A Comprehensive
Overview of
Engineering Sciences
and the Trends of
Modern Engineering






A Comprehensive
Overview of
Engineering Sciences
and the Trends of
Modern Engineering

Edited by

Francisco Bulnes

Cambridge
Scholars
Publishing



A Comprehensive Overview of Engineering Sciences and the Trends
of Modern Engineering

Edited by Francisco Bulnes

This book first published 2024

Cambridge Scholars Publishing

Lady Stephenson Library, Newcastle upon Tyne, NE6 2PA, UK

British Library Cataloguing in Publication Data
A catalogue record for this book is available from the British Library

Copyright © 2024 by Francisco Bulnes and contributors

All rights for this book reserved. No part of this book may be reproduced,
stored in a retrieval system, or transmitted, in any form or by any means,
electronic, mechanical, photocopying, recording or otherwise, without
the prior permission of the copyright owner.

ISBN (10): 1-5275-5618-2
ISBN (13): 978-1-5275-5618-8



CONTENTS

ACKNOWIEAZEMENTS ...c.eiiieiieiieieeiie et ix
PrEface ..o xi
(0T o1 7) S SRR 1

Advanced Mathematical Techniques for Thermal Design of Power
Transformers
Alejandro Roberto Tello-Campos

1.1. Introduction

1.2. Advanced Mathematical techniques

1.3. CFD techniques

1.4. Results and Discussions

References

(03 F:1 o) PSSR 20
Synthesis of Nanomaterials from the Orange Exocarp for Electronic
Applications
Maria Luisa Lozano-Camargo, Lucero Gonzalez-Lopez,
Laura Galicia-Luis

2.1. Introduction

2.2. Materials and Methods

2.3. Results and discussions

2. 4. Conclusions

References

CRAPLET 3 ..ottt ettt 31
Dry Electrodes for ECG Detection and Monitoring
Eliant Bahena-Gonzalez, Diana Bueno-Hernandez

3.1. Introduction

3.2. Methodology

3.3. Results and Discussion

3.4. Conclusions

References



vi Contents

CRAPLET 4 ...ttt e e st eete e sbeeenbeesnbeeenbeesnseennseens 38
Plasmon Resonances in Nanoparticles: The Complex Extension
of the Resonances
Shingo Watanabe
4.1. Introduction
4.2. Plasmon Resonances
4.3. Energy Reserve: The Plasmon Energy Resonance Sources
4.4. Results and Applications
4.5. Conclusions
References

(] 11101 15 e SRS 53
A Uniform Approximation of the Eigenvalues of Toeplitz’s Matrix
José Carlos Valencia-Ramirez

5.1. Introduction

5.2. Circulant Matrix

5.3. Matrix Toeplitz Hermitians of Band

References

(0] F:1 o) O PR URUSUS 59
A Brief on Integral Equations Development
Francisco Bulnes
6.1. Introduction
6.2. The Modern Treatment of Hilbert
6.3. Something on Singular Integral Equations
6.4. Frontier Research on Integral Equations and Recent Results
References

CRAPLET 7 .ottt ettt st sae e be b e esbeesseesaesseenrees 81
Principles of Superconducting Spintronic Device to Generate Fermionic
Orbital Spaces
Jalib Mahmoud, Samir Hashim

7.1. Introduction

7.2. Properties

7.3. Conclusion

References



A Comprehensive Overview of Engineering Sciences and the Trends vii
of Modern Engineering

CRAPLET § ...ttt ettt st eete e s beeesbeesnbeeenbeeenseeenseenn 93
Augmented Reality: Emerging Technology for Learning about Animals
Marisol Hernandez-Hernandez, Luis Alfonso Bonilla-Cruz,
Lizbet Cobian Romero

8.1. Introduction

8.2. Methodology

8.3. Results

8.4. Conclusion

8.5. Future Jobs

References

(3F:1 o113 S USSP 112
Identities of Weyl and MacDonald: Some Applications to the Complex
Time Plane
Igor Rokonov, Ronin Shipenko, Francisco Bulnes

9.1. Introduction: A —Integrals in Algebras

9.2. Weyl-MacDonalds Identities

9.3. Results

References

(3T o113 o OSSPSR 141
Topology of Fluids
Mario Antonio Ramirez-Flores
10.1. Introduction
10.2. Representation of Bodies
10.3. Fluid Displacements
10.4. Fluid Speed
10.5. Geometric Transformations
10.6. Real Fluid Motion
10.7. Conclusion
References

