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ABSTRACT 

Fresnel lenses have been used as high concentration elements, in solar collection systems such as photovoltaic 

panels and collectors, to improve the optical and thermal efficiency; which in many cases don’t present a good thermal 

behavior, due to the climatic conditions of study site. Therefore, this work presents the analysis of the incident ray optics 

on concentration lenses, coupled to parabolic cylindrical collector receiver tube, in Bogotá city; in order to improve the 

thermal transfer phenomena of the capture system. For this purpose, we calculated different solar angles that influence the 

incident rays on the Earth's surface, such as azimuth, zenith and slope, as a basis for obtaining the incident angles in the 

lens and then the respective refractive angles when concentrate, towards the focal spot (receiver). Subsequently, parameters 

such as thickness, focal length and its relation to the concentration factor of the lens were analyzed in order to validate the 

characteristics of the lens. Finally, the effective radiation on the collector system, as well as the thermal behavior of both 

the fluid and the solid, was evaluated through computational dynamic simulation. The solar angles, incidents and refracted 

in the Fresnel lens in the range  between 6:00 am and 4:00 pm hours, in each month are presented in this work; from this 

the efficiency of the lens at midday was 82.5%, and specifically on the wedge of this one, an efficiency of 96.3% was 

obtained. Temperatures higher than 200 °C were reached in the fluid circulating in the receiver.  

 
Keywords: solar power generation, energy capture, fresnel lens, solar collector, solar angles.  

 

Nomenclature 𝑳 Length 𝝁𝒄 Wedge efficiency 𝑊 Width 𝛿𝑚 Permissible half angle 𝑓 Focal length 𝑅2 Position in x of the output ray 𝑡𝑘 Thickness 𝑅𝑐 Distance output ray and receiver 𝛿 Declination angle 𝐶𝑜 Lens concentration 𝑛 Day of the month 𝛼𝑐 Acceptance half angle 𝜔 Hour angle 𝐼𝑅𝑎𝑑  Solar radiation 𝛽1 Incidence angle 𝐼𝑒𝑓 Effective radiation 𝛽2 Refracted angle 𝑙 Wedge length 𝛽3 Incident angle in the wedge αf Wedge angle 𝛽4 Output angle 𝑛𝑝 Refractive index 𝜃𝑧 Zenith angle Subscript  𝛾𝑠 Azimuth angle 𝑐𝑛 Concentrator 𝜆𝑎 Latitude 𝑟 Receiver 𝜁 Slope angle 𝑙 Fresnel lens 𝐼𝑒𝑓 Effective radiation 𝑚𝑚 Minimum 𝜇𝑙 Lens efficiency 𝑚𝑥 Maximum 

 

INTRODUCTION 

One of the sources with greater capacity for use 

in renewable energy is the Sun; available and sustainable 

resource [1], [2]. Due to its high energy properties, 

numerous solar technologies have been developed such as 

photovoltaic and solar thermal systems; in the latter there 

are flat and parabolic collectors [3], [4]. Components such 

as Fresnel lenses, focal concentration systems, reflectors, 

central receivers, among others are used in these solar 

collection systems, [5], [6] in order to raise the 

temperature of a transfer fluid, [7]. Despite their great 

capacity for concentration, solar capture systems present 

energy losses associated with optical and thermal 

phenomena. The first is caused by the optical performance 

that depends on factors such as reflectance, absorptivity, 

transmittance and interception factor; while thermal losses 

are due to heat transfer by convection and radiation from 

the environment, [8]-[10] To improve the behavior of 

these systems, it is necessary to analyze the conditions of 

the study site and its influence on the parameters that 

intervene in the performance of the solar collector, some 

practical methods to evaluate the optical and thermal 

efficiency through practical and experimental tests have 

been proposed by [11]-[13] 

As mentioned above, Fresnel lenses are part of 

the concentration systems, these are commonly used in 

solar applications, due to their high properties of optical 

efficiency, energy density, minimum volume, light weight 
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and associated with this a low cost in the market, 

compared to large high concentration mechanisms [14] 

[15]. The operation of these lenses is based on the law of 

refraction of rays, through media with different densities; 

which allows diverting the initial direction of the light ray. 

