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Abstract

One of the problems encountered in the manufacture of
microstructures (MEMS) is the presence of residual stress
caused by high temperatures during the manufacturing
process. Residual stress generates deformation (g) in
materials, which consists of fractional changes in their
dimensions (linear, surface or volume). The application of
amorphous materials in the manufacture of MEMS is
carried out at a lower temperature than those used with
Polysilicon, so it is an alternative to reduce residual stress.
The objective of the work is to analyze the mechanical
behavior of thin films of amorphous Silicon germanium
(a-SiGe). The analysis is carried out through the behavior
of springboard type resonant structures and using the
simulation of the finite element method (FEM). The
resonance frequency of a trampoline-type structure
depends only on its geometric dimensions, its density, and
its Young's modulus. The simulation results show that the
behavior of the resonance frequency and the Young's
Modulus of thin films of a-SiGe, placed on a trampoline-
type structure changes linearly whit Germanium content.

ANSYS, Piezoelectric, Mechanical vibrations

Resumen

Uno de los problemas que se tiene en la fabricacion de
microestructuras (MEMS) es la presencia de estrés
residual ocasionado por las altas temperaturas durante el
proceso de fabricacion. El estrés residual genera
deformacion (e) en los materiales, la cual consiste en
cambios fraccionarios en sus dimensiones (lineal,
superficial o volumétrica). La aplicacion de materiales
amorfos en la fabricacion de MEMS, se realiza a una
temperatura menor que las usadas con el Polisilicio, por
lo que resulta una alternativa para disminuir los esfuerzos
residuales. El objetivo del trabajo es analizar el
comportamiento mecénico de peliculas delgadas de Silicio
germanio amorfo (a-SiGe). El andlisis se realiza a través
del comportamiento de estructuras resonantes tipos
trampolin y usando la simulacién del método de elementos
finitos (MEF). La frecuencia de resonancia de una
estructura tipo trampolin dependen  solo de sus
dimensiones geomeétricas, su densidad y su médulo de
Young. Los resultados de la simulacién muestran que el
comportamiento de la frecuencia de resonancia y el
Médulo de Young de peliculas delgadas de a-SiGe,
colocadas sobre una estructura tipo trampolin cambia de
forma lineal con el contenido de Germanio.

ANSYS, Piezoeléctrico, Vibraciones mecanicas
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Introduction

In the electronics industry, the manufacture of
electronic devices depends on the characteristics
of the materials and their design. Currently for
the design of microsensors and microactuators
using integrated circuit technology or
microelectromechanical systems (MEMS), it is
necessary to know the behavior of the materials
used since their properties are critical in the
performance and operation of manufactured
devices (H. Baltes, et al, 2002).

In the manufacture of MEMS, many
materials are deposited as thin films on a silicon
substrate, which act as structural materials,
insulating layer, electrical connection, among
others (G. Craciun, 2002). For a long time the
reasearch has been focused on the electrical
properties of these materials (W. Hernandez,
etal, 2012). However, the development
experienced by microelectromechanical systems
(MEMS) has driven interest in knowing the
mechanical properties, such as Young's Modulus
of thin films, since it is an important parameter
in determining the residual mechanical stresses
in the structures (H. Guckel, 1985).

Young's modulus is a physical property,
which guantifies the elasticity that a material has
when it is subjected to a mechanical deformation
caused by an external force. For characterizing
mechanics of the materials there are different
techniques, which require special equipment and
also expensive. For example the technique by
mechanical indentation instrumented (J.M.
Meza, et al. 2008), the technique by Stress-Strain
(Kuo-Shen Chen) and the Resonance Frequency
Tracking Technique (Perez Ruiz S.J et al. 2008).
Most  characterization techniques require
samples with certain characteristic. In this work
a finite element analysis is performed in
cantilever-type structures to determine Young's
modulus in silicon-germanium amorphous films
(a- SiGe).

Methodology

A mechanical structure when subjected to a
periodic force can experience a phenomenon
called resonance frequency. The resonance
frequency occurs when the vibration periods of
the applied force and the material coincide. The
amplitude is maximum in its resonant state.

ISSN: 2410-3462
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The resonant frequency of a cantilever-
type structure depends on its geometric
dimensions, its density and its Young's modulus,
based on the Euler-Bernuilli model (Singiresu S.
Rao). Of the analysis equivalent to the behavior
of a forced damped resonator mechanical
system, and according to the moment of inertia
of the lever area, the resonance frequency is
expressed as Equation 1 (S. Alcantara et, al.
2010).

2
E-l-v h
fres = 0.1604- p-(lzj D

Where E is the Young's modulus of the
material, v the Poisson's ratio, the volumetric
density p (p = m/l.h.w), the thickness h, w the
width of the plate and | the length of the plate.

By depositing a thin film of on the surface
of the cantilever structure, it causes an increase
in its mass Am, which generates a change in the
resonant frequency (AFres=fg? — f&).

From equation 1, we can determine the
amount of mass deposited on the cantilever. The
increase of mass is expressed by equation 2.

w.h3 1

Am =0.0261.E.(1-v) |5 -5 (2)
B f fo

Young's modulus (E) of the material can
be solved from equation 2, being expressed with
the equation 3.

_ Am 13 2 g2
E= 0.0261.(1-v2) " W.h3 (fo" — 15) (3)

Where fo is the resonant frequency of the

cantilever and f; belongs to the frequency of the
cantilever with the thin film.

The main applications of cantilever-type
structures are based on the equations above, and
can be used as a mechanical vibration sensor.

In this work we will analyze the simulation
of the dynamic behavior of amorphous Silicon-
Germanium (a-SiGe) thin films, on a cantilever-
type piezoelectric structure. To perform the
simulations using the finite element method
(FEM), the ANSYS® Multiphysics software
was used (Gockenbach, S. M. 2006).

GALINDO-MENTLE, Margarita, BLAS-SANCHEZ, Luis Angel,
GONZALEZ-LICONA, Marlon and QUIROZ-RODRIGUEZ, Adolfo.
Design and simulation of a piezoelectric transducer by finite element.
Journal Simulation and Laboratory. 2021
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This tool is very versatile for the
simulation of microstructures; its analysis allows
us to obtain an approximate numerical solution
on the behaviour. To carry out the simulations, it
is necessary to know the material properties:
electrical, mechanical and thermal.

The values of the materials must be
entered using the micro meter kilogram second
(LMKS) system. The analysis carried out is of
the structural-thermal-electrical type, for which
the SOLID98 element has been selected (Liu, G.
R.; Quek, S. S. 2003). Figure 1, shows the
cantilever mesh with 3,884 elements and the
view of the mesh in the rectangular plate.

Figure 1 Cantilever meshing whit Solid98 elements
Results

For the simulations, it is considered that the
cantilever is embedded at one end, that it does
not move in any direction, they have a length I=
5.8mm, a width w=1.54mm, thickness h=
0.55mm, its Young's Modulus is E = 83 GPa,
Poisson's ratio v = (.32 and a volumetric density
p = 7700 Kg/m®. In the upper part of the
trampoline a 3um thin film is simulated
considering the properties of amorphous Silicon
and Germanium. In Figure 2 a), the design of the
piezoelectric cantilever (PZT) is shown, Figure
2 b) shows the thin film of the 3 um amorphous
material.

\NSYS
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Figure 2 a) Piezoelectric Cantilever (PZT), b) thin film of
amorphous material

The simulation results for the piezoelectric
trampoline show its first vibration mode located
at 11922.3 Hz, figure 3.

