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ABSTRACT:

Engineering students need to acquire a variety of hard and soft skills while attending
college. Furthermore, in order to advance in their career, students must learn how to
effectively use information and communication technologies (ICT) to tackle a variety of
engineering issues. Spreadsheets, usually found in Microsoft Excel, are among the ICT
that are easiest to access and use. Nevertheless, its instruction and use in engineering
courses at universities have not been well developed, and this is frequently because of
the teachers' inability to apply it because they lack the necessary expertise. In this
manuscript, it is demonstrated how students can create a Microsoft Excel program that
solves representative cases of fluid dynamics in a piping system studied at an
intermediate university level. Examples of these cases include pump power, pipe
diameter, and flow rate calculation using the First Law of Thermodynamics. Students
must be able to integrate a robust database with the properties and characteristics of
the pipe material and its accessories, as well as the solution technique with the
calculations and results presented in an easy and straightforward manner, for the
application to operate properly. Finally, students can easily use the program and
investigate how operating variables affect fluid flow through pipes by integrating
Microsoft Excel's add-ins and creating macros.

RESUMEN:

Los estudiantes de ingenieria necesitan adquirir una variedad de habilidades duras y
blandas mientras asisten a la universidad. Ademas, para avanzar en su carrera, los
estudiantes deben aprender a utilizar eficazmente las tecnologias de la informacién y la
comunicacion (TICs) para abordar una variedad de cuestiones de ingenieria. Las hojas
de calculo, normalmente usadas en Microsoft Excel, se encuentran entre las TICs a las
que es mas facil acceder y que son mas sencillas de utilizar. Sin embargo, su enseflanza
y uso en los cursos de ingenieria en las universidades no ha sido bien desarrollado, y
esto frecuentemente se debe a la incapacidad de los profesores para aplicarlo por
carecer de la experiencia necesaria. En este documento se demuestra coémo los
estudiantes pueden crear un programa en Microsoft Excel que resuelve casos
representativos de dinamica de fluidos en un sistema de tuberias estudiado en un nivel
universitario intermedio. Algunos ejemplos de estos casos incluyen: potencia de una
bomba, didmetro de tuberia y calculo de caudal utilizando la Primera Ley de la
Termodinamica. Los estudiantes deben ser capaces de integrar una base de datos
robusta con las propiedades y caracteristicas del material de la tuberia y sus accesorios,
asi como la solucion con los calculos y resultados presentados de manera facil y directa,
para que la aplicacion funcione correctamente. Finalmente, los estudiantes pueden usar
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facilmente el programa e investigar como las variables operativas afectan el flujo de
fluido a través de tuberias mediante la integracion de complementos de Microsoft Excel

y la creacion de macros.

* Recibido: 23 de mayo de 2026

1. INTRODUCTION

Learning Information and Communication
Technologies (ICT) play a significant role in
the university education of engineering
students. Using such tools effectively
reduces the time and effort required to
tackle complex engineering issues requiring
iterative computations or time-consuming
processes. Undergraduate education
systems now require instructors' abilities to
learn and effectively use ICT tools (including
spreadsheets and text processors like
Microsoft Excel and Microsoft Word,
respectively) for teaching and learning
purposes.  Furthermore, to integrate
Industry 4.0 and engineering programs,
academic institutions and universities must
add digitization skills with the aid of ICT
tools and the usual hard and soft skills. ICT
tools are essential when the teacher's
primary goal is the development of creative
abilities where to apply basic knowledge [1-
3]. Employers today expect new university
graduates  interested in  engineering
professions to be skilled users of ICT tools.
For example, in the case of Microsoft Excel,
they can manage inventory, create a
database with drop-down lists, develop
interactive  dashboards for a nice
presentation of data and results, and
program macros, among other skills.

Nevertheless, one of the most significant
issues in using ICT tools in universities is
their scarcity due to their sophistication or
the high cost of their commercial license.
For that, universities should first focus on
commonly used ICT, such as spreadsheets,
or free licenses for process simulators, like
DWSIM, and incorporate them into a new
curriculum dealing with computational
numerical methods, heat transfer, fluid

* Aceptado: 9 de octubre de 2026

* Publicado en linea: 2 de junio de 2026

mechanics, and transport phenomena to
develop technical competences and model
simulation skills. Here, the difficulty lies in
the teachers' limited knowledge of ICT tools
for classroom education and their inability to
incorporate ICT tools into their subjects. This
situation is compounded by the fact that
many university engineering professors
learnt in a traditional approach, with an
emphasis on manual problem-solving and
limited integration of digital technologies into
the teaching and learning process. Several
studies have indicated that the lack of formal
ICT training and the lack of digital skills
among higher education professors represent
a limitation to educational innovation in
engineering [1, 4]. The absence of systematic
training programs, coupled with the overload
of academic responsibilities, restricts
professors' willingness to invest time in
mastering tools such as Microsoft Excel.
Furthermore, resistance to methodological
change, as well as the perception that
redesigning materials requires additional
effort, generates pedagogical barriers that
delay the adoption of learning support
technologies [3]. To overcome these
limitations, several strategies are proposed,
including practical workshops focused on
teaching with spreadsheets, the creation of
repositories containing templates, macros,
and examples applicable to typical
engineering problems, and the promotion of
peer-to-peer learning communities where
more experienced instructors support their
colleagues [5]. The gradual integration of
these tools, initially combining traditional
methods with spreadsheet exercises, can
facilitate the transition and ensure a positive
impact on both teaching and student
learning.

Compared to commercial simulators, such
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as Aspen Plus, ChemCAD, and so on,
Microsoft Excel is much easier to use and
access at a bachelor's level. Furthermore, it
must be taken into account that commercial
chemical process simulators are professional
tools that require arduous training to be
adequately used, and this is usually not
available at an academic level worldwide.
Microsoft Excel has plenty of built-in tools
that make the software suitable for
developing easy simulations of industrial
processes [5-11].

