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Featured Application: The developed solar air heater can be applied in drying and space heating
applications from 50 °C to 90 °C. The solar collector could be modular, so it can be coupled to a
variety of processes.

Abstract: Solar air heaters can reduce climate change by replacing conventional fossil fuels-burning
technologies in drying and space heating applications. Concentrating solar technologies, such as
compound parabolic concentrators, allow air temperatures up to 120 °C; however, it is desirable to
improve their heat transfer to reduce the space requirements for their installation. In this work, a
parabolic concentrator composed of a flat receiver designed to recover heat from the cover-receiver-
reflectors cavity is analyzed, operating it as a U-shape double pass solar heater. With this operation,
first, the air flows through the cavity, and then it is incorporated into the duct, where the dominant
heat gain occurs due to the capture of solar radiation. Thus, four input-output configurations in the
cavity were modeled through dynamic simulations to determine the influence of the inlet and outlet
air flow positions on the solar concentrator outlet temperature. It was found that the configuration
with the top inlet and the top outlet is optimal since a temperature increase of up to 38.5 K and an
efficiency of 72 % can be obtained. Finally, the incorporation of the double pass allows increasing
the concentrator outlet temperature up to 39 %, showing that this appropriate and relatively simple
strategy can be implemented to improve the thermal performance of solar air collectors.

Keywords: solar energy; CPC; solar heating; solar drying; industrial process; solar air heater; space
heating

1. Introduction

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

According to the International Energy Agency, 985 MW solar air collectors were
installed by the end of 2020, and the global market was around 12 MW [1]. As of March
2022, 41 solar air collector systems producing solar process heat are registered, with a
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cumulative capacity of 6 MW [1]. Thus, the direct application of solar collectors for air
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
technologies. Flat-plate solar collectors are recommended for temperatures below 70 °C
because of their ease of manufacture and operation. For higher temperatures, it is neces-
sary to use some solar concentrating technology, such as compound parabolic concentra-
tors (CPCs), which allow fluid heating temperatures up to 120 °C, depending on their de-
sign, and are easy to operate and maintain.

However, to ensure good efficiency of CPCs, it is necessary to perform an optimal
optical design and minimize thermal losses or improve heat transfer. Strategies to reduce
convection losses in the receiver of a solar collector include using evacuated tubes or fill-
ing the CPC cavity with gases such as Argon and Krypton [3,4], which are denser gases
and have lower thermal conductivity than air or even applying vacuum throughout the
cavity [5]. In contrast, double absorbers have been proposed to reduce conduction losses
[6].

In other technologies, such as flat-plate solar air heaters, it has been proposed to in-
crease the heat transfer rate by incorporating multiple passages, including extended sur-
faces, artificial roughness, and packed mesh [7]. This multi-pass strategy is used in hybrid
CPCs (PV/T) to cool the photovoltaic cells on the flat-plate receiver with fins on the back
side [8].

In the general design of solar collectors, computational fluid dynamics (CFD) tools
can be used to reliably estimate their thermo-hydraulic performance before building them,
saving time and resources. Several analyses of solar collectors by computational fluid dy-
namics (CFD) can be found in the literature, both for liquid and air heating. Thus,
Mekahlia et al. (2020) determined the influence of the thickness and number of transparent
covers to reduce the heat losses of a flat-plate solar collector [9], and Pawar and Sobhan-
sarbandi (2020) modeled an evacuated heat-pipe solar collector with and without inte-
grated phase change materials as a thermal storage medium [10]. In the particular case of
solar air collectors, Singla et al. (2022) analyzed an evacuated tube collector with ribs of
different roughness [11], while Ammar et al. (2020) performed a three-dimensional CFD
model to optimize the design of a solar air collector with extended surface area by a dif-
ferent number of rectangular fins [12]. In addition, they analyzed the effect of adding a
selective surface on the absorber.

Regarding the analysis of CPC collectors, Li et al. (2013) analyzed by CFD the thermal
behavior of an evacuated tube collector as a receiver of a compound parabolic concentra-
tor, and the simulation was validated with experimental data [13]. Barron-Diaz et al.
(2021) performed the numerical simulation of CPCs with tubular receivers, with and with-
out fins, for residential water heating [14]. This study focused on the ray-tracing analysis
of radiation and heat transfer by coupled finite element and CFD methods. In addition,
Yuan et al. (2020) developed two simplified computational fluid dynamics models to de-
termine the temperature and velocity distribution in two almost identical parabolic tube-
receiver CPCs [15]. One had a transparent ETFE sheet around the receiver to reduce con-
vective heat losses. The models included the reflector, receiver, cover, and back insulating
material and allowed analysis of both air movement in the cavity and water movement in
the absorber tube. Ray tracing was applied to analyze the radiation distribution on the
receiver tube at normal incidence, with a correlation of the absorbed solar energy as a
function of the angle along the perimeter of the tube. Both models were experimentally
validated, and relative errors of less than 3.7 % in temperature and 1 % in efficiency were
obtained.

On the other hand, Antonelli et al. (2016) analyzed the air heat transfer inside the
cavity of a collector with a tubular receiver and with a flat-plate receiver and developed
some correlations to express the Nusselt over the receiver [16]. Subsequently, Francesconi
and Antonelli (2018) performed the numerical analysis of a panel with several tubular
receivers CPCs to determine the influence on the thermal efficiency of the number and



