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ASUNTO: SOLICITUD DE COTIZACIÓN

El Cimav, como Centro de lnvestigación del Gobierno Federal, requiere para sus actividades de sum¡nistro,
arrendamiento y/o prestación de servicios, mismas que se encuentran reguladas por la Ley de Adqu¡siciones,
Arrendamientos y Servicios del Sector Público (LAASSP) y su Reglamento, obtener información para contratar
bajo las mejores condiciones disponibles para el Estado.

En este sentido y en terminos de lo previsto en el artículo 2 f¡acción X de la LAASSP, su representada ha sido
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Por lo antes menc¡onado y con el objeto de conocer: a).- la existencia bienes, arrendamientos o servicios a
requerir en las condiciones que se ind¡can; b).- posib¡es proveedores a nivel nacional o internacional; c).- el
precio estimado de lo requerido, y d).- la capacidad de cumplimiento de los requisitos de participación, nos
permitimos soljc¡tar su valioso apoyo a efecto de proporc¡onarnos la cotización de los bienes y/o servic¡os y/o
anendamienlos descritos en la última ho.ja de este documento y/o en el o los documentos anexos.

Dicha cotización se requiere que la rem¡ta en documento de la empresa, debidamente firmada por persona
facultada, a la siguiente dirección:

Calle CIMAV #110,
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Durango, Dgo. México. C.P.34147

Y que sea dirigida a nombre de: NAJERA TREJO MARIO

Mucho agradeceré que en su respuesta se incluya: Lugar y fecha de cotización y v¡gencia de la misma.

Para el caso de dudas, comentarios y/o aclaraciones, remitirlas al coneo: mar¡o.najera@cimav.edu.mx

La fecha límite para presentar la cotización es el: 25 de septiembre de 2022

Favor de enviar acuse de recibo de esta sol¡citud al correo electrónico a: alonso.carrasco@cimav.edu.mx

NOTA: Vencido el plazo de recepción de cot¡zaciones, el Cimav con fundamento en lo prev¡sto en el artÍculo
26_ de la LAASSq se definirá el procedimiento a seguir pára la contratación, el cual puede ser: L¡C|TAC|ÓN
púBLtcA, tNVtTActóN A cuANDo MENos TRES PERSoNAS y/o ADJUD|GAC|óN DtREcrA, mismo que
se informará a las personas que presentaron su cotización.

Este documento no genera obl¡gación alguna para el centro.

(Para efectos de control intemo, en el caso de no recibir respuesta o manifestar un inconveniente o impos¡b¡l¡dad, se
procederá a hacer la anotación respectiva en nuesfros reglsrros, c¡rcunstancias que deberán ser consideradas al
momento de delin¡r el t¡po de proced¡m¡ento de contratac¡ón)
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@ Centro de lnvestigación en Jt/ateriales Avanzados S. C.

pARA FoRMULAR su colzActó¡¡, se DEBERA coNStDERAR Los stcutENTEs
ASPECTOS:

Datos que en su caso, se deben proporcionar para que el destinatario de la solicitud conteste:

1.- Los datos de los bienes, arrendamientos o servicios a cotizar los cuales se especifican en el
enexo.

2.- Condiciones de entrega:

o Nota: en caso de que la requisición sea sometida ante el Comité de Adquisic¡ones, la fecha
de entrega deberá considerar adicionalmente, un lapso de 6 días naturales posteriores a la
celebración de la Sesión.
o En una sola exhibición con fecha de entrega al: 3l de octubre de 2022.
o El lugar de entrega será: Virtual a través del portal de la revista JCR

3.- Considerar en su cotización que el pago es a los 20 días naturales posteriores a la entrega de
la factura, previa entrega de los bienes o prestación de los servicios a satisfacción.

4.- Señalar en su caso, el porcentaje del anticipo: 0

5.- El porcentaje de garantía de cumplimiento será del 0%.

6.- Penas convencionales por atraso en la entrega de bienes y/o servicios y deducciones por
incumplimiento parcial o deficiente serán del 5 al millar (0.005) para b¡enes y 2 al millar (0.002)
para servicios.

7.- En su caso, los métodos de prueba que empleará el ente públ¡co para determinar el
cumplimiento de las especificaciones solicitadas.

o Normas que deben de cumplirse.
o Registros Sanitarios o Permisos Especiales, en su caso.

B.- Origen de los bienes (nacional o país de importación) y nacionalidad de los posibles
proveedores.

9.- En caso de bienes de importación la moneda en que cotiza.

10.- En caso de que el proceso de fabricación de los bienes requeridos sea superior a 60 días,
señale el tiempo que correspondería a su producción.

1'1 .- En su caso, especificar si el costo incluye:
o lnstalación.
o Capacitación.
o Puesta en marcha.

12.- Otras garantías que se debe considerar, indicar el o los tipos de garantía, o de
responsabilidad civil señalando su vigencia.
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Descripción con las especificaciones técnicas y requisitos de calidad, cantidad y oportunidad del o
los bienes, arrendamiento y/o servicios a contratar:

Publicación de artículo en revista JCR de MDPI - Manuscript lD: applsci-1958428 (Entregable del
proyecto)
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Article

Thermal performance analysis of a double-pass solar air collec-
tor: A CFD approach

Iwing A. Chávez-Bermúdez r, Norlrta A, Rodríguez-Muñoz ,, Eduardo Venegas-Reyes 3, Lo¡eto Valenzuela I and
Naghelli Ortega-Avila r,'
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' Correspondence: nathelli.o¡teta@cim¿v.edu.ñx

Featured Appli(ation: The developed solan air heater can be applied in drying and space heaüng
applications ftom 50 "C to 90 'C. The solar coll€ctor could be ¡nodular, so it can be .oupled to a
variety of p¡ocess€s.

Abst¡act Sola¡ aA heate¡s can ¡educe climate change by rep¡acing conventional fossil fuels-buming 18

technologies in drying and space heating applicaüons. Concentratiñ8 solar technologiet such as 19

compound parabolic concent¡ato¡s, allow ai¡ temperaturcs up to 120 "C; howeve!, it is desirable to 20

improve their heat transfer to rcduce the space requirements for their installation. In this work, a 21

panbolic concentrato¡ composed of a flat receiver designed to recover heat from the cover-receiver- 22

reflectors cavity is analyzed, operating it as a U-shape double pass solar heater. With this opelation, 23

first, the air flows through the caüty, and then it is incorporated into the duct, whe¡e the dominant 24

heat gain occurs due to the capture of solar radiation. Thus, four iñput-output configurations i¡ the 25

cavity were modeled through dynamic simulations to deterñine the inÍluence of the i¡üet a¡d oudet 26

air flow positions on üe solar concent¡atq outlet temperatu¡e. It was found üat the configu¡ation 27

with the top irüet and the top outlet is optimal since a temperature inoease of up to 38.5 K and a¡ 28

efficienc-v of 72 o/o can be obtained. Finally, the incorporation of the double pass allows increasing 29

the concentrator outlet temperature up to 39 %, showing that this appiopriate and relatively simple 30

st¡ategy can be implemented to imp¡ove the thermal performance of sola¡ ai¡ collecto¡s. 3l
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1. Introduction

Air heating is used for various applications, such as heating and air condiüoning of
buildings or drying of food and indust¡ial products, among others. Air can be heated with
electric heaters or by direcdy buming fuels such as gas; however, their use implies the
emission of greenhouse gases and their consequent contribuüon to climate change. One
way to minimize fossil fuel burning is to use solar collectors to direcdy heat üe air, rang-
ing from flat-plate collectors to solar concentrators.