On the other hand, students learn the
established methods' sequence by designing
and programming a spreadsheet to calculate
variables in  real-world  engineering
challenges. They must give all the
instructions without skipping a single step
because doing so will prevent them from
arriving at the intended or correct solution.
In addition, in most cases, they should
include a database with the physical
properties of chemical compounds,
construction materials, and accessories so
the same program can select the parameters
required to solve the problem. After creating
their program, students can run simple
simulations by  adjusting  operating
conditions to wunderstand the physical
behavior of the problem under study. For
example, in the case of fluid dynamics, it is
possible to realize the effect of fluid
viscosity on the pump's power and/or flow
rate under established conditions.

The present work demonstrates how
college students studying engineering at the
intermediate level may generate automatic
calculations for different scenarios on fluid
dynamics utilizing ICT resources, in this
instance, with the creation of spreadsheets
in Microsoft Excel. This case study uses the
mechanical energy equation, derived from
the First Law of Thermodynamics principles,
to analyze how fluids move through a pipe
system. Students must be able to use the
arithmetic functions of Microsoft Excel,
adapt its built-in tools to simplify the
solution of the problems raised, and

program macros so the calculations are
automatically executed once the variables of
the processes have been introduced in the
corresponding cells. Of course, this program
is far from replacing commercial software
specialized in fluid transport, such as Ansys
Fluent and Aspen Plus, among others. Its sole
purpose is to introduce students to the
intelligent use of ICT tools to address
problems  encountered  during their
engineering studies and develop their design
and programming skills in standard software.

The structure of this manuscript is as
follows: in the Theoretical Basis section, the
principles of the First Law  of
Thermodynamics and the mechanical energy
equation applied to pipe flow are explained;
next, the typology of the most common fluid
flow problems in engineering is described; in
the Microsoft Excel Program Design section,
the development of the tool is presented step
by step, including the calculation of pipe
diameter, flow velocity and pumping power,
based on functions such as “GoalSeek” and
macros; then, in the Program Applications
section, three practical examples are
developed that illustrate the use of the
spreadsheet in different scenarios; finally, the
results section of the students' perception of
the use of the tool and its impact on the
learning of fluid dynamics is presented.

2. THEORETICAL BASIS

Pipe flow analysis is based on the First Law
of Thermodynamics, also known as the
General Principle of Conservation of Energy:
“Energy cannot be created or destroyed during
a process; it can only change form”. From here,
the General Equation of Energy Balance is
written as:

Final Energy _ Inltial Energy _ Net Transferred Energy
in the system in the system to the system

)

Where:

Initial Energy in the system=U +E,+E , )
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Final Energy in the system=U +E+E 3)
Transfered Energy =Q—W “)
U: internal energy
E, : kinetics energy
E,: potential energy
Q: heat
W work

Replacing the terms:
(Uf_Ui)+(ch_Eci)+(Epf_Epi):Q_W (5)

In the case of open systems with steady
state mass input and output, the net rate of
work done by the system on the
surroundings is:

W=WaW, 6)

Where W, is shaft work, which is the one
that makes or receives the fluid in some
mobile part within the system. W, is flow
work, which is the work required to move a
fluid into or out of a system:

Wy =P,V =PV, @)
Where:

P: pressure
V: volumetric flow

If the fluid is liquid and the change in its
density from the input to output of the
system is negligible, it is obtained:

WfI:(Pf_Pi)'V:AP'V ®)

When fluids are transported through
pipelines, negligible quantities of heat are
transferred to or from the surrounding
environment (Q=0). Also, temperature
changes little from inlet to outlet, and there
are no phase changes or chemical reactions;
therefore AU=0. Nevertheless, there are
significant energy losses due to the fluid's
friction against the pipe walls and its
passage through accessories (valves, elbows,
unions, reducers, etc). This energy
dissipation is known as friction losses, r-F.

Then, the general energy equation for open

systems can be written:

AP-V+AE+AE +m-F=W, )
Where:
I
AE,=5m-Au (10)
AE,=m-Az (11)

m: mass flow
u: mean linear velocity
z: height

Also, the volumetric flow can be written in
terms of the mass flow using the density :

. m
v=D1 12
. (12)

Replacing:
APTm+%m-Au2+m-Az+m-ﬁ:W5 (13)

2 —
AP AU = (14)
p 2

The last is known as the Mechanical Energy
Equation.

Friction losses through pipes are calculated
with:

u2
5 (15)

ﬁ:(f%+z K,
Where:

f: friction factor (Darcy-Weisbach factor)
L: pipe length

D: pipe internal diameter

2 K:: minor losses in accessories

Before calculating the friction factor, f, the
Reynolds number, which is a ratio between
the inertial forces and the viscous forces in the
fluid, is used to determine whether the fluid
transportation through the pipe is laminar or

turbulent:
_ inertial forces _ p-u-D _u-D
viscous forces u v

(16)
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Where:

p: fluid density (kg/m°);

u: mean linear velocity (m/s);

D: geometry characteristic length (diameter
in this case, in m);

p: fluid dynamic viscosity (Pa-s);

v: kinematic fluid viscosity (m*/s).

It is preferable to have accurate Reynolds
number values for laminar, transitional, and
turbulent flows, and the widely accepted
limits are:

Re <2300 laminar flow
2300<Re <4100 transitional flow
Re>4100 turbulent flow

If the flow is laminar, the coefficient of
friction is calculated with:

_64

[ )

If the flow is turbulent or transitional, in
addition to the Reynolds number, the
relative roughness (/D) of the pipe material
needs to be known. Then, traditionally the
Moody Diagram is used to know the friction
factor; however, the Colebrook equation
modified by S. E. Haaland, which gives values
with differences of +2% with respect to the
Moody Diagram can also be used:

1 2

6.9
— 4
Re

—1.8log,, 37

e/D )1-“] (18)

Minor losses, K;, represent the pressure
drop or energy loss of the fluid as it passes
through an accessory. These values have
been determined experimentally and are
reported in  different bibliographical
references related to fluid mechanics.