(3T o173 S 1 S RUSRUURRRPR 174
Analytical Solutions of Heat Conduction Equations using Fourier
Methods and Numerical Solutions of the Heat Conjugated Problem
of a Power Transformer
Alejandro Roberto Tello-Campos, Francisco Bulnes-Aguirre
11.1. Introduction
11.2. The Fourier-Hankel transform method applied to a 2D low
voltage winding of a power transformer



viii Contents

11.3. The Fourier-Hankel transform method applied to a 3D low
voltage winding of a power transformer

11.4. Results of a Fourier-Hankel transform method applied to a 2D
model for a low voltage winding of a power transformer

11.5. Method of numerical solution of the conjugated heat conduction
problem applied to air-cooled windings of a power transformer

11.6. Conclusion and Discussion

References

CRAPLEr 12 .ot 201
Preparation of Characterizations of ITO Thin Films with Different Sn
Concentrations by Jet Nebulizer Technique
S. Marikkannu, A. Ayeshamariam, V. S. Vidhya, N. Sethupathy,
Shakkthivel Piraman

12.1. Introduction

12.2. Materials and Methods

12.3. Structural Analysis

12.4. Elemental Analysis by XPS

12.5. Optical Studies

12.6. Morphological Studies

12.7. Conclusion

References

APPCINAICES ...ttt ettt ettt e tee sttt et sneesneene e ens 215
Appendix A. 1% Conference in Engineering Sciences
(SCIENCETECH) Programme
Appendix B. Google Map
Appendix C. Chalco, State of Mexico, Mexico
Appendix D. Promotional Poster of SCIENCETECH



ACKNOWLEDGEMENTS

The academic editor, Dr Francisco Bulnes, is grateful to all the
organizing committees who helped in the administrative procedures, asking
for and providing the facilities, materials and financing sources for the First
Conference in Engineering Sciences (SCIENSETECH) in TESCHA
(Tecnolégico de Estudios Superiores de Chalco). Likewise, in order of
hierarchy, Lic. Guillermo Gustavo Falcon-Torres, TESCHA General
Director, Accounter Sandra Estrella Garcia-Castro, TESCHA Financing
and Administration Director, Master of Science Roberto Leguizamo-
Jiménez, TESCHA Academic Director, Accounter Maria del Rosario Leyte-
Zarate, TESCHA Research and Postgraduate Subdirector. The five heads of
Engineering Career Divisions, Eng. Rene Rivera-Roldan, Electronics
Engineering Programme, Eng. Maximo Livera-Leonides, Electromechanical
Engineering Programme, M. D. IT. Marino Zufiiga-Dominguez, Informatics
Engineering Programme, MsC. Blanca Inés Valencia-Vazquez, Computational
Systems Engineering Programme, M. IR. Vianca Lisseth Pérez-Cruz,
Industrial Engineering Programme, and Eng. Francisco Lépez.

Also, my acknowledgements to the following organizing committees,
who helped me with the logistics and operation of this important
conference:

My Executive and Personal Committee
Eng. Rocio Cayetano-Meléndez, Editorial
MsC. Martha Guadalupe Morales-Huerta, Logistics
MsC. Mercedes Ramirez-Valdez, Logistics

Academic Committee
MsC. Jorge Tello-Cruz
Dr. Claudio Lopez-Garcia
Dr. Luis Manuel Valverde-Cedillo
Dr. Gloria Tenorio-Sepulveda



Acknowledgements

Material Resources and Infrastructure Committee
Eng. Lorenzo Avila-Garcia
MsC. Guadalupe Nayeli Villanueva-Valdivia
Lic. Cristobal Estrada-Acosta

Logistics Committee
M. I. David Cote-Sanchez
Eng. Miriam Denisce Sanchez-Sanchez
M. RI. Eulalia Ventura-M¢jica
Dr. Jarumi Aguilar

Eng. Rebeca Reyes-de la Rosa

MsC. Raul Romero-Castro
MsC. Claudia Guzman-Barrera



PREFACE

The systematic and modern study of science to establish the trends of
engineering for the future development of technology and vanguard
technologies are transducers, material sciences, MEMs, plasmonics,
quantum computing and communication, advanced programming, artificial
intelligence, advanced manufacturing, nanotechnology, semiconductors and
superconductors, microcircuits, optics-electronics, advanced informatics
devices, etcetera. All this conforms to the development of modern
engineering.

SCIENCETECH (1st Conference on Engineering Sciences) will
function as a disseminator of knowledge through presentations of high
levels of research, dissemination, perspective and development of
technology in order to encourage a taste for engineering and science,
something fundamental for the development of the region, the state of
Mexico, the country and humanity. Engineering creates a country's wealth
from genius based on mathematics and physics and not from being an
administrator for other people's wealth.