Appl. Sci. 2022, 12, x FOR PEER REVIEW 3of19

position of the CPCs along the panel, the use of a second transparent cover, the spacing 99
between collectors and the truncation of the reflectors [17]. For their part, Reddy et al. 100
(2020) performed three-dimensional modeling of a flat-plate receiver CPC to determine 101
the thermal losses in the cavity as a function of its aspect ratio and tilt, the optical proper- 102
ties of the materials, and the absorber and ambient temperatures [18]. To model the inter- 103
nal radiative heat transfer, they used a discrete ordinary radiation model, and for the ex- 104
ternal one, they established the thermal boundary conditions and emissivity. 105
As mentioned above, another strategy to improve the efficiency of solar air heating 106
collectors is to increase the number of passes. Thus, Al-Damook et al. (2019) analyzed the 107
effect of double-pass configuration in a solar air heater when operating in concurrent par- 108
allel flow, parallel in counterflow, and double U-pass [19]; the latter presented the best 109
thermal performance. Tuncer et al. (2020) analyzed, through CFD simulation, two flat- 110
plate solar collectors for air heating with three and four passes and determined which one 111
had the best performance to evaluate it experimentally [20]. In both solar collectors ana- 112
lyzed, air enters through the lower pass and exits through the upper pass, which has the 113
radiant heat gain. They found that the four-pass collector has a heat gain 3 °C higher than 114
that obtained with the three-pass collector and that the maximum deviation between the 115
CFD model and the experimental results was 10 %. In addition, Mutabilwa and Nwaigwe 116
(2020) performed a CFD analysis of a two-covers, double-pass flat-plate solar collector for 117
air heating, which was validated with experimental results [21]. The air enters through 118
the space between the two covers and returns between the second cover and the absorber 119
plate. The temperatures on the absorber plate obtained with the model had a standard 120
deviation from experimental results between 1.05 K and 4.65 K, while for the cover, it was 121
between 0.1 K and 0.45 K. 122
Likewise, improved surfaces or novel geometries with multiple passes have been an- 123
alyzed, such as the work of Desisa and Shekata (2020) [22]; they analyzed the impact of 124
using smooth, rough, and corrugated surfaces in a double-pass flat-plate air solar collector 125
and obtained average thermal efficiencies of 78 %, 62 %, and 90 %, respectively. On the 126
other hand, Singh (2020) determined the performance of double-pass flat-plate air solar 127
collectors with different fin configurations [23]. They varied in size, angle, arrangements 128
(in-line, staggered, and hybrid), and hydraulic diameter. Finally, Kumar et al. (2022) pro- 129
posed a curved air heater with asymmetric double-pass counterflow turbulators, whose 130
design was determined from CFD analysis by comparing various flow configurations and 131
geometric parameters [24]. 132
Two or more pass technologies have been applied in flat-plate solar collectors to im- 133
prove their efficiency; however, this strategy has not been applied in CPCs for air heating. 134
This study proposes the CFD analysis of a CPC-type solar air heater with U-shape double- 135
pass airflow. The air first circulates through the trapezoidal cavity contained in the vol- 136
ume formed by the cover, the reflecting walls of the CPC, and the flat-plate receiver and 137
then circulates in counterflow through the receiver's duct interior. The objective of the 138
numerical analysis presented is to test different inlet and outlet configurations in the CPC 139
array to determine how these configurations influence the velocity distribution, outlet 140
temperature, and instantaneous efficiency of the U-shape double-pass CPC solar heater. 141
Section 2 of this manuscript describes the main characteristics of the U-shape double- 142
pass CPC and the four air inlet/outlet configurations considered in its design. It also de- 143
fines the mesh design to perform the CFD simulation, the mathematical model for such 144
simulation, the boundary conditions applied in the study, and the methodology followed 145
to estimate the thermal efficiency of the U-shape double-pass CPC. Section 3 includes a 146
summary of the simulation results obtained and their discussion and concludes with a 147
summary of the efficiencies calculated for each of the four configurations analyzed. 148

2. Materials and Methods . 149

2.1. U-shape double-pass CPC description and physical model 150
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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 = 152
1a shows the evaluated geometry dimensions and the inlet and outlet positions, whereas, 153
in Figure 1b, the CPC cross-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 inside the 155
CPC occurs in the cavity formed by the receiver, two reflectors, and the cover, while the 156
second pass is in the duct section. The aperture area where the solar radiation enters the 157
CPC is 0.42 m?, while the area where it is absorbed is 0.20 m2. 158

Wy, =0.21m

- Duct walls

e e e

(b)
Figure 1. U-shape double-pass CPC solar heater. (a) Geometry; (b) Cross-section. 159

The analysis of the position of the air inlet and outlet in the cavity consisted of the 160
study of four configurations which were positioned concerning the height of the cavity 161
(heav): (a) inlet Yihav — outlet Yshav (Down-Down), (b) inlet Y4hav — outlet ¥hav (Down-Up), 162
(c) inlet ¥:hav — outlet ¥hey (Up-Up), and (d) inlet %hey — outlet Ysheav (Up-Down). The air 163

inlet and outlet configurations are shown in Figure 2. 164
f . >
-’i_ —a) Down-Dawn
{ b) Down-Up
=
E Do
e e T s e T e 165
Figure 2. Inlet and outlet studied configurations of U-shape double-pass CPC. 166

The reflector is made of anodized aluminum, while the other components of the U- 167
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 aluminum, and the receiver 169.
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substrate has a selective surface; this surface has high absorptivity in the solar spectrum
and low emissivity in the infrared to avoid losses due to thermal radiation. Finally, the
cover is made of solid polycarbonate, and an insulating material (EPS) was considered
outside the reflector and the duct to avoid thermal losses from the surface exposed to the
environment.

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

Kataegal Thickness Thermal conductivity Density Specific heat capacity
(m) (W/m-K) (kg/m?) (J/kgK)

Aluminum
(receiver, duct) 0.001 237 2702 903
Expanded polystyrene (EPS) G650 —_— " -~

(insulation)
Polycarbonate 0.003 i 1200 1300

(cover)

2.1.1. Computational 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 into
three volumes to facilitate meshing: (a) inlet section, (b) cavity, and (c) elbow-duct.

2.1.2. Mesh

A hexahedral structured mesh was generated according to the proposed computa-
tional domain. The near-wall model approach was used to accurately predict the hydro-
dynamic behavior of the flow and the heat transfer in the system. The method was to
implement 15 cells to cover the viscous and buffer sublayer to have accurate results in a
reasonable computation time.

The size of the viscous sublayer and the buffer sublayer were calculated for the inter-
val 0.5 < y+ < 5 using equation 1. In addition, 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.