Figure 3 Piezoelectric Cantilever (PZT) resonance
frequency 11922.3 Hz

By placing the 3um thin film on the
surface of the PZT trampoline, it causes a shift
in its frequency. Figure 4 shows the resonance
frequency response at 16380.6 Hz generated by
the thin film of Amorphous Silicon (a-Si).

GALINDO-MENTLE, Margarita, BLAS-SANCHEZ, Luis Angel,
GONZALEZ-LICONA, Marlon and QUIROZ-RODRIGUEZ, Adolfo.
Design and simulation of a piezoelectric transducer by finite element.
Journal Simulation and Laboratory. 2021



Article

4
Journal Simulation and Laboratory

Figure 4 Resonance frequency of cantilever PZT whit thin
film of Amorphous Silicon (a-Si) 16380.6 Hz

For the simulation of thin films of
amorphous Silicon, its mechanical properties are
considered and the concentrations of germanium
are varied. Table 1 shows the mechanical
properties of amorphous  Silicon and

Germanium.
Mechanical propeties a-Si:H a-Ge:H
Coefficient of | 2.33x10° K- | 5,75x10¢ K!
expansion !
Density 2330 kg/m® | 5323 kg/m?®
Young's Module 150 110
(GPa)
Poisson’s ratio 0.28 0.25
Thermal conductivity 148W/(K.m) | 59,9W/(K.m)
Stress o (MPa) 50T-500C 800T-800C
Compressive  Stress 3.667¢° 5.982¢8
(Pa)
Tensile Stress (Pa) 509832 3.233¢
Energy Gap Eg (eV) 1.8 0.78
Reflection index (n) 3.4 4

Table 1 Mechanical properties of amorphous materials (J.
Lee, C-J. Kim,2000)

The results are shown in figure 5. For an
Amorphous Silicon-germanium film with a
concentration of 75% and 25% (a-Si7s%Ge2s%), a
Frequency of 16333.3Hz was obtained.

Figure 5 b) shows a resonance frequency
of 16290.7 Hz for a thin film of the Amorphous
Silicon-germanium alloy with a concentration of
50% and 50% (a-Siso%Geso%).

ISSN: 2410-3462
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Figure 5 Piezoelectric cantilever resonance frequency
(PZT) whit amorphous Silicon-germanium thin film. a)
For a-SizswGezsy  film a resonance Frequency of
16333.3Hz was obtained, b) shows a resonance frequency
of 16290.7 Hz for a thin film of a-SisgeGesos.

The calculated resonance frequency of the
PZT cantilever with amorphous a-SiGe films,
using the finite element method (FEM) in the
ANSYS® software, is shown in table 2.

Young's Modulus of the a-SiGe films is
calculated using equation 3, where fo is the
resonance frequency of the piezoelectric
cantilever and f, belongs to the frequency of the
piezoelectric cantilever PZT with the films of the
Silicon-Germanium material amorphous (a-
SiGe).

GALINDO-MENTLE, Margarita, BLAS-SANCHEZ, Luis Angel,
GONZALEZ-LICONA, Marlon and QUIROZ-RODRIGUEZ, Adolfo.
Design and simulation of a piezoelectric transducer by finite element.
Journal Simulation and Laboratory. 2021
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Material Frequency Young's Modulus
(KHz) GPa

PZT 8.7 8.3
PZT(a-Si:H) 16.38 150
PZT(a-Ge:H) 16.17 110
PZT (a-Sirs%Gezsew:H) 16.33 140
PZT (a-SisonGesovw:H) 16.29 130
PZT (a-Sizs%Gersew:H) 16.24 120

Table 2 Resonance frequency behaviour of cantilever PZT
whit thin a-SiGe films

Conclusions

The results obtained by simulation in ANSYS,
shows an indirect way to measure the Young's
modulus of thin films. If the properties of the
materials are known, it is possible to have a more
precise analysis of the mechanical behavior of
the structures.

For this work, the mechanical properties of
amorphous silicon and germanium were
considered. The results obtained from the
simulation in ANSYS show a linear behavior of
the Young's Modulus when varying the
germanium content in the thin films of
amorphous Silicon.
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Abstrac

This work shows the experimental procedure to determine
and verify the thermal potential of rubber derived from tire
recycling in order to characterize the rubber material,
through NOM-117-SSA1-1994 and present the
components that this material It has, to be incorporated
into the design of a prototype of a solar heater, substituting
materials, such as glass and / or copper, with which solar
heaters are currently composed. As results of this
investigation, the rubber material characterization method
was carried out, finding 0.190 mg for each gram of
recycled rubber of Cu and Zn, ideal materials for heat
transfer; The design of the solar heater prototype was also
carried out using SolidWorks® software which provides
data and results of the thermal behavior and energy
transfer capacity (heat), which was subjected to thermal
simulations, obtaining temperatures higher than 80 ° C in
each part that makes up the solar heater, which shows that
the rubber derived from the recycling of the tire provides
a high calorific power of heat transfer to be applied in the
elaboration of a solar water heater, which will reduce its
production costs and will benefit society by avoiding
public health problems such as respiratory diseases due to
abrupt changes in temperature.

Rubber, simulation, solar heater.

Resumen

El presente trabajo se desarroll6 bajo el procedimiento
experimental para verificar el potencial térmico del hule
derivado del reciclaje de llantas (Pannucharoenwong et al,
2016) (Norambuena-Contreras et al. 2017) con el objetivo
de caracterizar el material de caucho, para a través de la
NOM-117-SSA1-1994 (SSA, 1995), conocer sus
propiedades y componentes que posee este material y ser
incorporado en el disefio de un prototipo de calentador
solar como sustituto de materiales como el vidrio o el
cobre, incorporando el Caucho reciclado, como material
idéneo para la elaboracion de este producto, también se
sometid la propuesta de disefio del calentador solar a una
simulacion térmica a traves del software SolidWork 2018
para medir su comportamiento en condiciones térmicas.
Contribuyendo a la linea de investigacion del caucho
reciclado en su comportamiento térmico y potencial de
transferencia de calor, siendo asi un sustituto en un
producto eficiente, como lo es el calentador de agua, en
diferentes hogares.

Caucho, Simulacion, Calentador solar
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Introduction

Given the accelerated social development and
consumerism, the generation of waste in the
country triggers the main factors of pollution and
effects on natural resources, as well as on living
beings (Ospina, 2019). An example of them is
the tire, which was designed to withstand
mechanical and meteorological conditions
within the automobile transport sector (Gonzalez
et al., 2019), which has an average of 5 years in
primary useful life (varies according to to the
maintenance of the vehicle and the state of the
road or routes taken) and it is estimated that it
will completely biodegrade for more than 500
years (Espafiola, 2020). According to Forbes
(2015), at an international level, 3 billion tires
are produced per year; and in Mexico 14.6
million tires per year, with an estimate of 25
million tires discarded annually, of which only
10% of tires are recycled correctly (INEGI,
2016), with the interest of taking advantage of it
in new products and/or articles.

Within the use of recycling in this product,
rubber is a compound strongly demanded for its
properties in resistance, durability and thermal
capacity (Din et al., 2018), considered in the
development of new products. Giving the
opportunity to new lines of research in the
behavior and use of rubber. Taking the foregoing
into consideration for this research work,
contributions such as et al. (2016), and
Norambuena-Contreras et al., (2017) have been
considered, which expose the capacity to use and
capture the solar energy of the rubber material,
derived of tire recycling. The objective of this
project is to characterize the rubber material
derived from tire recycling through scanning
electron microscopy techniques (SEM-XRD)
and the simulation of the solar heater prototype
through SolidWork software, subjecting it to
conditions of force and temperature, to record
the behavior of the rubber material. Next, the
values obtained with respect to each analysis
carried out in the investigation will be detailed.

