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SiO./PDMS functionalized hybrid ceramics: effect of functional group on
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Abstract

In this paper, the hydrophobic effect of the functional
group in a hybrid ceramic synthesized from tetraethyl
orthosilicate (TEOS) and polydimethylsiloxane (PDMS)
is investigated. The hybrid ceramics were synthesized
using  di-butyl-di-di-tin  laurate (DBTL) as a
polycondensation catalyst and different concentrations of
the polysiloxane chain varying from 20-40%w. Infrared
spectroscopy confirmed the formation of the hybrid
material, observing the corresponding signals for the
siloxane bond (Si—O-Si) corresponding to the silica
network, inorganic fragment (1100 cm™) and those
corresponding to the polymer chain (785 cm™) besides,
the Si—-C bond of the polymer is presented at 1250 cm™.
The amino functional group was identified as a low
intensity signal at 1300 cm=* (N-C) and 1204 cm (Si—
N); on the other hand, the phenyl group was present at
3080 cm™ for the C-H group of the aromatic ring and
with the C=C bond of the ring at 1429, 794 and 845 cm™*.
While the hydrophobic character was evaluated with the
contact angle 6, obtaining a hydrophobic to
superhydrophobic behavior with 6 de 110-130°.

Hybrid ceramic, TEOS, PDMS, Hydrophobic

Resumen

En este trabajo se estudia el efecto hidrofébico del grupo
funcional en un ceramico hibrido sintetizado a partir del
Tetraetil-ortosilicato (TEOS) y el polidimetilsiloxano
(PDMS). Los ceramicos hibridos fueron sintetizados
empleando al di-butil-di-laurato de estafio (DBTL) como
catalizador de  policondensacion y  diferentes
concentraciones de la cadena de polisiloxano variando
desde el 20-40%w. La espectroscopia de infrarrojo
corroboré la formacion del material hibrido, observando
las sefiales correspondientes para el enlace siloxano (Si-
O-Si) correspondientes para la red de silice, fragmento
inorgdnico (1100 cm-1) y los correspondientes a la
cadena polimérica (785 cm-1); ademas de presentarse el
enlace Si-C, del polimero a 1250 cm™. El grupo
funcional amino se identific6 como sefial de intensidad
baja a 1300 cm™* (N-C) y 1204 cm® (Si-N); por su parte
el grupo fenilo se hizo presente a 3080 cm™ para el grupo
C-H del anillo aromatico y con el enlace C=C del anillo a
1429, 794 y 845 cml. Mientras que el caracter
hidrofébico se evallo con el angulo de contacto, 6,
obteniendo un comportamiento de hidrofébico a
superfidrofdébico con 6 de 110-130°.

Ceramico fhibrido, TEOS, PDMS, Hidrofobico
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*Correspondence to Author (email: carlos.rojas@utpuebla.edu.mx)

tResearcher contributing as first Author.

©ECORFAN-Bolivia

www.ecorfan.org/bolivia



Article

2
Journal Simulation and Laboratory

Introduction

In nature there are several materials that are
hydrophobic (water repellent), one of them is
the lotus flower, which contains on its surface
non-polar substances (fats and waxes) that repel
water. On the other hand, they produce
roughness, which is the physical factor that
causes this behavior. Figure 1 shows some
examples of hydrophobic surfaces in nature;
Figure 1a shows the hydrophobic behavior of
the lotus flower, where, in addition to having a
waxy surface, it is observed that the surface is
formed by a roughness with controlled
morphology (surface formed by agglomeration
of spherical particles).

Figure 1 Examples of hydrophobicity in nature (a) lotus
flower (b) rice leaf (c) butterfly wings (d) mosquito legs
Source: [1, 2]

Another hydrophobic surface in nature is
the leaf of the rice plant, where the
hydrophobicity is generated by the trough
arrangement of the leaf (Figure 1b). Butterfly
wings are another example of this type of
materials, where the trough structure is the
originator of this behavior (Figure 1c), the legs
of the mosquito (Figure 1d) is another example
of hydrophobicity in nature, similar to butterfly
wings these surfaces have a specific
arrangement in the surface roughness, needle-
like that allow repelling water [1-3].

Hydrophobic properties in materials can
be created by two different techniques:
Chemical modification of the surface or
physical modification of the surface (roughness
modification). In the first one, as shown in
Figure 2, the surface is chemically modified by
adding organic groups that give the material the
hydrophobic character. This modification is
carried out in thin layers that homogeneously
cover the entire surface.

ISSN: 2410-3462
ECORFAN® All rights reserved.
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To achieve this, the functional groups
present in the material must be taken into
account to add a modifying agent (crosslinked)
that allows adherence to the surface of the
material and to the R-modifying group, which
is the one that will generate the hydrophobicity.

oH  oH (Con ™\
..... A...../.......Z..‘.‘i,_\_\
H : \ R_é\,»,(:l:osslinker
£ Hydrophilic Surface & ><ROJ
B cecnsnsnarnnnsnerens /" Hydrophobic Group
RO~
’ ———>EtOH
/ R RO, R
RO—; / \S\(CH;{
(CHy)n \
S N
A A

Hydrophobic
Surface

..............................

Figure 2 Methods for obtaining hydrophobic surfaces by
chemical modification
Source: [4]

The aim of this work is to obtain a hybrid
ceramic (inorganic/organic) with hydrophobic
properties that can be used as an adsorbent for
oil pollutants.

Methodology
Hybrid ceramic synthesis

The ceramic was synthesized according to the
method reported by C. Salazar-Hernandez et al
[5,6]. Where the polymerization of TEOS
(Aldrich, 99%) is carried out by co-
condensation using different amounts of
PDMS; according to the amounts indicated in
Table 1. The PDMS functionalized were
hydroxyl-terminated polydimethylsiloxane
(DMS-12; Gelest 16-32 cSt), amino-terminated
polydimethylsiloxane (DMS-N12; Gelest 15-30
cSt) and hydroxyl-terminated diphenylsiloxane-
dimethylsiloxane copolymer (PDS-1615; Gelest
50-60 cSt; 14-18% diphenylsiloxane). To
obtain the sol solution, the 10 g of TEOS were
mixed with the PDMS, adding 0.1 g of dibutyl
dilaurate tin (DBTL; ALdirch 99%), which acts
as a polycondensation catalyst [7]; according to
the reaction shown in Figure 4.2b; the mixture
was kept under constant magnetic stirring for
30 min at a temperature of 40°C; until the
ceramic was obtained.