Tu

=Xk
y=2t (1)

The mesh size was verified in the direction of the entrance flow with a cavity 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 receiver. Figures 3bl and 3b2 present the longitudinal section, where
the coarse and refined mesh in the cavity are presented.
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(b1) (b2)
Figure 3. Solar collector mesh. (a) Transversal section; (b1) coarse mesh in longitudinal section; (b2) 198
refined mesh in longitudinal section. 199
2.2. Mathematical model 200

The mathematical model had the subsequent considerations for the governing equa- 201
tions: steady state, Newtonian fluid, incompressible flow, and transition turbulence re- 202
gime; therefore, the governing equations for the U-shape double-pass solar heater are as 203

follows. 204
X+ (pP) =0, @
2 (pB) + V- (p99) = —Vp + V- (D) + pg + F, @)
222 + V- (B(E + P)) = V- (Z; ;). (4)

2.2.1. Turbulence model 205

The turbulence modeling consisted of implementing the Transition SST k-omega 206
model described in equations (5-12). Equation (5) corresponds to the transport equation 207
for intermittency (y), whereas equations (6) and (7) represent the transition sources Py1 208
and Ey, respectively; and equations (8) and (9), the destruction/re-laminarization sources 209
P2 and Eye. 210

The model was selected due to the required accuracy to predict heat transfer from 211
the absorber plate to the air as the flow was found to be under development (Lnturb < Leol. 212
lector) and because the calculated average Reynolds number (Re) was not very high. The 213
average Reynolds number for mass flow rate 1 (0.01 kg/s) was Rewv1=2,972, and for mass 214
flow rate 2 (0.02 kg/s) was of Reav2=5,961. Flows 1 and 2 were selected based on a prelim- 215
inary analysis using the thermal model described in [25]; among those flows, the best bal- 216
ance between air outlet temperature and thermal efficiency was found. In the calculation 217
of the Reynolds number, the cavity was approximated as a trapezoidal cross-section duct 218
for calculating the hydraulic diameter (Ds). 219:
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%-}-M;—?:P}q—Er1+Py2—E,,2+a%j[(y+:—:)£7], 5)
P,y = Ca1FiengtnPS[y Fonset ", (6)
Epy=CoPuy., (7)

Py2 = Ca2 P2y Frurp, ‘ (8)

Ey, = Ce2Py2V' %)

On the other hand, equation (10) refers to the interaction of the transition model with 220
the SST turbulence model by modifying equation k, where Gi* and Y«* are the original 221

production and destruction terms of the SST model [26]. 222
f’—‘t;’t—"}+35§f:f‘-‘l=£—}_(rk:—;)+a;—y,;, (10)
Gy = Yer G (1)
Ye = min(max(y,s 7,0.1),1.0)Y,. (12)

The pressure-based solver with the Coupled scheme was selected, and a second-or- 223
der spatial discretization scheme was implemented. The gradient evaluation method se- 224
lected was based on Least Squares Cell-Based, and the high order term relaxation option 225
was used. The pressure factor was adjusted to 0.1, and the Flow Courant Number to 4. 226

2.2.2. Boundary conditions 227

The momentum boundary conditions in the walls were considered no-slip stationary 228
with a constant rugosity of 0.5. The thermal boundary conditions modeled the incident 229
solar radiation on the cover and the absorber plate as a heat generation source, calculated 230

using equations (13) and (14). 231
2. = (10, + @.7.8,e2"] ) /w, (13)
00 = (10) 70", [z, + @,0,0.82 2] ) /i, (14)

Where q(t) is the heat generation, I(t) is the solar irradiance, Pg is the gap loss factor 232
(0.96), a is the absorptivity, T is the transmissivity, p is the reflectivity, Acis the cover area, 233
Ap is the absorber plate area, and we and wyg, are the thickness of the cover and plate, 234
respectively. The optical properties of the cover are a=0.05, t1=0.89 y p=0.05, the receiver 235
are op=0.95 and pp=0.05, and from the reflector p~=0.91. 236

The heat transfer coefficient from the cover to the environment (HTC..) was obtained 237
applying the flow around finite flat-plates methodology reported in [27], while the con- 238
vection losses of the external walls were calculated using the heat transfer coefficient 239
(HTCy) correlation proposed by [28]. The heat conduction in the exterior walls of the CPC 240
was modeled as shell conduction, whereas the radiation losses in the cover were calcu- 241
lated with an emissivity value of e=0.81, and the sky temperature (T:) was calculated with 242
the correlation proposed by Swinbank (equation 15), reported in [29], where Ta refers to 243
the ambient temperature. 244

Regarding the turbulence parameters, a turbulence intensity of 5 % and a turbulent 245
viscosity ratio of 10 were applied. Table 2 summarizes the parameters of the boundary 246
conditions of the CFD modeling. 247



Appl. Sci. 2022, 12, x FOR PEER REVIEW 80of 19

T, = 0.0552T25. (15)

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

Boundary Type of boundary Characteristics
Inlet Inlet-vent Tps1in=298.15 K
rivi= 0.01 kg/s
Qutlet Mass flow rine= 0.02 kes
q=37.37 kW/m?
. Ve _ HTCeu= 8.27 W/mK
Cover Mixed (convection, radia- T.= 29815 K
tion, and heat generation) Te= 280.05 K
Wall
Bottom duct Convection HTCv=0.6 Wm.K
Conduction
I= 900 W/m?
Wall
Absorber plate Heat genetation gp=0.35

qpr= 13,481 kW/m?

Fluid interfaces:
- cavity- absorber plate Coupled wall -
- duct-absorber plate

249
2.3. Efficiency calculation 250
The thermal efficiency of the collector is calculated using equation (16): 251
— Qu
M= (16)

The heat transfer of the analyzed solar collector resembles a counterflow heat ex- 252
changer, where the cold fluid flows through the cavity (first pass) and the hot fluid flows 253
through the duct (second pass). As the hot current and the cold current 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 cavity. Therefore, the useful en- 256
ergy gain of the collector is calculated using equation 17. 257

Qu= mcp,nvg (Tpsz,out - psz,in)- (17)

The available test standards for this type of system, such as the ISO 9806 standard 258
[30], do not include an explicit test procedure for air collectors with the proposed design 259
(a double-pass CPC cavity collector). If the classic methodology for calculating the useful 260
energy gain is applied, as is typically done for a flat-plate solar collector, using the tem- 261
peratures Tps2out and Tesiin for the calculation of the CPC efficiency, gross area (Ac), and 262
solar irradiance value (I) as indicated in Eq. 16, values greater than one (n>1) would be 263
obtained for efficiency. 264

3. Results and discussion 265

Once the simulation model of the four CPC configurations with different inlet and 266
outlet positions was implemented (Figure 2), simulations were carried out considering the 267
boundary conditions for two different values of mass flow rates to analyze: 0.01 kg/s and 268
0.02 kg/s. The properties 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 270
in the cavity of the CPC for each of these configurations are presented below. 271
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3.1. Hydraulic behavior ' 272