Rubber derived from tire recycling

According to Jitjack et al. (2016) the rubber
industry is classified into two types: natural
rubber industry and rubber production industry;
in both, the industry extracts the rubber natural
from the tree Hevea Brasiliensis (Ortiz
Rodriguez et al., 2020).
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Chemically, natural rubber is a polymer of
methylbutadiene or isoprene classified within
elastomers, characteristic for its elasticity,
physical resistance and durability (Peléez et al.
2017). Within the production industry, there is a
wide variety of rubbers, among which are:

- Polybutadienes
- Styrene - Butadiene
—  Synthetic Polysuprenes

Maintaining in common, the vulcanization
process, which provides a wide durability in the
products that are made with this material (Mujal
etal., 2018).

Sopian et al. (1994) were one of the group
of researchers who began to investigate the use
of natural rubber as an absorbing material for
solar radiation, registering temperatures between
50° C and 60° C in a water storage tank.
Tsilingiris  (2000) also established that
polyethylene, polypropylene and synthetic
rubber are the most suitable materials for use,
due to their properties and low acquisition costs
to absorb solar radiation. In this context,
research on the use of rubber derived from tire
recycling opens up the use of this material,
Currently, authors such as Pannucharoenwong et
al., (2016), Norambuena-Contreras et al. (2017)
expose a line of research on materials derived
from tires.

Solar water heaters

For Chevez (2018), the use of solar energy is its
capture, they are classified by two systems:
systems passives and systems assets. Passive
systems are defined as those that do not require
any device when capturing solar energy. Active
systems are defined as the capture of solar
radiation by means of an element called a
collector.

Currently there are a wide variety of
systems which are replacing the use of fossil
fuels with renewable energies, such is the case of
solar systems for heating water in homes,
institutions, etc. (UNL, 2019) Considering a
solar heater system where the radiant energy of
the sun is converted into heat, manifested by the
increase in temperature of an absorption surface
(dark-colored surface).

AGUILAR-PEREZ, Silvia-Madai, SANCHEZ-RUIZ Francisco-Javier
and AGUILAR-PEREZ Esmeralda. Characterization and simulation of
rubber derived from tire recycling as a proposal in the development of a
solar heater. Journal Simulation and Laboratory. 2021
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This heat obtained from the radiant energy
of the sun is transferred by contact with a
working fluid, from the solar collector to the hot
water tank, directly or indirectly. In Mexico,
according to the Official Mexican Standard
NOM-027-ENER / SCFI-2018 (Sener, 2018),
solar water heaters, both natural circulation or
thermosiphonic, are classified as:

a)  Self-contained,

b)  Collectors with
concentrators,

c) Composite (CPC),

a)  Vacuum tube collectors with or without
heat tubes; also with and without reflective
surfaces and

b)  Flat solar collectors,

parabolic type

And according to your work pressure in:

a)  Minimum of: 294.2 kPa (3.0 kgf/cm?) and
b)  Minimum of: 588.4 kPa (6.0 kgf/cm?)

For the present work, the efficiency
analysis is developed by means of the simulation
of a prototype of a solar vacuum tube heater,
made with recycled rubber material from the tire.

Methodology to be developed

Considering the aforementioned objectives, the
present work is carried out under a continuous
investigation, implementing an experimental
method, where the problem and thematic field of
study were identified, focusing on the
characteristics of the rubber material, derived
from the recycling of the tire.

Characterization of the recycled material

The principle of the technique used derives from
NOM-117-SSA1-1994 (SSA, 1995) for the
preparation of the material under the "Sample
digestion wet ", the following is done: Add 10 ml
of concentrated nitric acid to the solid sample,
for this a Kjeldhal flask or flask connected to the
refrigerant system is required, it is gently heated
without reaching the boiling point, it is
recommended to digest the sample 3 hours or
longer if necessary for a better resulting sample,
once the process is completed, the substrate
generated by the digestion is filtered.
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Once the sample has been prepared, it will
be subjected to the analysis of "Spectroscopy
atomic absorption ", method used since 1955
(Razmilic, 2021) in which, The sample solution
is directly sucked into a laminar flow flame, in
this way the flame generates atoms in its
fundamental state of the elements present in the
sample and the amount of radiation absorbed
will be determined Determining the averages of
the amount of metal that exist in the shows.

Prototype simulation by SolidWork 2018

For the design and elaboration of conditions of
the prototype, it is based according to the
multifocal analysis methodology of the image,
which allows to verify the precise measurements
and dimensions of each piece (Rubio et al.,
2019). For the simulation, the material of each
piece is defined, since it influences the
conduction of heat, as well as the initial
conditions, such as temperature, convection and
ambient temperature.

Results

For the method of preparing the sample by wet
digestion, the digestion with nitric acid was
carried out, considering two types of variants:
Sample CP100 Crushed (3/4 inch rubber) and
Sample CM105 Ground (<1mm). The samples
submitted for analysis are presented below
Considering polybutadiene rubber which is 27%
and styrene-butadiene 14%. (Figure 1).

Figure 1 Samples resulting from wet digestion
Source: Self Made

AGUILAR-PEREZ, Silvia-Madai, SANCHEZ-RUIZ Francisco-Javier
and AGUILAR-PEREZ Esmeralda. Characterization and simulation of
rubber derived from tire recycling as a proposal in the development of a
solar heater. Journal Simulation and Laboratory. 2021
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Once the samples were obtained for
analysis by atomic absorption spectroscopy, the
metals were measured, which are (table 1):

Metal  Symbol |

Zinc Zn
Copper Cu
Chrome Cr
Lead Pb
Cadmium | Cd
Iron Fe
Nickel Ni

Table 1 Metals measured within the recycled rubber of the
tire
Source: Self Made

Obtaining the following amount of metals
in the samples submitted to the method (table 2):

CP100
Metal | Result (mg/L) | Desv. Standar Result

(mg/g rubber)
Zn 109.493 0.2021 14.460
Cu 1.44 0.0044 0.190
Cr 1.059 0.0412 0.140
Pb 0.249 0.0042 0.033
Cd 0.043 0.0057 0.006
Fe 8.204 0.028 1.083
Ni 0.266 0.0033 0.035

Table 2 Amount of metals obtained in a sample of crushed
rubber
Source: Self Made

Which represents a high content of Zinc
(Zn) 14.5 mg for each gram of spoon, followed
by Iron (Fe) 1.09 mg for each gram of rubber,
Copper (Cu) 0.20 mg for each gram of rubber
and Lead (Pb) 0.033 mg for every gram of
crushed rubber.

Also in the sample of ground rubber the
following amounts of metals were obtained
(table 3):

CM105
Result Result
Metal (mg/L) Desv. Standar (mg/g

rubber)
Zn 22.155 1.582 23.263
Cu 0.035 0.013 0.037
Cr 0.727 0.0612 0.763
Pb 0.032 0.0104 0.034
Cd 0.051 0.004 .054
Fe 7.192 0.0165 7.552
Ni 0.273 0.0126 0.287

Table 3 Amount of metals obtained in a sample of ground
rubber
Source: Self Made
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Obtaining a high level of Zinc (Zn) of
23.26 mg for each gram of ground rubber, Iron
(Fe) 7.55 mg for each gram of crushed rubber,
and a high level of Copper (Cu) of 0.037 mg for
each gram of ground rubber. .

On the other hand, within the design of the
solar heater and the simulation of each piece,
with the support of the SolidWork 2018
program, the following parts of the prototype, to
be subjected to conditions of temperature,
convection and ambient temperature.