3. TYPICAL PROBLEMS IN THE AREA OF
FLUID FLOW

In the design and analysis of fluid flow

systems in pipelines, there are typically three
types of problems, assuming that the
difference in pressure and height between
the initial and final points, the density and
viscosity of the fluid, and the roughness of
the pipe and accessories included in the
system are specified:

[. Determination of the pump's power:
when it is set the volumetric flow, the
length and diameter of the pipe.

II. Determination of the flow velocity
and/or volumetric flow: it happens when
the length and diameter of the pipe are
indicated in addition to the power of the
pump.

III. Determination of the pipe's diameter: it
occurs when the length of the pipe, the
volumetric flow and the power of the
pump are known.

Problems of the first type are solved by a
direct procedure. The second and third types
of problems usually come up in engineering
design. For example, choosing the pipe
diameter that reduces the total cost of
building and pumping requires an iterative
process.

In the second type of problems, the
diameter is known, but the flow velocity and
volumetric flow are not, so it is not possible
to figure out the Reynolds number and
identify whether the flow is laminar,
transitional, or turbulent. For this reason, the
mechanical energy equation is solved by first
assuming a flow velocity and then solving for
each of its components. The flow velocity is
correct if the mechanical energy conditions
are met, either by equating this equation to
zero or by computing another part of the
equation, such as friction losses. Otherwise,
an alternative flow velocity is proposed.

In problems of the third type, the diameter
is unknown, making it impossible to calculate
the Reynolds number and relative roughness.
Consequently, calculations begin with the
assumption of a pipe diameter. The criteria of
the mechanical energy equation are
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compared (as previously stated), and
calculations are repeated iteratively with a
different pipe diameter until convergence is
reached.

4. PROGRAM DESIGN IN MICROSOFT
EXCEL

The program in Microsoft Excel uses
hyperlink buttons to browse across
spreadsheets. At the beginning, a menu
shows the types of fluid flow problems that
have already been stated and that the
program can solve, as shown in Figure 1. The
diameter option allows calculating the
diameter of the pipe, the velocity option
allows the calculation of the flow rate of the
fluid, and the pump power option
determines the required power of a pump to
transport a fluid. In each case, the remaining
system variables must be specified.

4.1. Pipe diameter calculation

To calculate the diameter of a pipe, the
screen shown in Figure 2 is displayed. The
cells shown in white are the system variables
needed to compute a pipe's diameter using
the mechanical energy equation. As the
system variables are incorporated, the
spreadsheet automatically calculates the
yellow cells. The blue cells indicate pipe
material properties that are determined by
the program when the pipe material is
selected as shown in Figure 3. The material
selection is made by means of a drop-down
list, as its shown in Figure 3, and it has as
options steel schedule 40 and 80, copper
type K, and cast iron.

P ——

‘ VELOCITY |—‘ nsarsmun.|

‘ POWER PUMP | —)

USER'S MANUAL

Figure 1. Main menu of the created program.

Using an iterative procedure, the diameter is
determined. In this instance, the solution
strategy involves suggesting a diameter value
and calculating friction losses with the
equation:

u2
> (19)

ﬁ:(f%"'z Ky

As well as with the equation of mechanical
energy:

—2E 20 gz (20)

The program is intended for use with
incompressible liquids and a constant pipe
diameter, so the change in kinetic energy is
negligible:

L -W
F="2s AP oA, (1)
moop

With the proposed diameter, the flow
velocity in cell G6 is calculated:

(22)
G6 = (4*D6)/(PI()*I2"2)

Note that for the value of m, the Excel
function PI() (which returns the value with a
precision of 15 digits) is used to perform the
calculations with greater accuracy.

Next, in cell H6 the Reynolds number is

calculated.
H6 = (D3*G6*I2)/D4

Depending on the magnitude of this
number, the program informatively indicates
in cell H7 if there is a laminar, transitional, or
turbulent flow with the following conditional
instruction:

H7 = IF(Table2[Re]<2300,
"Laminar Flow", IF(Table2[Re]>4100,
"Turbulent Flow", "Transitional Flow"))
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0

2 Fluid rties
. Viscosity (Pa-s) 0.01

System Variables [

D (m)

| u(m/s) | Re | T - )

Volumteric flow (m®/d4.00E-04 [

0.0154

F(Q/kqg) -
82.0620

2.1376 | 3,135 0.0437 |

Heigh 1 (m) 3
Heigh 2 (m) 0

Transitional Flow

-

energy
82.0616

s
) Lenght (m) 10 [E
w0 BWracliy Ml |Pressure 1 (Pa) 50000 |
1 Pressure 2 (Pa) 0

Pump Power (W) "]
Cravity (m/s) 8.81
Mass flow (kg/s) 0.38

:
| ) m—

Material Steel_ced_80

jhness 0.000046
Relative Roughness |2.98E-03
= 1.8

Objective Function 0.00038

Figure 2. Menu to calculate the diameter of a pipe.

E

g 5
: [ meurpars |

& il 1 K

Diameter (m)

Fluid physical properties
Density (kg/m®) 950

Viscosity (Pa-s) Jo.o1

[ 00154 ]
0

System Variables [

D (m)

| u@s) ] Re -] f -]

v ic flow (m*/J4.00E-04 |

0.0154

F(/kg) -
82.0620

2.1376 | 3135 | 004371 |

Heigh 1 (m) 3
Heigh 2 (m) 0

Transitional Flow

energy

0/kg)|
82.0616 1

9 Lenght (m) 10 [E
10 Pressure 1 (Pa) 50000 |
1 Pressure 2 (Pa) 0

2 Pump Power (W) |0

[ Objective Function

0.00039 |

15 Gravity (m/s?) 9.81
1 Mass flow (kg/s) 0.38

15
| Material Steel_ced 80 | -

18 Roughness (m) Steel_ced 40
st 1 80

19 Relative Roughness | Steel
x

Depending on this value, the program
defines how to calculate the coefficient of
friction, f, in cell 16 using the following
conditional statement:

I6 = IF(H6<2100, 64/H6, (1/(-
1.8*L0OG10(6.9/H6+ (E20/3.7)"1.11)))"2

On the other hand, the global coefficient of
minor losses (Z K;) is calculated by
selecting the type and quantity of elbows, as
well as the types and quantities of valves
used in the piping system in the TABLES
section as indicated in the Figure 4. It can be
seen that the choice of accessories is made
via drop-down lists that also indicate their
quantity.