Dr Francisco Bulnes,
Head of Research Department in Mathematics and Engineering,
TESCHA, IINAMEI Director
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CHAPTER 1

ADVANCED MATHEMATICAL TECHNIQUES
FOR THERMAL DESIGN OF POWER
TRANSFORMERS

ALEJANDRO ROBERTO TELLO-CAMPOS

1.1 Introduction

Power transformers are key elements in the electrical industry. These
devices involve converting electrical power from a high voltage to a low
voltage level. In this way, these devices can transmit power from a
generating power station to power consumption centres located in industrial
industries and domestic centres such as houses or commercial centres. The
efficiency of power transformers is quite high, but at present, researchers
have been investigating ways to improve the heat dissipation derived from
the circulating windings in the electrical conductors of these apparatuses. In
the studies presented, the temperatures of windings and the oil dynamics of
a power transformer are studied. In the first part of this chapter, a
presentation of advanced mathematical techniques is depicted. Then, CFD
techniques are used in 3D and 2D models varying oil velocities to obtain
contours of oil velocities and temperatures, indicating how the heat
dissipation occurs in the windings and core.

Different techniques have been developed to study the heat dissipation
in power transformers. Among them, advanced mathematical techniques
have employed Hankel and Fourier transforms to solve the heat conduction
equation for a cylindrical winding. Other researchers have used CFD to
solve the continuity, momentum, and energy equations encountered in the
natural and forced convection of cooling oil used for the cooling of the
windings of power transformers. 2D and 3D models have helped researchers
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study the dynamics of oil flow, which determines the optimum cooling of
windings and the location of the maximum temperature, which could
deteriorate the properties of oil and reduce the life of the electrical
transformers.

Some researchers using reduced 2D models have reported the formation
of oil streaks at the outlet of horizontal cooling channels due to the intense
mixing of hot oil from the vertical cooling channels and cold oil from the
horizontal cooling channels. Also, a swirling flow of oil has been observed
when oil encounters adverse pressure gradients in the cooling channels in
the same simplified 2D models.

Little work has been done regarding the use of 3D models because of
the complexity of the calculations performed by the computer, therefore
increasing the computation time. This chapter presents the heat diffusion
equation of a typical winding. Then, whole 2D and 3D models have been
used to study the dynamics of oil when conditions of forced cooling oil have
been set in the power transformer. Three oil velocities were used with one
and two inlet geometries.

1.2 Advanced Mathematical Techniques

The construction of a power transformer consists of a tank normally
made out of carbon steel, which, in the case of a 3-phase device, contains a
set of three windings, each of them composed of high and low-voltage coils
forming a high-voltage circuit normally connected to a power generating
station and a low voltage circuit connected to a domestic use or industrial
load. See Figure 1.

Figure 1
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The windings are constructed with copper or aluminium electrical
conductors, which allow the circulation of currents. In Figure 2, a typical
winding construction is depicted with the supporting structures and oil
cooling channels.

Figure 2

In order to evaluate the heat dissipation caused by the Joule effect due
to the electrical currents circulating in the windings, geometry composed of
a winding is considered for the analysis. The governing equation for this
case is the heat conduction equation, which is presented here:

a%r aT  9*T | 3%T
- 1 r— - -
52 +1/ pw + +

S+ +G/K=0 (1)

As the temperature is varying only with the coordinates r and z, the
above equation is simplified to the following form:

2 2
T G/Kk=0 @)

ar2  9z2
The boundary conditions are as follows:

on the inner surface of the cylinder:
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aT
—kyx—+hy *T = fi(r) 3)
on the outer surface of the cylinder:
aT
—ky*—+hy xT = fo(r) “)
on the bottom surface of the cylinder:
aT
—k3 *;"‘ hs T = f3(r) (5)
on the top surface of the cylinder:

a
—ky xS+ hyx T = fo(r) (6)

fi() = hy (Tp) (7
f2(r) = hy (Tp) 3
fs(r) =h3(Tp)  (9)
fa(2) =T, (Ty)  (10)

Taking the Hankel transform of the first term of equation (2):

2 Gz + 1/r 50K (B Irdr] = 13 Ko (B 1)1 -

, b b, d ,
TrBnKo(Bn 1)l  + [Jo T o Bn TKs(Bn )dr] (1)
Evaluating the last term of equation (11):