Thermal rubber and alloyed metal: The
piece "tubes" constituted by three tubes with 10
mm thickness each, on this occasion, the outer
tube was limited with "rubber” and the two
internal tubes with "unalloyed metal™ under the
following conditions:

- Temperature: 360° K (86.85° C)

- Convection: 250W/m?K

- Ambient temperature: 300° K (26.85° C)
- Heat flow: 3500 W/m?

According to figure 2, there are high
reddish tones on the external part of the tubes,
especially a redder hue on the external face of
the rubber tube (outer tube) representing
temperatures greater than 360° K (86.85° C). and
a bluish hue in the lower part of the rubber tube
(external tube) giving reference to the insulator
that this material represents; on the other hand,
the two internal unalloyed metal tubes represent
a reddish hue with a value greater than 355 ° K
(81.85 ° C), representing the high temperatures
of the combination of these materials.

Figure 2 Analysis of heat flow in tubes of solar heater with
rubber and metal
Source: self made

Thermal rubber: The "box" piece on this
occasion was bounded with the "rubber"
material in its entirety, visualizing the behavior
of the material in terms of temperature
incorporating the following conditions:
AGUILAR—PERE;, Silvia-Madai, SANCHEZ-RUIZ Francisco-Javier
and AGUILAR-PEREZ Esmeralda. Characterization and simulation of

rubber derived from tire recycling as a proposal in the development of a
solar heater. Journal Simulation and Laboratory. 2021
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—  Temperature: 360° K (86.85° C)

—  Convection: 250W / m?K

—  Ambient temperature: 300° K (26.85° C)
—  Heat flow: 3500 W/m?

According to figure 3, the behavior of the
“rubber” material in the box is represented as an
insulator in its entirety, showing two shades of
blue with temperatures from 36° K to 40° K, thus
demonstrating the behavior of the rubber
material as main insulator in this prototype.

&

Figure 3 Rubber Case Heat Flow Analysis
Source: Self Made

Thermal rubber and metal: The piece
"polygon with openings " (first storage tank of
the solar heater), this time it was limited with the
“rubber” material in the internal tube that
contains this tank, and in the external part with
the “unalloyed metal” material for the rest of the
solid, visualizing the behavior of the material in
terms of temperature incorporating the following
conditions:

—  Temperature: 360° K (86.85° C)

—  Convection: 250W/m?K

—  Ambient temperature: 300° K (26.85° C)
—  Heat flow: 3500W/m?

According to figure 4, the behavior of the
“rubber” material behaves as the main insulator,
seeing the behavior of the tube on the outside,
with a reddish hue with temperatures higher than
360° K (86.85° C) and on the inside of the tube
with a bluish hue reaching temperatures from
320° K (46.85° C); on the other hand, the
polygon (tank) shows its behavior by the
material “metal that was incorporated, exceeding
temperatures above 360° K (86.85° C) with a
greater area in quantity of heat..

ISSN: 2410-3462
ECORFAN® All rights reserved

June 2021 Vol.8 No.24 7-13

~d

- i
ifsizsesdbiial
2 ST EEIE R

Figure 4 Polygon heat flow analysis with openings (tank)
made of rubber and metal
Source: Self Made

Thermal rubber: The piece "connecting
tube" (first connection pipe to the system), in this
occasion was limited with the material "rubber"
in its entirety under the following conditions:

—  Temperature: 360° K (86.85° C)

—  Convection: 250W/m?K

—  Ambient temperature: 300° K (26.85° C)
—  Heat flow: 3500W/m?

According to figure 5, the behavior of the
“rubber” material behaves as the main insulator,
seeing the behavior of the tube on the outside,
with a reddish hue with temperatures higher than
360° K (86.85° C) and on the inside of the tube
with a bluish hue reaching temperatures from
320° K (46.85° C)

T

Figure 5 Rubber water connection pipe
Source: Self Made
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Conclusions

The design of the solar heater in its composition
of rubber derived from the recycling of the tire is
a proposal for the use of this material, taking
advantage of the thermal characteristics that it
presents for the conservation of temperature in
the water, when used in a solar tube heater
system. vacuum, replacing materials such as
glass and copper, which generate an increase in
costs, with this material and verifying the
viability of using recycled tire rubber. This
research is in progress, with significant advances
to be presented in the next publication, with the
aim of studying the efficiency of the use of tire
recycling materials through of the temperature
gradient as a function of residence time.
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Abstract

A study was conducted to determine the mortality pattern
in the tree species of Ahuehuetes in the Rio Sabinas bed of
the state of Coahuila in the period from 2000 to 2018,
using the photointerpretation as an analysis tool of satellite
images from the LANDSAT 5 TM sensor, and aerials
images obtained using an unmanned aerial vehicle (UAV).
The NDVI values were obtained from the reflectance
values for three sections of the Sabinas’s River bed, which
were the object of study in the present investigation, with
the results obtained when performing the Chi-square test,
it was possible to quantify the number of living or dead
trees in each study area and taking the time factor as the
dependent variable (x? = 144.51; df=3; p<2.2 * ¢6). The
photointerpretation yielded a total of 517 individuals of the
species present at the sampled sites within the established
period. 155 specimens were identified for the section of
las Adjuntas, of these, three were registered as dead in
2010 and 23 individuals were added for 2018. Later, 111
individuals were registered in the Sabinas section, of
which, two were registered as dead in 2010 and 26 more
were added for 2018.

Photointerpretation, VANT, Ahuehuetes.

Resumen

Se realiz6 un estudio para determinar el patréon de
mortandad en la especie arbdrea de Ahuehuetes en el lecho
del Rio Sabinas en el estado de Coahuila en el periodo del
2000 a 2018, utilizando como herramienta de analisis la
fotointerpretacion de iméagenes satelitales del sensor
LANDSAT 5 TM, e imagenes aéreas obtenidas mediante
un vehiculo aéreo no tripulado (VANT). Se obtuvieron los
valores de NDVI1 a partir de los valores de reflectancia para
tres tramos del lecho del Rio Sabinas, los cuales fueron el
objeto de estudio en la presente investigacion, con los
resultados obtenidos al realizar la prueba de Chi-cuadrada
se logr6 cuantificar el nimero de arboles vivos o muertos
en cada zona de estudio y teniendo como variable
dependiente el factor tiempo (x> = 144.51; df=3; p<2.2 * &
18), La fotointerpretacion arrojo un total de 517 individuos
de la especie presentes en los sitios muestreados dentro del
periodo establecido. Se identificaron 155 ejemplares para
el tramo de las Adjuntas, de estos, tres se registraron como
muertos en 2010 y, se sumaron 23 individuos para 2018.
Posteriormente, se registraron 111 individuos en el tramo
de Sabinas, de ellos, dos fueron registrados como muertos
en 2010y, se afiadieron 26 mas para 2018.

Fotointerpretacion, VANT, Ahuehuetes
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Introduction

The riverside vegetation is a unique ecosystem
due to the fact that they present a high diversity
when acting as biological corridors (San José
Wery et al., 2010), they influence the regulation
of the hydrological cycle, they are transition
ecosystems between aquatic and terrestrial
environments They also add scenic beauty and
spaces for recreation (Villanueva et al., 2014).
The presence of communities of Ahuehuetes or
Sabinos (Taxodium mucronatum Ten), in this
type of vegetation are an important component,
as they play a key role in the ecosystem functions
of wetlands and bodies of water, among others,
they help in the recharge of the mantles. water
tables and improve water quality (Villanueva et
al., 2010), in addition to the dendrochronological
potential contained in their growth rings
(Correa-Diaz, et al., 2014).