According to the tntemaüonal Energy Agency, 985 MWt¡ solar air collectors we¡e
installed by the end of 2020, and the global market was a¡ound 12 MWu' [1]. As of Ma¡ch
2022,47 solar ai¡ collecto¡ systems producing solar process heat are registered, with a
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cumulative capacity of 6 MWd, [1]. Thus, the direct application of solar collectors for air ls
heating is low due to the boost that low fossil fuel prices give to using conventional tech- ¿¿

nologies [2], so it is essential to develop reliable and economical efficient solar air heating 47

technologies. Flat-plate solar collectors a¡e recommended for temperatures below 70'C a8

because of thei¡ ease of ma¡ufactu¡e and operation. For higher temperatures, it is neces- 49

sary to use some solar concentrating techaology, such as compound parabolic concentra- 50

tors (CPCs), which allow fluid heating temperatu¡es up to 120 'C, depending on their de- 5l

sign, and are easy to operate and maintai¡. 52

However, to ensure good efficiency of CPCs, it is necessary to perform an optimal 53

optical design and minimize üermal losses or improve heat tra¡sfer. Strategies to reduce 5.1

convection losses in the receiver of a solar collector indude using evacuated hrbes or fill- 55

ing the CPC cavi§ with gases such as Argon and Krypton [3,4], which are denser gases só

and have lower thermal conductiüty than air or even applying vacuum throughout the 5?

cavi§ [5]. ln contrast, double absorbers have been proposed to ¡educe conduction losses 58

t6l. 5e

In other technologies, such as flat-plate solar air heaters, it has been proposed to in- ó0

crease the heat transfer ¡ate by i¡corporahng multiple passages, including extended su¡- 6l
faces, artificial roughness, and packed mesh [7]. This multi-pass st¡ategy is used in hybrid rz
CPCs (PV/T) to cool the photovoltaic cells on the flat-plate receive¡ with fins on the back 63

side [8]. 64

In the general design of solar collectors, computational fluid dynamics (CFD) toots ós

can be used to reLiably estimate their thermo-hydraulic pe¡formance before building üem, 66

saving time and ¡esources. Several analyses of solar collectors by computational fluid dy- oz

namics (CFD) ca¡ be found in the literature, boü for liquid and air heating. Thus, 68

Mekahlia et al. (2020) determined the int'luence of the thickness and numbe¡ of t¡ansparent 69

covers to reduce the heat losses of a flat-plate solar collector [9], and Pawar and Sobhan- 70

sarbandi (2020) modeled an evacuated heat-pipe sola¡ collecto! with and without inte- 7r

grated phase change materials as a thermal storage medium [10]. In *re pa*icular case of 72

sola¡ air collectort Singta et al. (2022) a¡.alyzed an evacuated tube collector with ribs of 73

different roughness [11], while Ammar et al. (2020) performed a tfuee-dimensional CFD 74

model to optimize the design of a sola¡ ai¡ collecto¡ with extended surface area by a dif- zs

fe¡ent numbe¡ of rectangular fins [12]. In addition, they analyzed the effect of addin8 a 76

selective surface on üe absorber. 77

Regarding the analysis of CPC collectors, Li et al. (2013) analyzed by CFD the thermal 78

behavior of an evacuated tube collector as a receiver of a compourd parabolic concentIa- 79

to¡, and the simulation was validated with experimental data [13]. Barrón-Díaz et al. 80

(2021) performed the numerical simulation of CPCs with tubular ¡eceivers, with and with- 81

out fins, for ¡esidential water heating [14]. This studv focused on the ray-traci¡g a¡alvsis 82

of ¡adiation and heat transfer by coupled finite element and CFD methods. ln additioru 83

Yua¡ et al. (2020) devetoped two simplified computational fluid dynamics models to de- 84

termine t¡e temperature a¡d velocity distribution in two almost identical parabolic tube- as

receiver CPCs [15]. One had a hansparent ETFE sheet around the receiver to reduce con- 8ó

vective heat losses. The models i¡cluded the reflector, ¡eceiver, cover, and back insulating a7

material and allowed analysis of both air movement in the cavity and water movement in 88

the abso¡ber tube. Ray tracing was applied to analyze the radiation dishibution on the 89

receiver tube at normal incidence, with a correlation of the absorbed solar energy as a 90

fu¡ction of the angle along the perimeter of the tube. Both models were experimentally 9l
validated, and relative er¡ors of less than 3.7 % in temperature a¡d 1 o/o in efficierrcy were ez

obtai¡ed. 93

On the other hand, A¡tonelli et al. (2016) analyzed the ai¡ heat tra¡sfe¡ i¡side the s¿

cavity of a collector with a tubular receive¡ and with a flat-plate receiver and developed es

some correlations to express the Nusselt ove¡ the ¡eceiver [16]. Subsequently, F¡ancesconi 9ó

and Antonelli (2018) performed the numerical analysis of a panel with seve¡al tubular 97

receive¡s CPCs to determine the influence on the thermal efticiency of the numbe¡ and 98
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position of the CPCs along the panel, the use of a second transparent covet the spacing
between collectors and the truncation of the reflectors [17]. For their part, Reddy et al.
(2020) performed tfuee-dimensional modeling of a flat-plate receive¡ CPC to determine
the thermal losses in the cavity as a function of its aspect ratio and tilt the optical proper-
ties of the materials, and the absorber and ambient tempe¡atures [18]. To model the inter-
nal radiative heat transfer, they used a discrete ordinary radiation model, and for the ex-
temal one, they established the thermal boundary conditions and emissivity.

As mentioned above, another strategy to improve the efficiency of solar air heating
collectors is to inqease the number of passes. Thus, Al-Damook et al. (2019) analyzed üe
effect of double-pass configuration i¡ a solar air heater when operating in concurrent par-
allel flow, parallel in counterflow, and double U-pass [19]; the latter p¡esented the best
thermal performance. Tuncer et d. (2020) a^alyzed, through CFD simulation, two flat-
plate solar collectors for air heatin8 with three and four passes and determined which one
had the best performance to evaluate it experimentally [20]. In both solar collectors ana-
lyzed, air enters th¡ough the lower pass and exits through the upper pass, which has the
radiant heat Bain. They found that the four-pass collector has a heat gain 3 oC higher than
that obtained with the three-pass collecto¡ and that the maximum deviation between the
CFD model and the experimental results was 10 %. In addition, Mutabilwa a¡d Nwaigwe
(2020) performed a CFD analysis of a two-coverg double-pass flat-plate solar collector for
air heating, which was validated wiü experimental results [21j. The air enters through
the space between the two cove¡s and ¡etums between the second cover and the absorber
plate. The temperatures on the abso¡be¡ plate obtained with üe model had a standard
deviation from experimental results between 1-05 K and 4.65 K, while for the cove¡, it was
between 0.1 K and 0.45 K.

Likewise, improved surfaces or novel geometries u¿ith multiple passes have been an-
alyzed, such as the work of Desisa a¡d Shekata (2020) Í»lt they analyzed the impact of
using smooth, rough, and corrugated surfaces in a double-pass flat-plate air solar collector
and obtained average thermal efficiencies of 78 "/", 62 %, and 90 "/o, respectively. On the
other hand, Sirgh (2020) determined the performance of double-pass flat-plate air solar
collectors with dit1e¡ent fi¡ configurations [23]. They va¡ied in süe, angle, arrangements
(in-line, staggered, and hybrid), and hydraulic diameter. Finally, Kumar et al. (20»\ pro-
posed a curved air heater with asymmetric double-pass counterflow turbulators, whose
design was determined from CFD analysis by comparing various tlow configurations and
geometric paramete¡s [24].

