

shown in Figure 6,
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Fig. 6. Algorithm for graphical analysis in the software FluidSoft DL.1

Figure 6 shows that multiple variables such as diameter,
length, type of fluid, and pipe material can be studied as a
function of flow and pump power, by entering data ranges on
the selected input variable. The interval condition refers to the
divisions between the study intervals, as can be seen in Figure
7. The patterns obtained in the graphs let to select the best
working ranges of the system.

Graphics. v Interval
Pump power (W) Flow(m*3/s)
to to

Fig. 7. Input data ranges for pump power and volumetric Flow rate.

As soon as the working ranges are entered in the dialog
box shown in Figure 7, the desired study graph can be selected
as shown in Figure 8. It is shown that both the pump power
and the Flow rate can be a function of other parameters. The
patterns obtained in the graphs let the user select the best
working ranges of the system.
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Fig. 8. Drop list of the multiple types of plots.
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As soon as the two variables are selected for the graphical
analysis, such as pump power vs flows, a third variable to
study can also be selected, in this case, the diameter was
selected. For this third variable, up to a maximum of five
values can be studied to avoid excess information, see Figure
9. The third additional variable that can be selected is
displayed in a drop-down menu called graphs. To prevent the

software from crashing, several boxes are disabled and only
the boxes for the variables to be analyzed remain enabled, as
shown in Figure 9. The gray boxes correspond to the data that
remains fixed for the third variable; These data are entered
with the ADD button and are removed with the CLEAN
button to enter new values.
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Fig. 9. Graphical analysis interface of the software Fluidsoft DL.1.
3. Equations
E,=— | (z:Vv)dV = f(hy) 3)

The fundamental equations used for the development of the
software are organized as follows:
General energy equation, see Equation 1.

J10)
26

+gZ+— w=W-E.-E, 1)

where <v> is the average velocity, Z is the elevation above

the reference point, P is the pressure, p is the density of the
fluid, and g is the gravitational acceleration.

The term P/ pis the pressure energy per unit mass, g7 is

the potential energy per unit mass and <v3 > / <v> is the kinetic

energy per unit mass, W is the work done by the surroundings
on the fluid, Ec¢ is the compression term, and Ev is the friction
loss term or viscous dissipation which includes the losses of
pipe fittings.

The last two terms are determined as follows in equations 2
and 3,

E.

p(V-v)dV
V(o)

@

~
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V()

where equation 2 is the part of the continuity equation that
establishes that if two sections of pipes are taken, the flow that
passes through them is constant regardless of the point taken
between these two sections. Equation 3 refers to the energy

losses in the pipe section and hL is the term related to

hydraulic losses caused by the friction between the fluid flow
and the surfaces of the pipe. The equation used due to its high
precision to calculate the losses is the equation of Darcy, see
Equation 4.

V2

“

When fluids are transported through pipes, they present
certain disordered behaviors that result in a high interaction
between the inertial forces and the viscous forces of the fluid.
There are other cases in which the fluid moves in a perfectly
ordered manner, with the same speed between its parallel
plates. According to the given situation, fluids can move in a
laminar or turbulent flow regime. Each flow regime presents
an equation for calculating the friction factor, which is
essential for calculating losses in the pipes.

To calculate the friction factor for laminar flow (
Re <2000 ), equation 5 is used.
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_ 64

/= Re

(6))

Equation 6 is used to calculate the friction factor for
turbulent flow ( Re >4000).

0.25
/= . ©)
log L 574
374 R
E

For fluids with a specific viscosity, shear stresses will
appear on the walls of the pipe, which makes it necessary to
use the Hagen-Poiseuille equation to determine the energy
losses due to friction in laminar flow, see Equation 7.

_ 32nLy

}/D2

hyp (7

Equation 8 is used to calculate the energy losses due to the
inlet of the fluid to the tank.

2
v

hy =K| —
L 2g

®)

where the parameter K depends on the geometry, the type of
pipe entry in the tank, and the type of pipe couplings. K is
determined with equation 9.

)

4. Results and Discussion

Three critical case studies were developed to make use of the
best energy requirements of the pump. These cases considered
the effects of the diameter, length, material, and pipe flow on
the energy requirements of the pump.

