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Abstract—This project focuses on the characterization and design of a solar furnace that uses a

parabolic dish as a concentrator, with specifications of 70 cm in diameter, 61.25 cm focal length, and 5
cm depth. The tests included the design of a flat heliostat with a solar tracker (configured as a square
with side-by-side dimensions) and the estimation of the radiant flux distribution and the maximum
power obtained on a circular target 20 cm in diameter located at the focal length. A parametric analysis
was conducted to evaluate how the position of the target relative to the focal length (slant range), the
size of the receiver (diameter), the zenith angle, and the reflectivity percentage of the concentrator
affect the furnace’s efficiency in terms of power (watts), as well as the maximum power obtained
during the four seasons (solstices or equinoxes) of the year 2024. Tests were also conducted without a
heliostat to analyze the effect of direct solar radiation on the oven’s design. The results indicate that
the maximum power on the 20-cm-diameter target is 312 Watts with a heliostat and 332 Watts without
a heliostat. The estimates were calculated using the open-source ray-tracing software “Tonatiuh.”

Keywords—Bread baking, solar energy, solar oven, Tonatiuh software.

Abstract-- This project focuses on the characterization and design of a solar oven that uses a satellite
dish as a concentrator, with specifications of 70 cm in diameter, 61.25 cm in focal length, and 5 cm in
depth. The tests included the design of a planar heliostat with a solar tracker (configured as a square
with dimensions Side x Side) and the estimation of the radiant flux distribution and the maximum
power obtained on a circular target 20 cm in diameter located at the focal distance. A parametric
analysis was performed to evaluate how the position of the target relative to the focal length (slant
range), the size of the receiver (diameter), the zenith angle, and the reflectivity percentage of the
concentrator affect the oven’s efficiency in terms of power (watts), as well as the maximum power
obtained during the four seasons (solstices and equinoxes) of the year 2024. Tests were also conducted
without a heliostat to analyze the effect of direct solar radiation on the furnace design. The results
indicate that the maximum power on the 20-cm-diameter target is 312 Watts with the heliostat and 332

Watts without it. The estimates were made using the open-source ray-tracing software “Tonatiuh.”
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INTRODUCTION

Solar ovens are simple devices that harness solar energy for cooking food (Solar Gastronomy, 2023),
(Roulet, 2010). The search for sustainable and efficient alternatives for cooking food has been a topic of
growing interest in the field of scientific and technological research (Esteves et al., 2006), (Gonzélez et
al., 2014), (Del Rio et al., 2010). In this context, solar ovens emerge as a promising option that not only
reduces dependence on fossil fuels but also contributes to mitigating environmental impact. This thesis
project aims to characterize and design a solar oven using the Tonatiuh software, focusing on analyzing
efficiency in terms of power during the bread-baking process.

This research also promotes the development of clean and accessible technologies, contributing to Goal
7 of the Sustainable Development Goals (SDGs) (Affordable and Clean Energy) (UN, 2018). This
comprehensive approach has the potential to propose an alternative to the pita bread baking process
currently carried out at a pizzeria located in Los Mochis, Sinaloa, Mexico—which uses LP gas—by
designing a solar oven that meets the thermal needs of the process through technological innovation in
the field of clean energy, in this case, solar energy.

The human activity that has the greatest impact on the global ecological footprint is the food production
system; in other words, the way we produce what we eat is rapidly degrading our planet, accounting for
70% of biodiversity loss on land and 50% in freshwater, and is responsible for approximately 30% of
greenhouse gas emissions (World Wildlife Fund, 2022). Furthermore, according to the Economic
Commission for Latin America and the Caribbean (ECLAC), the world’s population is growing rapidly,
reaching a total of 8 billion people in 2021—a population four times larger than the world’s population
in 1927; the 2022 revision of the United Nations’ population estimates and projections forecasts that the

population will reach 9 billion in 15 years and 10 billion by 2058 (ECLAC, 2022).
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DEVELOPMENT
Methodology