Two or more pass technologies have been applied in flat-plate solar collectors to im-
prove their efficiency; however, this strategy has not been applied in CPCs for air heating.
This study proposes the CFD analysis of a CPC-type solar air heater with U-shape double-
pass aifflow. The ai¡ first circulates through the trapezoidal caüty contained in the vol-
ume formed by the cover, the reflecting walls of the CPC, and the flat-plate ¡eceiver and
then circulates in counterflow tfuough the receiver's duct i¡terio¡. The obiective of the

numerical analysis presented is to test different inlet and outlet conligurations in the CPC

array to determine how these configurations i¡fluence the veloci§ distribution, outlet
temperature, and i¡stantaneous efficiency of the U-shaPe double-pass CPC solar heater.

Section 2 of this manuscript describes üe main characteristics of the U-shape double-
pass CPC and the four ai¡ inlet/outlet confiSurations considered in its design. lt also de-

fines the mesh desig¡ to Perform the CFD simulation, the mathematical model for such

simulatiory the boundary conditions applied in the study, and the methodology followed
to estimate the thermal efficiency of the U-shape double-pass CPC. Section 3 indudes a

sJmmary of the simulation results obtai¡ed and thei¡ discussion a¡d condudes with a

summary of the efñciencies calculated for each of the four configurations analyzed.

2. Materials and Methods

2.1. lt-shape tlouble-Pass CPC descríption and physical model
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The proposed solar air heater is a variant of the flat-plate receiver Compound Para- 151

bolic Concentrator (CPC) conceptualized as a U-shape double-pass heat exchanger. Figure 1s2

1a shows the evaluated geometry dimensions a¡d the inlet a¡d outlet positions, whereas, 153

in Figure 1b, the CPC c¡oss-section is shown. The CPC is tilted 24' and consists of a flat- 154

plate receiver, two reflectors, a cover, and a duct. The first pass of the airflow i¡side the 155

CPC occu¡s in üe cavi§ formed by the receiver, two reflectort and the cover, while the 15ó

second pass is i¡ the duct section. The aperture area whe¡e the solar ¡adiation enters the 157

CPC is 0.42 m?, while the area where it is absorbed is 0.20 m2. 158

L
(a)

¡

o)
Figüie 1. U-shape double-pass CPC solar heater, (a) G€ometry; (b) Cross-sectiori. 159

The analysis of the posiüon of the air hlet and outlet in the caüty consisted of the
study of four configurations which were positioned conceming the height of the caüty
(h-r: (a) i¡let t/h-, - oudet yrh.," (Down-Down), (b) inlet vü-, - oudet 3/ü-, (Down-Up),
(c) irüet 3/rh." - outlet 3/ü-" (Up-Up), and (d) inlet 7¡h-" - outlet v.h-, (Up-Down). The air
inlet and outlet configurations are shown in Figue 2.

160

161

16?

161

t64

Figure 2. Inlet and oudet studied configurations of U-shape double-pass CpC.

1ó5

t6ó

The reflector is made of anodized aluminum, while the othe¡ components of the U- t6z
shape double-pass CPC, shown in Table 1, were considered in the CFD simulation with a 168

certain thickness to model the conduction. The duct is made of alumi¡um, and the feceiver 1r9

nu --EiX

b¡ oa¡.n.U9

r) Upup
+i

+i
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substrate has a selective sudace; this surface has high absorptivity in the solar spectrum
and low emissiüty in the infrared to avoid losses due to thermal radiation. Finally, the
cove¡ is made of solid polycarbonate, and an i¡sulating material (EPS) was considered
outside the reflector and the duct to avoid thermal losses from the surface exposed to the
environment.

Tabl€ 1. Material properties of the U-shape double-pass CPC elements.

t7a

t7t
172

173

171

175

Thermal conductivi§
(W/m.K)

Specific heat capacity
(/kg.K)

Density
(kg/mr)Material

(m)

Alur¡rinum
(receiver, duct)

Expanded polystyrene (EPS)

(insulation)
Polycarbonate

(cover)

0.001

0.050

0.003

237

0.046

0.210

2702

1.1

1200

903

1210

1300

2.1.1. Compu tationa.t domain

The fluid and solid domains were generated in the SolidWorks 2013 software. The
solid domain simulated the absorber plate, while the fluid domain was sectioned i¡to
tluee volumes to facilitate meshing: (a) irilet sectiorL (b) caüty, and (c) elbowduct.
2.1.2. Mesh

A hexahed¡al stn¡ctured mesh was generated according to the proposed computa-
tional domain. The near-wa.Ll model approach was used to accurately predict the hydro-
dynamic behavior of üe flow and the heat transfe¡ in the system. The method was to
implement 15 cells to cove¡ the viscous and buffer sublayer to have accu¡ate results in a
reasonable computaüon time.

The size of the viscous sublayer and the buffer sublayer were calculated fo¡ the inte¡-
val 0.5 < y+ < § q5i¡g equation 1. In additioru y+ values of 35 and 60 were applied to the
turbulent sublayer to carry out the mesh independence study. Through the analysis, the
Nusselt number (Nu) varied 0.2 % with y+ values of 0.8 and 0.5.

176

ln
t78

179

180

l8t

182

183

184

185

18ó

187

188

189

190

(1)

The mesh size was verified in the di¡ection of the entrance flow with a caüsr mesh
refinement in the longitudinal axis (z-axis), as shown in Figure 3. The analysis found that
the Nusselt had a variation of 0.089 % from 400 divisions onwards. In Figure 3a, a cross-
section of the U-shape double-pass CPC solar heater is shown, with the magnified detail
of the mesh in the ¡eceiver. Figures 3b1 and 3b2 present the longitudinal section, where
the coa¡se and ¡efined mesh in üe caüty ale p¡esented.

l9l
192

193

194

r95

196

197
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v

L x

(a)

(b1) (b2)

Figure 3, Solar collector mesh. (a) T¡a¡sve¡sal section; (b1) coarse mesh in longitudinal section; (b2)

refined mesh in longitudinal section.
198

199

2.2. Mathematical model 2oo

The mathematical model had the zubsequent conside¡ations for the goveming equa- 2o1

tions: steady state, Newtoniari fluid, incompressible flow, and trarsition turbulence re- 202

gime; therefore, the goveming equations for the U-shape double-pass solar heater are as 203

follows. 2u
0p +v (pú) = 0, (2)
At

lfoal *v.@nfl = -v, ai. rD + pi + F,

aba? +v. (ü(pE+P)) =v'(»)h'rt).

(3)

(4)

2.2.1. Turbulence model 205

The turbulence modeling consisted of implementing the Tra¡rsition SST k-omega 206

model described in equations (5-12). Equation (5) corresponds to the transport equation ?07

for i¡termittency (y), whereas equations (6) and (4 represent the transition sources Py1 208

arid Er,¡, respectively; alrd equations (8) alrd (9), the destmctio¡y're-lamina¡ization sources 209

Pyr and E1:. 210

The model was selected due to the required accuracy to predict heat t¡ansfer f¡om 211

the absorber plate to t¡e aü as the flow was found to be under development (L[ú6 < L-r 212

r"a-) and because üe calculated average Relmolds number (Re) was not very high. The 213

average Relmolds number fo¡ mass flow ¡ate 1 (0.01 kg/s) was Re-,-r=2,972, and for mass 21,!

flow rate 2 (0.02 k8/s) was of Re-*=5,961. Flows 1 and 2 were selected based on a prelim- 215

inary analysis using the üermal model described in [25]; among those flowt the best bal- 216

ance between ai¡ outlet temperature and thermal efficienry was found. ln the calolation 217

of the Relmolds number, the cavity was approximated as a t¡apezoidal cross-section duct 218

for calctrlating the hydraulic diameter (Dr). )ts.