Le

(

D

K ©

4.1. Effect of the diameter and pipe flow on the pump
power

For the following case study, it was used a Schedule 40 steel
pipe with a length of 15 m, a fluid height in the storage tank
of 2m, a pipe elevation of 7m, a pump efficiency of 0.76,
entries square-shaped, two standard elbows of 90°, and a
globe valve completely open. Pipes with nominal diameters
of 1 inch (2.540 cm), 1%-inch (3.175 c¢cm), 1%-inch (3.810
cm), 2 inches (5.080 cm), and 2% inches (5.715 cm) were
analyzed.

As shown in Figure 10, the lower the diameter of the pipe,
the higher the energy required by the pump to transport the
fluid. When the volumetric flow is 15 L/s, 4.18 kW of power
is needed for a 2%4-inch pipe. When the diameter is reduced
to 2 inches (20% decrease), the energy requirements of the
pump increase by 91.4%, needing 8 kW. When the pipe
diameter decreases from a 2's-inch pipe to 1%4 inches (50%
reduction), the necessary energy requirements increase by
963.3%, demanding 44.45 kW. If the diameter is decreased to
1 inch (60 % reduction), the energy requirements increase
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abruptly by 3713.4%, requiring 159.41 kW. Increasing the
diameter of the pipe will generally reduce the frictional losses
within the pipe. Practically, pipes with large diameters require
less power to maintain a given flow rate compared to pipes
with small diameters. Large-diameter pipes result in low flow
velocity as well as low friction losses, which decreases the
power required by the pump. Conversely, using small-
diameter pipes increase frictional losses because of the high
flow velocities, which will require the pump to work harder
to maintain the same flow rate. As a result, small-diameter
pipes demand more power from the pump. The previous
effect is increased exponentially with the increase of the flow
as can be seen in Figure 10 where the separation among the
pump power lines becomes more evident at higher flows.
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J
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4 5 6 7 8 9 10 11 12 13 14 15

Pipe flow rate (L/s)

Fig. 10. Effect of the pipe diameter on the energy
consumption of the pump for a Schedule 40 steel pipe
with a length of 15 m.

Also, this kind of information is essential at the moment
of choosing the right diameter in a pipeline because of the
maximum strength it can stand. Many bad decisions are taken
on many occasions when engineers build a net of pipes with
the wrong diameter causing liquid escapes from pipes in lots
of constructions. This is a general problem that can be avoided
easily by running some simulations in specific software like
Fluidsoft DL.1 resulting in saving money and time.
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Fig. 11. Behavior of the increment of the pump power as a function of
the percentage of decrease of the pipe diameter and flow rate, for
schedule 40 steel pipe, 15 m length.

Based on a pipe diameter of 2'%-inch, when the percentage
of reduction in pipe diameter increases from 20 to 50%, the
percentage of energy rise increases from approximately 70%
to 600 %, see Figure 11. On the other hand, when the
percentage of reduction in pipe diameter is higher than 50%
and the pipe flow rates are higher than 12.25 L/s, the
percentage of energy rise increases steeply from
approximately 800% to 3000%. For pipes with low flow rates
(4 L/s), the percentage of energy rise goes from 245% to
935%. These results confirm the need to make several
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simulations of a pipeline system before choosing the correct
one since these values are directly related to the economic
cost of the pumps and their maintenance. In summary, the
right choice of a pump depends on many factors like the pipe
diameter and the volumetric flow rate, to guarantee cost-
effective operations with high efficiency. Besides, the type of
pump such as centrifugal, positive displacement, axial flow,
etc., and the specific requirements of the system also play a
significant part in determining the shaft pump power
requirements. It is essential to use an appropriate hydraulic
design that involves pipe sizing and pump selection to achieve
optimal performance and energy efficiency in a pumping
system.

4.2. Effect of pipeline length and pipe flow rate on the

energy requirements of the pump.
For the present case study, it was used schedule 40 steel pipes
with diameters of 2 and 1'% inches, a fluid height in the storage
tank of 2 m, a pipe elevation of 7 m, a pump efficiency of
0.76, inlets with square edges, two standard 90° elbows, and
a fully open globe valve. The study was done with five
different pipeline lengths in the range [10m; 19m], see Figure
12.
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Fig.12.  Behavior of the energy consumption of the pump as a

function of the pipe length, (a) D=2 inches, L=
[10,12,15,17,19Jm, (b) D=[2 inches, 1 " inches],
L=[10m,19m]

In Figure 12a, for a 2-inch pipe with a flow rate in the
range between 4 and 8 L/s, the energy consumption of the
pump is insignificant for any length of pipe between 10 and
19 m long, only requiring a power increase of approximately
1.5 kW. However, for high flow rates in the range between 12
and 15 L/s, the energy requirement is around 5.1 kW, with a
significant effect on the pipe length which is obvious due to
the high frictional loss for large pipe lengths. The larger the
length of the pipe, the higher the energy consumption of the
pump.
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The flow zone between 8 and 12 L/s is an intermediate
zone where the effect of the pipe is barely emerging but on a
small scale.In Figure 12b, when the diameter of schedule 40
steel pipes with lengths of 10 and 19 m are reduced from 2
inches to 1% inches, the energy consumption of the pumps
increases considerably up to 190%. Both the diameter and
length have significant effects on the power of the pump;
however, this effect is remarkably higher for pipe flow rates
higher than 8 L/s.