The Fresnel lens is a modified conventional lens, which 

eliminates unwanted material and thereby reduces the 

losses by absorption, while reducing weight and quantity 

of material for manufacturing [16] [17]. Fresnel lenses 

have been studied in numerous works, one of them related 

to the use of optical devices in the solar control of 

buildings; The results in [18], present a collection between 

60% and 80% of the solar radiation by means of Fresnel 

lenses focused on a linear absorber, which allows to 

distribute the light towards the interior of the space 

according to the needs of illumination and heating. On the 

other hand, in this work we propose the implementation of 

lenses in thermal energy absorption systems such as 

photovoltaic systems, with which we could achieve an 

approximate efficiency of 50% through thermal absorbers 

of low operating temperature. 

The synergy between photovoltaic cells and 

Fresnel lenses has been one of the applications where the 

optical properties of the lens are highly usable to improve 

the efficiency of these solar collection systems. This is 

how in [19], a photovoltaic mechanism with a linear 

Fresnel lens was proposed, reaching a total efficiency of 

53% compared to a previous thermal configuration, where 

a 46.6% efficiency was obtained. Similarly, the design and 

experimentation of a solar capture system by photovoltaic 

cells and Fresnel was carried out, this based on variable 

climatic conditions. With the above it was shown in [20] 

that cloudy weather directly affects electrical efficiency 

and has less effect in thermal efficiency. A study on the 

performance of a power plant with a capacity of 30𝐾𝑊 

was carried out [21], which had Fresnel optical 

concentrators, which achieved an efficiency of 25.8%; 

With the generated power it was possible to satisfy the 

10% energy demand in places like Japan and Korea. 

Another application in the field of solar energy was 

developed in [22], where a greenhouse was validated with 

concentrators such as linear Fresnel optical devices and 

monocrystalline photovoltaic cells with tracking system; 

the electrical power output was 38 𝑊 𝑚2⁄ , while the 

thermal power was 70 𝑊 𝑚2⁄ . 

Specifically for solar concentration systems, such 

as flat or cylindrical parabolic collectors, the effect of 

Fresnel lenses on the thermal properties of different 

cavities of a receiver of a collector has been studied as in 

[23]. In this work the optical diameters of the opening, the 

cavity and the receiving tube were obtained, as well as the 

vertex for the cross section of the receiver; within the 

conclusions it was found that the geometric concentration 

of the solar concentrator with the Fresnel lens should be 

higher than 500 to show an improvement in the thermal 

performance of the system. Another of the developments 

in concentration solar collectors with study lenses is found 

in [24], where a system with an approximate thermal 

efficiency of 50% is proposed at a transfer fluid 

temperature of 90°C. Through experimentation, it was 

calculated that the energy lost was 0.578𝑊 𝑚2⁄ 𝐾, this is 

much lower than the results obtained in a previous 

validation of a vacuum tube collector without Fresnel 

concentration. The development carried out in [25], 

presents a solar collector by Fresnel concentration, 

designed with different cavity receiver architectures. The 

analysis of the optical properties was carried out by means 

of the Monte Carlo ray tracing method, whereby it was 

possible to obtain the radiation distribution and the impact 

of the angle of incidence on the optical performance of the 

collector. Within the conclusions of this work, it was 

found that the triangular architecture of the receiver 

reached the highest optical efficiency with 81.2%, while 

its thermal efficiency was 30% at 120 °C. 

Finally in [26], the flow distribution of a Fresnel 

lens was studied by concentrating solar energy, by means 

of experimental tests. Through a photodetector and 

mapping the directions and positions of the flow in a plane 

were scanned. From this study it was identified that both 

the focal distance and the maximum flux density are key 

parameters to evaluate the distribution and selection of 

suitable components for the solar capture system. Based 

on these assessments, this work presents the results of 

optical and thermal analysis of incident solar rays on an 

array of Fresnel lenses coupled on a receiver of a parabolic 

cylindrical collector, to improve the thermal behavior of 

these systems in the climatic conditions of the city of 

Bogotá-Colombia. 

 

METHODS 
 

System description 

A parabolic cylindrical concentrator consists of a 

solar capture system formed by a concentrating and 

receiving surface. In addition to these components, in this 

work the Fresnel lens was considered as a heat 

concentration element, to improve the thermal transfer 

phenomena of the system. The scheme in Figure 1 

illustrates the system analyzed in this work. 

 

 
 

Figure-1. Solar collection system. 

 

The components of the system are presented in 

Table-1. 
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Table-1. System Components. 
 