Figure 4 shows the velocity streamlines with the two analyzed air mass flow rates 273
(flow 1: 0.01 kg/s and flow 2: 0.02 kg/s). For the four configurations and both flows, asud- 274
den expansion that causes the separation of the main flow is observed. In the configura- 275
tions with the inlet at the bottom, (a) Down-Down and (b) Down-Up, the separation of the 276
main flow forms an eddy with a mean diameter of 0.22Lcoliector at a mean position of 277
z=0.89 m. In configurations with an inlet on the upper side, (c) Up-Up and (d) Up-Down, 278
an eddy is formed in the mean position z=0.68 m with a mean diameter of 0.33Lcllector. In 279
addition, it is observed that in the inlet region for the (a) Down-Down and (b) Down-Up 280
configurations, a series of eddies are generated in the upper section of the cavity (z=0.0 m 281
and z=0.42 m). One reason for this is the collector tilt (see Figure 1). 282

In Figure 4, it is also observed that the outlet position influences the magnitude of the 283
velocity at the entrance to the duct. A higher airflow velocity is seen in configurations 284
with the outlet of the first pass at the bottom section, (a) Down-Down and (d) Up-Down. 285
The pressure increment explains the phenomena due to the sudden air contraction caused 286
by the reduction of the elbow area. Also, a higher mass flow influences the amplitude and 287
turbulence of the eddies found in the first section of the cavity. This phenomenon influ- 288
ences the generation of high-temperature gradients and a more variable thermal map in 289
the transverse direction of the cavity for the 0.01 kg/s air flow rate (see Figure 5). On the 290
contrary, this is not observed with the 0.02 kg/s air flow rate because the higher mass flow 291
rate favors the cooling of the receiver. In all cases and both flows vortices are created in 292
the first quarter of the path, however, in the cases with bottom entry, the turbulence is 293
more disordered at the top, so that in the first quarter of the path, the hot air is not com- 294
pletely transported in the longitudinal direction of the main flow; additionally a second 295
vortex is created so that the uniform flow develops almost halfway. In the top entry cases, 2%
the hot air at the top is transported along the entire path, and the uniform flow develops 297
earlier than in the bottom entry cases. 298

299
300

(i)
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(ii)

Figure 4. Streamlines at the collector cross-section (i) Air mass flow 1: 0.01 kg/s; (ii) Air mass flow 301
2:0.02 kg/s. 302

3.2. Thermal behavior 303

Figure 5 shows the temperature contours of the four analyzed configurations. Here 304
it can be seen that air stratification in the cavity in all configurations and with both mass 305
flow rates (flow 1: 0.01 kg/s and flow 2: 0.02 kg/s) occurs. In flow 1, the elbow inlet tem- 306
peratures were 314.4 K, 306.8 K, 302.9 K, and 310.8 K for configurations a, b, ¢, and d, re- 307
spectively. While with flow 2, these temperatures were 306.4 K, 3024 K, 3029 K, and 308
304.3 K. Lastly, it can be seen that in the two configurations with outlet on top, (b) Down- 309
Up and (c) Up-Up, the stratification causes the entrance of cool air to the elbow, when 310
compared against (a) Down-Down and (d) Up-Down configurations. 311

A zone with a higher temperature of approximately 335.0 K and 320.3 K for flows 1 312
and 2 is also observed in position z=0.1 m, in configurations (c) Up-Up and (d) Up-Down. 313
This zone is caused by the presence of the eddy observed in the middle position in Figure 314
4. In addition, in configurations (b) Down-Up and (c) Up-Up, a zone of hot air is observed 315
at the end of the cavity (z=1.95 m), with similar temperatures. The hot air zone is caused 316
by the presence of small eddies, seen from 0.02 m to 0.06 m, which are formed by the col- 317
lision of the air at the position z=2.0 m. 318

In the second step (inside the duct), in configurations (a), (c), and (d), high tempera- 319
tures are observed close to the plate, contrasting to the temperatures observed in config- 320
uration (b). Finally, for a flow of 0.01 kg/s, that heat is extracted from the cavity less effi- 321
ciently due to the stagnation of the fluid in the extremes, which correspond to the inlet 322
and outlet of the cavity. 323

324

(i)
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(ii)

Configuration
a) Down-Down
bjDown-Up
¢)Up-Up
djUp-Down

Figure 5. Air temperature contours at the collector cross-section (i) Air mass flow 1: 0.01 kg/s; (i) 325
Air mass flow 2: 0.02 kg/s. 326

Figure 6 shows the four configurations' flat plate receiver temperature contours at 327
flow 1 (0.01 kg/s). When the air enters from below (configurations a and b), it is observed 328
that the air removes heat from the receiver from the position z=0.0 m to z=0.16 m. In con- 329
trast, when the air enters from above (configurations ¢ and d), the zones with lower tem- 330
peratures are displaced from position z=0.22 m to z=0.83 m because the formation of the 331
main eddy helps to remove heat from the receiver. When the air leaves the collector cavity 332
(z=2.0 m), low-temperature zones are generated in the configurations with an outlet from 333
below (configurations a and d). On the other hand, in configurations (b) Down-Up and (c) 334
Up-Up, a temperature of around 410 K is observed, which indicates that the heat would 335

not be uniformly removed in the first step. 336
- 00
+ 10
‘ 4 20
(d
337
Figure 6. Temperature contours in the flat plate receiver, first pass (Flow 1: 0.01 kg/s). 338

The existence of a large zone with high temperatures in configurations (a) and (b), 339
between z=0.2 m and z=1.6 m, indicates a low heat removal in the cavity-side plate. In 340
contrast, in configurations (c) and (d), the existence of two well-defined zones of a low 341
and high temperature indicates that although heat removal is heterogeneous, energy is 342
recovered in the zone between z=0.25 m and z=0.8 m. This behavior indicates that the heat 343
obtained by the collector in the first step (inside the cavity) would be lower for the (b) 344
Down-Up configuration. 345
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Table 3 shows the average temperatures in the flat plate receiver (Tp.vg) for both air- 346
flow rates. In the (b) Down-Up configuration, a higher average temperature is reached, 347
and in the (d) Up-Down configuration, the lowest temperatures are achieved, meaning 348
that this configuration favors the heat transfer from the flat-plate to the cavity air. The flat- 349
plate temperature differences between flows 1 and 2 are greater than 40 K. 350

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

Mean Temperature, Tp.avg (K)