,
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ry. W = Py1 - Eyr * Pyz - e" + f,l(, + f) i),
Pf = C o¡,,nst¡,pSÍf F-"uln,

E.¡ = CaPnl,

Py2 = CapÍf Fam,

Ey2 = C"zPyzy.

(5)

(6)

(7)

(8)

(e)

On üe othe¡ hand, equation (10) refers to the interaction of the trarsition model with
the SST tu¡bulence model by modi§ring equation k, where Gr* and Yr* are the original
production and destruction terms of üe SST model [26].

'#.W=hFr#)+ci-Y;, (10)

6i = y"¡ ¡Gr,

vi = min(max(y"¡ /,0.1),1.0)Yr. 0z)

The pressure-based solver with the Coupled scheme was selected, and a second-or-
der spaüal discretization scheme was implemented. The gradient evaluation method se-

lected was based on Least Squares CellBase¿ and the high order term relaxation option
was used. The pressure factor was adjusted to 0.1, and the Flow Cou¡ant Number to 4.

2.2.2. Bounda¡y conditions

The momentum boundary conditions in the walls were considered no-slip stationary
with a constant rugosi§ of 0.5. The thermal boundary conditions modeled the incident
solar ¡adiation on the cover and the absorber plate as a heat generation source, calculated
using equations (13) and (1a).

q"@ =(tl)ld"+ a"i"o,a:\últ) /*", 03)

c,c) = (r1t; r,pf)enlao + aoooo"o?.",b)fi) uo, (14)

Where q(t) is the heat gene¡ation, I(t) is the solar irradia¡ce, PE is the gap loss factor
(0.96), c is the absorpüüty, r is the transmissiü§, p is the reflectivity, A. is the cover area,
Ap is the absorber plate area, and w. and ws, are the thickness of the cover and plate,
respectively. The optical properties of the cover a¡e cr"=0.05, r.=0.89 y p.=0.05, the receiver
are a¡0.95 and p¡0.05, and f¡om the ¡eflector p¡{.91.

The heat tra¡sfer coefficient ftom the cover to the environment (FffC..) was obtained
applying the flow a¡ound finite flat-plates methodology reported n 1271, while üe con-
vection losses of the external walls were ca.lculated using the heat t¡ansfer co€fficient
(HTCb) correlation proposed by [28]. The heat conduction in the exterior waUs of the CPC
was modeled as shell conductioru whereas the radiation losses i¡ the cover were calcu-
lated with an emissivity value of eF0.81, and the sky temperatu¡e (T, was calculated with
the co¡relation proposed by Swinbank (equation 15), repo¡ted in [29], where T" refers to
the ambient temperatu¡e.

Regarding the turbulence parameters, a turbulence intensify of 5 % and a turbulent
viscosi§ ratio of 10 were applied. Table 2 summarizes the parameters of the boundary
conditiors of the CFD modeting.

(11)
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?n, = 0.0552?o15 (1s)

Table 2. Boundary conditions conside¡ed in the CFD modeling of the U-shape double-pass CPC. 248

Boundary Type of boundary Characteristics

I¡rlet

Outlet

lnlet-vent

Mass flow

T 298.15 K
¡ix1= 0.01 kB/s

mz= 0.02 kgls

Cover

qe 37.37 kW/mx
FITC-= 8.27 Wm.K

T"= 298.15 K
T"= 280.05 K

Wall
Convection
Conduction

HTC¡:0.6 Wm.K

Wall
Heat generation

I= 900 Wmz
e¡ 0.35

qr= 13,481 kW/mr
Fluid i¡te¡faces:

cavity- absorber plate
duct-absorber plate

Coupted wall

2.3. Effi ciency calculation
The therma.l efficiency of the collector is calculated usin6 equation (1ó):

, =&. (16)

The heat transfer of the analyzed solar collector resembles a counte!flow heat ex- 252

changer, where the cold fluid flows th¡ough the caüty (fust pass) and the hot fluid flows 25¡

through the duct (second pass). As the hot orrent and the cold cunent are the same air, 254

the useful energy gain must be calculated just in the second pass since the air entering the 255

duct has already gained heat due to its pass through the caüty. Therefore, üe useful en- zs¿

ergy gain of the collector is calculated usi¡g equaüon 17. 2s7

qu = rhCr.*o(Te"z.o,, - Tp"z,in). 0n
The available test sta¡da¡ds for this type of system, such as the ISO 9806 standard 2s8

[30], do not include an explicit test p¡ocedure for air collecto¡s with the proposed design 2s9

(a double-pass CPC caü§ collector). If üe dassic methodology for calculating the useful 260

energy gain is applied, as is t)?ically done for a flat-plate solar collector, using the tem- 261

peratures Tp,:.o,,r and Tp"r.- for üe calculation of the CPC efficiency, gross area (A.), and 262

solar irradiance value (I) as indicated in Eq. 16, values greater than one (¡>1) would be 263

obtained for efficiency. 264

Wall
Mixed (convectioD radia-
tion, and heat generation)

Bottom duct

Absorber plate

3. Results and discussion 26s

Once üe simulation model of the four CPC configurations with different inlet and 26ó

outlet positiors was implemented (Figure 2), simulations were carried out considering üe 2ó7

boundary conditions for two different values of mass flow rates to analyze: 0.01 kg,/s and 268

0.02 kg/s. The propedies of the materials and the boundary conditions are presented in 269

Tables 1 and 2, respectively. The results of the hydraulic and thermal behavior of the air zzo

in the caüty of the CPC fo¡ each of these configurations are presented below. 277

249

2fi
251
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3.1. Hydr aulíc behaoior

Figure 4 shows the veloci§ streamlines with the two analyzed air mass flow ¡ates
(flow 1: 0.01 kg/s and flow 2: 0.02 kg,/s). For the four configurations and both flow' a sud-
den expansion that causes the separation of the main flow is observed. In the conñgura-
tions with the irrlet at the bottom, (a) Down-Dowr and @) Down-Up, the sepa¡ation of the
main flow forms an eddy with a mean diameter of 0.22l-u".r- at a mean position of
z{.89 m. In configurations with an inlet on the upper side (c) Up-Up and (d) Up-Down,
an eddy is formed in the mean position z=0.68 m with a mean diameter of 0.33L-u"«-. [n
addition, it is observed üat in the inlet region for the (a) Down-Down and (b) Down-Up
configurations, a series of eddies are generated in the upper section of the cavi§ (z=0.0 m
and r{.42 m). One reason for this is the collector tilt (see Figure 1).

In Figure 4, it is also observed that the outlet position influences the magnitude of the
velocity at the ent¡ance to the duct. A higher airflow velocity is seen in configurations
wiü the outlet of the first pass at the bottom section, (a) Down-Down and (d) Up-Down.
The pressure increment explains the phenomena due to the sudden air contraction caused
by the reduction of the elbow area. Also, a higher mass flow influences the amplitude and
turbulence of the eddies found in the firct section of the caüty. This phenomenon influ-
ences the generaüon of high-temperature gradients and a more variable thermal map in
the hansverse direction of the caüty for the 0.01 kg/s air flow rate (see Figure 5). On the
conhary, this is not obse¡ved with the 0.02 kgis air flow rate because the higher mass flow
rate favors the cooling of the receiver. In all cases and both flows vortices are c¡eated in
the first quarter of the path, however, in the cases with bottom enky, the turbulence is

mo¡e disordered at the top, so that in the first quarter of the path, the hot air is not com-
pletely transported in the longitudinal di¡ection of the main flow; additionally a second
vortex is cleated so that the u¡iform flow develops almost halfway. ln the top entry cases,

the hot air at the top is transported along the entire path, and the uniform flow develops
earlie¡ üan i¡ the bottom entry cases.
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figure 4. Sheamlines at the collector ooss-section (i) Ai¡ mass flow 1: 0.01 kg/s; (ü) Air mass flow 301

2:.O.02kgls. 302

3.2. Thermal behquio¡

Figure 5 shows the tempe¡atu¡e contours of the four analyzed configurations. Hele
it can be seen that air stratification in the cavity in all configuraüons and wiü both mass

flow rates (flow 1:0.01 kg/s and flow 2:0.02 kg/s) occurs. In flow 1, the elbow irüet tem-
peratures were 314.4 K 306.8 K, 302.9 K and 3i0.8 K for configurations a, b, c, and d, re-
spectively. While with flow 2, these temperatures were 306.4 K,302.4K,302.9 K, a¡d
304.3 K. Lastly, it can be seen that in the two configurations with outlet on top, @) Down-
Up and (c) Up-Up, the stratification causes the entrance of cool air to the elbow, when
compa¡ed against (a) Down-Down and (d) Up-Down configurations.