No Component Quantity 

1 Concentrator 1 

2 Receiver 1 

3 Fresnel Lens 4 

 

The concentrator as illustrated in Figure-2 is a 

reflective aluminum sheet with parabolic geometry. 

 

 
 

Figure-2. Concentrator surface. 

 

The concentrator surface uses parabolic geometry 

to focus the solar rays on a point of concentration, distance 

known as focal distance. The characteristics and 

dimensions of the concentrator are presented in Table-2. 

 

Table-2. Concentrator features. 
 

Length 𝑳𝒄𝒏 𝟖𝟓𝟎𝒎𝒎 

Width 𝑊𝑐𝑛 750𝑚𝑚 

Focal length 𝑓𝑐𝑛 187.5𝑚𝑚 

Thickness 𝑡𝑘−𝑐𝑛 0.9 𝑚𝑚 

Material Aluminum 

 

The receiver tube of the system is illustrated in 

Figure-3. 

 

 
 

Figure-3. Receptor pipe. 

The receiving surface consists of a tube with high 

thermal properties, which transfers energy in heat form to 

the fluid conducted inside. The characteristics and 

dimensions of the receiver are presented in Table-3. 

 

Table-3. Hexagonal pipe features. 
 

Length 𝑳𝒓 𝟖𝟎𝟎 𝒎𝒎 

Width min 𝑊𝑟−𝑚𝑚 11.60 𝑚𝑚 

Width max 𝑊𝑟−𝑚𝑥 23.19 𝑚𝑚 

Thickness 𝑡𝑘−𝑟 0.5𝑚𝑚 

Material 𝐶𝑜𝑜𝑝𝑒𝑟 

 

For the development of this work, three 

fundamental aspects of analysis, solar resource, Fresnel 

lens and light optics were considered. The first one is the 

description of the solar resource in the place of study, for 

this case Bogotá Colombia; in this, the angles of the solar 

rays that arrive on the surface of the earth and affect the 

thermal system, composed of the concentrator, receiver 

and Fresnel lens described above were identified. 

 

Solar resource description  

The sun position with regard to incident solar 

radiation on the ground and a study plane, with any 

orientation relative to the earth and at any time; it can be 

described in terms of angles such as latitude, declination, 

time, azimuth, zenith and incidence [27]. Figure-4 shows 

the declination angle [𝜹], which is the position of the sun 

at solar noon, the hour angle [𝝎]  is the angular 

displacement of the sun due to the rotation of the earth on 

its axis, with a variation of 15° per hour; and the angle of 

incidence [𝜷𝟏], angle between the beam radiation the 

surface and the normal to it. 
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Figure-4. Declination, Hour and incidence angles 

on Earth. 

 

The declination angle [𝜹],, can be calculated 

through the Cooper approximation [28], as described in 

Ec. (1) where the day number of the month [𝒏], is related, 

taking into account the number average of days in each 

month of the year, recommended by [29]. 

 𝛿 = 23.45° sin(360° × 284+𝑛365 )                                       (1) 

 

In the expression of Ec. (2) the day hour [𝒉] is 

related to the variation of 15° per hour, to obtain the hour 

angle [𝝎]. 
 𝜔 = 15° × (ℎ − 12)                                                        (2) 

 

Furthermore, the angle of incidence [𝜷𝟏] on the 

surface can be calculated from declination [𝜹] and hour 

[𝝎] angles. If the analysis surface has a unique 

adjustment, the angle [𝜷𝟏 = 𝜷𝟏𝝁], is obtained through Ec. 

(3). 

 𝛽1𝜇 = cos−1((sin 𝛿)2 + (cos 𝛿)2 cos 𝜔)                        (3) 

 

If the surface has a continuous adjustment during 

the day, in order to track solar, [𝜷𝟏 = 𝜷𝟏𝒄] and can be 

calculated with Ec. (4). 

 𝛽1𝑐 = cos−1 (√1 − (cos 𝛿)2(sin 𝜔)2)                           (4) 

 

Finally, the zenith angle [𝜽𝒛] and azimuth [𝜸𝒔] 

can be described in the plane normal to the horizontal 

surface, as illustrated in Figure-5. The first is the angle 

between the vertical and the line to the sun, while the 

second consists of the angular displacement from the south 

of the beam radiation projection in the horizontal plane. 

 

 
 

Figure-5. Normal plane over surface. 
 

In Ec. (5) the declination angle [𝜹], hour angle 

[𝝎] and latitude [𝝀𝒂] for this case 𝜆𝑎 = 4.633° are related. 