At present, the Rio Sabinas, belonging to
the San Martin basin in the state of Coahuila,
Villanueva et al., (2014), reported that there is
not a determined number of dead specimens
from the community of sabinos on the banks of
the river, However, it is pointed out that there is
a fragmentation of the ecosystem due to changes
in land use for agricultural purposes.

Remote sensing or remote sensing is a
technique that allows obtaining digital
information from objects located on a terrestrial
surface, without the need to have direct contact
with them (Chuvieco, 1990). The analysis of the
vegetation and the detection of changes in its
patterns are key for the evaluation of natural
resources and their monitoring. For this reason,
remote sensing is one of the best tools for
detecting and  quantitatively  evaluating
vegetation, for managing natural resources and
making decisions (Ramirez-Forero, 2012). The
objective of this research was to analyze the
historical pattern of mortality in the population
of Ahuehuete for three sections of the Sabinas
River channel through photointerpretation.

Materials and methods

The study was carried out using specific data
provided by the Dendrochronology Laboratory
that belongs to the National Institute of Forestry,
Agricultural and Livestock Research (INIFAP)
at the National Center for Disciplinary Research
on Water, Soil, Plant and Atmosphere Relations
(CENID RASPA).
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These data correspond to 3 sections of the
river bed, section 1 is located on the margins of
the vicinity of the community of Sabinas, section
2 in the tributary channel of the R. Alamo basin
and a last reference section close to the
community of Nueva Rosita.

To carry out the photointerpretation
analysis, three fundamental stages were
involved; In the first instance, aerial photographs
were obtained from the National Institute of
Statistics and Geography (INEGI), at a scale of
1: 10000 from the year 1980 of the study sites,
as well as current images obtained using the WR
RGB sensor of the SONY brand with 16 MP
resolution and mounted on an unmanned aerial
vehicle (UAV), Classic eBee and cartographic
databases of mining exploitation in the study
area. Second, two water samples were taken in
situ, for each of the sections of interest and in
accordance with the provisions of NMX-AA-
014-1980, one of the samples taken was used for
an analysis general of water and another for the
determination of heavy metals.

Finally, the zoning of the areas where the
identification of the presence of the Sabinos
species was achieved was carried out.

Aereal images

Image mosaics were processed and created for
the years 2005, 2010 and 2019 with Google
Earth® images in order to identify the change in
land use over the years. A 2000 x 2000 m grid
was created for this. for the construction of
models (Figure 2). The downloaded images were
georeferenced and mosaicked using the Qgis
3.4.4 software.

Flight planning

Three flight polygons were built taking into
account factors such as; width of the river bed,
presence of riparian vegetation on the river
banks and the mean distance with respect to the
communication coverage between the station
and the UAV.

Image processing

The processing of the flights was carried out in
the Pix4Dmapper® software, in which the
capture, geometric correction, geotagging and
construction of the ortho mosaic were carried
out.
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On the other hand, the satellite images
were geometrically corrected considering
control points identified from ortho rectified
images, subsequently the atmospheric correction
was carried out using the Dark Object
Subtraction model using the equation:

,'\.'lu-, = Araw — TININL),

(1)
Where:

I.pos - Image corrected using the DOS model.
iaw: RAW iMmage.
rmin; : Minimum value.

Obtaining the values of the vegetation indices

To obtain the values of the normalized
difference vegetation index (NDVI), it was
necessary to use the following expression
proposed by (Rouse et al., 1974):

npvy=YIH-R
NIR +~ R
()
Where:
NIR: is the reflectivity measured in the near
infrared.
R: is the mean reflectivity in the red region.

Characterization

Some elements of the aerial photographs
considered as fundamental to carry out the
photointerpretation were taken into account,
these are: size, shape, excess, tone, tone and
texture.

The size of an object can be determined by
comparing an object relative to another that is
known, being able to differentiate between shrub
trees and bushes (Gonzalez Vazquez & Marey
Pérez, 2004). Through shape, objects can be
classified under certain parameters, since the
shapes observed in aerial photographs can be
related to real objects.

The shadow component complements the
shape element, because on some occasions the
characteristics of the objects are not easily
recognizable in a vertical plane, in addition,
these components are used to identify tree
species that present characteristic shapes within
an area. Boscosa (National Institute of Statistics,
2005).
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The characteristics of tone and color were
considered due to the fact that in areas devoid of
vegetation, light tones are obtained, while, in
areas with the presence of vegetation, tones
become dark.

The texture in an aerial photograph allows
us to identify the different types of vegetation
cover captured at the time of taking, adult trees
have a coarse texture while in younger trees their
texture is finer (Menéndez & Nufiez, 2009).

Determination of factors that alter the
environment

Three factors that influenced the study area were
considered; In the first place, the mining
developments present within the hydrological
influence zone were considered, taking into
account the carry-over of pollutants from the
source and downstream. The impact on riparian
vegetation caused by population growth and
change in land use. On the other hand, the
fluctuation in the water volume contributed by
the basins was considered, as well as the
oscillation of the temperature over time.

Climate analysis

The data obtained on precipitation and
temperature were interpolated by means of the
Ordinary Kriging method. Said method from the
geostatistical perspective begins by taking into
account the concept that the mean is constant but
unknown, in addition to using the concept of
spatial and temporal correlation of regional
variables.

Data analysis

An analysis of variance was carried out
considering time as an important factor, since the
repetitions in this work were subject to this
factor, that is, the value of the vigor of the
vegetation (NDVI) is subject to time. As this is a
guantitative interval data, it is assumed that it
should behave normally.

The ANOVA factor or analysis of variance
of repeated measures, was applied in this project
considering the time with three levels and a
dependent variable. Table 1.
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Sectionl | <1 km.
Section2 | 1:3 km.
Section3 | >3 km.

Table 1 Definition of strata according to the distance from
a mine to the main riverbed
Source: Own Elaboration

Results

The photointerpretation yielded a total of 517
individuals of the species present at the sampled
sites within the established period. 155
specimens were identified for the Adjuntas
section, of these, three were registered as dead in
2010 and 23 individuals were added for 2018.
Later, 111 individuals were registered in the
Sabinas section, of which two were registered as
dead. in 2010 and, 26 more were added for 2018.
Finally, in the witness section of Santa Maria,
251 specimens were observed with zero records
of deaths for the 4 dates observed. Table 2.

Site Voo | Vaoio ‘ V2003 Vieg0 MZOlB‘ M2o10

Attached 129] 152| 155| 155 23 3
Sabinas 83| 109| 111] 111 26 2
Santa Maria| 251| 251| 251| 251 0 0
Total 463| 512| 517| 517 49 5

Table 2 Condition of Taxodium mucronatum Ten
individuals by site over time
Source: Own Elaboration

On the other hand, a contingency Table
(Table 3) was created with 0 and 1 from the dead
and alive labels, respectively, assigned during
the photointerpretation to perform the Chi-
square statistical test. It was obtained that the
number of living or dead trees in each section
depends on the year in which the record was
obtained. (x? = 144.51; df=3; p<2.2 * 1),

2018 2010 | 2003 1990

0 54 5 0 0
1| 463 | 512 | 517 | 517

Table 3 Contingency table. The row that starts at 0
indicates the number of dead Ahuehuetes and with 1 those
that are alive

Source: Own Elaboration

The point value of NDVI was obtained for
those pixels that were intercepted with the
photointerpretation of the Ahuehuetes condition,
alive or dead. The dates used for the analysis
were selected approximately one year apart to
avoid bias due to seasonal variation, the values
obtained are reported in Table 4. No usable
scenes were found for the year 2007.
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Landsat5 TM | 30 m. 29/41 15/10/2001
15/08/2002
21/10/2003
26/12/2004
10/10/2005
27/09/2006
18/10/2008
05/10/2009
24/10/2010
27/10/2011

Table 4 Dates of acquisition of satellite images
Source: Own Elaboration

The statistical analysis for this type of data
that has time as a variation factor was carried out
with an analysis of variance (ANOVA) of
repeated measures. It was run in R Statistics
using the fl-1d.fl command, with three levels and
a dependent variable. (Table 5).