A zone with a higher temperature of approximately 335.0 K and 320.3 K for flows 1

and 2 is also observed in position z=0.1 m, in confi6u¡ations (c) Up-Up and (d) Up-Down.
This zone is caused by the presence of the eddy observed in the middle posiüon in Figure
4. ln addition, in conligurations (b) Down-Up and (c) Up-Up, a zone ofhot air is observed
at the end of the cavi§ (z=1.95 m), with similar temperatures. The hot air zone is caused
by the presence of small eddies, seen from 0.02 m to 0.06 m, which a¡e formed by the col-
lision of the ai¡ at the position z=2.0 m.

In the second step (inside the duct), in configurations (a), (c), and (d), high tempera-
tu¡es are observed close to the plate, cont¡asti¡B to the temperatu¡es observed in config-
uration @). Finally, for a flow of 0.01 kg/s, that heat is exkacted from the caüty less effi-
ciendy due to the stagnation of the fluid in the extremes, which correspond to the inlet
and outlet of the caüty.
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Figu¡e 5. Ai¡ temperature contou¡s at the collector Goss-s€ction (i) Air mass flow 1:0.01 kg/s; (ii)
Air mass flow 2:0.02 kg/s.

00

325

326

Figure 6 shows the four configurations' flat plate receiver tempelature contours at 327

flow 1 (0.01 k8/s). When the air enters from below (configurations a and b), it is observed 328

that the ai¡ removes heat ftom the ¡eceiver from the position z=0.0 m to 2=0.16 m. In con- 329

trast, when the air enters from above (configurations c a¡d d), the zones with lowe¡ tem- 330

peratures are displaced from position r=0.22 m to 2--0.83 m because the formation of the $1
mairr eddy helps to remove heat from the ¡eceiver. When the air leaves the collector caüty 332

(z=2.0 m), Iow-temperature zones a¡e generated in the configurations with an outlet f¡om 333

below (configurations a and d). On the other hand, in configurations @) Down-Up and (c) 334

Up-Up, a temperature of around 410 K is observed, which indicates that the heat would 33s

not be uniformly removed in the first step. 336

390 00

T
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I
tRl

3a3.33

376.67

370.@

363.3

356.87

350.@

410.@

403.33

39G 57
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Figure 6, Temperatu¡e contours iñ the flat plate receiver, fust pass (Flow 1:0.01 kg/s) 338

The existence of a la¡ge zone with high temperatures in configurations (a) and (b), 339

between z=0.2 m a¡d z=1.6 m, indicates a low heat ¡emoval in the caüty-side plate. ln 340

contrast, in configurations (c) ard (d), the existence of two well-defined zones of a low 3.tl

and high temperature indicates that although heat removal is heterogeneous, energy is 342

¡ecove¡ed in the zone between z=0.25 m and z=0.8 m. This behavior indicates t¡at the heat 313

obtained by the collector in the first step (inside the caüty) would be lower for the (b) 34.1

Down-Up configuration. 315

z
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Table 3 shows the average temperatures in the flat plate ¡eceiver (TP,-s) for both air- 3,16

flow ¡ates. In the ft) Down-Up conliguratioru a higher average temperature is ¡eached, 347

and in the (d) Up-Down configuration, the lowest temperatu¡es are achieved, meani¡tg 348

that this configuraüon favors the heat t¡ansfer f¡om the flat-plate to the cavity air. The flat- 349

plate temperatu¡e diffe¡ences between flows l and 2 are g¡eate¡ tha¡ 40 K. 350

Table 3. Mean temperatures in the flat plate ¡eceiver of the U-shape double-pass CPC 351

Mean Temperature, Tp,-¿(K)

(a) Down-Down
(b) Down-Up
(c) Up-up
(d) Up-Down

397.60

401.40

404.00

395.30

353.80

357.m
356.60

352.70

Figure 7 shows the flat plate receiver temperature contours of the four configurations
at flow 2 (0.02 kg/s). Here, the exact behavior of temperatu¡es but of lesser magn:itude can
be observed.
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357Figu¡e 7. Temperature contours i¡ the flat plate receive!, fi¡st pass §low 2: 0.02 kgis).

Figure 8 displays the first and second pass air temperature profiles for the four ana- 358

lyzed configurations. The blue line represents the air temperature p¡ofile in the first pass, 359

and the ¡ed li¡e the profile o[ üe second pass. In addition, the scale of üe horizontal axis 360

of the graphs (z-position) is inverted to facilitate the interpretation of the results since it 361

allows üsualizing the air outlet of the collector on the far right. 362

Besides, in the configurations that have a¡ entrance to üe caüty flom the top, (c) Up- 363

Up and (d) Up-Down, it is observed that in the first pass, there is a sudden increase in 364

temperature i¡ the section close to the entrance of the cavity (z=0.1 m). On the contrarv, in 365

the configurations with t¡rc inlet from the bottom, (a) Down-Down and (b) Dbwn-Up, the 3óó

temperature profile is smooth. [n addiüon. it can be seen that this differentiated proiile is 3ó7

more evident in flow 1 (0.01 kg/s). 368

On the othe¡ hand, the configurations that have an outlet from above, (b) Down-Up 3ó9

and (c) Up-Up, present a higher temperatu¡e at the outlet end of the cavity (end of the first 370

pass) than at the entrance to the duct (beginning of the second pass). The phenomenon is 371

l2 oI 19

Configuration Flow 1: 0.01 kg/s Flow 2: 0.02 kg/s
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caused by shatification in the cavity, so the air enters the connecting elbow at a tempera-
tu¡e lowe¡ than that shown i¡ figure 8 (See Table 4). This occu¡s with both flows but is
more significant with 0.01 kg,/s due to the greater air stagnation in the caüty.

The most relevant thing when comparing the four configuraüons is that the outlet
temperatu¡e of the second step is between 5 K and 9 K lower in (b) Down-Up than the
temperature reached by the other th¡ee configurations. Indicating that if the ai¡ irüet is
located above, i.e., (c) Up-Up or (d) Up-Down, the position of the caüty outlet does not
affect the outlet temperature of the collecto¡. However, in ttte case of bottom entry, (a)
Down-Down and ft) Down-Up, configuration (b) would be the least recommended if the
objective is to achieve a higher collecto! outlet temperature.
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Figure 8. Air teñpeiature profiles. (a) Dow¡-Down; (b) Down-Up; (c) Up-Up; (d) Up-Dowñ.