VILLEGAS-ALCARAZ, José Francisco, HERNANDEZ-
MALDONADO, Alfredo, SALAZAR-HERNANDEZ, Mercedes and
SALAZAR-HERNANDEZ, Carmen. SiO,/PDMS functionalized hybrid
ceramics: effect of functional group on hydrophobic behavior. Journal
Simulation and Laboratory. 2023
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DMS-12 DMS-N12  PDS-1615

©) ©) ©)
Si02/DMS-CHs-10 1

SiO2/DMS-CHs-20

SiO2/DMS-CH3-40 4 - -

Si02/DMS- - 1 -
N(CHz)2-10

Si02/DMS- - 2 -
N(CHa)2-20

Si02/DMS- - 4 -
N(CHa)2-40

SiO2/PDS-10 - - 1

SiO2/PDS-20 - - 2

SiO2/PDS-40 - - 4

Table 1 TEOS and PDMS functionalized ratios used to
modify porous systems

Characterization

INFRARED SPECTROSCOPY. The chemical
structure of the sponge and the SiO,—PDM has
been observed by ATR-FT using a Nicolet-
i1S10 Thermoscientific equipment, obtaining the
average of 16 scans, with 4 cm™ resolution and
spectral window from 4000 to 600 cm™.

CONTACT ANGLE - The contact angle for the
sponge and sponge-modified was determined
using a drop of distilled water from L. The
image was taken with a conventional cell
camera and the contact angle was measured
with the free software IC-Measure using the
horizontal base as a reference.

Results
Functionalized SiO»/PDMS Ceramics

Figure 3 shows the corresponding spectrum for
the SiO2/PDMS-CHs-10 modified ceramic.
Where the signals corresponding to TEOS are
not present; the corresponding spectrum for the
starting reagent DMS-12. However, in the
structure of the ceramic, the siloxane chain is
observed in the structure of the modified
ceramic; as well as the signals indicating the
presence of the silica network. The main signals
identifying the formation of the silica network
from TEOS are the Si—-O-Si bond observed as a
broad band with a shoulder at 1004 cm™=,0(7;
as well as two broad signals of moderate
intensity at 855 cm™ and 695 cm™;[J(1. In
addition, the -CH2CHzs group of the unreacted
alkoxides is observed as bands of moderate
intensity at 2922 cm and 2851 cm™, (1.

ISSN: 2410-3462
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June 2023 VVol.10 No.28 1-4

For SiO2/DMS-N(CHz3)2; the N-C bond
of the functional group was identified at 1300
cmt (signal G) as a broad band of low
intensity, while the Si—N bond was identified at
1204 cm™ (signal F). For the SiO2/PDS, the C—
H bond of the aromatic group was identified
with a multiplet at 3084-3000 cm™ (C signals).
Likewise, the C=C bond of the aromatic ring
was identified at 1429 cm™ [1; while at 794 cm~
1 and 845 cml000 the C-H of the phenyl
group was identified (C signals).

Figure 4a shows the drops used to
measure the contact angle in the unmodified
sponge and those modified with the different
ceramics. The sponge shows a hydrophilic
behavior with g of 46.2°. When the ceramics
were added inside the sponge structure, the
angle increased to a value greater than 100°,
behaving as hydrophobic surfaces. The highest
hydrophobicity was observed with the methyl
functional group and with the 40%w
concentration; with a [1=132° reaching a
superhydrophobic behavior

b
Absorbance, A

Abserbance, A

Figure 3 Infrared spectra of the functionalized ceramics

unmodified sponge

(a) T

modified sponge

Siloxane Chain (%)

contact angle, O (°)
+

Siloxane Chain (%)

Figure 4 Hydrophobic behavior of hybrid ceramics

VILLEGAS-ALCARAZ, José Francisco, HERNANDEZ-
MALDONADO, Alfredo, SALAZAR-HERNANDEZ, Mercedes and
SALAZAR-HERNANDEZ, Carmen. SiO,/PDMS functionalized hybrid
ceramics: effect of functional group on hydrophobic behavior. Journal
Simulation and Laboratory. 2023
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Conclusions

PDMS allows to generate the hydrophobic
property in the silica structure and by
modifying the chain with amino and phenyl
groups, hybrid ceramics with hydrophobic and
superhydrophobic  character are obtained;
reaching values of [1=132° when the siloxane
concentration in the silica network is 40%w.
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Abstract

The recovery of Au from rich cyanidation solutions is
usually carried out by adsorption on activated carbon, a
process that presents as its main disadvantage the
formation of fines in the classifying screens, these fines
represent a considerable loss of values in the process,
which is why The search for alternatives that allow the
recovery of gold and silver from rich cyanidation
solutions is of interest to hydrometallurgy. In this sense,
magnetic pre-concentration could be an alternative for
said process. the present work shows the study of the
removal of AgNO3 and [Ag(CN)2]- in synthetic aqueous
systems with mesoporous amino and/or thiol silicas
modified with magnetite (MS-NH2-Fe304 and MS-
NH2-SH-Fe304) . It is observed that the presence of
ligands of a softer nature favors the removal of Ag in Ag-
CN systems, showing low removal capacity for amine
materials.

Mesoporous Silica, Amino and tiol modification,
Silver remove

Resumen

La recuperacion del Au de las soluciones ricas de
cianuracion se realiza usualmente por adsorcion en
carbon activado, proceso que presenta como principal
desventaja la formacion de finos en las cribas
clasificadoras, dichos finos representan una considerable
pérdida de valores en el proceso, es por ello que la
basqueda de alternativas que permitan la recuperacion
del oro y la plata de las soluciones ricas de cianuracion es
de interés para la hidrometalurgia, en este sentido la pre-
concentracion magnética podria ser una alternativa para
dicho proceso; el presente trabajo muestra el estudio de la
remocion de AgNOs y [Ag(CN)2] en sistemas acuosos
sintéticos con silices mesoporosas amino y/o tiol
modificadas con magnetita (MS-NH,-Fes04 y MS-NH,-
SH-Fe3;04). Se observa que la presencia de ligandos de
naturaleza mas blanda favorece la remocion de la Ag en
los sistemas Ag-CN, mostrando baja capacidad de
remocion los materiales aminados.

Cinauracidn, Silice, remocion Ag(l)
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Introduction

In recent years, magnetic hybrid nanomaterials
have been studied as adsorbents in the recovery
of metal ions, these have been proposed as an
alternative in hydrometallurgy for the recovery
of precious metals mainly (Pd, Pt, Rh, Ag and
Au) and rare earths from e-waste recovery
processes [1-10]. These proposals involve the
use of a magnetic nanostructured material such
as Fe304, [1-Fe203, CoFe204, MnFe204
among others; these materials are usually
coated with a film of a surfactant, polymer or
silica as a protective film that favours the
modification of the magnet surface with various
functional groups that provide selectivity to the
metal ion of interest [1]. The principle of these
materials is the adsorption of the metal ion with
the functionalising group, which can be done by
physical adsorption or covalent immobilisation
[1-10].