As fluid goes through a pipeline, friction between the
moving fluid and the pipe interior wall surfaces causes energy
losses. Commonly, long pipelines result in high frictional
losses; hence, the longer the pipeline, the more power the
pump needs to beat these losses and maintain the wanted
volumetric flow rate. On the other hand, the pump is required
to provide additional energy to overcome the total head in a
pipeline system which includes several components, such as
elevation head, velocity head, and pressure head. In long
pipelines, the cumulative head losses are normally high,
which demands more shaft pump power.

In summary, the use of long pipelines with high flow rates
leads to an increase in the power requirements for a pump.
The selected pump must overcome the high frictional losses
and provide more shaft pump power to conserve the required
flow under these conditions. Engineers must consider all the
mentioned factors during the design stage to warrant that the
pump selected can meet the system requirements efficiently.

Optimizing the pipeline design, using properly sized pipes
in length and diameter, and selecting the right type of pumps
with the appropriate characteristics for the system are
essential steps in decreasing the energy spent and improving
the overall efficiency of fluid transport systems.

4.3.  Effect of pipe material and volumetric flow rate
on pump power

For this case study, we used a 2-inch diameter pipe with a
length of 15 m, fluid height in the storage tank of 2m, pipe
elevation of 7m, pump efficiency of 76%, square shape inlets,
two standard 90° elbows, and a fully open globe valve. Five
different types of pipes were selected, SCH 40 steel, SCH 80
steel, copper, SCH 40 PVC, and SCH 80 PVC pipes, see

Figure 6.
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Fig. 13. Behavior of the energy consumption of the pump as a function
of the pipe material.

As can be seen in Figure 13, for flow rates less than 7 L/s,
the effect of the pipe material is insignificant; however, for
flow rates higher than 8L/s, the effect of the material changes
and becomes significant. For an SCH 40 PVC pipe with a
flow rate of 15 L/s, the energy consumption of 6438 kW is
required, which is low compared to the other types of pipes
used. Changing this pipe for a PVC SCH 80 of the same size
required an increase of 26.5% more power. When making the
change for a copper pipe, a 21.7% increase in pump power
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was needed. For an SCH 40 steel pipe, an increase of 30%
was required, and finally, for an SCH 80 steel pipe, the
increase was 67.8%. As the schedule of a pipe increases, its
inner diameter decreases, causing an increase in pressure, and
increasing the energy consumption of the pump. With this
result, the effect of the friction factor of the pipe material is
evidenced. This type of simulation helps to select the best
material type of pipeline to work since a comparison of the
energy power spent can be linked with the economic
expenses.

On the other hand, it can be seen that the SCH 80 steel
pipe is the one that causes the highest energy consumption in
the pump; however, this pipe has high external resistance
letting it be located at great depths where high resistance to
the ground is needed. Due to the large width, this pipe also
has high internal resistance allowing it to be strong to wall
shear stress distribution [30] [25]. Those are factors to
consider when selecting the right pipe. This type of study is
quite easy to perform with the help of the presented software,
which helps the engineer quickly choose the right kind of
pipe.

When it is compared the roughness (e) of steel, copper,
and PVC pipes, steel pipes (e=0.0450-0.0900mm) generally
have higher roughness compared to copper (e=0.0020mm)
and PVC (e=0.0015mm). Steel has a high roughness which
affects the friction losses as well as the turbulence of the flow,
resulting in a high loss of energy.

Copper pipelines have smoother interior surfaces
compared to steel pipelines, resulting in lower friction losses.
PVC pipes have especially low roughness, like copper pipes,
making them favorable for hydraulic systems where reducing
frictional losses is important.

The software lets engineers perform detailed hydraulic
calculations considering factors such as the pipe material, the
type of fluid being transported, and the required level of
smoothness for optimal fluid flow when designing piping
systems to ensure efficient and cost-effective operation.