Configuration Flow 1: 0.01 kg/s Flow 2: 0.02 kg/s
(a) Down-Down 397.60 353.80
(b) Down-Up 401.40 357.00
(¢) Up-Up 404.00 356.60
(d) Up-Down 395.30 352.70

352

Figure 7 shows the flat plate receiver temperature contours of the four configurations 353

at flow 2 (0.02 kg/s). Here, the exact behavior of temperatures but of lesser magnitude can 354
be observed. 355

363.00 '—1
%359.70 = |

356.40 |

[ 353.10 =
- ELC
343.20
+ 339.90
336.80
333.30
330.00

e

-+ 1.0

(K]

Configuration
a) Down-Down

bjDewn-Up = _ I :
¢)Up-Up é ! - -
d)Up-Down = =

] == = L 20
r"‘ |
z 1a) (b) (c) (d) 356

Figure 7. Temperature contours in the flat plate receiver, first pass (Flow 2: 0.02 kg/s). 357

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 profile in the first pass, 359
and the red line the profile of the second pass. In addition, the scale of the horizontal axis 360
of the graphs (z-position) is inverted to facilitate the interpretation of the results since it 361
allows visualizing the air outlet of the collector on the far right. 362

Besides, in the configurations that have an entrance to the cavity from 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 in the section close to the entrance of the cavity (z=0.1 m). On the contrary, in 365
the configurations with the inlet from the bottom, (a) Down-Down and (b) Down-Up, the 366
temperature profile is smooth. In addition, it can be seen that this differentiated profileis 367
more evident in flow 1 (0.01 kg/s). 368

On the other hand, the configurations that have an outlet from above, (b) Down-Up 369
and (c) Up-Up, present a higher temperature 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
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caused by stratification in the cavity, so the air enters the connecting elbow at a tempera-
ture lower than that shown in figure 8 (See Table 4). This accurs with both flows but is
more significant with 0.01 kg/s due to the greater air stagnation in the cavity.

The most relevant thing when comparing the four configurations is that the outlet
temperature of the second step is between 5 K and 9 K lower in (b) Down-Up than the
temperature reached by the other three configurations. Indicating that if the air inlet is
located above, i.e., (c) Up-Up or (d) Up-Down, the position of the cavity outlet does not
affect the outlet temperature of the collector. However, in the case of bottom entry, (a)
Down-Down and (b) Down-Up, configuration (b) would be the least recommended if the

objective is to achieve a higher collector outlet temperature.
340

336 r

20 18 16 14 12 10 08 06 04 02 00

20 1.8 1.6 14 12 1.0 0.8 06 04 02 0.0
Position on z (m) Position on z (m)

—0.01 kpis - 1sipass ====002 kg'/s - 18i pass —0.01ka/s - 15t pass  ====0.02 kg's - 151 pass
—— 001 kp/s-2nd pass  —---002 kg/s - 2nd pass .01 kg/s - 2nd pass - -~~0.02 kg/s - 2nd pass

(a) (b)

| 295 L W ST " " .
20 18 16 14 12 10 08 06 04 02 00 20 1.8 18 14 12 10 08 06 04 0.2 00
Position on z (m) Position on z (m)

—— 001 ks - I5tpass  ====0.02 kg/s - 161 pass — 0t kg/s- ispass  ====002 kgs- I8t pass
—0.01kgis-2nd pass  —~-——0.01 kg's - 2nd pass —0.01 kg/s - 20d pass  -~~--0.02 kg's - 2nd pass
(c) (d)

Figure 8. Air temperature profiles. (a) Down-Down; (b) Down-Up; (¢) Up-Up; (d) Up-Down.

Table 4 shows the elbow inlet and outlet temperatures for both air flow rates. The
presented elbow inlet temperature refers to the average temperature at the outlet of the
cavity (z=2.0 m) in positions y=0.1255 m to y=0.1645 m, where the height of the elbow is
0.036 m. As expected, the temperatures corresponding to flow 1 (0.01 kg/s) are higher than
flow 2 (0.02 kg/s). All of the air temperatures at the elbow inlet are lower than the air
temperatures at the outlet of the cavity z=2.0 m. Furthermore, as mentioned above, the
fluid 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 air temper-
ature are of the same magnitude.

Table 4. Air temperatures in the elbow inlet and outlet of the U-shape double-pass CPC.
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Flow 1: 0.01 kg/s Flow 2: 0.02 kg/s

Configuration

Teiv,in (K) Teb,out (K) Tei,in (K) Teib,out (K)

(a) Down-Down 3105 311.9 304.2 304.9

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

310.4 3119 304.2 304.3
3115 311.8 305.1 304.4
307.1 311.8 302.6 305.2

HTC (W m2K-)
@

Figure 9 shows the heat transfer coefficients (HTC) in the cavity for both air flow
rates, observing that the HTCs are lower when the airflow is lower and higher when the
air flow rate is higher. For each configuration, the shape of the HTC profile is independent
of the airflow magnitude. In configurations where the air enters from the top (c and d),
there is an HTC maximum at z=0.5 m. While in configurations with inlet from below (a
and b), the maximum HTC occurs at the entrance. Then, the HTC decreases, having an-
other HTC peak, which later decreases as it approaches the outlet of the cavity. The above
observations indicate that the HTC maximums correspond to the presence of the eddies
produced by the sudden expansion at the inlet; here, the HTC is of greater magnitude in
the configurations with the inlet at the top.

i i i g DT T E i
00 0.2 04 06 08 1.0 1.2 14 16 1.8 20 00 02 04 06 08 10 12 14 16 18 20
Position on z (m) Position on z (m)

2 s
o L]
T T

HTC (W m2K-)
Qo

0

0.0 0.2 04 06 08 1.0 1.2 14 16 18 20 00 02 04 06 08 10 12 14 16 18 20

Position on z (m) Position on z (m)
—00 ks e 0.02 kgi's —— 00t g ceee 0.02 kgf's
(c) (d)

Figure 9. Flat-plate receiver heat transfer coefficients (HTC). (a) Down-Down; (b) Down-Up; (c) Up-
Up; (d) Up-Down.
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Table 5 shows the pressure drop in each configuration for the two mass flow rates.
First, the highest pressure drop is seen in the bottom outlet configurations (a and d). More-
over, the pressure drop increases three to four times with the highest air flow rate.

Table 5. Pressure drop in the system.