Table 4 shows the elbow irüet and ouüet tempelatu¡es for both ai¡ flow rates. The
presented elbow irüet temperatu¡e refers to the average temperature at the ouüet of üe
caüty (r2.0 m) in posiüons y=0.1255 m to )"{.1645 m, where the height of the elbow is

0.03ó m. As expected, the temperatures corresponding to flow 1 (0.01 kg/s) are higher than
flow 2 (0.02 kg/.).el of the air temperatures at the elbow irüet are lower than the ai¡
temperatures at the outlet of the cavity =2.0 m. Furthermore, as mentioned above, the
t-Iuid is stratified in the cavity, and only the air near the cavity outlet passes through the
elbow. On the other hand, the elbow outlet air temperature and the duct inlet ai¡ tempe¡-
ature a¡e of the same ma8nitude.

Table 4. Air temperatures in the elbow inlet ¿nd outlet of the U-shape double-pass CPC 392



AWl. sci. 2022, 12, x FOR PEER REvlEw 14 of 19

Flow 2: 0.02 kgls

Configuration T¡u¡ (K) T¡¡,*, (K) T¡r.- (K) Tar...r (K)

(a) Down-Down
(b) Down-Up
(c) Up-Up
(d) Up-Down

311.9

311.9

311.8

311.8

304,2

3C.4..2

305.1

302.6

310.5

310.4

311.5

307.1

3M.9
304.3

304.4

305.2

Figure 9 shows the heat t¡ansfer coefficients (HTC) in the cavity fo¡ both air flow
rates, observing that the HTCs are lower when üe airflow is lowe¡ a¡d higher when the
air flow rate is higher. For each configuratiory the shape of the F{TC profile is independent
of üe airflow magnitude. In configurations where the air enters fróin the top (c and d),
the¡e is an HTC maximum at z=0.5 m. While in configurations with inlet from below (a

and b), the maximum FITC occurs at the entrance. Thery the HTC decreases, having an-
other F{TC peak, which late¡ decreases as it approaches the outlet of the caüty. The above
observations indicate that the HTC maximums correspond to the presence of the eddies
produced by the sudden expansion at the inlet; he¡e, the HTC is of greater magnitude in
the configurations with the inlet at the top.
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figur€ 9. Flat-plate ¡eceiver heat transfer coefficients (HTC). (a) Down-Down; (b) Dow¡-Up; (c) Utr. 405

Up; (d) Up-Down. 406

Flow 1: 0.01 kgls
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Table 5 shows the pressue drop in each configuration for the two mass flow rates. 407

First, the highest pressu¡e drop is seen in the bottom outlet configurations (a and d). More- 40s

over, the pressure drop inqeases tfuee to fou¡ times with the highest air flow rate. 409

.lt0

Pressue drop (Pa)

Configuration Flow 1: 0.01 kg/s Flow 2: 0.02 kg/s

(a) Down-Down
(b) Down-Up
(c) Up-Up
(d) Up-Down

9.87

8.00

8.42

10.05

35.49

28.79

29.52

36.77

3.3. Eficiency

Table 6 shows the temperahlre incr€ment in the first pass and the efficiencies for each
configuration, applying equations (16) and (14. The temperature inqeas€ resulting from
the first pass (^Tp¡) and üe temperatures at the inlet and outlet of the duct (fp1.¡, and Tpr,",l)

are greater with flow 1, while the efficiencies are higher with Ilow 2 due to the bette¡ heat
transfer and lower heat losses to the ambient. ln addition, it is observed that configuration
(c) Up-Up is the most efficient, while configuration (a) Down-Down provides the lower
efficiency of the cases analyzed.

411

412

{13

414

415

416

417

418

119

Flow 1: 0.01 kgls Flow 2: 0.02 kg/s

Configuration ATp.r (K) Tp*:" (K) Tp'¿-, (K) n (%) ATpo (K) Tpo¡ (K) Tp"z".r (K) ¡ (%)

(a) Down-Down
(b) Down-Up
(c) Up-Up
(d) Up-Down

73.75

13.75

13.65

13.65

311.90

311.90

311.80

311.80

333.80

335.20

336.60

335.40

60.71

64.60

68.77

65.43

6.75

6.15

6.25

7.0s

304.90

304.30

304.40

305.20

316.10

317.1,0

377.40

317.{

61..91

70.76

77.87

66.90

4. Condusions t2o

This work invesügates a compound parabolic concentrator (CPC) design for air heat- 421

ing with a double U-pass configuraüon. The double pass is incorpo¡ated to recover part .122

of the heat lost by the flat plate receiver inside the CPC cavi§. Four configurations have 123

been studied, and they are differentiated by the position of the ai¡ i¡rlet into the cavity a¡d 42.1

the position of the air outlet of the caüW towa¡ds the receiving duct that constitutes the .u5

second pass of the collector. 126

In general, it was confirmed that adding the fi¡st pass th¡ough the CPC cavity allows 427

a significant i¡crease in the aü temperature. Hence, by making the air ci¡culate fi¡st 128

tfuough the CPC cavi§, instead of a convenüonal ma¡ure¡ where it orüy circulates th¡ough 129

the duct an inclease in temperatu¡e is accomplished before enteri¡g the receiving duct. 430

As a ¡esult, an avera8e increase i¡ air temperature of 13.7 K at a mass flow rate of 0.01 kg/s a3l

and 6.5 K at a mass flow ¡ate of 0.02 kg/s was achieved. This represents a minimum tem- 132

perature rise of 36 % (0.01 kg/s) and 32 "/" (0.02 kg/s) when orüy the first pass is used. .133

ln addition, the analysis showed that the positions of the air inlet and outlet i¡ üe a3a

cavity influence the outlet temperatu¡e of the U-shape double pass CPC solar heater. 435

The¡efore, an efficienry difference of up to 10 % ca¡ be achieved depending on the se- 136

lected configuration. Thus, the Up-Up configuraüon is the one that proüdes the hi8hest 437

outlet temperature and thermal efficiency. With this configuratiory an air temperature in- 438

cease from the U-shape double-pass CPC i¡let to the outlet of 38.4 K and an efficiency of l:s
68.9 o/o are obtained when the ai! flow rate is 0.01 k6/s, and 19.2 K artd 7-1.9 % when the 4.10

Table 5. P¡essure drop in the systern.

Table 6. U-shape double-pass CPC thermal efficiency (Ini"=298.15 K)
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flow rate is 0.02 k&/s. This is because üe air heated i¡ the cavity is transpo¡ted mo¡e ef- 44r

fectively, as it is a more homogeneous flow a¡d the heat t¡a¡sfe¡ coefficient in the flat- aa2

plate receive¡ is high. 443

However, it should be noted üat the Down-Down (a) configuration can be ruled out 444

because it has the sma.uest increase in temperatu¡e a¡d the lowest efficiency of the a¡a- 445

lyzed configurations. 44
Finalty, the structural design and financial analysis remain as future work to dete!- 4{7

mine the potential application of this technology. The Down-Up (b) or Up-Down (d) con- 448

figurations could also be used depending on the application conditions and specific needs. ¿¿g
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Nomenclatu¡e {73

<n>

A
C

Cp

Dr'

E

F

F

Gr.

c.
h
h'
I
J

k
L
ril

Average reflections number, dimensionless
A¡ea, m2

Constant
Specific heat J/(g K)
Hydraulic diameter, m
Relaminarization source

Empirical correlation of length of the transition region, m
Force vector, N
GraYitational acceleratioo m/s2

Gene¡ation of turbulence kinetic energy due to mean velocity gradients, l/kg
Generation of specific dissipation rate, Us
Height, m
Species enthalpy, l/kg
Sola¡ ir¡adiance, Wmz
Mass flux, kg/m,
Turbulent kinetic energy, J

Length, m
Mass flow rate, kg/s
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Nu
P

P6

q
q.
Re

S

t
T
u
U
UT

x

v
Y
y+

Greek letters
a Absorptanc€, dimensionless
y Intermittency
f Effectivediffusivity,dimensiorüess
r Emittance, dimensiorüess