This study was carried out in two main stages: ray tracing simulation using the Tonatiuh software and
the processing of the data generated by the software, including the creation of graphs, curve fitting, and
analysis of the variables involved and their respective indicators using the software’s flow analysis
feature, all within a framework based on the following studies: (Marin, 2017), (Flores et al., 2021),
(Sanchez, 2016).
Tonatiuh software
Tonatiuh uses the Monte Carlo method to calculate flow maps and optical efficiencies in solar thermal
systems, making it particularly well-suited for complex structures and heliostat fields. It is free software
that allows users to access and modify the code, fostering collaboration and continuous development;
Tonatiuh includes a graphics library that allows users to create both simple and complex three-
dimensional geometries, facilitating the modeling of different surfaces and structures; Specific
applications of the software include: modeling and simulating a parabolic trough collector—one of the
technologies used in solar thermal energy systems—and simulating a heliostat field (mirrors that track
the sun’s path) to concentrate solar radiation onto a receiver, The software offers (once the entire
system is in place), prior to simulation, a flow analysis that includes information such as incident flow
distribution, maximum power, maximum flow, average flow, minimum flow, error, and uniformity; It is
also capable of outputting binary and SQL files containing information on the photons on the surface to
be studied (CENER, 2017), (Blanco, 2018).

1. Initial Software Parameters
Tonatiuh uses a series of input parameters to define how solar radiation is distributed in space and time
within the simulation. These parameters include aspects such as the optical, geometric, and energetic
distribution of the solar source. The correct selection and adjustment of the input parameters in
Tonatiuh are essential to ensure that the simulation accurately reflects the behavior of the real solar
system (Canales, 2022).
1.1 Solar Shape
Among its features, Tonatiuh offers two solar shapes that can be used to simulate solar radiation in

different applications; for this research, the Buie shape was used (it is considered
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the closest to the Sun’s actual shape) (Flores et al., 2021) with a circum-solar ratio (CSR) of 0.02 and an

irradiance of 1000 W/m?2. Figure 1 shows the selection of the initial solar shape parameter in the

Tonatiuh software.

u Carsl |

Figure 1. Initial parameter for the solar shape selected in the simulation.
Note: The Buie solar shape and an irradiance of 1000 """ were set.

Source: Author’s own work.

1.2 Solar Position
This parameter varies depending on the time of observation of the solar system and depends on two

angles: the azimuth and the elevation (relative to the horizon), both measured in degrees. For the

purposes of this study, an elevation angle of 90° and an azimuth angle of 0° were considered. Figure 2

shows the solar position parameters described above in the software.

B [0

Figure 2. Definition of the parameters: azimuth and elevation angles in the software.
Note: Both angle configurations are shown: azimuth of 0° and elevation of 90°.

Source: Author’s own work.
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1.3 Optical Quality

This parameter is measured using the optical error, which encompasses the various errors associated
with a normal deviation in the reflective system—in this case, the heliostat and the receiver. Tonatiuh
assigns and groups all optical errors—including those caused by the non-uniform angular distribution of
sunlight, slope error from the concentrator, specularity error, aiming error, and others related to tracking
and sensors—using the sigma slope parameter; its unit of measurement is mrad (Flores et al., 2021). A
standard value for the error in parabolic dish systems is 6.7 mrad, according to Stine and Greyer (2001),

cited in (Flores et al., 2021). Equation 1a determines the total optical error of a solar furnace.

2 2

0-2 = 0% T O pen + O-Zespe + O-Zpun Eq' (1)

Where:

0?2 = Total optical error

02, = Error caused by the non-uniform angular distribution of the sun’s rays

0?,., = Concentrator slope error

02.5e = Specularity error

0, = Aiming error (the receiver is not positioned exactly at the focal point)

As a starting point, the optical error of the concentrator, heliostat, and receiver surfaces will be set to the

software’s default value of 3 milliradians (Figure 3); subsequently, we will evaluate the impact on the

solar furnace’s efficiency using values of 1.5 and 7 mrad.
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Figure 3. Estimation of optical error (sigma slope).

Note: The configuration shown corresponds to an optical error of 3 mrad. All other settings remain at
their default values.

Source: Author’s own work.