Pressure drop (Pa)
Configuration Flow 1: 0.01 kg/s Flow 2: 0.02 kg/s
(a) Down-Down 9.87 35.49
(b) Down-Up 8.00 28.79
() Up-Up 8.42 29.52
(d) Up-Down 10.05 36.17

3.3. Efficiency

Table 6 shows the temperature increment in the first pass and the efficiencies for each
configuration, applying equations (16) and (17). The temperature increase resulting from
the first pass (ATp1) and the temperatures at the inlet and outlet of the duct (Tpzin and Tpz.0ut)
are greater with flow 1, while the efficiencies are higher with flow 2 due to the better heat
transfer and lower heat losses to the ambient. In 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.

Table 6. U-shape double-pass CPC thermal efficiency (Tr.in=298.15 K)

Flow 1: 0.01 kg/s Flow 2: 0.02 kg/s
Configuration = ATps1 (K)  Tpszin (K)  Tpszut (K) n (%) ATps1 (K)  Tpszin (K)  Tpsz,eut (K) 1 (%)
(a) Down-Down 13.75 311.90 333.80 60.71 6.75 304.90 316.10 61.91
(b) Down-Up 13.75 311.90 335.20 64.60 6.15 304.30 317.10 70.76
(o) Up-Up 13.65 311.80 336.60 68.77 6.25 304.40 317.40 71.87
(d) Up-Down 13.65 311.80 335.40 65.43 7.05 305.20 317.30 66.90

4. Conclusions

This work investigates a compound parabolic concentrator (CPC) design for air heat-
ing with a double U-pass configuration. The double pass is incorporated to recover part
of the heat lost by the flat plate receiver inside the CPC cavity. Four configurations have
been studied, and they are differentiated by the position of the air inlet into the cavity and
the position of the air outlet of the cavity towards the receiving duct that constitutes the
second pass of the collector.

In general, it was confirmed that adding the first pass through the CPC cavity allows
a significant increase in the air temperature. Hence, by making the air circulate first
through the CPC cavity, instead of a conventional manner where it only circulates through
the duct, an increase in temperature is accomplished before entering the receiving duct.
As aresult, an average increase in air temperature of 13.7 K at a mass flow rate of 0.01 kg/s
and 6.5 K at a mass flow rate of 0.02 kg/s was achieved. This represents a minimum tem-
perature rise of 36 % (0.01 kg/s) and 32 % (0.02 kg/s) when only the first pass is used.

In addition, the analysis showed that the positions of the air inlet and outlet in the
cavity influence the outlet temperature of the U-shape double pass CPC solar heater.
Therefore, an efficiency difference of up to 10 % can be achieved depending on the se-
lected configuration. Thus, the Up-Up configuration is the one that provides the highest
outlet temperature and thermal efficiency. With this configuration, an air temperature in-
crease from the U-shape double-pass CPC inlet to the outlet of 38.4 K and an efficiency of
68.9 % are obtained when the air flow rate is 0.01 kg/s, and 19.2 K and 71.9 % when the
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flow rate is 0.02 kg/s. This is because the air heated in the cavity is transported more ef- 441
fectively, as it is a more homogeneous flow and the heat transfer coefficient in the flat- 442
plate receiver is high. 443

However, it should be noted that the Down-Down (a) configuration can be ruled out 444
because it has the smallest increase in temperature and the lowest efficiency of the ana- 445
lyzed configurations. 446

Finally, the structural design and financial analysis remain as future work to deter- 447
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 specificneeds. 449
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Nomenclature 473
<n> Average reflections number, dimensionless

A Area, m?

B Constant

Cp Specific heat, J/(kg K)

Dn Hydraulic diameter, m

E Relaminarization source

F Empirical correlation of length of the transition region, m

F Force vector, N

g Gravitational acceleration, m/s?

Gi Generation of turbulence kinetic energy due to mean velocity gradients, J/kg

Guw Generation of specific dissipation rate, 1/s

h Height, m

h' Species enthalpy, J/kg

I Solar irradiance, W/m?

] Mass flux, kg/m?

k Turbulent kinetic energy, ]

L Length, m

m Mass flow rate, kg/s
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Nusselt number, dimensionless

Pressure, Pa

Gap loss factor, dimensionless

Heat generation, W/m?

Useful heat, W

Reynolds number, dimensionless

Strain rate magnitude

Time, s

Temperature, K

Velocity magnitude, m/s

Local velocity, m/s

Friction velocity, m/s

Free-stream speed, m/s

Wind velocity above cover, m/s

Width, m

Velocity field coordinate

Wall-normal distance, m

Destruction term of SST turbulence model, m?/s?
Dimensionless distance in wall coordinates

Greek letters

DEC MADODEI O = Q

Subscripts

a

al, a2

ap
avg
b

c
cav

collector

duct
elb

el, e2

h
i,
in
k

length

out

Absorptance, dimensionless
Intermittency

Effective diffusivity, dimensionless
Emittance, dimensionless
Thermal efficiency, dimensionless
Molecular viscosity of air, kg/(m s)
Air density, kg/m?3

Reflectance, dimensionless
Transmittance, dimensionless
Stress tensor, Pa

Eddy viscosity

Vorticity magnitude, 1/s

Ambient

Turbulence damping constants
Aperture

Average

Bottom duct

Cover

Cavity

Collector

Duct

Elbow

Dissipation
Hydrodynamic
Orthogonal coordinate
Inlet

Turbulence kinetic energy

Length
Outlet
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P Flat plate receiver

psl Pass 1 (Through the cavity)
ps2 Pass 2 (Through the duct)

r Reflectors

s Sky

turb Turbulent

vl y2 Intermittence

Acronyms

CFD Computational fluid dynamics
CPE Compound parabolic concentrator
EPS Expanded polystyrene

ETFE Ethylene tetrafluoroethylene (fluorine-based plastic)
HTC Heat transfer coefficient, W/(m? K)
PV/T Photovoltaic/Thermal
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Centro de Investigacion en Materiales Avanzados S. C.

JUSTIFICACION PARA ACREDITAR Y FUNDAR PROCEDIMIENTOS DE
CONTRATACION POR ADJUDICACION DIRECTA, COMO EXCEPCION AL DE
LICITACION PUBLICA EN EL SUPUESTO DEL ARTICULO 41 FRACCION | DE LA LEY
DE ADQUISICIONES, ARRENDAMIENTOS Y SERVICIO EN EL SECTOR PUBLICO.