5. Conclusions

An informatics tool for engineers focused on the design and
analysis of piping systems with elevation called Fluidsoft
DL.1 was presented. Three case studies were developed
where the user can perform a simple analysis of the different
variables using energy balances with a set of data such as
length, diameter, pipe material, and height of the liquid
storage tank in output variables such as the power of the pump
and the flow in the pipe.

When the volumetric flow rate is 15 L/s, 4.18 kW of
power is required in a 2% inches pipe. When this diameter
decreases to 2 inches (20% decrease), the energy
requirements of the pump increase by 91.4%, requiring 8 kW.
When the pipe diameter decreases again to 1 inch (60%
decrease), the requirements increase by 3713.4%, requiring
159.41 kW. Pipes with larger diameters will require less

power to maintain a given flow rate compared to pipes with
smaller diameters. Larger pipes will result in lower flow
velocity and lower friction losses, which decreases the power
required by the pump. The type of pump such as centrifugal,
positive displacement, axial-flow pumps, etc., and the
specific requirements of the system play a significant role in
determining the power requirements of the pumps.

When the pipe flow rate goes from 4 to 8 L/s, the effect of
the pipe length on the pump energy consumption is
insignificant. The increase in pump power is approximately
1.5 kW. However, if higher flow rates are used in the range
between 12 and 15 L/s, the rise in energy consumption is
about 5.1 kW (240%). In addition, a significant effect of the
length of the pipe can be seen. The larger the pipeline, the
higher the energy consumption of the pump. Long pipelines
generally result in high frictional losses. Therefore, the longer
the pipeline, the more energy the pump needs to overcome
these losses and maintain the desired flow rate. In addition, in
longer pipelines, the cumulative head losses which include
various components, such as elevation head, velocity head,
and pressure head are typically higher, demanding more
energy from the pump.

When the flow rate is less than 7 L/s for pipes 2 inches in
diameter and 15m long, the effect of the pipe material is not
significant; however, for a pipe flow rate higher than 8L/s the
effect is significant. For an SCH 40 PVC pipe with a flow rate
of 15 L/s, a pump power of 6438 kW is required. Changing
this pipe for a PVC SCH 80 of the same size results in an
increase of 26.5% more power. For steel pipes, SCH 40 and
SCH 80, an increase in energy consumption of 30% and
67.8%, respectively, was required. When the schedule of a
pipe increases, its inside diameter decreases, causing an
increase in pressure drop. Pipes with high roughness such as
steel pipes affect the friction losses as well as the turbulence
of the flow, resulting in high loss of energy.

Copper pipes offer a smoother interior surface compared
to steel, resulting in lower friction losses. PVC pipes have
very low roughness, similar to copper, making them favorable
for applications where minimizing frictional losses is
important.

Acknowledgment

The authors are very grateful to Universidad del Atlantico for
the financial support given with the project named SEVENTH
CALL TO STRENGTHEN THE RESEARCH GROUPS OF
THE UNIVERSIDAD DEL ATLANTICO - 2016
(SEPTIMA CONVOCATORIA INTERNA PARA EL
FORTALECIMIENTO DE LOS GRUPOS DE
INVESTIGACION DE LA UNIVERSIDAD DEL
ATLANTICO - 2016).

This is an Open Access article distributed under the terms of
the Creative Commons Attribution License.

References

[1] A.Driss, M. Sassi, S. Maalej, and M. Zaghdoudi, “Transient thermal
performance modeling and experimentation of heat pipes for high
power electronics cooling,” Int. Rev. Model. Simulations, vol. 5, no.
6, pp. 2473-2483, Dec. 2012

[2] Z.S.Kareem, M. N. M. Jaafar, T. M. Lazim, S. Abdullah, and A. F.
Abdulwahid, “Heat Transfer Enhancement Comparisons in Different

Tube Shapes,” IREMOS, vol. 8, no. 2, p. 232, Apr. 2015,
doi:10.15866/iremos.v8i2.5442.

[3] N. Latif, M. S. Johny Wahyuadi, Triwibowo, and R. Riastuti,
“Erosion corrosion failure on elbow distillate heater system in the
petrochemical industry,” Mater. Today Proc., vol. 62, pp. 4235-
4241, Jan. 2022, doi: 10.1016/J.MATPR.2022.04.740.