Transecto Time 1 ... Time 9 |
Attached | NDVI 3 | .... | NDVI o
Sabinas NDVI | .... | NDVI g
Santa Maria | NDVI 1 | .... | NDVI

Table 5 Data from a one-factor design with repeated
measures
Source: Own Elaboration

Based on the results obtained, it can be
interpreted that there is a significantly important
variation in the value of NDVI per site; the year,
in turn, is also a significant factor within the
variation of the NDVI and, the Site: Year
interaction tells us that IF there is a significant
difference between the sites per year (Table 6).

Statistic ~ df | p-value

Site 5.858 | 1.960 0.003

Year 36.047 | 4.159 | 2.89e3!

Site: Year 9.974 | 6.456 | 1.02e!
1 95% confident.

Table 6 Result of ANOVA test of repeated measures
Source: Own Elaboration

Figure 1 shows that from 2006 there was a
decrease in the NDVI of all sections, this could
be attributed to environmental issues such as low
precipitation and an increase in temperature, loss
of water quality, changes in the geomorphology
of the river could explain the decrease in vigor
since it would limit the availability of water.
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Figure 1 Result of the analysis of variance of repeated
measures
Source: Own Elaboration

Figure 2 shows the result obtained in the
Sabinas site, where a decrease in the area
dedicated to agricultural use is observed, in 1990
the estimated area dedicated to this activity was
182 hectares (Ha) and for 2019 it was 118 Ha On
the other hand, the area used by mines was
reduced from 90.8 Ha in 1990 to 56.3 Ha in
2019. In the use of land for the riverbank, the
occupation of the river's flood zone was
considered, therefore, the surface area of this use
increased considerably from 67 Ha in 1990 to
194 Ha in 2019. Regarding urban use, it tended
to increase, with a slight drop in its surface, from
1,174.4 Ha in 1990 to 1,193.7 Ha in 2019.

Cambio de uso del suelo: Sabinas

Figure 2 Main uses of altered soil at the Sabinas site. The
vertical axis shows the surface with a logarithmic
transformation of base 10
Source: Own Elaboration

Sawhe wgll

As highlighted in Figure 3, the results for
the Adjuntas site showed an increase in the use
of land from mines, which was from 195 Ha in
1990 to 114 Ha in 2019. The opposite case for
the use named as no apparent use , which was
reduced from 444.8 Ha in 1990 to 381 Ha by
2019. It was also observed that urban use
increased almost double its surface, from 69 Ha
in 1990 to 115 Ha in 2019.
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Cambio de uso del suelo: Adjuntas
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Figure 3 Main uses of altered soil at the Adjuntas site. The
vertical axis shows the surface with a logarithmic
transformation of base 10
Source: Own Elaboration

On the other hand, Figure 4 illustrates the
changes observed in the Santa Maria site, which
indicate that the agricultural use shows a low
change, going from 605 Ha in 1990 to 554 Ha in
2019. Land use for the mines showed an initial
increase followed by a gradual increase in their
surface, from 0 Ha in 1990 to 46 Ha in 2019.
Finally, urban use remained relatively constant
from 1990 to 2010 with 46 Ha, reaching 50 Ha
in 2019.

Camblo de uso del suelo! Sants Maria

'
i
:

Figure 4 Main uses of disturbed land at the Santa Maria
site. The vertical axis shows the surface with a logarithmic
transformation of base 10
Source: Own Elaboration

Conclusions

The use of a UAV and satellite images to count the
Ahuehuete specimens present in the Sabinas River
showed a clear idea of the current conditions that this
ecosystem maintains. The orthomosaics generated
from the UAV were a quick tool to census the
population; The information obtained is highly
reliable thanks to field validation and the spatial
resolution of the orthomosaics (3 cm / pixel), since it
relates fundamental aspects of the structure and
organization of the population.
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It should be noted that the reliability in the
classification of land use for the proposed years is
based on the visual interpretation, after the algebra of
maps with the NDVI and the land use and vegetation
map distributed by INEGI, with the support of
orthophotos, which which reduces the margin of
error of the final map.

The change in land use for mining exploitation
is the one that has exerted the greatest pressure on the
riparian ecosystem as it is established within the
floodplain, interrupting the longitudinal and
transversal connectivity of the river necessary for the
proper functioning of the ecosystem. Without
neglecting the contamination of the water resource
and the soil.

On the other hand, various disturbances
towards the riverbank by urban growth were
observed in the field, among others, the discharge of
wastewater directly onto the riverbed; solid waste
deposit on the floodplain, as well as the burning of
these; A heap of burned garbage was found on the
side of an Ahuehuete, which caused the bark and part
of the tree trunk to burn.

It is necessary to carry out a more detailed
study, taking points in the field of diffuse pollution
to understand how the discharge of effluents derived
from the mining industries, wastewater and the
deposit and burning of solid waste are causing the
fragmentation of the riverbank habitat and thus take
the necessary measures for its management and
restoration.
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Abstract

The main objective of the research is to suggest the use of
unstructured meshes in the SWAN wave model because
structured meshes require more adjustments in
geographically small areas such as rivers, beaches or even
bays. Third-party tools and data such as bathymetry,
Meteorological Research Forecast (WRF), WaveWatch 111
(WWIII) and Simulating Waves Nearshore (SWAN)
models were used to carry out the research. The
aforementioned software and its own developments were
used in Acapulco Bay, Guerrero, Mexico for the
elaboration of maps that would serve as input in the
generation of Delaunay diagrams, which in turn were
fundamental parts in the configuration of the experiments
and, with this, perform the analysis on the images of the
simulations. With the results obtained, it is expected to
confirm the validity of the wave data for the bay; therefore,
it is considered a useful tool in the process of analysing the
natural phenomena present in the port.

Delaunay triangles, Unstructured mesh, SWAN Model

Resumen

El objetivo principal de la investigacion es sugerir el uso
de mallas no estructuradas en el modelo de olas SWAN
debido a que las mallas estructuradas requieren mas
ajustes en areas geogréaficamente pequefias como rios,
playas o incluso bahias. Para llevar a cabo la investigacion
se utilizaron herramientas y datos de terceros, como
batimetria, Meteorological Research Forecast (WRF),
WaveWatch 111 (WWIII) y Simulating Waves Nearshore
(SWAN). El citado software y desarrollos propios fueron
utilizados en la Bahia de Acapulco, Guerrero, México para
la elaboracién de mapas que servirian de insumo en la
generacion de diagramas de Delaunay, los cuales a su vez
fueron partes fundamentales en la configuracion de los
experimentos y, con ello, realizar el analisis sobre las
imagenes de las simulaciones. Con los resultados
obtenidos, se espera confirmar la validez de los datos de
oleaje de la bahia; por tanto, se considera una herramienta
atil en el proceso de analisis de los fenémenos naturales
presentes en el puerto.

Triangulos Delaunay, Mallas no estructuradas,
Modelo SWAN
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Introduction

The terrestrial models implementation has
started from the latitude-longitude type
equidistant meshes generation that give meaning
to the way in which our planet is modelled.
These representations have a problem that until
now has been worked on to solve: it is the
distance at the poles and the equator, as well as
its representation both numerically and
geometrically. It is in the 90's that regular
triangular-type icosahedral meshes began to be
used, which provide a homogeneous globe
coverage. This representation avoids the so-
called pole problem related to the meridians
convergence in latitude-longitude meshes while
providing good computational efficiency
(Garcia, 2009; Legrand et al., 2000; Ruppert,
1995; Zijlema, 2010). The first representations
were through the Voronoi diagrams, which in
turn allow the introduction of the Delaunay
triangles; creating the unstructured grid concept.