¡ Thermalefficiency,dimensionless

¡r Moleorlar üscosity of aü, kg/(m s)

p Air densi§, kg/m¡

e Reflectance, dimensiorüess
r Transmittance, dimensionless
i Stress tensor, Pa

u Eddy vis.osity
O Vorticity magnitude, 1/s

Subscripts
a Ambient
a7, a2 Turbulence damping constants
ap Aperture
avg Average
b Bottom duct
c Cover
cav Cavity
collector Collector
duct Duct
elb Elbow
e7,e2 Dissipation
h Hydrodynamic
i, , frhogonal coordinate
in In.let

k Tu¡bulence kinetic energy
length l-ength
out Outlet

Nusselt numbe¡, dimensionless
Pressure, Pa
Gap loss factor, dimensionless
Heat generation, Wm3
Useful heat, W
Reynolds number, dimensio¡rless
Strain rate magnitude
Time, s

Temperature, K
Velocity magnitude, m/s
Local velocity, nVs

Friction velocity, m/s
Free-stream spee4 m/s
Wind velocity above cove¡, m/s
widü,m
Veloci§ fi eld coordinate
Wall-normal distance, m
Destruction term of SST turbulence model, mr/sr
Dimensionless dista¡ce in wall coordinates
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P

Ps1

Ps2
r
s

turb

vl,'t2

Flat plate receiver
Pass 1 (Tfuough the caü§)
Pass 2 (Ihrough the duct)
Reflecto¡s
sky
Turbulent
Intermittence

Acron)'rns
CFD Computational fluid dynamics

CPC Compoundparabolicconcent¡ator
EPS Expanded polystyrene
ETFE Ethylenetetrafluoroethylene(fluorine-basedplastic)
FITC Heat tlansfer coefficient, w/(m2 K)

PV/T Photovoltaicflhermal
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Adquisiciones, Arrendamientos y Servicios del Sector Público, asi como en el artículo 71 del
Reglamento de la Ley de Adquisiciones, Arrendam¡entos y Servic¡os del Sector Público, y
con el carácter de Titular del Área Requirente, por este conducto hago constar el
acreditamiento del o de los criterios, razones, fundamentos y motivos para no llevar a cabo
el procedimiento de licitación pública y celebrar lá contretación a través del procedimiento
de adjudicación directa en los términos establecidos en el artículo 41 Fracción lde la Ley de
Adquisiciones, Arrendamientos y Servicios del Sector Público

I.. DESCRIPCION OE LOS SERVICIOS

Elilos servicios que se pretende contratar, son los siguientes:

Publicación de artículo en revista JCR de MDPI - Manuscript lD: applsci-'l958428 (Entregable
del proyecto)

II.. PLAZOS Y CONDICIONES DEL SUMINISTRO DE LOS SERVICTOS

La fecha en que se requiere el suministro de los servicios, corresponde al dia 31 de
octubre de 2022. Las condiciones en las que se entregarán los servicios son las

Para tal efecto presento la siguiente información:
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siguientes:

En una sola exhib¡ción

Virtual a través del portal de la revista JCR

III.- RESULTADO DE LA INVESTIGACION DE MERCADO

La lnvestigación de Mercado fue realizada en los términos de los artículos 28,29 y 30 del
Reglamento de la Ley de Adquisiciones, Arrendamientos y Servicios del Sector Público, en
forma conjunta por el Área Requirente y el Área Contratante, en la cual se verificó previo
alinicio del procedimiento de contratación, Ia existencia de oferta, en la cantidad, calidad y
oportunidad requeridas; la existencia de proveedores a nivel nacional o ¡nternac¡onal con
posibilidad de cumplir con las necesidades de la contratación, conocer el precio
prevaleciente al momento de llevar a cabo la lnvestigación de mercado asi como en la
información disponible en el Sistema informático denominado COMPRANET:

PROVEEDOR IMPORTE S¡N IVA

cHF2,300.00 cHFMDPI

Concluyendo que en conjunto es la única oferta en cuanto a obtener las mejores condiciones,
calidad, precio, oportunidad y financiamiento, por ser el único proveedor que proporcione los
servicios que se pretende contratar la de MDPI. La referida lnvestigación de Mercado se
acompaña a la presente justificación para determ¡nar que el procedimiento de contratación por
adjudicación directa es el idóneo.

IV.. PROCEDIMIENTO DE CONTRATACION PROPUESTO

El procedimiento de contratación propuesto es el de adjudicación directa, en virtud de que
en el presente caso Ia adjudicación se llevaría a cabo conforme la fracción ldel artículo 41

el cual menciona que este tipo de adjudicac¡ón se puede llevar a cabo siempre y cuando:
No existan bienes o servicios alternat¡vos o sustitutos tácnicamente razonables, o
bien, que en el mercado sólo existe un posible oferente, o se trate de una persona
que posee la títularidad o el licenciamiento exclusivo de patentes, derechos de autor,
u otros derechos exclusivos, o por tratarse de obras de arte. Actualizándose el

supuesto de excepción a la licitación pública establec¡do en la fracción ldel articulo 41 de
la Ley de Adquisiciones, Arrendamientos y Servicios del Sector Público, en relación con lo
establecido en el artículo 72 de su Reglamento.

IV.1. MOTIVACIÓN Y FUNDAMENTACIÓN LEGAL:

A) MOTIVOS: La contratación de los servic¡os objeto de la presente justificación es
necesaria para satisfacer los siguientes requerimientos del proyecto número 24024 -
DESARROLLO DE UN CALENTADOR SOLAR DE AIRE DE : Se requiere pasar el
acceso abierto por la publicación del artículo en extenso en la revista Applied
Science de MDPI que es un entregable del proyecto. En este articulo
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se publican los resultados del análisis en CFD de la transferencia de calor en el
calentador solar de aire de doble paso desarrollado, y se determina la influencia, en la
eficiencia y temperatura alcanzadas, de la ubicación de la entrada y de la salida de la
cavidad. .

Por Io anterior, la contratación propuesta se adecúa al supuesto de excepción
establecido en la Ley de Adquisiciones, Arrendamientos y Servicios del Sector Público
en su artículo 41, fracción l; además de que se reúnen los requisitos previstos en el
art¡culo 72 del Reglamento de la Ley de Adquisiciones, Arrendamientos y Serv¡c¡os del
Sector Público, tal y como se desprende de la información presentada en esta
justificación, asi como de la lnvestigación de Mercado; por lo que resulta procedente la
contratación baio el procedimiento de adjudicación directa prev¡sto en el artículo 26,
fracción lllde la Ley antes mencionada.

B) FUNDAMENTOS: La contratación se encuentra deb¡damente fundada en el articulo
134 de la Const¡tución Politica de los Estados Unidos Mexicanos; en los artículos 26
fracción lll, 40 y 41 fracción I de la Ley de Adquisiciones, Arrendamientos y Servicios
del Sector Público; así como en los artículos 71 del Reglamento de la Ley de
Adquisiciones, Arrendam¡entos y Servicios del Sector Público.