To obtain the solution, an objective function
consisting of contrasting the calculated
friction losses of the pipe with the value

derived from the mechanical energy
equation is established:
(D:Fpipeline_Fmechanic energy (23)

Figure 3. Selection of the pipe material.

Where:
~ L uZ
Fpipeline:(f5+z KL)? (24)
- -Ws AP
Fmechanic energy = TS - T —g- Az (25)

F ame 18 calculated in cell J6:
J6=(I6%D9/I2+D20) * (G6°2/2)
F pechanic ey 18 C@lculated in cell F10:
F10=D12/D14+ (D11-D10) /D3-D13* (D8-D7)

In turn, the objective function 3% is
calculated in cell G12:

G12=J6-F10

The procedure is iterative, and the solution
is found when the objective function is equal
to zero, ®=0.

To avoid iterations, in Microsoft Excel there
is the “GoalSeek” option found in the
Hypothesis Analysis tool in the Data section.
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It should be noted that this tool was
developed for accounting and administrative
purposes; however, it is perfectly adequate
to find the diameter of the program.

Once the "GoalSeek" function has been
selected, the dialog box shown in Figure 5
appears. In said box, cell G12 (where the
calculation of the objective function is
found) is equal to 0, changing the value from

cell 12 (where the pipe diameter is proposed).

This action can be automated with the

design of a macro, which is listed in Figure 6.
In this way, if the problem to be solved with
the system variables has a solution, by
pressing the solution button the program
finds the diameter that satisfies the Objective
Function.

0.0000015

[Extruded tube: copper. PVC, brass and sfeel

Roughness (m) Material
DIAMETER [

Total 1 Elbow Type K

Flanged 1 03 |

=l ——

Valve Type

Total
1

Angle valve, fully open

swing check valve

174 closed
172 closed
374 closed

Diameter Nominal (in)
|

Gate valve, fully open

Globe valve, fully open
Angle valve, fully apen
Ball valve, fully open
2 Swing check valve

ole|m|xlE

2.168E-03
|

Figure 4. Selection of accessories in the pipeline system.

A s c 3 ¢ ) . H ) «
1
| meurpATA |
2 Fluid i i Diidmeter (m) I 00200 1
5 ﬁ Density (kg/m® ___|950
. Viscosity (Pa-s) Jo.o1
s System Variables [ D (m) -] u@n/s) | Re -] £ | -| FQ/kg) -
5 v ic flow (m®/J4.00E-04 | 0.0200 | 1.2732 | 2,419 | 0.04766 | 25.4757
; Heigh 1 (m) 3 Transitional Flow
s Heigh 2 (m) 0
9 Lenght (m) 10 [E energy a/k% =
10 m Prossure 1 (Pa) 50000 | 82.0616 Fitee @aanTe 2 %%
u Pressure 2 (Pa) 0 Defrirlaceds: G512 *

Pump Power (W) |0

Objective Function -56.58589

Con el valor: 0
1 Gravity (m/s%) 9.81
14 Mass flow (kg/s) 0.38 Cambiando la celda: | $I52 Ey
b
1
B Material Steel_ced_80 Solution
1 Roughness (m) 0.000046
1 Relative 2.30E-03 |
20 A 7.6

Figure 5. Use of the "GoalSeek" function to find the diameter of the pipeline system.

Sub Solucidn()

n Macro

la velocidad de flujo

Range ("I2") .Select
ActiveCell.FormulaRlCcl = "1"
Range ("I3").Select

Application.CutCopyMode = False
Application.CutCopyMode = False
Application.CutCopyMode = False

Range ("G12") .GoalsSeek Goal:=0,
Range ("H15") .Select

de un sistema de

tuberi

rias

ChangingCell:=Range ("12")

Figure 6. Macro structure to find the diameter of the pipeline system
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4.2. Flow Velocity Calculation

In the case of flow velocity calculation, the
screen is shown in Figure 7. As in the
previous case, the cells containing the input
variables are white, so the physical
properties of the fluid, system variables, and
pipe material and diameter must be
specified. Calculations made by the program
are shown in yellow cells, and cells in blue
are values selected by the program via drop-
down lists for pipe material and nominal
diameter, as noted above. Likewise, the type
and quantity of accessories is indicated as
previously explained.

After entering all of the input variables, the
problem is solved iteratively, beginning with
a flow rate proposal.

With the proposed velocity, the Reynolds
number is calculated in cell G6:

Re=—p.u.D

” (26)

G6= (D3*F6*D19) /D4

In an informative way, the program
indicates if there is laminar, transitional, or
turbulent flow in cell G7:

G7 = IF(G6<2300, "Laminar Flow",
IF(G6>4100, "Turbulent Flow",
"Transitional Flow"))

The friction coefficient, f, is calculated in
cell H6 with the conditional statement
previously indicated, and depending on the
Reynolds number:

H6=IF (G6<2100, 64/G6,
(1/((-1.8)* (LOGL0 (6.9/G6+ (((D21)/
3.7)71.11))))"2))

Then, in cells 16, F10 and G12, are calculated

F eines Fechanic energyr @00 the objective function, @
, respectively.
T P s
pipeline fB + L ? (27)
I6 =(H6*D9/D19+D23) * (F6"2/2)
- -W
Fmechanic energy = - M -g Az (28)

1 p
F10 =D12/D14-(D11-D10) /D3-D13* (D8-D7)

~ ~

o=F (29)

mechanic energy Fpipeline

Gl2 =I6-F10

The solution is found when with the
proposed velocity the objective function is
equal to 0.