One of the advantages of silica coatings is
the ease of anchoring a wide range of functional
groups through the condensation of various
alkylarylsilanes. [1-10]. Recently, the use of
mesoporous silica (MS) type SBA-15, modified
with magnetite and chelating groups N, N, O
donors for the recovery of Cd(ll), Ni(ll), Pb(ll)
and Zn(I1) traces in aqueous solutions has been
proposed [6-13]. Recently, the use of magnetic
composites with metal lattices, polymers and
mesoporous silica matrices, activated carbon
and other ceramics has been reported for the
removal of various contaminants in agueous
media and soil, such as U(VI), Cd, Ni, Pb and
various organic contaminants such as oils and
dyes [14-19]. The present work shows the study
of Ag(l) removal from aqueous systems with
mesoporous silica materials modified with
magnetic, amino and mercapto groups.
Experimental Section.

Synthesis and characterization of the Fe3O4

The synthesis of magnetite was carried out by
precipitation techniques according to equation
1, in a 2Fe3*":Fe?" ratio [20-22]. In a 250 mL
flask, 5.27 g of FeSO4 and 2.7 g of FeCls were
dissolved in 200 mL of water under constant
stirring, then the pH was adjusted to 10-11 with
NH4OH and the system was placed at reflux for
24 h. At the end of this time, the magnetite was
recovered by filtration and dried at 75°C for 12
h [20-22].

2FeCl, + FeSO, +8NH,OH — Fe,0, + (NH,),SO, +6NHCI +4H,0
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Reaction 1

The magnetite was characterized by powder
XRD, which was carried out on a RIGAKU
ULTIMA IV X-ray diffractometer.

Synthesis and characterization of MS-NH2-
Fe3Os4and MS-NH2-SH-Fe304

The synthesis of mesoporous silica materials
was carried out from sodium silicate using P-
123 as molecular sieve according to Salazar et
al [23].

The modification with amino and/or thiol
groups on the mesoporous silica was carried out
by post-synthesis techniques. 0.167 moles of
the mesoporous silica was suspended in 100 mL
of ethanol and 0.0416 moles of the modifying
agent 3-aminopropyltrimethoxysilane and/or 3-
mercaptopropyltrimethoxysilane were added, 1
mL of NH40OH was added and the system was
left under reflux for 24 h. At the end of this
time, the solid was recovered and the system
was refluxed. At the end of the time the solid is
recovered and washed with 2 portions of 10 mL
of ethanol and 10 mL of acetone, to be
subsequently dried in the oven for 12 h at 75°C.

The anchoring of the magnetite in the
modified silicas was carried out by placing 1 g
of the synthesised Fe304 under reflux with 10
g of MS-NH2 for 12 h, after which the material
was recovered by filtration and dried at 70°C
for 12 h.

Adsorption studies of Ag(l) from aqueous
systems

The evaluation of the silver adsorption capacity
() was carried out by determining the
adsorption Kinetics at 10 min intervals for 1
hour with standard solutions of AgNO3 at
different concentrations (100-500 ppm). 0.1 g
of the material was placed with 10 mL of a
solution at 57, 123, 192, 319 and 694 mgL-1 of
Ag and the residual concentration of silver in
the solution was determined at the above
mentioned times by atomic absorption
spectrometry.

SALAZAR-HERNANDEZ, Mercedes, MENDOZA-
MIRANDA, Juan Manuel, CAUDILLO-GONZALEZ, Martin
and ALVARADO-MONTALVO, Lucia. Germination of
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The adsorption capacity of silver was
determined by equation 1, where qt is the
loading at time t, Co and Ct are the initial and at
time t silver concentrations in the solution in
mgL-1, V is the volume of sample used (L) and
m is the mass of material used in g.

— (Co — Ct)v
a.= m Q)

Effect of pH on Adsorption of Ag(l)

The effect of pH on the adsorption capacity of
magnetite was evaluated by determining the
adsorption capacity of magnetite at pH 3, 4.5, 6
and 10. 0.1 g of the material was placed with 10
mL of Ag(l) solution at the pH under study for
20 minutes and the concentration of residual Ag
in the solution was determined.

Results and Discussion

The FTIR characterisation of the silicas
modified with the various amino groups, shows
the presence of organic matter in the range of
3000-2500 cm-1 and 1600-1200cm-1, in Table
1, summarises the FTIR characterisation of
these samples, in all cases a vibrational shift of
C-N is observed suggesting NFe interaction in
the materials, the assignment of the main
vibrations in these materials is summarised in
Table 1.

MS-NH, | vC-H 2938-2847
5C-H 1534
vN-H, O-H(H.0) 3013-3015
3N-H, O-H(H.0) 1646
vSi-O-Si 1065
8Si-OH 960,793
35i-0 464
MS- vC-H 2938-2847
NH,- 5C-H 1534
FesOs yN-H, O-H(H.0) 3013-3015
SN-H, O-H(H-0) 1660
vSi-O-Si 1065
8Si-OH 793
3Si-0 464

Table 1 Characterisation by FTIR

Figure 1 shows the diffractogram of the
synthesised magnetite, corroborating the
obtaining of this phase. The planes are observed
at 2 at 30.1, 35.4, 43.1, 54.5, 57.6, 62°, which
correspond to magnetite according to
Mohammadi et al. [22].
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Figure 1 DRX Synthesised Magnetite

Studies on AgNOs adsorption from aqueous
systems

MS-NH.-Fe304, showed a 99% removal at low
concentrations of 100 and 200 ppm, decreasing
its removal capacity at moderate concentrations
of 300 and 500 ppm, removing between 80-75
% of silver only (Figure 2). All the materials
showed an adsorption equilibrium after 20
minutes of contact. Table 2 summarises the
adsorption parameters observed according to
the Langmuir adsorption model, which assumes
a monolayer adsorption and no interaction
between sorbate-adsorbent and sorbate-sorbate.

100
90

80
70
60
50
40
30
20
10

0

100 200 300 500

[Ag(1)], mgL?

% Remocion

Figure 2 Ag adsorption capacity of the MS-NH>-Fe;0.

_ QoKLCe
qe = 1+K;.Ce )

Where:

Qo is the charge at equilibrium in mgg-1,
KL the Langmuir constant and Ce the
concentration of Ag(l) at equilibrium in mgL .
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A parameter that allows to identify the
type of adsorption in this model is the partition
coefficient (RL), which was described by
Webber and Chakkravorti in 1974 [24], this
parameter is a function of the KL (Langmuir
constant) and the initial concentration of the
sorbate and is defined by Eq. 2 As already
mentioned, the value of RL defines the type of
adsorption, so that if RL>1 the adsorption of
the system is unfavourable; if RL=1 the
adsorption is favourable and linear; values of
O<RL<1 indicate favourable adsorption; while
values of RL=0 indicate irreversible adsorption
[24, 25].

1
R, = 1+K1.Co (3)

Where: K is the Langmuir constant and
CO0 is the initial concentration of sorbate.