 𝜃𝑧 = cos−1(cos 𝜆𝑎 cos 𝛿 cos 𝜔 + sin 𝜆𝑎 sin 𝛿)               (5) 

 

Similar to Figure-5, shows the azimuth angle 

[𝜸𝒔], which is the angular displacement from the south of 

the ray projection on the horizontal plane. This angle, like 

the zenith [𝜽𝒛], is fundamental to obtain the slope angle 

[𝜻], later implemented in the calculation of the effective 

radiation on the solar capture system [𝑰𝒆𝒇]. 

 𝛾𝑠 = (𝑠𝑖𝑔(𝜔) × |cos−1 (cos 𝜃𝑧×sin 𝜆𝑎−sin 𝛿sin 𝜃𝑧 cos 𝜆𝑎 )|                    (6) 

 

The azimuth angle is possible to obtain it through 

the relation of Ec. (6), in this the hour angle sign is taken 

into account, as well as the zenith angle [𝜽𝒛], the 

declination angle [𝜹] and the latitude from the place of 

study [𝝀𝒂]. 

 

Fresnel lens modeling 

Unlike a conventional lens, the Fresnel lens is a 

thin optical device with concentric grooves on the surface 

known as wedges, in order to reduce weight and cost [30]. 

The lens concentrates the incident rays on its surface at a 

focal point, Figure-6. 

 

EARTH 



                                VOL. 14, NO. 23, DECEMBER 2019                                                                                                          ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2019 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                                      3942 

 
 

Figure-6. Concentration Rays on Fresnel lens. 

 

For Fresnel lens design, parameters such as 

length, focal length, thickness, length of the wedge and 

angle of the tooth wedge are taken into account [31]. In 

this work, a linear Fresnel lens available on the market 

was selected, considering the best fit with the designed 

receiver. Figure-7 illustrates the lens sizing parameters. 

 

 
 

Figure-7. Lens Dimensions. 

 

The dimensions and other relevant parameters of 

the lens modeled through the Optic Studio software are 

presented in Table-4. 

 

Table-4. Lens Dimensions. 
 

Length [𝑳𝒍] 𝟐𝟎𝟎 𝒎𝒎 

Width [𝑊𝑙] 35 𝑚𝑚 

Focal Length [𝑓] 12 𝑚𝑚 

Thickness [tk] 2 𝑚𝑚 

Wedge Length [𝑙] 1.54 𝑚𝑚 

Wedge Angle [αf] 70.62° 

Refractive index [𝑛𝑝] 1.48 

Material 𝑃𝑀𝑀𝐴 

 

Rays optics 
After Fresnel lens modeling, optical analysis of 

rays was carried out on it. The solar ray strikes the lens 

surface at an angle [𝜷𝟏] described above; this ray is 

refracted on the surface at an angle [𝜷𝟐]; therefore the 

angle of the ray that hits the surface of the wedge [𝜷𝟑]; is 

again refracted by exiting the lens at an angle [𝜷𝟒]. As 

shown in Figure-8. 

 

 
 

Figure-8. Solar ray angles on lens. 
 

The angle [𝜷𝟐] refracted on the surface of the 

lens can be calculated as in Ec. (7), based on refraction 

phenomenon being [𝒏𝒂] air refractive index and [𝒏𝒑] lens 

material refractive index. 

 𝛽2 = sin−1 (𝑛𝑎𝑛𝑝 sin(𝛽1))                                                  (7) 

 

When the ray is refracted, it strikes the surface of 

the wedge at an angle [𝜷𝟑], which is obtained from the 

angle [𝜷𝟐] and the wedge angle 𝜑 = 70.62°, as in Ec. (8). 

 𝛽3 = cos−1(cos(𝜑) cos(𝛽2))                                          (8) 

 

The ray concentrated by the lens according to its 

focal distance [𝒇], comes out with an angle [𝜷𝟒], refracted 

by the surface of the wedge and therefore the refractive 

indexes are taken into account, as in Ec. (9). 

 𝛽4 = sin−1 (𝑛𝑎𝑛𝑝 sin(𝛽3))                                                  (9) 

 

Once the angles of the ray were defined 

throughout its trajectory in the lens, the relations in Ec. 