2. Simulation
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Following the proposed methodology, we proceed to implement the numerical simulation of the solar
system. The developed model considers four main components: a solar radiation source (previously
defined in the initial parameters), a heliostat with a control system for solar tracking, a parabolic
concentrator, and the receiver. The simulation will allow us to evaluate the furnace’s efficiency in terms
of power.

2.1 Geometry of the System Components

Tonatiuh offers a wide range of geometries for simulating each of the solar system’s components; the
most important are: cone, sphere, cylinder, rectangle, and parabolic disk (Figure 4). To generate each
element, the software uses two types of nodes (Figure 5): the Group node, which is assigned to each
element of the system and contains the element’s position and spatial rotation attributes; and the Surface
node, which is used to assign a geometry and corresponding attributes to each element—such as a
parabolic disk to the concentrator, a rectangle to the heliostat, and a circle to the receiver; Within the
surface nodes, the desired material is assigned via Specular Standard Material; each of the system’s

nodes and surfaces is shown in Figure 6.

Q. Vo =A-pPN
® .09\ a/\= Q

Figure 4. Geometries available in Tonatiuh.
Note: For this study, we will use a parabolic disk, a flat plate, and a flat rectangle.

Source: Author’s own work.

Surface Node

e®
[Group oot

Figure 5. Types of nodes.
Note: Group and surface nodes. In this research project, only group nodes were used to assign the various elements
and surfaces.

Source: Author’s own work.
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Figure 6. Different nodes that make up the system, geometry, and materials.
Note: The figure shows the main node, corresponding to the solar furnace, and the subnodes associated with the
system’s components: concentrator, heliostat, and receiver.

Source: Author’s own work.
2.2 Characterization of the Elements
Once the main nodes, as well as the surface nodes and the geometric shapes of the elements, have been
defined, the corresponding attributes for the concentrator, the heliostat, and the receiver of the solar
system will be established.
2.2.1 Parabolic concentrator

It is located within the solar furnace node; the concentrator’s specifications are as follows:

Table 1. Specifications of the parabolic concentrator.

Medicién |
FivSmetio ' Centimetros |Conversian (m)
Diametro | 70ecm Z0m
Profundidad | 5cm 0.05m
Distancia focal 6B1.25¢cm B125m

Note: The parameters of diameter, depth, and focal length are shown.
Source: Author’s own work.

The position attributes (rotation of 90 degrees relative to the horizontal corresponding to © —
2

rad = 1.5708); geometry (focal length 0.6125 m, minimum radius 0 m, maximum radius 0.35 m); and
material (reflectivity percentage of 94%, optical error of 3 mrad) were captured at the node

corresponding to the concentrator and are shown in Figure 7; the other attributes retain their default

values.
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Figure 7. Concentrator parameters.
Note: The attributes related to the optimal values for the concentrator are shown, these are: position, geometry, and
reflectivity percentage.

Source: Author’s own work.
2.2.2 Heliostat
The heliostat has a square geometry, with dimensions of 1.4 meters per side (Equations 2 and 3). It
is located 1.84 m from the concentrator. The reflective material, which is shaped like a flat

rectangle, has a reflectivity of 94%.

L=D+2-d-Tan () Eq. (2)
D
Tan &) =2 Eq. (3)
2 F
Where:
L = Side of the
heliostat

D = Diameter of the concentrator

F and d = Focal length of the concentrator

To perform the heliostat simulation, it is essential to set up a main node (Heliostat) that contains the
position and rotation attributes. Next, a surface-type node (Helio) must be added that includes a
heliostat tracker; this configuration allows for the simulation of the heliostat’s automatic orientation
adjustment based on the sun’s position. Figure 8 shows the attributes required for the heliostat

simulation.

Figure 8. Nodes for the heliostat in the simulator and various design and optical parameters.
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Note: Attributes related to the heliostat are shown. geometric shape, measurement parameters, reflectivity, distance
from the concentrator, and optical error.

Source: Author’s own work.

2.2.3 Receiver

The receiver is located at the focal distance of the concentrator (0.6125 meters); its geometric shape
is a flat disk with a diameter of 20 cm, which corresponds approximately to the size of the bread to
be baked; this is where all the energy will be concentrated.