Model Parameters | MS-NH2-Fe304

Langmuir | Qo [mgg™] 30.12
Ki [L mg7] 0.122
R? 0.9242
AqQ(%) 6.9
RL 0.075-0.14
AG [KJmol ] -24.45

Table 2 Experimental parameters of the fit of Ag(l)
adsorption data to Langmuir adsorption models

Effect of pH on the Adsorption of Ag(l)

Figure 3, shows the effect of pH on the
adsorption of [Ag(H20)2]+ with MS-NH2-
Fe304, it is observed the increase of the
adsorption capacity of Ag(l) as the pH of the
system increases, it has been reported an
isoelectric point close to 9. 0 for polyaminated
silicas [23, 25], showing a positive surface
charge at acidic pH, which decreases its
adsorption capacity due to the repulsive
interactions between the positive surface of the
material and the [Ag(H20)2]+, these
interactions decrease with increasing pH,
favouring the negative charge on the surface at
basic pH, which favours the adsorption process.
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Figure 3 Effect of pH on the adsorption process of Ag ()

Effect of the counter-anion on Ag adsorption

)

Figure 4 shows the effect of the counter-anion
on the removal of Ag(l), the adsorption of
[Ag(H20)2]NO3 and [Ag(CN)2]-complexes
was evaluated. A lower removal capacity of the
Ag-CN systems was observed (low removal of
15%) than that observed for silver nitrate,
where removal capacities of 80% were
observed. The low removal capacity of the Ag-
CN system can be attributed to the high affinity
of cyanide for silver, being a ligand with a soft
nature and high affinity to Ag+. This makes it
necessary to use ligands with a higher affinity
to this cation, such as mercapto groups,
thiophenes, among others. In this sense, the
effect of the mercapto group on the removal
capacity of Ag in Ag-CN systems was
evaluated, observing an improvement in the
removal capacity of silver by 25% (Figure 4).

80

70 MS-NH2-Fe304
60 B MSNH2-SH-Fe304
250
g 40
& 30
X0

: -

o

NO3 CN

Figure 4 Effect of the counter-anion on the adsorption
process of Ag(l)

Conclusions

Polyamino silicas exhibit positive surface
charges at acidic pH, which disfavours their
ability to remove Ag(l) cation by electrostatic
repulsions. The silver nitrate systems show
higher removal with the amine silicas compared
to the Ag-CN system, this is due to the non-soft
nature of the polyamino groups present in the
MS.
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The presence of softer ligands favours the
removal of Ag by Ag-L interactions, as shown
by the presence of mercapto groups in the MS,
which favoured the removal of the [Ag(CN)2]-
complex.
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Abstract

This research, the main objective is to study and analyze
the behavior of the automobile part called front bumper
reinforcement, subjected to impact; For this, two types of
materials belonging to the family of ultra-high strength
steels will be used, since they are two materials that have
excellent mechanical properties. To carry out the studies,
a simplified model of said piece was increased; likewise,
the analyzes will be developed with the help of CAE
software. To carry out the process, a series of stages will
be developed, ranging from the development of the
model to be analyzed, considering its geometric study
characteristics, as well as the knowledge of the
mechanical properties of the materials to be worked on.
In the same way, the conditions to which the element is
subjected at the moment of impact will be known and
applied. The force applied to the element will be subject
to the speeds according to the standards used for this type
of parts in impact tests. This research contributes to the
studies of parts that are part of the safety of the vehicle,
as well as knowing the mechanical advantages that
38MnB5 steel has compared to 22MnB5 steel.

Properties, Conditions, Analysis

Resumen

Esta investigacion tiene como principal objetivo estudiar
y analizar el comportamiento que tiene la pieza del
automévil denominada refuerzo de parachoques frontal,
sometida a impacto; para lo anterior se utilizaran dos
tipos de materiales pertenecientes a la familia de aceros
de ultra alta resistencia, debido a que son dos materiales
que poseen excelentes propiedades mecénicas. Para
realizar los estudios se utilizara un modelo simplificado
de dicha pieza; asi mismo, los andlisis se desarrollaran
con la ayuda de un software CAE. Para llevar a cabo el
estudio se desarrollaran una serie de etapas las cuales van
desde el desarrollo del modelo a analizar, considerando
sus caracteristicas geomeétricas, asi como el conocimiento
de las propiedades mecanicas de los materiales a trabajar.
Del mismo modo, se conocerd Yy aplicaran las
condiciones a las que esta sometido el elemento al
momento del impacto. La fuerza aplicada al elemento
estard sujeta a la o las velocidades de acuerdo con las
normas utilizadas para a este tipo de piezas en pruebas de
impacto. Esta investigacion contribuye a los estudios de
piezas que forman parte de la seguridad del vehiculo, asf
como el conocer las ventajas mecénicas que tiene el
acero 38MnBS5 respecto al acero 22MnB5.

Propiedades, Condiciones, Andlisis
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Introduction

The vehicle is a system that has been improving
in terms of safety. The study of new materials
makes it possible that the structural elements
that make up the car are getting better and
better and favor its efficiency.

Studying the behavior of new materials
that are related to the elements that make up the
chassis and body of the vehicle is of utmost
importance, because today it is necessary to
have a car that consumes little fuel without
neglecting the safety of the driver. Vehicles are
exposed to various types of incidents, among
the most risky are: frontal impacts, side impacts
and rollovers.

The proper use of CAD and CAE
software facilitates the study and analysis of the
elements to be examined, making the pertinent
considerations in order to obtain results that are
as close to reality as possible. The finite
element analysis is of utmost importance, since
it is a method that allows calculating and
visualizing the stresses and deformations to
which an element subjected to external loads is
subjected.

The objective of this analysis is to
determine the stresses and deformations of the
front bumper reinforcement, which will be
subjected to a frontal impact. The element will
be analyzed using two types of materials, both
22MnB5 steel and 38MnB5 steel. This study
will make it possible to make a balance on both
materials and with it deduce the best option for
the structural elements in question.

In the process of this writing, the
methodology that was worked in order to find
the expected answer will be observed.
Likewise, the development carried out within
the work is found, where the investigation of
the mechanical properties of each of the
materials to be studied is found, as well as the
development of the models with the help of a
CAD software; on the other hand, the selection
of speeds at which the impacts can occur is
considered, that is to say, it is intended to
review the speeds that by norm are established
in terms of impacts, likewise, other speeds at
which the element can fracture will be
analyzed; with the above and finally the
conditions can be simulated with the support of
a CAE software.
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Methodology

In order to achieve the expected objectives, a
series of specific steps were carried out, these
are presented in the methodology shown in
Figure 1, in which the elements to be analyzed,
the materials to be used and the type of finite
element analysis to be performed were defined
in general.

The elements proposed in the
methodology were considered adequate and
precise to carry out the research in a planned
and organized manner.

Review and analysis of the structural
parts of the vehicle, as well as their
respective materials.