(10) were established to obtain the transmission efficiency 

of the lens. 
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𝛽𝑚 = 𝛽1 + 𝛽2𝛽𝑛 = 𝛽1 − 𝛽2𝛽𝑜 = 𝛽3 + 𝛽4𝛽𝑟 = 𝛽3 − 𝛽4
                                                                 (10) 

 

The transmission efficiency on the surface of the 

lens [𝝁𝒍], is obtained by Ec. (11) through the relations of 

the previous angles. 

 𝜇𝑙 = 1 − [ (tan 𝛽𝑛)2(tan 𝛽𝑚)2+ (sin 𝛽𝑛)2(sin 𝛽𝑚)2]2                                            (11) 

 

Similarly, in Ec. (12) the calculation of the 

efficiency of the transmission on each wedge of the 

Fresnel lens [𝝁𝒄] is presented. 

 𝜇𝑐 = 1 − [(tan 𝛽𝑟)2(tan 𝛽𝑜)2+(sin 𝛽𝑟)2(sin 𝛽𝑜)2]2                                              (12) 

 

In addition to the calculation of the angles of the 

beam, in this work the positions in x of the output ray were 

considered and with it the distance between the point of 

the wedge and the point where it is concentrated on the 

receiver tube. These relationships together with the 

permissible e sun half angle [𝜹𝒎], are illustrated in Figure-

9. 

 

 
 

Figure-9. Output ray distances. 

 

The calculation of the position in x of the output 

beam [𝑹𝟐], is obtained with Ec. (13), where [𝒕𝒌] is the 

thickness of the lens, [𝒍] the length of the wedge and [𝜶𝒇] 

the internal angle of the wedge. 

 𝑅2 = (𝑓−𝑡𝑘)+(𝑙×tan(𝛼𝑓/2))tan(𝛽4)                                                 (13) 

 

The distance between the point of departure of 

the ray and point of concentration on the receiver [𝑹𝒄], is 

obtained through the Euclidean distance Ec. (14) where it 

is related [𝑅2] calculated previously. 

 𝑅𝑐 = √(𝑅2)2 + (𝑓 − 𝑡𝑘 + tan(𝛼𝑓/2))2
                       (14) 

 

From the distances of the output ray, it is possible 

to obtain the concentration of this on the receiving surface 

[𝑪𝒐], as they are presented in Ec. (15), in this the 

admissible average solar angle is taken into account 𝛿𝑚 = 0.2667°. 

 𝐶𝑜 = 𝑊𝑙(2𝑅𝑐 tan(𝛿𝑚) tan(𝛽4))                                                 (15) 

 

Incident-Effective radiation  

To obtain the effective radiation incident on the 

Fresnel lens or on the concentrator surface, it must be 

analyzed if the beam is between an admissible ranges. For 

this, it is initially required to obtain the angle that is 

between the plane of the surface and the horizontal angle, 

known as slope [𝜻], as presented in Ec. (16). 

 𝜁 = tan−1(tan 𝜃𝑧 × |cos 𝛾𝑠|)                                         (16) 

 

From the angle [𝜻], the limits of the range Ec. 

(17); are defined; where the angle of the beam will be 

evaluated having an acceptance half angle 𝛼𝑐 = 11.75°. 

 𝑥𝑚𝑛 = 𝜁 − 𝛼𝑐𝑥𝑚𝑥 = 𝜁 + 𝛼𝑐                                                                  (17) 

 

The angle of the ray is obtained in a similar way 

to the angle [𝜻], however, in this the sign of the cosine of 

the angle [𝜸𝒔] is taken into account as in Ec.(18). 

 

 𝑥 = tan−1(tan 𝜃𝑧 × cos 𝛾𝑠)                                          (18) 

 

Once the angle [𝒙], is obtained, it is validated 

with Ec. (19) if it is in the range of the acceptable angle; if 

this is the factor [𝐹 = 1], if the angle is outside the range 

there will be no radiation incident at this moment on the 

system and therefore [𝐹 = 0]. 

 {𝑖𝑓 𝑥 ≥ 𝑥𝑚𝑛 𝑎𝑛𝑑 𝑥 ≤ 𝑥𝑚𝑥  𝐹 = 1𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒 𝐹 = 0                                  (19) 

 

Finally, the effective radiation over the aperture is 

calculated as in Ec. (20) with solar radiation [𝐼𝑅𝑎𝑑]. 