= B 7Ky (B T)dr = == BTk (B T) =
~ Gl L (g 1)Ky (B )] = —BETKy(Br ) (12)

dr “d(Bnr

then:
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L, T, 2) 2 By TR (B AT, T(r, 2) (= B3 Ko (B 7)) ] =

~ BAT(Br ). (13)
Considering the boundary conditions of equations (3) to (6):

dRO dRO

where:

R(’) = (h1/Bnk)Ry (15)
R6 = (hz/Bnk2)Ry (16)

and:

Ko = (hi/Brk1)Ky (17)
Ko = (hy/Brk2)K, (18)

then:
Ko(By7) = Ro(Bn, VN = (2/b)1/h; + ky +1 (19)

Expanding the terms of equation (11):

Ko (B 1) + Tr(ha k) Ko (B e = 57k (B 7) +
Tr(hy /1)Ko (B T)r=a (20)

and considering:

= (h/k)T = (fi(2)/k1)r=a 21)

Te=b = (/k)T = (f(2)/ka)r=p (22)

from equation (11):

5
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b, 92 aT
UGzt 1)K (B mrdr] = (f2/k2) Ko (Bu, ) r=b +(fi /1)
( rKO (ﬁn: r)r:a - ﬁzT (23)
And for the second term of equation (2):

2D + G /krKo(B r)dr] = (GLL 1T Ko (B 1)dr] + [ (Go +
9o/K) TKodr] = 21+ Gy ket (gopT /K)(24)

the solution of equation (2) considering (23) and (24):

—éﬁT(ﬁn,Z) + f2(2) [ k2r Ko By M) r=p + f1/kaTKo (B, 7)r=a +
T+ Go/k+go/k =0 (25)

Applying the finite Fourier transform to the second term of equation
(25):

b d?T dT = ,
[f —M(am,z)dz] = ;M(amﬁz)tz=0 -T amM (amﬁz)tz=0 +

a dz?

[} a2, T M" (a, 2)dz] (26)

expanding the first two terms:

dT = , dT
[E - TamM (am: Z)]Z=l - [_

dz T amM,(am: Z)]Z=0(27)

considering the boundary conditions:
M'(am, 2) =0 = (h3/k3)M (@, 2) ;=0 (28)

M,(am' Z)=1 = (ha/ka)M(apm, 2) =, (29)

and:

T — [(ha/ks)T = Fa (Bu/ks)ls=o  (30)

dZz—o
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azoms = [(ha/k)T = fa(Bn/kalz=  B3D)
substituting:

M (@ 2)s0 = FaB) M (@ 2] + (B [M (e, 2] (32)

the third term is

[2 @2 T By DM (a, 2)dz = —a% [1 T (B, 2) M(at, 2)dz =
_a‘anT (ﬁn' am) (33)

b d*T fa (Bn) 73 (Bn)
f — M(ay, z)dz = %M(amfz)z=13k_3nM(am:Z)z=0 -

a dz?

af T (B @)  (34)
then:
T(r,2) = =1 Xm=1 T (M, @) Ko (B, )M (@, 2) (35)

where:

Ko(Bn7) = 2222 (36)

N = [P rR3(Bur) dr = [SRE (Bl (BT)

12 _ ARo(Bn1)
Re =" OY

N =2 L R2(B, b)) — 2 (Pl 4 1)R2 39
= 2+ DR D)~ ALy + DR} B ) (39)

Z(am,z)

M(ay,,z) = N7

(40)
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2
N = [ 2, (1 + 3 hi) +E] (41)

Olm+k—2
4

1.3 CFD techniques

The 3D power transformer model consists of three cylindrical windings
set in a simplified core. The windings are solid copper cylinders, dissipating
heat to the surrounding cooling oil. Although the core is usually composed
of laminated sheets of iron, which help maintain the coils' position within
the tank and provide a path for the magnetization current, simplifying a solid
rectangular iron core dissipating heat to the surrounding oil is also
considered. Figures 3a and 3b show the geometries considered for the power
transformer's one and two oil inlets.
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Windings

Figures 3a and b

Note. The model was simulated using the continuity, momentum and
energy equations as follows:

divli =1
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In the X-direction

du du du dp 2w
= 3 — Pl sl o ——
u61+16)'+u63 1'jp6:r+l(6x"‘
i
Ay =2
In the Y-direction
dv v dv ap a%p
= 3 — i S pal il —
u61+16)'+u63 1jp6)_+1.(axn
: LT
T e 3
dye  d=? £3)

In the Z-direction

Aw Swr a 8p
frader g — p—e s ==
u6x+16)'+“6 1,‘pag+
A%

I i
( dx?
_6"\-\- %
By dz2

Energy equation
8T a7 8T
U—+v_—+tw—
dx 8y 8z

+ —

e +
pCp dx* gy dz% Se

k AT a*r a4
)