To model the receiver in the simulator, a main node named "Receiver" is added to the solar oven
node, where its position and rotation are defined. Within this main node, a surface node named
“Plate” is inserted; it is assigned the geometry of a flat disk (flat disk) and specified as a specular
material with a reflectivity of 0% in order to maximize the absorption of solar radiation. The

receiver’s attributes are illustrated in Figure 9.

i Spedulat_Staedard Matenal |

| Node (11 F ik
| =4 (1) Homosoiar ¢ L Parametes Value
+ 4 (1] Congentracr del _ Sprooler Starstand_ Naiwrad | moefecivity 0
& 1) Heliossn Paramaser | alup msigmasiops 1
& (1) Receptor it T m_distribution  WORMAL
=i (%) Piatn sctimSide BACK m_ambientCobnr DZ0202
. (17 Fatdisk m ditfuseColor  GUEC000007 (2C0000T DB00K00
L (7} Specutar Standand Materia m_spacdanobe 000
m_emisselaler 000
m_ENininess I

m_raseparenty 0

Figure 9. Characterization of the receiver, design and optical attributes.
Note: The attributes related to the receiver are shown: geometric shape, design parameters (radius), reflectivity, and
optical error.

Source: Author’s own work

Figure 10 shows a detailed graphical representation of the final design of the solar furnace system in the

Tonatiuh software, in which all of its components can be seen.

Figure 10. Final design of the solar oven in the Tonatiuh sofiware, front view.
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Note: Shown from left to right are the heliostat, the receiver, and the solar concentrator.

Source: Author’s own work.

Figure 11 presents a simulation of the solar furnace system, in which 1,000 solar rays have been plotted to

visualize their trajectories and evaluate the concentration efficiency.

Figure 11. Simulation with 1,000 rays.

Note: The front view of the solar system is shown with the incidence of 1,000 rays.

Source: Author’s own work.

Figure 12 shows all the nodes, which include the surface, geometry, and specular material of each

element that makes up the solar furnace.

MNode
T;.i L1 ) HormoSolar
&S (1) Concentrador
= gd (1) TShapoKitl_concentrador
| &2 (1) Parabolic_dish
E (1) Specular_Standard_Material
172 Heliostato

1) Helie
T
=

= -

17 Helostat_tracker
1) ToShapcKitl
(] ) Tlal_Reclangle
2 - (1) Specular_Standard_Matenal
= & (1) Receptor
- P (1) Plato
- 1) Flat_disk
D (1) Specular Standard Material

)
{
= ¢

Figure 12. Code window showing all the nodes that make up the solar system.
Note: The three elements that make up the solar oven are presented, grouped into nodes and subnodes according to
the required elements.
Source: Author’s own work
2.3 Simulation and Execution Parameters
Once the system definition was complete, the simulation was carried out. First, the number of rays to

be traced was determined, considering that a greater number of rays results in a reduction
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in the statistical error of the obtained results (Sadnchez, 2016). The maximum number of rays the

software can trace is 75 million; for this number of rays, the error is approximately 0.5% (Sanchez,
2016). To set the number of rays in the software, the following command sequence is used: Ray

Trace menu / Ray Trace Options...; Figure 13 shows the settings window for defining the number of

rays.

Draw

¥ Show rays
Setings [ Show photons
Humber of Rays: [—7"5-65-0-5135“3
Random Genorator: m PhotonMap
Width divisions: [ 2003 Rays per buffer: [ so00000 =]
Height divisions: [ 200 _i Contruction: f* Hew Phaton Map

" Increase Photon Map
‘ oK ] Cancel ‘ Apply |

Figure 13. Tonatiuh ray tracing options window.
Note: The configuration for the maximum number of rays and the activation of the “Show Rays” option in the
simulation are shown.

Source: Author’s own work.