 𝐼𝑒𝑓 = 𝐹 × 𝐼𝑅𝑎𝑑 × cos(𝛽1)    (20) 

 

RESULTS AND DISCUSSION (M_HEADING1) 

 

Solar angles 

The results of the optical angles are presented 

below, according to the Solar Resource in Bogotá-

Colombia. Initially, the declination angle was obtained for 

each month of the year, Table-5. For the month of January 
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and December, lower angles were reached, while in June 

the highest angle was reached in the year. 

 

Table-5. Declination angle obtained. 
 

Month Declination Angle 

January -20,917 

February -12,955 

March -2,418 

April 9,415 

May 18,792 

June 23,086 

July 21,184 

August 13,455 

September 2,217 

October -9,599 

November -18,912 

December -23,050 

 

The angle of decline with respect to the months 

of the year, presented a Gaussian behavior Figure-10, 

where negative values of the angle are presented in the 

first and last three months of the year (January, February, 

March-October, November and December). The upward 

trend of the curve was presented in the months of May and 

April; while the bearish trend in the months of July and 

August. Finally, the distribution of the declination angle 

was found in the month of June with an angle of 23.086°. 

 

 
 

Figure-10. Declination angles for each year month. 

 

For a range of daily hours between 6:00 a.m. to 

4:00 p.m., the hour angle was calculated, considering the 

increase of 15° per hour. As expected, in the morning 

hours this angle is negative and from the middle of the day 

the angle is positive, being 61° the maximum value 

reached at 4:00 pm. These results are presented in Table-6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Table-6. Hour Angle calculated. 

 

Daily Hour Hour Angle 

6:00 a. m. -89 

7:00 a. m. -74 

8:00 a. m. -59 

9:00 a. m. -44 

10:00 a. m. -29 

11:00 a. m. -14 

12:00 a. m. 1 

1:00 p. m. 16 

2:00 p. m. 31 

3:00 p. m. 46 

4:00 p. m. 61 

 

The hour angle is increasing in each hour of the 

day, by a factor of 15° per hour. As illustrated in Figure-

11, the hour angle graph has a linear behavior, with a 

minimum angle of -89° and a maximum angle of 61°. 

 

 
 

Figure-11. Hour angle for 6:00 am to 4:00 pm. 
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The results of the zenith angle for each month of 

the year and the proposed hours of the day are presented in 

Table-7. Although some differences are evident, the zentih 

angle has a similar behavior during the year. In the 

morning hours at 6:00 a.m., the angle is higher for each 

month and during the afternoons of the day it is decreasing 

until 12 o'clock; moment in which the angle increases 

again. 

 

 

 

 

 

 

 

 

 

 

 

Table-7. Zenith Angle. 
 

Month 
Daily Hour 

6am 7am 8am 9am 10am 11am 12am 1pm 2pm 3pm 4pm 

January 90,72 76,83 63,21 50,14 38,24 29,01 25,57 29,99 39,72 51,84 65,00 

February 90,07 75,54 61,17 47,11 33,75 22,42 17,62 23,71 35,46 48,95 63,08 

March 89,20 74,27 59,37 44,53 29,82 15,66 7,12 17,47 31,77 46,50 61,35 

April 88,26 73,49 58,69 43,90 29,16 14,69 4,88 16,58 31,12 45,87 60,66 

May 87,56 73,37 59,20 45,19 31,65 19,68 14,19 21,08 33,40 47,04 61,09 

June 87,27 73,48 59,74 46,27 33,53 22,88 18,48 24,07 35,15 48,04 61,56 

July 87,40 73,42 59,48 45,75 32,64 21,41 16,58 22,70 34,33 47,56 61,33 

August 87,95 73,38 58,80 44,27 29,93 16,39 8,88 18,08 31,82 46,20 60,74 

September 88,82 73,88 58,93 43,98 29,05 14,18 2,61 16,15 31,04 45,97 60,92 

October 89,79 75,08 60,48 46,09 32,21 19,93 14,27 21,37 34,01 47,99 62,42 

November 90,56 76,48 62,65 49,30 37,01 27,28 23,57 28,33 38,55 51,04 64,47 

December 90,89 77,22 63,85 51,09 39,60 30,87 27,70 31,79 41,02 52,74 65,61 

 

Figure-12 In this, it is evident that in the months 

of March and April, the angle at noon is less 

approximately 18° with respect to the month of January, 

where a maximum value of 25.57° is reached. On the other 

hand, the months of February, May and June are within 

this interval, with an approximate average angle of 16°. 