Unstructured grids are very used to
simulations study area, initially unstructured
grid concept, this concept was applied only in the
context of the areas near of the poles or small fast
changing areas, but it has been shown that its use
transcends much larger areas and that its use in
extreme situations such as hurricanes has begun
to spread (Dietrich et al., 2012; Garcia, 2009;
Huang et al., 2013). Figure 1 shows the
Acapulco Bay bathymetry, the scale at right
indicates the seabed deep in meters and shows a
great variation in depth in areas closer to the
coast; That is why their analysis is of interest due
to the changes in the tide that occur there, which
generate a characteristic bays effect with a
closed neck and shallow depth.

Figure 1 Acapulco Bay bathymetry
Source: Own Elaboration
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This work explains about the unstructured
grid elaboration of Acapulco bay, Mexico, as a
basis for waves simulation to obtain the
frequency (TmO01) and height (Hsig) variables
values that describe the presence of long and
continuous swell generated by storms at sea
(deep sea phenomenon) on the bay beaches.

The representation through Delaunay
triangles was used as the unstructured grid, the
Conforming Delaunay Triangulation (CDT) is
obtained from working with Restricted
Delaunay Triangulations (RDT) to which a
series of additional artificial vertices called
Steiner points are added, which help them
comply with the laws of Delaunay triangulation
(Shewchuk, 2002). Obtaining a conformal
triangulation facilitates the generation of a
consistent mesh that suggests that all the mesh
vertices belong to a triangle and that this triangle
fulfil the area, internal angles and
circumferences  criteria, among  others,
improving the result quality (Ruppert, 1995).
Whichever method is used to generate the
Steiner points; it is useful to smooth the mesh
using a Laplacian filter. Then each point is
smoothed N times according to

X3 = Xp+ o B, (1)
where X3*1 is the new position of the
point Xi', M is the number of neighboring points
with coordinates X; and ® the relaxation
parameter. The number of iterations should be
within the range 20 to 50 and the standard
relaxation parameter is within 0.05 to 0.25.

The way to determine the generation
unstructured grids method will depend on the
system selected for the simulation runs. One of
the ways that exist to represent bodies in 2-D is
the Planar Straight Line Graph (PSLG) format,
which is defined as a collection of vertices and
segments, where the end points of each segment
are included in the vertices list, and it has the
possibility to specify the constraints on angles,
triangle areas, holes and concavities (Chen &
Bishop, 1997).

This paper uses a series of experiments
with different triangles area manipulation to
establishing a maximum area.
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The minimum angle and the Steiner points,
provide a definition of the unstructured grid that
is precise enough to solve many types of
problems about materials, fluids, surfaces, etc.
(Dietrich et al., 2012; Legrand et al., 2000;
Weatherill, 1992; Zijlema, 2009). To avoid
malformed grids and errors at model’s runtime,
a conventional restriction that must be met is that
the angles within each triangle must be less than
the value defined below: let a ™ and b ~ be the
tangential vectors of two faces of a triangle, then
the cos @ < -0.8 or, equivalently, @ > 143°.

QU
(S8

cos@ =

(2)

=

|al|p]
The equation 2 has been used as part of the
software simulation requirement and the area
bathymetry will be used to work on the location
and placement of a higher resolution in the
shallower area to study the wave frequency and
height variables on the beaches or, in our case,
better monitoring of the swell phenomenon in its
generation, dispersion and scope stages.

Studies that refer to the behaviour of fluids
and, specifically to the SWAN software model,
accept that the variation of the measurements has
ranges of up to £30% depending on the computer
processor and operative system, as well as the
configuration of the physics and the grid used in
the simulation (Booij et al., 1999; Reikard &
Rogers, 2011; Zijlema, 2010). This study will
consider acceptable a £10% variation in the
variable values when comparing one type of
structured grid against the other two
unstructured grids to establish the simulation
validity since the only element that will vary
between experiments are the triangle angles and
area in unstructured grids.

An additional reason to seek the models
execution with an unstructured grid was to avoid
the results that show biases such as the so-called
“sawtooth” that directly affect the models output
representation and interpretation as shown in the
figure 2.

One of the principal causes of biased maps
is the information quantity and quality that exists
about the area; when the information lack is in
the input phase, it is tending to solve it through
the use of interpolations in addition to the use of
higher resolution grids. In our case, the area is so
small that we lack detailed information about the
tide and the wind; therefore, the interpolation of
both variables was used.
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In the output phase, is an input
consequence, configuration mistake or outdated
maps.

-
1 -5 SR TR YO o S
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Figure 2 Image showing "sawtooth” bias as a result of
structured grid analysis with metadata
Source: Own Elaboration

Development

The Acapulco bay area is located between
coordinates 16.77° to 16.88° north latitude and
99.80° to 99.99° west longitude; with an
approximate area of 245 km?2 The area
bathymetry has a grid resolution defined with an
interval of 15 arc seconds, or one point
approximately  every  0.004° (GEBCO
Compilation Group, 2020). Therefore, due to its
size, location, bathymetry and geographical
features, the Acapulco Bay represents an
excellent opportunity to study the tidal
phenomenon through wave modelling software
on shore.

The area geography was obtained from a
map that served as a template that, once
visualized in digital form, proceeded to the
unstructured grid point’s location for both the
coastal areas and the work area limits. As
mentioned, special interest was placed in beach
areas and areas with shallower depth so that the
height and frequency waves variables evaluation
would show their variations in short distances
and obtain a better perspective of their
behaviour; for the area margins to be studied, the
vertices with a greater separation were
considered because the margins conditions do
not significantly affect the experiment
development. With the obtained points, the
PSLG file was created with 243 vertices, 243
segments, 3 interior boundary edges and 1 hole.
The identified points are shown in the Figure 3.
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Once the continuity of the structure was
assured, it was necessary to identify holes or, in
our case, the Roqueta Island as an object outside
the calculation and the different figure segments,
the unstructured grid was generated with the
Delaunay triangles using the divide and conquer
method. Early attempts to generate the
unstructured grid from the PSLG file, yielded an
RDT that is similar to a Delaunay triangulation,
but each PSLG segment is present as a single
edge in the triangulation. An RDT is not really a
Delaunay triangulation (Romero & Barron
Fernandez, 2016; Shewchuk, 2002), some of the
triangles may not be Delaunay, but all are RDT.
The result yielded 241 vertices, 241 triangles and
482 grid edges (see figure 4).

P 00-\

)
y

/-
)

Figure 3 Origin points location for the unstructured grid
generation
Source: Own Elaboration
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Figure 4 Diagram generated from RDTs
Source: Own Elaboration

One simple way to increase employee
efficiency of figure 3 is to add a minimum angle
value that, together with the Steiner points,
would generate a CDT grid from the PSGL.
Then 200 was established as the minimum angle
value.
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When  executing the triangulation
program, 346 vertices, 443 triangles, 789 grid
edges were obtained, which improved the
quality of the result as shown in Figure 5. In the
unstructured grid design final stage, a minimum
angle of 30° was established with a maximum
area of 100 m? per triangle.