Once the number of rays has been selected, the simulation is run using the Ray Trace/Run command

sequence. The software offers three options for storing data: SQL Database, Binary File, and Not

Topa F Bwacw

Ui 13

RERLE PIRATE 1 R
Spert praraTs o e

Bt #il Fraide By
¥ pagprr prrtaves

RUTAEOLRH e O Rl e S T 1

e T
T
1M Cor Frimes

Biartad ST

= =

Figure 3. Tonatiuh execution window for storing binary data
Note: The attributes required to run the simulation with the proposed design configuration are shown.
Source: Author’s own work.
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Export. For the first two options, you must select a destination folder where the data will be saved, as

well as the file name. Next, select the surface to be studied, which in this case is the receiver, where the

solar rays from the concentrator strike at the defined focal length (Figure 14).
ANALYSIS OF RESULTS

Four hypotheses were proposed, which will be evaluated according to the proposed methodology and
compared with the results obtained from the flux analysis performed using the Tonatiuh software,
employing the maximum number of rays—75 million—for each analysis.

Analysis of Hypothesis 1

Ho: The optical error (Sigma Slope) assigned to the reflective material of the solar furnace components
does not affect efficiency in terms of power.

The power of the solar furnace, with optical error or sigma slope values of 3 mrad—captured as an
attribute on the surface of the material (Specular Standard Material)—in the three system components—
heliostat, concentrator, and receiver—yields a power of 314.57 Watts. Figure 15 shows the results of the

flux analysis with these parameters.

Teetal Pawars 315.345 Incident Flux Distribution
Minirism P 1]
1.5°106
Awcrage Hus: FHEL.13 1.25'108
Bmarmien Fine 16402 Ba+HIG - 1108 g
E =
Maamurn Fiux Coordmates: 0,002 ; -0.000333333 T Srean f'
s00000  ©
Efrof: 0.00re00ra
250000
Umifarmity: MO.0Z3E -
-0.012 -0.008 -0.004 e] 0.004 0.008 0.o12 .
Cmpkrosd -3 1525805 ; 6 M5 1e-DE ® (M)
Vertical Sector Horizontal Sector
1.8-10% 1.8-10% -
— 1.5°10% | — 1.5°10% -
< <
£ 1.2-108 | £ 1.2-108 |
T T
Z. ooo0000 Z. oooooo |
= =
& 600000 = 600000
300000 300000
D 1 1 1 1 1 1 1 D 1 1 1 1 1 1 1
-0.09 -0.06 -0.03 0 0.03 0.06 0.09 -0.09 -0.06 -0.03 0 0.03 0.06 0.09
X (m) Y (m)

Figure 15. Flux analysis for an optical error of 3 mrad and the power reflected at the rear of the receiver.
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Note: According to the data, the system power was 315.245 Watts, and the maximum incident flux on the receiver was
1.65MW /m?2. It can be observed that the incident flux, in both the vertical and horizontal sectors, reaches a maximum
of 3 cm.

Source: Author’s own work.
When the optical error is changed to 5 mrad on the surface of the materials of the three solar furnace

elements, under the same conditions as in the previous analysis, the software calculates a power of

315.08 Watts at the receiver. Figure 16 shows the results of the flux analysis using these parameters.

Total Powver 315089 Incident Flux Distribution

Mefra Pl [}

Sperage Elux W

s Fai: GETES : _
Mg Flugs, o cinafes: 0,080 ; 00003 ‘
Ermar: 0.00E95124

Indprmity . 1%5F

Centrond -8.75232e-05 ; 14920805

Figure 16. Flux analysis for an optical error of 5 mrad and the power reflected at the rear of the receiver.
Note: According to the data, the system power was 315.089 Watts, and the maximum incident flux on the receiver was 0.667MW /m 2. It
can be observed that the incident flux in both the vertical and horizontal sectors has a maximum range of 3 cm.

Source: Author’s own work.

Finally, when simulating an optical error of 7 mrad on the surface of the materials of the three solar
furnace elements—under the same conditions as in the previous analysis—the software calculates a

power of 315,141 Watts at the receiver. Figure 17 shows the results of the flux analysis using these

parameters.
Total Power: 315.141 Incident Flux Distribution
Minimum Fiuc: ] 326000
Average Flux: 7878.52 260000
240000 -
Maximum Flu: 347372 £ 200000 -
. 160000 %
Maximum Flux Coordinates: -0.0018 ; 0.0018 120000 &
Error: 0.0194168 -
40000
Uniformity: 4.37303 . ]
Centroid; -0,000153377 ; 2.460002-05 i)
Issue 4 | Vol. 4 —No. I | January — June 2026 | Page 317 Original Research Article




LA 11 A e (A

-J \ N
NEYART I/ AR Ijl
Magazine il s

ISSN: 2992 - 7161

Vertical Sector Horizontal Sector

IE000E = IG0OHD =
= 300000 & 300000 -
£ 240000 | E 240000 /
2 180000 { £ 180000 I
: f :
120000 - T 120000 f

0000 - ) '\_ H0000 !