The above equations are considered along with the flotation term, which
represents the variation of fluid density with gravity. Also, the properties of
the fluid are dependent on temperature as follows:

p(M)=1098.72-0.72T

k(I =0.1509-7.101E - 05T
c,(T)=807.163+3.587

(7)) =0.08467 —0.0004T + 5E—7T"
Tink

The equations are discretized and solved using an embedded algorithm
in the ANSYS Fluent FEM code. The boundary conditions are:
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a) Tank walls, windings, and the core are considered non-slip
boundaries.

b) The outlet is considered a zero-pressure condition.

¢) Inlet oil velocities of 0.002 m/s, 0.05 m/s, and 0.1 m/s.

d) An inlet oil temperature of 298 K.

e) Fixed heat generation of 7.87 W/m2 for the core, 5.18 W/m2 for the
LV winding, 1.94 W/m2 for the HV winding, and 2.94 W/m?2 for the
regulating winding.

1.4 Results and Discussion

Contours of temperature were obtained for the two power transformer
geometries for the case of 0.002 m/s. These are shown in Figures 4 and 5.

335e+02
334es02
3 34e+02
333e+02
3.32e+02
3 31e402
3 es02
3.20e+02
320e+02
3.28e+02
328e+02
327e+02
3 26e+02
325e+02
3.25e+02
324e+02
323e+02
322e+02
322e+02
32e+02
320e+02

Figure 4
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Figure 5

From Figures 4 and 5, the oil temperature is clearly high for the one inlet
geometry. This can be thought of as heat dissipation being more efficient
when using two-inlet geometry. More cold oil is reaching the inner
windings. The maximum oil temperature at the top of the windings was 331
K for the one inlet geometry and 327 K for the two inlet geometry.

3.20e+02
320e+02
320e+02

3
3
3
3
3
3
3
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Figure 7

The same trend observed previously for the case of 0.002 m/s is depicted
in Figures 4 and 5 for the 0.5 m/s case. The one inlet geometry shows an
increase in oil temperature at the top of the windings while the two inlet
geometry shows less increase in oil temperature and, therefore, a more
efficient cooling of the power transformer. The maximum value of oil
temperature was 321 K at the top of the windings for the one inlet geometry,
while it was 321 K at the outer surface of the LV windings.

e+02
e+02
o102
e+02
102
20e+02

3,
3
3
3,
3.20e
3.
3,
3
3

20e+02
208402

Figure 7
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Figure 8

A little improvement in cooling efficiency is shown in Figures 7 and 8.
The maximum oil temperature is 321 K for the one inlet and two inlet
geometries. The difference is the location of the maximum oil temperature
at the top of the windings for the one inlet geometry and at the outer surface
of the LV windings.

Figures 8 and 9 show the oil velocity vector graphics for the one and two
inlet geometries for the 0.002 m/s case.

Figure 9



Advanced Mathematical Techniques for Thermal Design of Power 15
Transformers

Figure 10

Oil is circulating through the less hydraulic resistance path. In the case
of the one-inlet geometry, oil reaches the outlet at a higher velocity through
the side of the winding close to the inlet. Due to a kind of siphon effect,
some oil reaches the furthest winding from the inlet with high velocity. In
the case of two inlet geometry, oil is more evenly distributed through the
windings at relatively high velocities.

The so-called oil streaks have not been observed because the geometries
presented in the analysis do not include a disc geometry for the windings.

In the case of 0.05 m/s, oil velocities vectors are depicted in Figures 11
and 12.
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Figure 12

Figures 13 and 14 show a more distinct feature: some stagnant flow is
depicted at the vertical oil cooling channels of the windings for the one inlet

geometry, being more centralized for the two inlet geometry. The zone of

maximum oil velocities occurs at the oil inlet and outlet due to the less

hydraulic resistance effect previously mentioned.
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Oil flows at higher velocities from the inlets to the outlets following the
less hydraulic resistance path. Also, high oil velocities are encountered in
the vertical oil cooling channels located at the windings.

The 2D model considered was a copper disk winding configuration
along with the solid iron core. The same equations of continuity, momentum
and energy were considered, and the geometry uses only one oil inlet and
outlet.

The contours of oil velocity and temperature are shown in Figures 15
and 16.
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As previously established in the 3D model using copper solid windings,
the 2D model using copper disks Figure 14 shows the same pattern
concerning the oil movement within the power transformer tank.