To find the solution, it can be used again the
“GoalSeek” function as it is shown in Figure 8.

c

D

Fluid physical properties

E & H )

[ Velocity (m/s) [ 1.8140 |

Density (kg/m)

[1250

s
. Viscosity (Pa's) |7.00E-04

s System Variables [ u ('s) - Re | T | F@ -
. Volumteric flow (m’/s) 0.0135 [ 18140 | 314860 | 00146 | 22.4088
7 Heigh 1 (m) 0 Turbulent Flow’

s Heigh 2 () 8

o | Lenght (m) 10 F (mechanical energy equation) (J/

10 m Pressure 1 (Pa) 15000 22.4089

1 Pressure 2 (Pa) 0

12 Pump Power (W) 1500 Objective Function -0.00004]

1 Gravity (m/s”) 9.81

1a Mass flow (kg/s) 16.8750

1

7 Material Steel_ced 80

1 Diameter Nominal (in) 4

1 Diameter (m) 0.0972

20 Area (m’) 7.419E-03

2 Roughness (m) __|4.60E-05

Relative Roughness

0.00047

>

7.6

Figure 7. Menu to calculate the flow velocity of the pipeline system.
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A 8 C

D

Fluid physical properties

F c H 1

Velocity (m/s) i 1.5000 |

Density (ke/i)

[1250

Viscosity (Pa's)

|7.00E-04

System Variables

u (mls) -1 Re -] o |

Volumteric flow (m/s)

0.0111

F -
15.5391

15000 | 260357 | 00151 |

7| Heigh 1 (m)

s Heigh 2 (m)

Turbulent Flow

Lenght (m)

Pressure 1 (Pa)

F (mechanical ener;

juation) (J/
413512

Pressure 2 (Pa)

2 Pump Power (W)

Objective Function |

-25.81210]

1 Gravity (m/s)

1 Mass flow (kg/s)

:
:

17 Material

Steel_ced_80

15 Diameter Nominal (in)

4

19 Diameter (m)

0.0972

Area (i)

7.419E-03

21 Roughness (m)
2 Relative Roughness

4.60E-05
0.00047

23 YK 7.6

Buscar objetivo ? X

=

»

efinir la celda: 5612

[

o0 o B
9

ambiando la celda: | $152| -

Figure 8. Use of the "GoalSeek" function to find the flow velocity of the pipeline system

Once the "GoalSeek” option has been
selected in the dialog box, cell GI12 (where
the objective function is calculated) is
selected and set equal to 0 by changing the
value of cell 12 (which contains the proposed
velocity). Likewise, a macro that suggests an
initial value and executes the “GoalSeek”
application is created (Figure 9).

4.3. Pump Power Calculation

The calculation of the power of the pump is
carried out in the sheet shown in Figure 10.

In a similar way to the previous cases, in
the white cells are introduced the physical
properties of the fluid, the variables of the
analysis system, as well as the material and
nominal diameter of the pipe. The blue cells

are values that the sheet obtains
automatically with the pipe specifications
and the database integrated into the
program.

With the information entered in the
spreadsheet, the calculations are made

directly to estimate the power of the pump.
First, in cell F6, the flow velocity is

calculated from the volumetric flow and the
internal area of the pipe:

1%
u=—
A

F6 =D6/D19

Next, the Reynolds number is calculated in
cell G6:

ReZ—‘D‘u‘D

r ©1)

G6=(D3*F6*D18) /D4

In an informative way, the program indicates
if there is laminar, transitional, or turbulent
flow in cell G7:

G7 =IF(G6<2300, "Laminar Flow",
IF(G6>4100, "Turbulent
Flow","Transitional Flow"))

The coefficient of friction, f, is calculated in
cell H6 with the conditional statement
previously indicated, and depending on the
Reynolds number:

H6= IF(G6<2100, 64/G6,
(1/(-1.8*(LOG10(6.9/G6+
(D21/3.7)71.11)))"2))

Next, in cell 16, the friction losses that occur
in the pipe are calculated:

u2
> 32)

I L
F:(fB"'z K,
I6 =(H6*D9/D19+D23)* (F6"2/2)

The mass flow is determined in cell D13:

10
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Sub Solucidn()

Range ("I2") .Select
ActiveCell.FormulaR1lCl = "1"
Range ("I3") .Select
Application.CutCopyMode = False
Application.CutCopyMode = False
Application.CutCopyMode = False
Range ("G12") .GoalSeek Geoal:=0,
Range ("H15") .Select

ChangingCell:=Range ("I2")

Figure 9. Macro structure to find the diameter of the pipeline system.

C D

Fluid physical properties
Density (kg/m°) [ns0

F G H )

| Power Pump (W) | 14.6249 ]

Viscosity (Pa-s) [1.400E-03

System Variables
Volumetric flow (m®/s) [0.0018

F (/kg) -]
0.4887 |

Ws W) -
14.6249

u(mfs) | Re -] ]
03223 | 2231756 | 003050 |

Heigh 1 (m)
Heigh 2 (m) 2
Lenght (m) 5
Pressure 1 (Pa) 0
Pressure 2 (Pa) -15000
Gravity (m/s?) 9.81

Mass flow (kg/s) 2.07

Material Cast_iron
3

A B
9
10 MANUAL
\

15
Ml TABLES

17 Diameter Nominal (in) |

18 Diameter (m) 0.0843

19 Area (m 5.585E-03
20 Roughness (m)  [2.40E-04
21 Relative Roughness |2 .8470E-03
22 e 7.6

Turbulent Flow

Figure 10. Menu to calculate pump power of the pipeline system

m=Vv- (33)
D13=D6*D3

Finally, the pump power is calculated in cell
Je:

—Wszr'n(%+g-Az+ﬁ'

(34)

J6=D13* ((D11-D10) /D3+D12* (D8-D7) +I6)

5. APPLICATIONS OF THE CREATED
PROGRAM

Example 1. Pipe diameter calculation

It is desired to heat a high viscosity
hydraulic oil using a heat exchanger. The oil
is stored in a tank that is 3 m above the level
of the heat exchanger and has a gauge
pressure of 50 kPa. For its part, the heat
exchanger  operates at  atmospheric

pressure. The oil has a dynamic viscosity of
0.130 Pa's and a density of 800 kg/m? It is
desired to use a type K copper pipe with a
length of 10 m and a volumetric flow of
0.0005 m®/s is required. The system has a
fully open angle valve, and a swing check
valve as is shown in Figure 11. Determine the
diameter of the pipe.