D 1 1 _.( 1 1 1 1 L _l-’lll‘l i i 1
-0.00 -0.06 -0.03 0 0.0 0LD& D09 =009 -006 -0.03 0 0.03 006 0.09
X (m) ¥ (m)

Figure 17. Flux analysis for an optical error of 7 mrad and the power reflected at the rear of the receiver.
Note: According to the data, the system power was 315.141 Watts, and the maximum flux incident on the receiver was 0.347

MW and it can be seen that the incident flux in both the vertical and horizontal sectors has a maximum range of 3 cm.

Source: Author’s own work.

Analysis of Hypothesis 2

Ho: The focal distance (slant range) of the receiver relative to the solar concentrator does not affect the
power efficiency of the solar furnace.

The influence of the receiver’s position relative to the focal point (slant range) is analyzed, considering a
range off = 0.6125m , + 0.15m . In this analysis, the common parameters will be the optical error, set by
default to 3 mrad, and the number of rays, set to 75 million. The position values,

sorted numerically, are as follows: 0.3125 m, 0.4625 m, 0.6125 m, 0.7625 m, and 0.9125 m.

Figure 18 shows the configuration of the fixed parameters: optical error (m_sigma) set to 3 mrad and the

number of rays set to the maximum value possible for the simulator, 75 million.
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Figure 18. Configuration parameters for analyzing different Slant Range values
Note: The maximum number of rays was adjusted, and the default value for optical error was maintained at 3 mrad for
each element of the system.

Source: Author’s own work.

The flow analysis for each of the focal length variations (Slant Range) is shown below.
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Figure 19 shows the flux analysis for a Slant Range of 0.3125 m.
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Source: Author’s own work.

Figure 20 shows the flow analysis when the receiver is positioned at a slant range of 0.4625 m.
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Figure 20. Flow analysis for a slant range of 0.4625 m.
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Note: The system power was 314.099 Watts, and the maximum flow incident on the receiver was 16.248

KW)im 2 was observed. In the vertical and horizontal sectors, a flow loss of approximately 2.8 cm is observed at the

center of the receiver. Source: Author’s own work.

Figure 21 shows the flow analysis when the receiver is positioned at a slant range of 0.6125 m.
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Figure 21. Flow analysis for a slant range of 0.6125 m.

Note: The system power was 315.245 Watts, and the maximum incident flux on the receiver was 1.65

MWin? . It can also be seen that the maximum incident flow is located at the center of the receiver and is lost above 3 cm.

Figure 22 shows

Source: Author’s own work.

the flow analysis when the receiver is positioned at a slant range of 0.7625 m.
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Figure 22. Flow analysis for a slant range of 0.7625 m
Note: It can be seen that the system power was 308.853 Watts, and the maximum incident flux on the receiver was 16.172
KWm’ @, In the vertical and horizontal sectors, a flow loss of approximately 3 cm is observed at the center of the
receiver.
Source: Author’s own work.

Figure 23 shows the flow analysis when the receiver is positioned at a slant range of 0.9125 m.
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Figure 23. Flow analysis for a slant range of 0.9125 m.
Note: The system power was 84.6101 Watts, and the maximum incident flux on the receiver was 5.314
KWim’ ). In the vertical and horizontal sectors, a flow loss of approximately 5 cm is observed at the center of the
receiver.

Source: Author’s own work

Figure 24 below summarizes the slant range configurations considered in this study for the receiver and

the solar concentrator.