COMITE DE ADQUISICIONES, ARRENDAMIENTOS Y
SERVICIOS

PRESENTE:

Oficio numero:

221054

Asunto: Se emite la justificacion por

la que se acredita y funda la

contratacién por adjudicacion
directa que se indica.

En cumplimiento a lo establecido en el segundo parrafo del articulo 40 de la Ley de
Adgquisiciones, Arrendamientos y Servicios del Sector Publico, asi como en el articulo 71 del
Reglamento de la Ley de Adquisiciones, Arrendamientos y Servicios del Sector Publico, y
con el caracter de Titular del Area 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 licitacion publica y celebrar la contratacién a través del procedimiento
de adjudicacioén directa en los términos establecidos en el articulo 41 Fraccion | de la Ley de
Adquisiciones, Arrendamientos y Servicios del Sector Publico

Para tal efecto presento la siguiente informacion:

l.- DESCRIPCION DE LOS SERVICIOS

El/lLos servicios que se pretende contratar, son los siguientes:

Publicacion de articulo en revista JCR de MDPI - Manuscript ID: applsci-1958428 (Entregable
del proyecto)

ll.- PLAZOS Y CONDICIONES DEL SUMINISTRO DE LOS SERVICIOS

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 entregaran los servicios son las
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siguientes:
En una sola exhibiciéon

Virtual a través del portal de la revista JCR

lll.- RESULTADO DE LA INVESTIGACION DE MERCADO

La Investigacién de Mercado fue realizada en los términos de los articulos 28, 29 y 30 del
Reglamento de la Ley de Adquisiciones, Arrendamientos y Servicios del Sector Publico, en
forma conjunta por el Area Requirente y el Area Contratante, en la cual se verifico previo
alinicio del procedimiento de contratacion, la existencia de oferta, en la cantidad, calidad y
oportunidad requeridas; la existencia de proveedores a nivel nacional o internacional con
posibilidad de cumplir con las necesidades de la contratacién, conocer el precio
prevaleciente al momento de llevar a cabo la Investigacion de mercado asi como en la
informacién disponible en el Sistema informatico denominado COMPRANET:

PROVEEDOR IMPORTE SIN IVA
MDPI SR bl " CHF2,300.00 CHF

Concluyendo que en conjunto es la unica oferta en cuanto a obtener las mejores condiciones,
calidad, precio, oportunidad y financiamiento, por ser el Unico proveedor que proporcione los
servicios que se pretende contratar la de MDPI. La referida Investigacion de Mercado se
acompafa a la presente justificacion para determinar que el procedimiento de contratacion por
adjudicacion directa es el idoneo.

IV.- PROCEDIMIENTO DE CONTRATACION PROPUESTO

El procedimiento de contratacion propuesto es el de adjudicacion directa, en virtud de que
en el presente caso la adjudicacién se llevaria a cabo conforme la fraccion | del articulo 41
el cual menciona que este tipo de adjudicacion se puede llevar a cabo siempre y cuando:
No existan bienes o servicios alternativos o sustitutos técnicamente razonables, o
bien, que en el mercado solo existe un posible oferente, o se trate de una persona
que posee la titularidad o el licenciamiento exclusivo de patentes, derechos de autor,
u otros derechos exclusivos, o por tratarse de obras de arte. Actualizandose el
supuesto de excepcion a la licitacién publica establecido en la fraccién | del articulo 41 de
la Ley de Adquisiciones, Arrendamientos y Servicios del Sector Publico, en relacion con lo
establecido en el articulo 72 de su Reglamento.

IV.1. MOTIVACION Y FUNDAMENTACION LEGAL:

A) MOTIVOS: La contratacién de los servicios objeto de la presente justificacion es
necesaria para satisfacer los siguientes requerimientos del proyecto nimero 24024 -
DESARROLLO DE UN CALENTADOR SOLAR DE AIRE DE : Se requiere pagar el
acceso abierto por la publicacién del articulo 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 analisis 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 ubicacién de la entrada y de la salida de la
cavidad. .

Por lo anterior, la contrataciéon propuesta se adecua al supuesto de excepcidon
establecido en la Ley de Adquisiciones, Arrendamientos y Servicios del Sector Publico
en su articulo 41, fraccién |; ademas de que se relnen los requisitos previstos en el
articulo 72 del Reglamento de la Ley de Adquisiciones, Arrendamientos y Servicios del
Sector Publico, tal y como se desprende de la informacién presentada en esta
justificacién, asi como de la Investigacion de Mercado; por lo que resulta procedente la
contratacion bajo el procedimiento de adjudicacion directa previsto en el articulo 26,
fraccion 11l de la Ley antes mencionada.

B) FUNDAMENTOS: La contratacion se encuentra debidamente fundada en el articulo
134 de la Constitucion Politica de los Estados Unidos Mexicanos; en los articulos 26
fraccion 1ll, 40 y 41 fraccion | de la Ley de Adquisiciones, Arrendamientos y Servicios
del Sector Publico; asi como en los articulos 71 del Reglamento de la Ley de
Adquisiciones, Arrendamientos y Servicios del Sector Publico.

IV.-MONTO ESTIMADO Y FORMA DE PAGO PROPUESTO

V.1. MONTO ESTIMADO:

El monto estimado de la contratacion es la cantidad de CHF2,300.00 CHF, mismo resulto
el méas conveniente de acuerdo con la Investigacion de Mercado, mediante la cual se.
verificd previo al inicio del procedimiento de contratacion, la existencia de oferta de los
servicios en la cantidad, calidad y oportunidad requeridos en los términos del articulo 28
del Reglamento de la Ley de Adquisiciones, Arrendamientos y Servicios del Sector
Publico.