Solution

To solve the problem, the values of the
physical properties of the hydraulic oil are
inserted in units of the international system:
density in kg/m?® and dynamic viscosity in
Pa-s. Similarly, the system variables are placed
in the international system: volumetric flow
(m®/s), height 1 (m), height 2 (m), pipe length
(m), pressure 1 (Pa), pressure 2 (Pa), pump’s
power (W), and pipe material. Everything is
done in the white cells of the spreadsheet
designed as shown in Figure 12. Finally, in the
Tables section, the types of accessories and
their quantity are selected as indicated in
Figure 13.

1



Programacion Matematica y Software (2026) 18(2): 1-20. ISSN: 2007-3283

P an = 50 kPa
Hydraulic oil 3m
V=5x10"* m3/s
Copper type K Pran = 0 kPa
L=40m

~—1 [T

valve e check
Swing chec Heat exchanger

valve

Figure 11. Flow diagram of Example 1.

Tolal Elbow Tvpe |

Toial Valve Tvpe
Angle valve, fully open
1 Swing checkvalve

olo|nv|uE

Figure 13. Selection of accessories to solve Example 1.

After executing the macro in the "Solution"

Fluid nhvsical nronerties button, the spreadsheet calculates the
Densitv (ka/m") 800 ) diameter in the yellow cells using the
Viscosity (Pa s) 0.13 annotated data as is indicated in Figure 14.
System Variables
V olumteric flow (m’/s]5.00E-04 The results obtained are:

E::gﬂ ; ;E; g 1) Mass flow: 0.4 kg /s
2) Diameter: 0.0248 m
Lenght (m) 10 3) Flow velocity: 1.0389 m/s
Pressure 1(Pa) 20000 4) Reynolds number: 156 (laminar flow)
Pressure 2 (Pa) 0 5) Friction coefficient: 0.4044
Pump Power (W) 0 6) Friction loss in pipeline: 91.9311]/kg
Gravitv (m/s) 0.81 7) Friction loss from the mechanic
Mass flow (ka/s) 4 energy equation: 91.9300 J/kg
Figure 12. Input of system variables to solve Example 1. 8) Objective function: 0.00006

12
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Example 2. Calculation of flow velocity

A 500 W centrifugal pump is used to
transport ethyl alcohol at 50 °C (sg = 0.78, u=
7.0x10* Pa-s) from a tank located on the
ground floor of a factory to a tubular reactor
located 5 m above the tank (vertically). The
reservoir has a gauge pressure of 150 kPa,
and the reactor operates at atmospheric
pressure. The flow is carried out through a
2-inch commercial steel pipe, schedule 40,
and the installation has a length of 40 m with
4 threaded elbows, a swing check valve, and
a %2 closed gate valve as indicated in Figure
15. Determine the flow velocity of the ethyl
alcohol.

Solution:

To solve the problem, the values of the
physical properties of ethyl alcohol at 50 °C
are inserted in units of the international
system: density in kg/m’ and dynamic
viscosity in Pa-ss. Likewise, the system
variables are also placed in the international
system: height 1 (m), height 2 (m), pipe length
(m), pressure 1 (Pa), pressure 2 (Pa), pump’s
power (W), pipe material and nominal
diameter. Everything is done in the white
cells of the spreadsheet designed as shown in
Figure 16. Finally, in the Tables section, the
types of accessories and their quantity are
selected as indicated in Figure 17.

B s
: Tluid Diameter (m) o.0z48 1
5 ﬁ Density (kg/m?) ]800
B Viscosity (Pa's) Jo.13
System Variables [ D (m) -] u(@n/s) | Re -] £ | FQ/kg) -
s Volumteric flow (m®/g5.00E-04 | 0.0248 1.0389 | 158 | 0.40440 | 91.9301
Heigh 1 (m) 3 Laminar Flow
s Heigh 2 (m) 0
Lenght (m) 10 [E energy a/kg)|
10 Pressure 1 (Pa) 50000 [ 91.9300
u Pressure 2 (Pa) 0
12 Pump Power (W) |0 Objective Function 0.00006
15 Gravity (m/s%) 9.81
1 Mass flow (g/s) 0.4
15
. Material C°PPeI;Jy'pe,
Roughness (m) 0.0000015
Relative 6.06E-05
PR 7
Figure 14. Calculations to solve Example 1.
Pryan = 0 kPa
A
T
A |
Pan = 150 kPa Gate valve ‘
O "2 closed Plug Flow reactor
C
T 5m
/\ 2-inch commercial steel
schedule 40
L=40m
v
/ Swing check valve
Ethyl alcohol )
50°C L~
=
Centrifugal pump
500 W

Figure 15. Flow diagram for Example 2.

Once all the values of the system variables
have been entered, the spreadsheet finds the
solution by pressing the “Solution” button
which runs the macro to solve the problem

as is shown in Figure 18.

The results obtained in the yellow cells are
the following:

13
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- Flow velocity: 4.6516 m/s

- Volumetric flow: 0.0101 m®/s

- Mass flow: 7.8661 kg /s

- Reynolds Number: 272 120
(turbulent flow)

- Friction coefficient: 0.0150

- Friction losses in pipeline: 206.8216
I/kg

- Friction losses from the mechanic
energy equation: 206.8217 J /kg

- Objective function: -0.00013

As a result, the flow velocity of ethyl alcohol
is 4.6516 m/s.