Figure 24. Different positions or Slant Ranges.
Note: The Slant Range positions of 0.3125 m, 0.4625 m, 0.6125 m, 0.7625 m, and 0.9125 m are shown in order from left

to right.
Source: Compiled by the author

Analysis of Hypothesis 3
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Ho: The use of a heliostat at a certain distance from the solar concentrator does not affect the furnace’s
efficiency in terms of power.

The optimal efficiency of the solar furnace is determined under the following conditions: an optical error
of 3 mrad, a focal length of 0.6125 m, and a reflectivity of 94% on both the concentrator’s surface and
the heliostat’s surface. The heliostat measures 1.4 m on each side and is located 1.84 m away from the
concentrator.

In addition, the heliostat is equipped with a solar tracking system that allows it to continuously reflect
the sun’s rays toward the concentrator, regardless of the azimuth and elevation angles of the sun at the
time of testing. Figure 20 (Flux Analysis for a Slant Range of 0.6125 m) presents the complete flux
analysis, in which the power output by the simulator was 315.245 Watts and the

of 1.65MW /im? .

To perform a comparative analysis of the solar furnace without using the heliostat, it was necessary to
adjust the rotation parameters of the concentrator and the receiver, as well as the solar position. It was
decided to position the solar concentrator facing upward (Figure 25), placing the receiver at a focal
length of 0.6125 m. As for the solar position, an elevation angle of 90° was set, allowing the sun’s rays
to strike the concentrator directly and be reflected toward the receiver.

In this case, the direct solar radiation preset in the software—equivalent to 1000 W/m>—was used.

Figure 25 presents the flux analysis under the described conditions.
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Figure 25. Position of the concentrator and receiver.
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Note: Both the concentrator and the receiver have a value of 0 radians in the fourth coordinate (0, 0, 1, 0), which orients

them upward. It should be noted that the receiver’s translation parameter along the y-axis is 0.6125 (0, 0.6125, 0), which
allows it to be positioned at the focal length. Additionally, the solar position attributes established prior to the simulation are

included.

Source: Author’s own work
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Figure 26. Flux analysis without the use of the heliostat (direct solar radiation).
Note: The system power was 332.318 Watts, and the maximum incident flux on the receiver was 2.9 MW/in?.
It can also be seen that the maximum incident flux is at the center of the receiver and is lost above 1.5 cm.

Source: Author’s own work.

Analysis of Hypothesis 4
Ho: Changing the receiver’s radius does not affect the solar furnace’s efficiency in terms of power.

The influence of variations in the receiver’s design parameters—specifically its radius—is analyzed,
considering a range of = 0.1m + 0.02 m. The simulation parameters established for each case are: an
optical error of 3 mrad and a total of 75 million rays. The

of flux includes the three elements—the heliostat and the concentrator—configured with the initial
design, optical, and positioning parameters. The different values for the receiver radius, listed

numerically, are as follows: 0.06 m, 0.08 m, 0.1 m, 0.12 m, and 0.14 m.
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Figure 27 shows the flux analysis obtained by setting the receiver radius to 0.06 m.
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Figure 27. Flux analysis at the receiver with a radius of 0.06 m.

Note: It can be seen that the system power was 329.956 Watts, and the maximum incident flux at the receiver was 1.77

MWin? . It can also be seen that the maximum incident flux is located at the center of the receiver and is lost above 1.5 cm.

Source: Author’s own work.

Figure 28 presents the flow analysis obtained by setting a radius of 0.08 m for the receiver.
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Figure 28. Flow analysis at the receiver with a radius of 0.08 m.

Note: It can be seen that the system power was 322.239 Watts, and the maximum incident flux on the receiver was 1.73

MWim? . It can also be seen that the maximum incident flux is located at the center of the receiver and is lost above 1.25 cm.
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Figure 29 presents the flow analysis obtained by setting a radius of 0.1 m for the receiver.
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Figure 29. Flow analysis in the receiver with a radius of 0.1 m.
Note: The system power was 311.91 Waits, and the maximum incident flux on the receiver was 1.64 MWjin? .
It can also be seen that the maximum incident flux is located at the center of the receiver and is lost above 1.5 cm.

Source: Author’s own work.

Figure 30 presents the flow analysis obtained by setting the receiver radius to 0.12 m.