[4] E. Alamatian and H. Zahabi, “Analysis of the Effect of Explosion on



Diego Alexander Carvajal, Luis Guillermo Obregon and M. A. C. Candezano/
Journal of Engineering Science and Technology Review 16 (6) (2023) 161 - 169

Altering the Tensions and Strains in Buried Water Pipes,” J. Eng.
Sci. Technol. Rev., vol. 8, no. 3, pp. 196-200, Jun. 2015

[5] YongQiang BAIL L. LV, and T. WANG, “The Application of the
Semi-quantitative Risk Assessment Method to Urban Natural Gas
Pipelines,” J. Eng. Sci. Technol. Rev., vol. 6, no. 2, pp. 74-77, Apr.
2013

[6] Z.-D. Xu, Y. Yang, and A.-N. Miao, “Dynamic Analysis and
Parameter Optimization of Pipelines with Multidimensional
Vibration Isolation and Mitigation Device,” J. Pipeline Syst. Eng.
Pract., vol. 12, no. 1, Art. no. 04020058, Feb. 2021, doi:
10.1061/(ASCE)PS.1949-1204.0000504.

[7] T.S.Ajmal, S. B. Arya, and K. R. Udupa, “Effect of hydrodynamics
on the flow accelerated corrosion (FAC) and electrochemical
impedance behavior of line pipe steel for petroleum industry,” Int. J.
Press. Vess. Pip., vol. 174, pp. 42-53, Jul. 2019, doi:
10.1016/.ijpvp.2019.05.013.

[8] M. Vajdi, F. Sadegh Moghanlou, F. Sharifianjazi, M. Shahedi Asl,
and M. Shokouhimehr, “A review on the Comsol Multiphysics
studies of heat transfer in advanced ceramics,” JCC, vol. 2, no. 1, pp.
35-44, Feb. 2020, doi: 10.29252/jcc.2.1.5.

[91 G. S. Zakirova and E. I Krapivsky, “Application of
ANSYS/FLUENT software package for analysis of thermohydraulic
processes in the low-temperature main pipeline for liquified
hydrocarbon,” J. Phys.: Conf. Ser., vol. 1384, no. 1, p. 012070, Nov.
2019, doi: 10.1088/1742-6596/1384/1/012070.

[10]U. Y. Shamir and C. D. D. Howard, “Water Distribution Systems
Analysis,” J. Hydr. Div., vol. 94, no. 1, pp. 219-234, Jan. 1968, doi:
10.1061/JYCEAJ.0001747.

[11]A. Elaoud, S. Chehaibi, M. Ben Amor, and E. Hajtaieb, “Flow Model
of Pure Water in a Pipeline,” Int. Rev. Mech. Eng., vol. 7, no. 1, pp.
224-230, Jan. 2013

[12]L. A. Rossman and P. F. Boulos, “Numerical Methods for Modeling
Water Quality in Distribution Systems: A Comparison”, J. Water
Resour. Plan. Manag., vol. 122, no. 2, pp. 137-146, Mar. 1996, doi:
https://doi.org/10.1061/(ASCE)0733-9496(1996)122:2(137).

[13]F.J. Garcia Garcia and P. Farifias Alvarifio, “On an analytic solution
for general unsteady/transient turbulent pipe flow and starting
turbulent flow,” Eur. J. Mech. - B/Fluids, vol. 74, pp. 200-210, Mar.
2019, doi: 10.1016/J EUROMECHFLU.2018.11.014.

[14]R. Gupta and P. R. Bhave, “Fuzzy parameters in pipe network
analysis”, Civ. Eng. Environ. Syst., vol. 24, no. 1, pp. 33-54, Mar.
2007, doi: 10.1080/10286600601024822.

[15]J. R. Hechavarria-Hernandez, J. Arzola-Ruiz;, A. Cordovés-Garcia,
and A. M. Lastre-Aleaga, “Optimal design of water supply nets by
means of multiple criteria optimization”, Ing. Mecdnica, vol. 10, no.
2, pp. 15-22, Nov. 2007

[16]R. Montero-Laurencio, A. A. Legra-Lobaina, and J. R. Hechavarria-
Hernandez, “Operational optimization of centralized air conditioned
hydraulic networks in hotels,” Ing. HIDRAULICA Y Ambient., vol.
37, no. 2, pp. 3—-17, Apr. 2016.

[17]P. C. Narvaez-Rincon and H. Galeano-Paramero, “Ecuacion de
costos y funcion objetivo para la optimizacion del disefio de redes de

Nomenclature

Pressure [N/m?]