\4

Selection of structural part to
be analyzed.

v

\4

Selection of materials to carry out
the studies

\4

Development of the part model in
CAD software, with its respective
geometric considerations.

\ 4

L1 Analysis of the boundary conditions
to which the model will be subjected.

\4

Development and analysis of the simulation
of the element to be studied in CAE software.

A\ 4

Comparison of the results obtained and
conclusion.

Figure 1 Methodology
Source: Own elaboration
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Development
Pieces selected for the study

The elements that are part of the vehicle body
are developed in such a way as to provide
rigidity, while at the same time being able to
absorb energy in the event of an impact.

Inside the vehicle there are parts that are
of utmost importance at the time of performing
a safety study. In this work the analysis
focused on the front bumper reinforcement.

The main purpose of the front bumper is
to protect passengers from a frontal impact in
the event of any collision.

Figure 2 shows the different parts of the
car body, including the front bumper
reinforcement.

Front
bumper
reinforceme

Figure 2 Automobile body parts.
Modified: Cora, 0. & Ko¢, M., 2014”

Materials used for the study

Nowadays, different materials are used in the
design of the vehicle chassis; these materials
have the objective of resisting high impacts,
damaging the users as little as possible, in such
a way that they are capable of absorbing a large
amount of energy.

To carry out the study, 2 materials were
selected, which were 22MnB5 steel and
38MnB5 steel. The aforementioned materials
were taken into account for the study, due to
their common use in the structural parts of the
vehicle, that is, these materials are the ones that
can be used in the elements that will be worked
on in this document.
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Prior to the development of the study and
knowing the materials to be used, the chemical
compositions of each  material  were
investigated. Table 1 shows the components of
both 22MnB5 and 38MnB5 steel (in %), where
it is possible to observe that they have the same
elements.

Component | 22MnB5 | 38MnB5

C 0.225 0.380
Si 0.211 0.190
Mn 1.229 1.200
P 0.018 0.015
S 0.008 0.004
Cr 0.289 0.280
Mo 0.001 0.005
Ni 0.000 0.005
B 0.0041 0.0030
N 0.0049 0.0047
T 0.037 0.024

Table 1 Chemical composition of 22MnB5 and
38MnB8/5 steels
Source: Data obtained: Taylor, T. et al., 2014

On the other hand, in order to know the
behavior of the material, the mechanical
properties of the material were analyzed, which
are shown in Table 2. These properties were
necessary since, for the finite element study, it
IS necessary to characterize the material, taking
into account some properties, among them
those shown in Table 2.

Test Feature Material
22MnB5 38MnB5
Voltage R0z (MPa) | 1066 £7 | 1390 +107
14 2049 +
R,, (MPa) R fg 049 £ 0
A, (%) 36+0.1 3.4+ 0.0
Aso (%) 8.1+0.1 3.4+ 0.0
Hardness HV10 476 651
(kg mm?)
SD (kg mm? 1.6 12.5
Microstructure Ferrita 0.0 0.0
(vol.- %)
Martensita 100 100
(vol.- %)
Ferrita (um N/A N/A

Table 2 Mechanical properties of 22MnB5 and
38MnB8/5 steels
Source: Data obtained: Taylor, T. et al., 2014

Both 22MnB5 and 38MnB5 are materials
belonging to the ultra high strength steels
(UHSS) family. This type of material is
characterized by its high tensile strength, while
at the same time it has thin sheet thicknesses,
ranging from 1 mm to 2 mm. The
aforementioned characteristics help to make the
vehicle lighter without losing impact resistance.

HUERTA-GAMEZ, Héctor, ZUNIGA-CERROBLANCO, José
Luis, GARCIA-DUARTE, Oscar Enrique and CERRITO-
TOVAR, Ivan de Jesus. Analysis and simulation of impact tests
on automotive elements using two types of high-strength steels.
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CAD model development

A necessary tool for the visualization of
structural elements (in general), is the use of
software, since they save time and tend to be
very accurate.

The model to be studied was made within
a CAD software for its subsequent simulation.
To carry out the analysis, a simplified model of
the front bumper reinforcement was developed,
in which the most important geometrical
characteristics of these parts were considered.

To carry out the model of the part, a
thickness of 1.4 mm was estimated, which is
one of the most used thicknesses in practice.
Figure 3 shows the idealized model of the
element to be studied, in which the basic
characteristics of the element were considered.

Figure 3 Idealized model of the front bumper
reinforcement
Source: Own elaboration

Analysis and development of models in CAE

Like the CAD software, the CAE software
allows, in addition to saving time, an economic
saving, since different analyses can be
performed, which allow the feasibility in the
fabrication of elements.

An important point to highlight in the
application of loads was the forces that would
be applied to the model, since the feasibility of
the material depends to a large extent on these.

Nowadays, there are organizations in
charge of performing impact tests on vehicles in
order to perform an analysis similar to a real
accident and thus be able to determine with
great accuracy the impact forces to which a
vehicle is subjected at the time of the crash.
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According to the Insurance Institute for
Highway Safety "IIHS™ (Insurance Institute for
Highwey Safety), there is a frontal impact test
at low speeds, in which the vehicle must have a
speed of 10 km/h (Sonawane, C.R. & Shelar,
A.L., 2018).

To conduct the study, the mass of the
vehicle to be impacted was considered to have a
mass of 1250 kg, which is a sedan type vehicle
(Reichert, R. et al., 2018).

To determine the impact force, the
definition of impulse and quantity of motion
was used, which relates force, time and
velocity, such definition is described by
Equation 1 (Beer, F. et al., 2017):

f:lz Fdt = mv, — mv, (1)

Evaluating from t_1 to t 2 and clearing,
one has Equation 2 (Beer, F. et al., 2017):

mv; + LF At = mv, 2

To determine the impact force acting on
the wvehicle, an impact time of 0.1s was
considered. Table 3 shows the values of the
forces according to the indicated speed.
Initially, a speed of 10 km/h was considered,
which is the speed indicated by the IIHS.
Subsequently, it was considered to work with
other speeds, with the purpose of observing
how much force the element is able to
withstand according to the material (22MnB5
and 38MnB5).

Speed | Impact force

10 km/h 34750 N
20 km/h 69500N
30 km/h 104125 N
32km/h 111250 N
40 km/h 138889 N
42 km/h 145833 N

Table 3 Impact forces with respect to velocity
Source: Own elaboration

Prior to the finite element analysis, the
conditions to which the element is subjected at
the moment of impact were considered.
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These conditions are shown in Figure 4,
in which the load (arrows in purple) and the
fastening (arrows in green) were placed; this
last condition, it was considered that there was
no rotation and translation, because the part is
attached to the body part of the vehicle by
welding.

Figure 4 Loading and fastening conditions
Source: Own elaboration

Results

Due to the expected results, when performing
the finite element analysis, the safety factor
reached by the element exposed to the vehicle
impact speed was considered.