SubTotal: CHF2,300.00 CHF
Iva: CHF0.00 CHF
Total: CHF2,300.00 CHF

V.2. FORMA DE PAGO PROPUESTA:

El monto total sera pagado en 1 pago/s de CHF2,300.00 CHF. Los pagos se realizaran
previa verificacion de la entrega y calidad de los servicios asi como previo envio en
formatos .pdf y .xml del Comprobante Fiscal Digital por Internet (CFDI) correspondiente
que reuna los requisitos fiscales respectivos. Los pagos se efectuardn mediante
TRANSFERENCIA y bajo las siguientes condiciones:

Segun referencia
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IV.-PROVEEDOR PROPUESTO PARA LA ADJUDICACION DIRECTA:

Por lo anteriormente expuesto y fundado, se propone a MDPI, con domicilio ubicado en ST
ALBAN-ANLAGE 66, 4052 BASEL, SWITZERLAND, Registro Federal de Contribuyentes:
XEXX4162, correo electronico: billing@mpdi.com y nimero telefénico 41616837734,
41616837734

Vil.- ACREDITAMIENTO DEL O LOS CRITERIOS EN LOS QUE SE FUNDA Y MOTIVA
LA SELECCION DEL PROCEDIMIENTO DE EXCEPCION A LA LICITACION PUBLICA:

El procedimiento de contratacidon por adjudicacion directa es el idoneo, al actualizarse el
supuesto de excepcion al procedimiento de licitacién publica previsto en el articulo 41,
fraccion | de la Ley de Adquisiciones, Arrendamientos y Servicios del Sector Publico,
aunado a que se corrobord la capacidad y experiencia de la persona propuesta, quien
presenté las mejores condiciones en cuanto a precio, calidad, financiamiento, oportunidad
y demas circunstancias pertinentes a efecto de asegurar a esta Entidad las mejores
condicionespara su contratacién, tal y como se acredita con la informacién presentada en
esta justificacion, asi como con la Investigacién de Mercado.

El acreditamiento del o los criterios en los que se funda la excepcién de licitacién publica,
es el o los siguientes:

- Economia
Se efectud una investigacion de mercado para comparar precios y demas condiciones de

calidad, financiamiento y oportunidad, respecto del bien requerido, dando como resultado
que la persona moral propuesta, fue la que presentd las mejores condiciones en cuanto a
precio, calidad, financiamiento y oportunidad, con lo cual se asegura cumplir con los
preceptos del Articulo 134 de la Constitucién Politica de los Estados Unidos Mexicanos;
asi como en los Articulos 40 y 41, fraccibn XVII de la Ley de Adquisiciones,
Arrendamientos y Servicios del Sector Publico, por lo que resulta adecuado proceder a la
adjudicacion directa a favor del proveedor antes referido.

- Eficacia

Mediante el procedimiento de adjudicacion directa, se conseguiran las mejores
condiciones disponibles para la Entidad en cuanio a precio, calidad, y oportunidad, en
adicion a que el Proveedor propuesto cuenta con la experiencia y capacidad idoneas para
suministrar el bien requerido, y con ello se lograran los objetivos y resultados deseados

- Eficiencia
Con el procedimiento de adjudicacidén propuesto se garantizan las mejores condiciones de

precio, calidad, oportunidad y demas circunstancias pertinentes debido a que se optimiza
el uso y aplicacién de los recursos financieros, en virtud de que esta Entidad cuenta con
procesos y procedimientos claros y expeditos, con responsables y responsabilidades
plenamente identificados para la contratacion requerida, con lo cual se evitara la pérdida
de tiempo y recursos a la Entidad.
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- Imparcialidad

El tipo de adjudicacion que se propone, se llevé a cabo sin prejuicios ni situaciones que
pudieran afectar la imparcialidad, y sin que medie algun interés personal de los servidores
publicos involucrados en la contratacién de cualquier otra indole que pudiera otorgar
condiciones ventajosas a alguna persona, en relacion con los demas ni limitar la libre
participacion, esto debido a que es proveedor Unico,dicha situacion queda demostrada
conforme al resultado que se da con base a la investigacién de mercado. Lo anterior de
acuerdo con lo establecido en el numeral 4.2.4 (ADJUDICACION DIRECTA) y numeral
4.2.4.1.1 (Verificar acreditamiento de excepcidon) del Acuerdo por el que se expide el
Manual Administrativo de Aplicacién General en Materia de Adquisiciones,
Arrendamientos Servicios del Sector Publico, publicado en el Diario Oficial de la
Federacion el 9 de agosto de 2010, ultima reforma publicada el 3 de febrero de 2016 en el
Diario Oficial de la Federacion.

- Honradez

La seleccién del procedimiento de adjudicacién directa tiene como Unico fin contratar bajo
las mejores condiciones los servicios requeridos actuando con rectitud responsabilidad e
integridad y con apego estricto al marco juridico aplicable, evitando asi incurrir en actos
de corrupcién y conflictos de interés, ya que con base a la investigacién de mercado
gqueda demostrado que es proveedor unico.

Lo anterior de acuerdo con lo establecido en el numeral 4.2.4 (ADJUDICACION DIRECTA)
y numeral 4.2.4.1.1 (Verificar acreditamiento de excepcién) del Acuerdo por el que se
expide el Manual Administrativo de Aplicacion General en Materia de Adquisiciones,
Arrendamientos Servicios del Sector Publico, publicado en el Diario Oficial de la
Federacion el 9 de agosto de 2010, ultima reforma publicada el 3 de febrero de 2016 en el
Diario Oficial de la Federacién.

- Transparencia

Para la integracion del procedimiento de contratacion por adjudicacion directa, los
servidores publicos de las areas requirentes han tenido acceso de manera oportuna, clara
y completa de las caracteristicas requeridas de los servicios con el fin de demostrar que
es el unico proveedor que proporciona los servicios que se pretenden contratar, en el
entendido que para garantizar la transparencia del procedimiento de contratacién, la
informacion respectiva sera 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 (ADJUDICACION DIRECTA) y numeral
4.2.4.1.1 (Verificar acreditamiento de excepcién) del Acuerdo por el que se expide el
Manual Administrativo de Aplicacion General en Materia de Adquisiciones,
Arrendamientos y Servicios del Sector Publico, publicado en el Diario Oficial de la
Federacion el 9 de agosto de 2010, ultima reforma publicada el 3 de febrero de 2016 en el
Diario Oficial de la Federacion.
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VIil.- LUGAR Y FECHA DE EMISION:

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

En cumplimiento a lo establecido en el penultimo parrafo del articulo 71 del Reglamento
de la Ley de Adquisiciones, Arrendamientos y Servicios del Sector Publico, se acomparia
a la presente como “ANEXO DOS”", la Requisicion o Solicitud de Contratacion
{(Requisicion) A la cual se debera anexar, mediante sello del departamento de
Presupuesto, la Constancia con la que se acredita la existencia de recursos para iniciar el
procedimiento de contratacién.

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

ATENTAM EN)"[E5

MARTIN'DOMINGUEZ IGNACIO RAMIRO
RESPONSABLE DEL PROYECTO
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