IV.-MONTO ESTIMADO Y FORMA DE PAGO PROPUESTO

V.1. MONTO ESTIMADO:

El monto estimado de la contratación es la cantidad de GHF2,300.00 CHF, mismo resultó
el más conveniente de acuerdo con la lnvestigación de Mercado, mediante la cual se
verificó previo al inicio del procedimiento de contratación, la existencia de oferta de los
servicios en la cantidad, calidad y oportun¡dad requeridos en los términos del artículo 28
del Reglamento de la Ley de Adquisiciones, Arrendamientos y Servic¡os del Sector
Público.

cHF2.300.00 cHF
CHFO.OO CHF

cHF2,300.00 cHF

V.2. FORMA DE PAGO PROPUESTA:

El monto total será pagado en I pago/s de CHF2,300.00 CHF. Los pagos se ¡ealizarán
previa verificación de la entrega y cal¡dad de los servicios asi como previo envio en
formatos .pdf y.xml del Comprobante Fiscal Digital por lnternet (CFDI) correspondiente
que reúna los requisltos fiscales respectivos. Los pagos se efectuarán mediante
TRANSFERENCIA y bajo las siguientes condiciones:

SubTotal

lva

Tota I

Segun referencra
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Por lo anteriormente expuesto y fundado, se propone a MDPI, con domicil¡o ubicado en ST
ALBAN-ANLAGE 66, 4052 BASEL, SWITZERLAND, Registro Federal de Contribuyentes:
XEXX4162, correo electrónico: billing@mpdi.com y número telefónico 41616837734,
41616837734

VII.. ACREDITAMIENTO DEL O LOS CRITERIOS EN LOS QUE SE FUNDA Y MOTIVA
LA SELECCIÓN OEL PROCEDIMIENTO DE EXCEPCIÓN A LA LICITACIÓN PÚBLICA

El procedimiento de contratación por adjudicación directa es el idóneo, al actualizarse el
supuesto de excepción al proced¡miento de licitación pública previsto en el artÍculo 41,
fracción lde la Ley de Adquisiciones, Arrendamientos y Servicios del Sector Público,
aunado a que se corroboró la capacidad y experiencia de la persona propuesta, qu¡en
presentó las mejores condiciones en cuanto a precio, calidad, f¡nanciamiento, oportunidad
y demás circunstancias pert¡nentes a efecto de asegurar a esta Entidad las mejores
condicionespara su contratación, tal y como se acredita con la información presentada en
esta justificación, asi como con la lnvestigación de Mercado.

El acreditamiento del o los criterios en los que se funda la excepción de licitación pública,
es el o los siguientes:

- Economía
Se efectuó una investigación de mercado para comparar precios y demás condiciones de
calidad, financiamiento y oportunidad, respecto del bien requer¡do, dando como resultado
que la persona moral propuesta, fue la que presentó las mejores condic¡ones en cuanto a
precio, calidad, financiamiento y oportunidad, con lo cual se asegura cumplir con los
preceptos del Artículo 134 de la Constitución Política de los Estados Unidos Mexicanos;
así como en los Articulos 40 y 41, lracción XVll de la Ley de Adquisiciones,
Arrendamientos y Servicios del Sector Público, por lo que resulta adecuado proceder a la
adjudicación directa a favor del proveedor antes referido.

- Eficacia
Med¡ante el procedimiento de adjudicación directa, se conseguirán las mejores
condiciones disponibles para la Entidad en cuanlo a precio, calidad, y oportunidad, en
adición a que el Proveedor propuesto cuenta con la experiencia y capacidad idóneas para
suministrar el bien requer¡do, y con ello se lograrán los obietivos y resultados deseados
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IV..PROVEEDOR PROPUESTO PARA LA ADJUDICACIÓN DIRECTA:

- Eficiencia
Con el procedimiento de adjudicación propuesto se garantizan las mejores cond¡ciones de
precio, calidad, oportunidad y demás circunstanc¡as pertinentes debido a que se opt¡miza
el uso y aplicación de los recursos financieros, en virtud de que esta Entidad cuenta con
procesos y procedimientos claros y expeditos, con responsables y respo nsabilidades
plenamente identificados para la contratación requerida, con lo cual se evitará la pérdida
de tiempo y recursos a la Entidad.



- lmparcial¡dad
El t¡po de adjudicación que se propone, se llevó a cabo sin prejuic¡os n¡ situac¡ones que
pudieran afectar la imparcialidad, y sin que medie algún ¡nterés personal de los servldores
públicos involucrados en la contratación de cualquier otra índole que pudiera otorgar
condiciones ventajosas a alguna persona, en relación con los demás ni limitar la libre
participación, esto debido a que es proveedor único,dicha situación queda demostrada
conforme al resultado que se da con base a la investigación de mercado. Lo anterior de
acuerdo con lo establecido en el numeral 4.2.4 (ADJUDICACIÓN DIRECTA) y numeral
4.2.4.1 .1 (Verificár acreditamiento de excepción) del Acuerdo por el que se expide el
lt¡tanual Administrativo de Aplicación General en Materia de Adquisiciones,
Arrendamientos Servicios del Sector Público, publicado en el Diario Oficial de la
Federación el 9 de agosto de 2010, última reforma publicada el 3 de febrero de 2016 en el
Diario Oficial de la Federación.

- Honradez
La selección del procedimiento de adjudicación directa tiene como único fin contratar bajo
las me.jores condiciones los servicios requeridos actuando con rectitud responsabilidad e
integridad y con apego estricto al marco jurídico aplicable, evitando asi incurrir en actos
de corrupción y conflictos de interés, ya que con base a la investigación de mercado
queda demostrado que es proveedor único.

Lo anterior de acuerdo con lo establecido en el numeral 4.2.4 (ADJUDICACIÓN DIRECTA)
y numeral 4.2.4.1.1 (Verificar acreditamiento de excepción) del Acuerdo por el que se
expide el Manual Administrativo de Aplicación General en Materia de Adquisiciones,
Arrendamientos Servicios del Sector Público, publicado en el Diario Oficial de la
Federación el 9 de agosto de 2010, última ¡eforma publicada el 3 de febrero de 2016 en el
Diario Oficial de la Federación.

- Transparencia
Para la integración del procedimiento de contratación por adjudicación d¡recta, los
servidores públicos de las áreas requirentes han tenido acceso de manera oportuna, clara
y completa de las características requeridas de los servicios con el fin de demostrar que
es el único proveedor que proporciona los servicios que se pretenden contratar, en el
entendido que para garant¡zar la transparencia del procedimiento de contratación, la
información respectiva será incorporada al Sistema de Compras Gubernamentales
(CompraNet), en los términos de las disposiciones legales aplicables, Lo anterior de
acuerdo con lo establecido en el numeral 4.2.4 (ADJUDICACIÓN DIRECTA) y numeral
4.2.4.1 .1 (Verificar acred¡tamiento de excepción) del Acuerdo por el que se expide el
Ivlanual Administrativo de Aplicación General en Materia de Adquisiciones,
Arrendamientos y Servicios del Sector Público, publicado en el Diario Oficial de la
Federación el 9 de agosto de 2010, última reforma publicada el 3 de febrero de 2016 en el
Diario Oficial de la Federación.
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VIII.. LUGAR Y FECHA DE EMISION:

En la Ciudad de Chihuahua, Chihuahua al 29 de septiembre de 2022, se emite la
presente justificación para los efectos legales a que haya lugar.

En cumplimiento a lo estab¡ec¡do en el penúltimo párrafo del articulo 7'l del Reglamento
de la Ley de Adquisiciones, Arrendamientos y Servicios del Sector Público, se acompaña
a la presente como 'ANEXO DOS", la Requisición o Solicitud de Contratación
(Requisición) A la cual se deberá anexar, mediante sello del departamento de
Presupuesto, la Constancia con la que se acredita la existencia de recursos para in¡ciar el
procedimiento de contratac¡ón.

Asimismo se hace constar mediante el sello y firma del responsable del área de Almacén,
la No Existencia de Bienes o Nivel de lnventario que demuestra que se cumplió con lo
establecido en el articulo 27 del RLAASP.

ATENTAMENTE

td
MARTI MINGUEZ IGNACIO RAM¡RO

RESPONSABLE DEL PROYECTO
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