Figure 5 shows the safety factor of the
element, considering a speed of 10 km/h and
the material 22MnB?5; it can be seen that the
element is capable of resisting such speed, since
it has a 3.221 safety factor.

FDS
7.280e+03
I 6.552e+03
_ 5.825e+03
_ 2.097e+03
_ 4369 +03
_ 3.6d2e+3
_ 2.014e+03
_ 2.186e+03

_ 1453%:+03

l 7309 +02
3.22e+00

Figure 5 Element factor of safety, using 22MnB5 steel
with impact velocity of 10 km/h
Source: Own elaboration

The analyses were carried out for speeds
of 20 km/h, 30 km/h, until a speed of 32 km/h
was obtained; at this last speed the element has
a safety factor of 1, as shown in Figure 6.

ISSN: 2410-3462
ECORFAN® All rights reserved.

June 2023 VVol.10 No.28 12-18

FD3
2.277e+03
I 2,043 +03
. 1.822e+03
. 1.5%e+03
. 1.367e+03
. 113%e+03
. A11de+02
. 6.838e+02

. 4.562e+02
l 2.286e+02
1.007e +00

Figure 6 Element factor of safety, using 22MnB5 steel
with impact velocity of 32 km/h
Source: Own elaboration

On the other hand, a similar study was
carried out on the same element, using 38MnB5
steel. Considering an impact velocity of 10
km/h, it can be seen in Figure 7 that the element
presents a safety factor of 4.199.

FDS
0493 +03
I 8.54e +03
. 505e+03
_ 6.6d6e+07
_ S.e07e+03
_ 4740 +03
. 3.800e+07
o 2EEe+(3

_ 1.902e +03
l 0.531e+02
4,199 +00

Figure 7 Element factor of safety, using 38MnB5 steel
with impact velocity of 10 km/h
Source: Own elaboration

Similarly, studies were carried out for
speeds of 20 km/h, 30 km/h, 40 km/h up to 42
km/h, where it was found that their safety factor
was practically 1, as shown in Figure 8.
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FDS
2.262e +03
l 2.030e +03
_ 1.810e +02
_ 1.58e +03
_ 1.358e +03
_ 1132e+03
_ 9.054e +02
_ B7%8e+02

_ A532e+02

2.271e+02

l 1.007e +00
Figure 8 Element factor of safety, using 38MnB5 steel

with impact velocity of 42 km/h
Source: Own elaboration

Table 4 shows a summary of the safety
factor obtained with respect to impact velocity
and material.

Velocidad de Material Factor de
impacto seguridad
10 km/h 22MnB5 3.221
38MnB5 4.199
20 km/h 22MnB5 1.61
38MnB5 2.1
30 km/h 22MnB5 1.075
38MnB5 1.401
32 km/h 22MnB5 1.007
38MnB5 1.312
40 km/h 22MnB5 0.8058
38MnB5 1.051
42 km/h 22MnB5 0.7674
38MnB5 1.001

Table 4 Factor of safety with respect to impact velocity
and material
Source: Own elaboration

To better visualize the results obtained,
Figure 9 shows the graphical behavior of each
of the materials.
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Figure 9 Graphical behavior of 22MnB5 and 38MnB5
materials
Source: Own elaboration

Conclusions

It was possible to represent, analyze and study
the behavior of the front bumper reinforcement,
subjected to the impact force caused by a speed
of 10km/h (speed considered by the I11HS test).

The 38MnB5 material increases safety in
a frontal impact by up to 23.29%, considering
the test conditions.

Research and development of new
materials leads to more efficient and safer
vehicles.

General considerations

For confidentiality reasons, the model of the
front bumper reinforcement had to be modified
in terms of geometry and dimensions, but the
most important characteristics had to be
maintained. The average mass of a
conventional vehicle was also taken.
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Abstract

Light energy in facilities whose environment is not
artificially controlled has depended entirely on the hours
of light coming from the outside. To counteract this
limitation and increase the luminous flux, it was proposed
to develop the study and design of a natural lighting
system applied to an agricultural construction, using
concentrators to capture, concentrate, redirect and
introduce the sun's rays into the space to be illuminated
and achieve a reduction in the use and cost of conventional
energy. But before wasting time and money building the
design, the modeling and simulation allows to generate
certainty that the radiation model to be implemented,
really meets the necessary characteristics, thus was used
the CFD simulation technique using Fluent of Ansys
Workbench, which generated confidence that the model to
be used is the one required for the installation and
activities to be performed within the agricultural
construction selected.

Luminous flux, Agricultural, Reduction, Modeling,
Simulation

Resumen

La energia luminosa en instalaciones cuyo ambiente no se
controla artificialmente ha dependido totalmente de las
horas de luz provenientes del exterior, para contrarrestar
esta limitante y aumentar el flujo luminoso se desarrollé
el estudio y disefio de un sistema de iluminacién natural
aplicado a una construccion agropecuaria, utilizando
concentradores para captar, concentrar, redireccionar e
introducir los rayos solares hacia el interior del espacio a
iluminar y lograr una reduccion del uso y costo de energias
convencionales. Pero antes de perder tiempo y dinero
construyendo el disefio, la modelacion y simulacion
permiten generar certeza de que el modelo de radiacion
que se pretende implementar realmente cumpla con las
caracteristicas necesarias, de esta manera se utilizo la
técnica de simulacién CFD empleando Fluent de Ansys
Workbench, la cual gener6 la confianza en que el modelo
a utilizar es el requerido para la instalacion y las
actividades a realizar dentro de la construccion
agropecuaria seleccionada.

Flujo luminoso, Agricola, Reduccion, Modelado,
Simulacion
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Introduction

Most human and biological activities on earth
are governed and powered by the sun, as the sun
has been a source of illumination throughout
human history. The development and use of
efficient artificial lights has led humans to
separate themselves from the healthiest and best
source of illumination: natural light. Studies
have shown the benefits in health, safety and
labor productivity when buildings are naturally
illuminated (Boyce, 2022; Roche, 2000).

In addition to the quality of natural light,
another reason to use it is its compatibility with
lighting control systems to achieve a reduction
in the use and cost of conventional energy, thus
achieving a sustainable system.

Undoubtedly, sunlight is beneficial
inside facilities that house living beings (air
quality, non-toxic materials and occupant health)
(Gissen, 2002), but the use of artificial light
during daylight hours is paradoxical, since there
is an abundance of natural light for illumination
(Muhs, 2000). Consequently, although artificial
light provides sufficient levels of illumination, it
cannot provide physiological and psychological
comfort (Brainard & Glickman, 2003) (Jenkins
& Munner, 2003:2004), benefits of natural light.
However, transporting natural light into the
facility is sometimes not possible with simple
windows and/or domes. Solar concentrators
coupled with light pipes are passive systems, and
represent a simple solution to the problem of
natural light deficiency.