Tl P oaie: s | R

Incident Flux Distribution

Kmrrum fhia: n

Ao Bge Fris! Gi1L.53 B LL
Kaarure | 1.2 s e
Maidreu Filce Cozrdibes: -£.0305 ;02006 i
fr.
Ermar LR
A
taehmraty: Tha s
Costroid: -5 MEM-05 | -BGIFE
Vertical Sector Horizontal Sector
Ll : Li-igs |
i B i b [) e L
:. 131w I
i | E ol
£ oo [ - Sl
2 wooooo | j [EEL] |
s | ......;
PSR IR P 0 1, SO PR TOOT ) PR U e S A TP PO
AI00FOT 4 RSO LI9%-0A00% ¢ A0S E0F By

Figure 30. Flow analysis in the receiver with a radius of 0.12 m.
Note: It can be seen that the system power was 300.172 Watts, and the maximum incident flux on the receiver was 1.58

MWin? . It can also be seen that the maximum incident flux is located at the center of the receiver and is lost above 2.1 cm.

Source: Prepared by the author.
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Finally, Figure 31 shows the flow analysis obtained by setting a radius of 0.14 m in the receiver.
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Figure 31. Flow analysis at the receiver with a radius of 0.14 m.
Note: It can be seen that the system power was 286.074 Watts, and the maximum flux incident on the receiver was 1.48

MWin? . It can also be seen that the maximum incident flux is located at the center of the receiver and is lost above 1.5 cm.

Source: Author’s own work.

CONCLUSIONS

Based on the results obtained through the flux analysis provided by the software, it was determined that
the optical error variable (Sigma Slope) does not significantly affect the efficiency of the solar furnace.
The power generated in the receiver remained constant, at around 315 Watts, with minimal variations,
even in the face of changes in the values of this variable. Therefore, it is concluded that the optical error
does not significantly influence the system’s power.

The flux analysis for the Slant Range variable shows that it significantly influences the efficiency of the
solar oven. At very short distances (0.3125 m) or very long distances (0.9125 m), the power drops
dramatically to 84.6 Watts. In contrast, at the focal length proposed in the design (0.6125 m), maximum
power—315.245 Watts—is achieved, establishing this as the optimal distance. These results
demonstrate that the proposed design meets the required efficiency criteria.

When analyzing the variable related to the use of the heliostat in the solar system, the flux analysis

reveals a slight difference in the power generated at the receiver.
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Specifically, when the heliostat is present, the power reached is 315.245 Watts, whereas, in its absence,
the power generated amounts to 332.318 Watts. This occurs because the effect of the cumulative
reflection generated by the heliostat’s reflective surface is omitted. When the system includes all its
components, the rays undergo two reflections (at the heliostat and at the concentrator) before reaching
the receiver, resulting in cumulative losses. These losses are calculated as the product

of the reflectivity factors of both surfaces, that is,0, = (op) (0. ) (Sosa, 2015).

In the case analyzed, both surfaces have a reflectivity factor of 0.94, resulting in a total loss due to
reflection of 0.94 x 0.94 = 0.8836.

Finally, the flux analysis for the receiver radius variable reveals a decrease in the power

generated as the radius increases. At a radius of 0.06 m, the power reaches 329.956 Watts, while
increasing the radius to 0.14 m reduces the generated power to 286.074 Watts.

Future Work

Although all the hypotheses proposed were analyzed and tested satisfactorily, certain recommendations
were identified based on the simulation:

e Examine variations in the Sigma Slope or critical optical errors that may influence the power
output of the solar furnace. This will allow for the establishment of an optimal range of
minimum and maximum values suitable for the specific proposed design.

e After analyzing the effect of the Slant Range on the design, it is recommended to make smaller
variations based on the initially proposed focal length. This will allow for the identification of
the critical minimum values of distance (moving farther away or closer) that affect efficiency.

e Conduct an oversizing test of the heliostat to evaluate its impact on efficiency, as well as tests
involving moving the heliostat farther away or closer in relation to the focal length.

Consider identifying an optimal point for radius sizing in the proposed solar system design, even if that

value does not exactly match the project’s specific requirements.
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