Fluid physical properties
Density (kg/m’) 780
Viscosity (Pa-s) 7.00E-04
System Variables
Vo lumteric flow (m’/s) 0.0101
Heigh 1 (m) 0
Heigh 2 (m) 5
Lenght (m) 40
Pressure 1 (Pa) 150000
Pressure 2 (Pa) 0
Pump Power (W) 500
Gravity (m/s’) 9.81
‘ Mass flow (kg/s) 7.8661

Figure 16. Input of system variables to solve Example 2.

Total Elbow Type K

Threaded 0.9 ||

Total Valve Tvpe Ki
1 1/2 closed 2.1

1 Swing checkvalve 2

- 0

- 0

Figure 17. Selection of accessories to solve Example 2.

A B c D 3

F 4 " 3

Velocity (m/s) | 4.6516 |

Fluid physical properties
Density (kg/u) [780
|7.00E-04

Viscosity (Pa's)

System Variables

u (m/s) -] Re | £ | FQkg -
46516 | 272120 0.0150 | 206.8216

17 Material Steel_ced_40

18 Diameter Nominal (in) 2
19 Diameter (m) 0.0525

Py Area () 2.168E-03

21 Roughness (m) 4.60E-05

2 Relative Roughness |0.00088

23 Sk 7.7

'Volumteric flow (mz/s) 0.0101 |
Heigh 1 (m) 0 Turbulent Flow
Heigh 2 (m) 5
El Lenght (m) 40 F (mechanical ener; uation) (J/
ml m Pressure 1 (Pa) 150000 206.8217
1 Pressure 2 (Pa) 0
12 Pump Power (W) 500 Objective Function -0.00013
1 Gravity (m/s®) 9.81
14 Mass flow (kg/s) 7.8661
15 \
:

Figure 18. Calculations to solve Example 2.

Example 3. Pump's power calculation

A 20% NaCl solution is concentrated by
pumping it through a cast iron pipe with a
nominal diameter of 3 in and a flow rate of
0.0018 m®/s from a storage tank that is
exposed to the atmosphere to an evaporator

that is situated 2 m above the level of the
tank. The pipe system comprises a length of 5
m, two 90° flanged elbows, a swing check
valve, and an angle valve that is fully open.
The flow diagram in shown in Figure 19. The
solution has a density of 1150 kg/m® and a
viscosity of 0.0014 Pa's at the pumping

14
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temperature (30 °C). The evaporator
operates at a vacuum pressure of 15 kPa.
Calculate the pump's necessary power in W.

Angle
valve

Evaporator

—

— 3-in cast iron pipe .
L=5m —» Swing check

e S valve

20% NaCl

+ .
solution

— (O
N

Centrifugal
pump

Figure 19. Flow diagram for Example 3.

Solution:

To solve the problem, the values of the
physical properties of 20% NaCl solution at
30 °C are inserted in wunits of the
international system: density in kg/m?® and
dynamic viscosity in Pa-s. Likewise, the
system variables are also placed in the
international system: volumetric flow rate
(m?®/s), height 1 (m), height 2 (m), pipe length
(m), pressure 1 (Pa), pressure 2 (Pa), gravity
(m/s?), pipe material and nominal diameter.
Everything is done in the white cells of the
spreadsheet designed as shown in Figure 20.
Finally, in the Tables section, the types of
accessories and their quantity are selected
as indicated in Figure 21.

Fluid physical properties
Density (kg/m°) 1150
Viscosity (Pa’s) 1400E- 03

System Variables

Volumetric flow (m*/s) [0.0018
Heigh 1(m) 0
Heigh 2 (m) 2
Lenght (m) 5
Pressure 1(Pa) 0
Pressure 2 (Pa) - 15000
Gravity (m/s?) 9.81
Mass flow (ka/s) 207

Figure 20. Input of system variables to solve Example 3.

Once all the values of the system variables
have been entered, the spreadsheet
automatically computes the power pump, in
W, and displays it in a yellow cell as is shown
in Figure 18. For this case of study, the power
pump is 14.6249 W.

6. STUDENTS' PERCEPTIONS OF
SPREADSHEET DEVELOPMENT FOR
SOLVING FLUID FLOW PROBLEMS

Over several semesters, students have

developed a project that involves creating an
Excel program utilizing the spreadsheets
described above. A survey was administered
before and after the project to determine
their perception of this activity. The results
are described below.

Total Elbow Type KL
2 Flanged 03 1
Total Valve Tvpe Ki ‘

1 Angle valve, fully open 5

1 Swing checkvalve 2

0

0

Figure 21. Selection of accessories to solve Example 3.

15



Programacion Matematica y Software (2026) 18(2): 1-20. ISSN: 2007-3283

A B C D

F G H | J

| Power Pump (W) | 14.6249 ]

[um/s) T Re ] f | FOKg [ wsw) -]

| 03223 | 2231756 | 0.03050 | 0.4887 | 14.6249 )

Viscosity (Pa-s) |1.400E-03
| Heigh 1 (m)

System Variables
0.0018

Heigh 2 (m)

9 Lenght (m) 5

10 MANUAL

11

15

e TABLES

1 | neutoatA |
2 Fluid physical properties

3 W Density (kg/m*) 1150

a

£

6 Volumetric flow (m%/s)

7

8

NE

o

Pressure 1 (Pa)
Pressure 2 (Pa)
Gravity (m/s?)
Mass flow (kg/s)

-15000
9.81
2.07

Material Cast_iron
Diameter Nominal (in) 3
Diameter (m) 0.0843
Area (m?) 5.585E-03
Roughness (m) 2.40E-04
Relative Roughness |2.8470E-03

2w 7.6

Turbulent Flow

Figure 22. Calculations to solve Example 3.

Figure 23 shows students' perceptions of
their level of knowledge about the
mechanical energy equation and its
application to fluid flow systems. Before
completing the project, 71% considered
themselves to have basic or no knowledge of
this topic. However, after completing the
project, the perception of knowledge about
the mechanical energy equation increased
considerably, reaching an intermediate and
advanced level, with a total of 46%. Only
36% considered themselves to have basic
knowledge, and the perception of having no
understanding disappeared completely.