Among the biological activities that
living beings perform throughout their lives,
those that occupy most of it, not only in time but
also in space, are work, production, rest, among
others. In this sense, these activities, in order to
be developed in an effective way, require that
light (environmental characteristic) and vision
(personal characteristic) complement each other,
since it is considered that 50% of the sensory
information received by animals is visual, that is,
it has light as its primary origin, and in the case
of plants it is required to carry out the
photosynthesis process. The integration of these
aspects will result in greater productivity,
comfort and safety in an efficient and effective
manner.
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The light intensity experienced by
animals housed close to the source can differ
markedly from that experienced by others farther
away, because intensity is inversely proportional
to the square of the distance from the light
source. There are few studies on the effect of
light quality or light spectrum on animals. It has
been found that the lighting in rooms where
animals are housed should as far as possible have
the characteristics of sunlight.

Photoperiod IS probably the
characteristic of light that influences animals the
most. It influences the circadian rhythms found
in biochemical, physiological, and behavioral
aspects in animal models stimulated and
synchronized through the neuroendocrine
pathway. The circadian cycle may affect the
animal's response to drugs or its resistance to
inoculated infectious organisms (Mcsheehy,
1983). The light/dark relationship may affect
reproductive performance and sexual maturity. It
is believed that, if a change occurs in an animal's
photoperiod, experiments should not be
performed on it for at least one week (Davis,
1978). If the light period is interrupted by
darkness, there are few important effects;
conversely, if the reverse occurs, endogenous
rhythms may be significantly affected. In Table
1, the illuminance conditions required for each
type of species are presented.

Species  Illuminance [Lx]
Bovine cattle215 - 538
Rams 538
Hogs 500-1000
Horses 200-800
Poultry 10-35

Table 1 Specific environmental lighting considerations
Source: Canadian Council for Animal Welfare (CCPA)

Computational Fluid Dynamics (CFD)
has great potential for predicting the control of
air flows, temperature distribution and radiation,
which are essential to ensure optimal production
conditions and healthy working environments in
animal buildings, but successful use of the
technique requires knowledge of suitable
methods for handling boundary conditions and
mesh distributions in computational space
(Bjerg, 2002). Computational fluid dynamics is
based on the equations governing fluid dynamics
(continuity, momentum and energy).
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These equations are mathematical
expressions of the three physical principles
governing fluid dynamics:

- Conservation of mass
- Newton's second law
- Conservation of energy

Its derivation is typically explained by a
mass and energy balance over a control volume,
Equation 1 being a generalized way of
expressing it (Anderson, 1995).

22 4 V.(and) = V.(IV) + S¢ @

Methodology
Mathematical Model

The (DO) model solves the radiative transfer
equation (RTE) for incident solar radiation at a
finite number of discrete solid angles, each
associated with a fixed direction vector s in a
Cartesian coordinate system (x,y,z). DO
model solves the radiation direction vector
transport equations §, [-], and the position vector
7 [-], (Raithby and Chui, 1990; Chui y Raithby,
1993). The RTE for spectral intensity I, (7, 5) is:

V- (I)L(?, §)§) + (C{,’L + O'S)IA(F, §) = a,mzlb,l +
- L7 LE 3G - §) de (2)

Where: I, is the intensity of the radiation
of wavelength 2, Wm2 srl, A is the wavelength,
m, § is the direction vector of dispersion, [-],
@, is the spectral absorption coefficient, 1/m, Q'
is the solid angle, [°], and I, is the intensity for
a black body given by the Plank function, Wm2.
The dispersion coefficients o, , 1/m, ® the
spectral phase function, [-] and the index of
refraction n of amedium b [-], are assumed to be
wavelength independent. The phase function ®
is considered to be isotropic, the angular
space4m for any spatial location is discretized in
Ng X N, for solid angles w;, called control
angles 6 and ¢ are the polar and azimuthal
angles, measured with respect to the global
Cartesian system. (x, y, z). The RTE equation is
integrated over each wavelength. Then the
intensity I(#, s) for each s and 7, is calculated
by using:
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I(7,5) = X, (7, ) Ak, (3)

The RTE equation is coupled with the
energy equation through the radiation source
term s, over a control volume given by
equation:

6 i = - >
Sp = _ain = ay (4l (P) — [, 17 5)d)  (4)

Where x; component in the i-direction,
m, a;, is the coefficient of spectral absorption,
calculated from absorptivity @ , with the
following ratio, according to optical thickness d,

[m]:

1

a, = %ln (—) 4

1-a
Experimental configuration

To demonstrate the performance of the light
pipes, experimentation is essential as shown in
figure 1. From the known pipe dimensions (i.e.
length, L and diameter, d) and from the data
collected for a set of light tubes of 600 mm
length and diameter equal to 330 mm. As a result
of these data, an approximate relationship was
obtained between the shape ratio A, (A = L/d)
and the light transmitted by the tube. An average
ratio of light transmission, t, obtained from the
data, the exterior illuminance, E , and an
exponential coefficient of 0.11 per unit of A y the
radius of the light pipe cross-section, are used in
the luminous flux model, ¢.

¢ = tE,, e 0142 (5)

Figure 1 Experimental setup, instrumentation, light tube,
luxmeters
Source: Own elaboration
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Configuration of the numerical simulation

A cylindrical geometry was implemented for a
light pipe with a form ratio of, (A4), between the
length (L) and diameter (d), A = L/d = 1.84,
The analysis zones and boundary conditions are
shown in Table 2, for the material see Table 3.

The convergence criteria were 10 for
the momentum and continuity equations, while
the energy and radiation equations were of 107,
ambient temperature of 298.35 K of June, an
atmospheric pressure of 77046.6798 Pa, a
Prandtl number equal to 0.71, Rayleigh number
is 5e5, this implies laminar flow.

Indoor and Outdoor Wall

Tube Light

Tube inlet Velocity inlet
Tube outlet Pressure Outlet

Computer proficiency Wall, Interior, Symetry

0LX0 10308 ‘31
— ] -
a5

Table 2 CFD model, analysis zones and boundary
conditions
Source: Own elaboration

Material Pipe | Soail Air
Density, p [kg/m3] 2700 | 1300 | 1.225
Coefficient for conduction, 210 1 0.0242
k [W/mK]

Specific  heat capacity, | 909 800 1006.43

Cp é/kiK

Pipe Soil Air
Absorptivity, a 0.1 0.9 0.19
Coefficient of | O -10 0
dispersion, ag
Index of | 0.99 1.92 1
refraction, n
Emissivity 0.37 0.95 | 0.9

Table 3 Optical and thermal properties of the materials.
Source: Own elaboration
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For agricultural construction

Firstly, a construction for rabbit breeding was
selected, the development of the 3D CFD
simulation using the Rosseland model for
radiation on the agricultural construction, and
the following were considered:

Environmental  characteristics:  sun
position, Weather calculation, Equation of Time,
Longitude Correction, Solar Angles, Declination
Angle, 3, the solar declination angle during any
given day is considered constant for engineering
calculations (Kreith and Kreider, 1978); (Duffie
and Beckman, 1991).