The result obtained was 496 vertices, 730
triangles and 1226 grid edges. In all cases, the
main objectives were the Delaunay triangulation
preservation and the grid quality assurance. The
result is shown in Figure 6. As can be seen, the
size of the triangles tends to be smaller in the
areas close to the beach where the depth is lower,
which results in greater currents dynamics and
therefore in the study variables.

XA

Figure 5 Diagram generated from CDTs
Source: Own Elaboration

Figure 6 Diagram generated with the limitation of area
and angles greater than 30°
Source: Own Elaboration
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When observing the previous figure
definition, its refinement was sought to provide
information that did not leave the option of error
(by decimal rounding) to the simulation when
calculating the triangles angles, therefore, the
unstructured grid was staked with a minimum
angle of 33° with a maximum area of 100 m? per
triangle, the result obtained was 679 vertices,
1087 triangles and 1776 grid edges. As can be
seen in the Figure 7, the trend is that the size of
the triangles becomes smaller in beach areas.

1675 i L ‘ A A A A A i i
gaog 995G 9994 9997 999 .C9p8 .G9PE 9984 .99 @2 996

Figure 7 Diagram generated with the limitation of area
and angles greater than 33°
Source: Own Elaboration

Subsequently, the wind information
(direction and speed) were extracted from the
WRF model, as well as the tidal information
(frequency, height and direction) from the
WWIII model in order to run the corresponding
simulations in the SWAN software. The wave
simulation algorithm can use both structured and
unstructured grids so the experiment should not
present considerable variations that could be due
to the style, the way of programming the code or
the design architects; in both solutions, a
bathymetry of 1,196 points was taken, covering
both the marine and terrestrial area within the
study coordinates.

For wind and tidal data, the data were fed
only for latitude 16.75° and longitude -100.0°;
due to the area size and their availability due to
the models resolution. Each execution was
carried out at 00, 03, 06, 09, 12, 15, 18 and 21
hours for each day, for a cycle of 3 months of
temporary. The marine physics variables were
considered with the default model values, as well
as the GEN3 calculations offered by SWAN;
finally, the JONSWAP quotient was used for
friction.
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The following points are used to determine the
efficiency of the method: p1(-99.90°16.84°),
p2(-99.89°.16.85°), p3(-99.88°,16.85°%), p4(-
99.86°,16.84°) and p5(-99.88°16.83°). The
model to be executed with the structured grid
was compiled with the gcc and gfortran
compilers, in addition the use MPICH library.
The simulation results for 08/07/2021 12: 00200
are shown in tables 1, 2 and 3.

Run:0.10 Table: valida_estruct, SWAN version:41.31A

Point | Xp(deg) | Yp (deg) | Hsig (m) | TmO1 (s)

pl 99.900 | 16.8400 | 1.22435 | 12.2464
p2 99.8900 | 16.8500 | 1.69673 | 12.9411
p3 99.880 | 16.8500 | 1.59793 | 12.2941
p4 99.860 | 16.8400 | 1.32819 | 12.5719
p5 99.880 | 16.8300 | 1.31129 | 11.2290

Table 1 Simulation results using a structured grid
Source: Own Elaboration

Point | Xp(deg) | Yp (deg) | Hsig (m) | TmO1 (s)
pl 99.900 | 16.8400 | 1.30604 | 12.8037
p2 99.890 | 16.8500 | 1.65372 | 13.1451
p3 99.880 | 16.8500 | 1.45979 | 12.7073
p4 99.860 | 16.8400 | 1.37198 | 12.5821
p5 99.880 | 16.8300 | 1.34549 | 11.5210

Table 2 Simulation results using an unstructured grid with
triangle angles greater than 30°
Source: Own Elaboration

Run:0.30 Table:valida33, SWAN version:41.31A

Point | Xp(deg) | Yp (deg) | Hsig (m) | TmOL1 (s)
pl 99.900 | 16.8400 | 1.47334 | 12.0187
p2 99.890 | 16.8500 | 1.58858 | 13.1557
p3 99.880 | 16.8500 | 1.48878 | 12.7870
p4 99.860 | 16.8400 | 1.39658 | 12.6446
p5 99.880 | 16.8300 | 1.38802 | 11.6278

Table 3 Simulation results using an unstructured grid with
triangle angles greater than 33°
Source: Own Elaboration

The results are consistent and do not
exceed the £10% variation that was proposed
from the beginning as a reference value to
accept. The model was configured to generate
files with a greater amount of information, (see
figures 8 and 9).
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Figure 8 Tm01 with triangle angle greater than 30°
Source: Own Elaboration

Figure 9 Tm01 with triangle angle greater than 33°
Source: Own Elaboration

The three models evaluated yielded values
that were very similar to each other. The ease of
model manipulation and the time-equipment
necessary for simulations with unstructured
grids is a factor that has favoured its use and,
therefore, its adaptation in different scenarios.
On the other hand, we do not have marine
equipment or buoys sensitive enough to
determine if the 30° or 33° diagram was more
accurate;

What is reflected is that in an unstructured
grid it is recommended to use triangles with
angles not less than 30° that allow establishing in
the interest areas or high impact a network that
is capable of transmitting the smallest variations
in a timely and reliable manner in the as little
time as possible, according to the data with
which it is fed and it is at the alert moment when
the information precision becomes relevant;
especially if you are talking about a deep draft
port and a tourist area.
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When observing the data obtained in the
control points, it can be said that the results are
consistently similar; not so the general
representation of the study area where, although
when observing the scales, the differences are
minimal, the areas of coverage of the phenomena
would not be. Which is perfectly justified due to
the variation that exists in the meshes and their
angles; Therefore, it is concluded that the
measurement of the phenomenon and the area of
impact have variations that do not affect or
generate a significant error within the
predictions. For the case of 30° and 33° angles,
from the data generated by the simulations, the
frequency variable was processed.

For the wave height variable, the figures
10 and 11 were generated with the unstructured
data, both for 300 and 330, again we observe that
the figure complicates the analysis objectivity so
it could be discarded despite the values
similarity.

The results obtained from the simulations
were finally compared against the data recorded
from the meteorological and oceanographic
stations that the bay had. The comparison of the
data gave us a variation of less than £10% with
respect to the measurements of the structured
grid against the unstructured grid for both cases
of angles.

As an additional measure, the information
was corroborated through press bulletins and
phenomenon visual confirmation. In terms of
CPU usage and execution time, the unstructured
grid had a better performance running on asingle
processor in 01 minutes 29 seconds average
time.

The calculation on the structured grid took
02 minutes and 50 seconds, on average, with 10
cores in parallel processing. The executions
analysis indicated that in the unstructured grids
the sufficiency conditions established in the
model were reached with a lower number of
iterations, not so in the structured grid that
generally reached the top of 50 iterations.
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g

Figure 10 Hsig with triangle angle greater than 30°
Source: Own Elaboration

r
2

Figure 11 Hsig with triangle angle greater than 33°
Source: Own Elaboration

Conclusions

In this study, the results of two different
executions on the same area have been shown,
the usual structured grid of figure 2 and the
unstructured grid models (figures 6 and 7). The
images generated for the structured grid
presented the sawtooth bias. The results
presented in tables 1, 2 and 3 form were very
similar and did not exceed the threshold of
+10%; even the control points indicated in the
simulations yielded information that helped the
best comparison of the experiments, so their
observation and analysis was of great help in
making decisions.

In this series of experiments at least 30°
angles were used; and the use of larger angles is
expected in future approximations to find the
best ways to represent marine phenomena and
their effects on beaches.
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In addition to this variable, there are
different model physics variables that must be
considered to make broader projections about
the behaviour of the sea under certain conditions
and at different points on earth. Friction, density
of water, level of salinity, pollution, etc. these
are just some of the variables that should be
discussed for future experiments.
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