Further analysis of the survey applied

before the project, according to the results
shown in Figure 24, 50% of students believe
that developing the project could help them
understand fluid mechanics; 43% are
convinced that the project will definitely help
them wunderstand the fluid mechanics
concepts presented; and only 7% do not
consider it helpful in understanding these
concepts. On the other hand, 29% of students
believe they have no experience solving
engineering problems using spreadsheets,
28% consider themselves to have only minor
experience, and the rest have had experience
solving engineering problems with
spreadsheets.

80.00%
70.00%
60.00% f---------mmmmmmmemmo-
50.00%

40.00%

30.00%

20.00%

10.00%

B Before
@ After

0.00%

Nothing Basic

Intermediate Advanced

Figure 23.

Student opinions regarding their knowledge of the mechanical energy equation and its application to fluid

flow systems before and after completing the project.
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20%

15%

10%

5%

0%

Do the students consider that working on the
project will enhance their understanding of fluid
mechanics?

Do the students have previous experience using
spreadsheets to solve engineering problems?

I. No

II.  Little

III.  Yes

What level of knowledge do the students have

about the mechanical energy equation and its
application to fluid flow systems?

A. Nothing

B. Basic

C. Intermediate

D. Advanced

Figure 24. Opinion of the students before carrying out the project regarding their expectations of improving their
understanding of fluid mechanics, experience in the use of spreadsheets to solve engineering problems, and their
perception of the application of the mechanical energy equation in fluid flow systems.

As previously mentioned, before starting
the project, most students considered
themselves to have basic knowledge of
applying the mechanical energy equation to
fluid flow systems; however, students with
experience using spreadsheets to solve
engineering problems were convinced that
executing the project would improve their
understanding of fluid mechanics. This is
interesting, since students' main fear in
developing projects that enhance their
technical knowledge may stem from their
lack of skill in using computational tools
rather than their understanding of basic
engineering concepts.

After completing the project, students'
perceptions changed dramatically, as shown
in Figure 25. It is observed that 90% of
students met their learning expectations,
and 78% of them recommend the project to
future students. It is also observed that the
main difficulty experienced by students was
related to technical problems (67%). This is
mainly attributed to a lack of skill in
organizing and programming spreadsheets.
This provides an opportunity for other
subjects to promote the use of spreadsheets
in  problem-solving, thus increasing
students'  proficiency in  developing

calculations and using applications integrated
into commercial spreadsheets.

Students' perceptions regarding the use of
spreadsheets for solving fluid flow problems
are generally good, as shown in Figure 26.
73% of them consider that it makes problem-
solving easier, but only slightly, while 15%
believe it to be significantly easier, and 12%
assume that it does not make it easier. This
may be related to a lack of experience and
skill in programming and designing the
spreadsheet, despite considering themselves
to have reached an intermediate level of
knowledge in the use of the mechanical
energy equation. Only 46% feel a slight
improvement in the ease of solving fluid flow
problems with the spreadsheet.

CONCLUSIONS

The utilization of ICT holds significant
importance in the educational context of
university engineering programs, as it plays a
crucial role in preparing future engineers
with the necessary skills and knowledge. The
utilization of spreadsheets, particularly in
Microsoft Excel, facilitates the
comprehension and resolution of engineering
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60%
Would you recommend this project to future
students?
50% fmmmm m e o
0
Yes
O .
300 b oo o o Did the project meet your learning expectations?
I.  No
II.  Yes
L
What difficulties did you encounter when
10% o P mm developing the program in the spreadsheet?
A. Lack of time
I B. Hard concepts
00 |_| ) |_|l |_| C. Technical problems
I I 1 11 I ’ I
A B C

Figure 25. Opinion of the students after completing the project regarding whether they consider it recommendable
for future students, whether it met their learning expectations, and the difficulties they encountered in developing
the program.

50%
45% [rommmmmmmmmm e oo | I LS EE T EEEEEEEREEEE R R EREEE R, B » ) :
Do you think using the spreadsheet made the fluid
7 P ) E flow problem-solving process easier?
N
350 bommmmmm e ] I:l °
30% |:| Yes, a little
o £ e I e |
50 oo ] |:| Yes, a lot
I B 1 oo
What level of knowledge do the students have
15% fFemmmmmmmm e 4 o] about the mechanical energy equation and its
application to fluid flow systems?
10% F-m-mmmmmmmmm e e 4 b ] A. Basic
B. Intermediate
LU R TR —— [ U Y A C. Advanced
0%
A B C

Figure 26. Students' opinions after completing the project regarding whether spreadsheets facilitate the resolution of
fluid flow problems, and their knowledge of the mechanical energy equation and its application to fluid flow systems

problems at an intermediate level. This case
study demonstrates the utilization of a
spreadsheet equipped with a comprehensive
and suitable database to simulate fluid
behavior within a piping system for various
characteristic scenarios commonly
examined in academic settings.

These scenarios involve calculations related
to fluid flow rate, pipe diameter, and pump
power. In cases when the solution technique
follows an iterative approach, the "GoalSeek"

function, which is a component of the
Microsoft Excel add-ins, executes a series of
iterations until it successfully identifies the
solution to the problem. However, it is very
important to note that the provision of a
suitable initial value is necessary for the
function to operate effectively. Moreover, the
implementation of a macro provides an
organized strategy to address all the case
studies presented in the manuscript. The
students believe that completing the project
enhanced their understanding of the
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application of mechanical energy in fluid
flow systems and that the wuse of
spreadsheets facilitates the solution of fluid
flow problems. They also believe that the
main difficulties in developing the
spreadsheets are technical problems
attributed to their lack of skill in using
Microsoft Excel functions and applications.
Nevertheless, their learning expectations
have been met, and they recommend that
the project be implemented in future
classes.  Given the  aforementioned
circumstances, it is imperative to emphasize
the significance of acquiring proficiency and
expertise in ICT for the training of
prospective engineers. This is essential to
ensure that, in conjunction with their hard
and soft skills, they are able to effectively
pursue their professional goals.
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