Elevation [m]

Energy losses due to couplings [m]
Work done on the system [kW]
Velocity of the fluid [m/s]

Pipe length [m]

Pipe diameter [m]

Friction factor [Dimensionless]
Equivalent length [m]

Mass flow rate [kg/s]

Friction loss term or viscous dissipation [kW]
Relative roughness [Dimensionless]
Specific weight [kg/(m*-s?)]
Dynamic viscosity [kg/(m-s)]
Density [kg/m?]

T =S C‘f):tr]g g\nbhd %r_:“N"U

169

flujo de liquidos a presion,” Ing. e Investig., vol. 49, pp. 23-29, Jan.
2002, doi: 10.15446/ing.investig.n49.21407.

[18]J. Saldarriaga, S. Takahashi, F. Hernandez, and M. Escovar, “Disefio
optimizado de sistemas de distribucion de agua: Una nueva
perspectiva,” Rev. ACODAL, vol. 226, pp. 1-15, Dec. 2010.

[19]R. E. Featherstone and K. K. El-Jumaily, “Optimal Diameter
Selection for Pipe Networks,” J. Hydraul. Eng., vol. 109, no. 2, pp.
221-234, Feb. 1983, doi: 10.1061/(ASCE)0733-
9429(1983)109:2(221).

[20]N. Zaragoza Grifé, J. Garcia Sosa, and A. Morales Burgos,
“Determinacion del gasto en sistemas de tuberias en serie utilizando
el Mathcad,” Ingenieria, vol. 9, no. 1, pp. 19-24, Sep. 2005.

[21]G. Yildirim and V. P. Singh, “A MathCAD procedure for
commercial pipeline hydraulic design considering local energy
losses,” Adv. Eng. Softw., vol. 41, no. 3, pp. 489-496, Mar. 2010,
doi: 10.1016/J,ADVENGSOFT.2009.10.007.

[22]J. Garcia and A. Morales, “Determinacion del diametro en sistemas
de tuberias utilizando el Mathcad,” Ingenieria, vol. 7, no. 1, pp. 53—
58, Sep. 2003.

[23]T. C. Hughes and R. W. Jeppson, “Hydraulic friction loss in small
diameter plastic pipelines,” J. Am. Water Resour. Assoc., vol. 14, no.
5, pp. 1159-1166,  Oct. 1978,  doi:10.1111/j.1752-
1688.1978.tb02254.x.

[24]). G. Acevedo, G. Valencia Ochoa, and L. G. Obregon,
“Development of a new educational package based on e-learning to
study engineering thermodynamics process: combustion, energy and
entropy analysis,” Heliyon, vol. 6, no. 6, p. €04269, Jun. 2020, doi:
10.1016/j.heliyon.2020.04269.

[25]D. Dodds, A. R. Sarhan, and J. Naser, “Numerical analysis of dilute
gas-solid flows in a horizontal pipe and a 90° bend coupled with a
newly developed drag model,” Chem. Eng. Res. Des., vol. 163, pp.
169-181, Nov. 2020, doi: 10.1016/J.CHERD.2020.09.009.

[26]R. Dry, H. Rabadia, D. Felipe, G. Ingram, N. Maynard, and E.
Ventura-Medina, “SigmaPipe as an education tool for engineers,”
Educ. Chem. FEng., vol. 14, pp. 1-15, Jan. 2016, doi:
10.1016/J.ECE.2015.10.002.

[27]A. A. Cuadri, J. E. Martin-Alfonso, and J. Urbano, “A teaching
methodology based on Mathcad for improving the calculation of
pumping power,” Educ. Chem. Eng., vol. 28, pp. 6878, Jul. 2019,
doi: 10.1016/j.ece.2018.11.007.

[28]B. K. Hodge and R. P. Taylor, “Piping-system solutions using
Mathcad,” Comput. Appl. Eng. Educ., vol. 10, no. 2, pp. 59-78, Jan.
2002, doi: 10.1002/cae.10010.

[29]R. Gomes da Rocha and F. Bastos de Freitas Rachid, “Numerical
solution of fluid-structure interaction in piping systems by Glimm’s
method,” J. Fluids Struct., vol. 28, pp. 392-415, Jan. 2012, doi:
10.1016/J.JFLUIDSTRUCTS.2011.11.004.

[30]H. P. Rani, T. Divya, R. R. Sahaya, V. Kain, and D. K. Barua,
“Exploration of Wall Thinning Degradation Mechanism in Double
Elbow Pipe,” Int. Rev. Model. Simulations, vol. 6, no. 1, pp. 224—
234, Feb. 2013.