Table 4 shows the recommended days for
this type of radiation.

Number of the Average day of the
day month
Date N )
grados
January i 17 17 -20.92
February 31+i 16 47 -12.95
March 59+i 16 75 -2.42
April 90+i 15 | 105 9.41
May 120+i 15 | 135 18.79
June 151+i 11 ] 162 23.09
July 181+i 17 | 198 21.18
August 212+i 16 | 228 13.45
September 243+i 15 | 258 2.22
October 273+i 15 | 288 -9.60
November 304+i 14 | 318 -18.91
December 334+i 10 | 344 -23.05

Table 4 Day number and recommended average for each
day of the month.

The continuity equations equation 6,
momentum equation 7 and energy equation 8,
requested for the simulation, are presented:

au; _
ox = 0 (6)
For ¢ = u;
d d aTjj
Pa—xj(ui W) = —a—i + axjj, PYi (7)

For¢ = h (enthalpy)

0 ) = 2 (KT 4 2 g O
p axj(ulh)_Bxi(Kaxi)+aT+u‘axi+TU ()

And considering the values for the
Rosseland radiation model:
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Parameter Specification Numerical simulation

Optical thickness aL For optical thicknesses >3
the Rosseland model is
cheaper and more efficient,
computationally speaking.
The Rosseland model uses a
wall temperature slip
condition, it is insensitive to

the emissivity of the wall.

Dispersion and
emissivity

Table 5 Values for Rosseland radiation model

Finally, we consider the radiation
transfer equation (RTE), Eq. 9, for a medium that
absorbs, emits and scatters with position 7 in the
direction § is:

22 4
d’;rs’s) + (a + 0,)I(#35) = an? —USET +

- LTI 390 (3.59)d0f (9)

Results
Experimental

To obtain a mathematical model to predict the
behavior of the luminous flux, it is necessary to
know the dimensions and optical properties of
the light pipe, as well as the shape ratios
(length/diameter), which determine the natural
light transmittance. To determine the light
transmittance, data collection was performed
using natural light sensors at the entrance (in
sensor) and at the exit (out sensor) of the light
pipe. The data record of the natural illuminance
variable can be observed in Figure 2, for a given
time of the day.

“ s
sensorout

mh ‘ f

\" Il
it
U;“V\/““

UL

i 15 2 15 3 135 1 15
Tiempo, h

Figure 2 Data collected on luminous flux density
Source: Own elaboration
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The flow of visible light distribution on and
inside the light pipe was simulated with the finite
volume method, calculating the effects of solar
irradiance for a given time of day, date and
geographical position. The calculation of
irradiance is given by equations 1, 2, 3 and 4.
Figure 3 shows the irradiance contours on the
surface of the computational model proposed for

the numerical solution.

5570102
I 4.978+02
4.428+02

3.86e+02

3.31e+02
2.76e+02
2.21e+02

1.66e+02

1.10e+02
Z
5.52e+01 t
I 0.00e+00
Figure 3 Incident radiation contours on the surfaces of the

computational model, units in W/m?
Source: Own elaboration

Geometry of the model

In order to verify and validate the radiation
models of the fluent software, a typical geometry
of an agricultural construction for rabbit
breeding is generated from its physical
characteristics, dimensions and the location of
each component (windows, rabbits, etc.), the
dimensions are presented in table 6.

| Dimensions  Unit, m

Width 4
Height 3.6
Length 24
Cage height 0.35
Cage length 22
Cage width 2

Table 6 General dimensions of the livestock construction
for rabbits
Source: Own elaboration

The creation of the construction
geometry was carried out in the Ansys
workbench program, fluent® 14. The geometry
consists of the generation of sketches, plans, 3D
operations such as extrude, enclosure,
mentioning some operations.
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One of the characteristics of the model
design in fluent is the simplification of the
problem, that is to say, to simplify the real model
according to the purpose of the project.
Boundary conditions and types, in figure 4 the
computational model is shown, while in table 7,
the working conditions are presented.

Figure 4 Computational model
Source: Own elaboration

Zones Boundary conditions
(Farm) roof, walls | Wall
and floors _
Windows Porous jump
Rabbits Wall
Computer Symetry, wall, velocity inlet,
proficiency pressure outlet

Table 7 Boundary conditions
Source: Own elaboration

Simulation in fluent

A temperature of 311.65 K for the living being,
an ambient temperature of 298.35 K for the
month of June, an atmospheric pressure of
77046.6798 Pa were considered for the
computational model of the agricultural
construction. Gravity acts downward. A
dynamic flow develops due to thermally induced
density gradients.

In Figure 5 we can see the behavior of the
ventilation inside the building, presenting a
minimum velocity of 0.00015 m/s and a
maximum velocity of 5.44 m/s.
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|

S HHH

Figure 5 Behavior of lighting vectors in the building
Source: Own elaboration

Discussion

The distribution of the visible light flux on and
inside the light pipe was determined numerically
and experimentally, the light pipes are effective
devices for light transmission in the proposed
configuration. As a result of this experience, it is
possible to estimate the number and size of light
tubes for natural lighting of agricultural
constructions, in addition, it will allow important
decisions to be taken to satisfy the lighting
comfort conditions for the living beings that
inhabit and interact in the construction, such as:
quantity and quality of transmitted and reflected
light, important parameters for the development
of plants and animals in controlled
environments.

The luminous flux model describes the
total amount of light emitted over a given area
(tube output), with this it is possible to
approximate the watts used in electrical devices
of similar use, which could be replaced by light
tubes of different dimensions.

The results of the present study could be
used in agricultural engineering to understand
the interaction of agricultural activity with the
levels of natural lighting inside the constructions
in such a way that it could be used to improve
their bioclimatization. Thus, by making the
decision to install light tubes inside these spaces,
energy costs can be reduced and energy
consumption can be significantly reduced.
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Conclusions E. H. Chui & G. D. Raithby (1993) Computation

The flow of visible light distribution on and
inside the building was simulated with the finite
volume method, calculating the effects of solar
irradiation for a given time of day, date and
position, which will allow us to make important
decisions to be taken to meet the lighting
comfort conditions for living beings that inhabit
and interact in the building, such as: quantity and
quality of transmitted and reflected light,
important parameters for the case of plants and
animals.

The agricultural  constructions  of
specialized production need a continuous control
of the interior climate, and knowing the
distribution of light in the visible zone is of great
relevance for the agronomic benefits that this
represents. The results of the present study could
be used in agricultural engineering to understand
the interaction of agricultural activity with the
levels of natural lighting inside the buildings in
such a way that it could be used to improve their
bioclimatization.
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