 

 
 

Figure-12. Zenith angle (January-June). 

 

The graphs of the zenith angle for the following 

six months from July to December according to the time 

of day are shown in Figure-13. The behavior of the zenith 

angle of the following months is similar to the previous 

graphs; However, the months with an angle greater than 

half a day were November and December, with values of 

23.57° and 27.70° respectively; while the months with 

lower values at that same hour were August with 8.88 ° 

and September with 2.61°. The zenith angle results 

allowed us to identify that this angle has higher values in 

the month of December and January at 6:00 a.m. and 4:00 

p.m. Where the first reached an angle of 90.89 ° in the 

morning and 65.61° in the afternoon hours; the second 

month reached 90.72° in the early hours of the day and 65° 

in the afternoon. On the other hand, September recorded 

the lowest angles during the year at midday. In relation to 

the maximum angle in December has a difference of 90%. 
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Figure-13. Zenith angle (July-December). 

 

The next analyzed solar angle is the Azimuth, 

like the hour angle, this has negative values in the morning 

hours and positive in the afternoon. However, the change 

at noon has a more abrupt transition, changing for example 

in the month of June a value of -145.08 ° at 11 am to 

177.10 ° at 12 noon. The results of the Azimuth angle 

between 6:00 a.m. to 4:00 p.m. for each month of the year 

is presented in Table-8. 

 

 

 

 

Table-8. Azimuth Angle. 
 

Month 
Daily Hour 

6am 7am 8am 9am 10am 11am 12am 1pm 2pm 3pm 4pm 

January -69,07 -67,24 -63,76 -57,71 -47,03 -27,78 2,16 31,01 48,84 58,72 64,34 

February -77,01 -75,34 -72,46 -67,52 -58,26 -38,18 3,22 41,93 59,90 68,36 72,94 

March -87,51 -86,17 -84,42 -81,79 -76,91 -63,53 8,09 66,52 77,80 82,23 84,69 

April -99,31 -98,46 -98,21 -98,77 -101,04 -109,76 168,33 107,64 100,56 98,63 98,21 

May -108,66 -108,25 -109,14 -112,03 -118,98 -137,15 176,14 133,49 117,66 111,48 108,93 

June -112,95 -112,72 -114,09 -117,83 -126,15 -145,08 177,10 141,56 124,62 117,14 113,80 

July -111,05 -110,74 -111,91 -115,29 -123,07 -141,84 176,73 138,23 121,62 114,65 111,65 

August -103,34 -102,68 -102,93 -104,56 -109,09 -123,49 173,69 120,26 108,19 104,23 102,84 

September -92,13 -90,97 -89,80 -88,39 -86,22 -80,66 22,48 81,93 86,59 88,60 89,96 

October -80,35 -78,77 -76,22 -71,93 -63,74 -44,41 4,00 48,23 65,22 72,65 76,64 

November -71,07 -69,27 -65,92 -60,09 -49,63 -29,95 2,37 33,33 51,43 61,07 66,48 

December -66,95 -65,09 -61,48 -55,23 -44,42 -25,71 1,98 28,78 46,23 56,27 62,09 

 

For the months of January to June as shown in 

Figure-14, the angle variation in the first few hours of the 

day is in the range between -112.95 ° and -69.07 °, before 

noon (11:00 am) the variation is between -145.08 ° and -

27.78 °; around midday (12:00 am) the angles are between 

177.10 ° and 2.16 ° and finally in the afternoon hours the 

difference decreases in a range between 113.80 ° and 

64.34 °. 
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Figure-14. Azimuth angle (January to June). 

 

The azimuth angle of the months from July to 

December is illustrated in Figure-15. Through these, it is 

possible to show that the months of July and August as 

well as May and June, presented both the highest and the 

lowest values of the year, according to the time of day. 

The maximum value reached was 177.10°, while the 

minimum value was -145.08°. 

 

 
 

Figure-15. Azimuth angle (July to December). 

 

Lens construction 

Through the Optic Studio software, the modeling, 

construction and validation of the Fresnel lens was 

performed, considering the characteristics presented in 

Table-4. The lens generated as a virtual object is presented 

in Figure-16, where it is possible to visualize the 

concentration of the rays over the focal point through the 

lens surface. 

 

 
 

Figure-16. Fresnel lens constructed. 
 

Concentrator-Fresnel lens assembly 

Once the Fresnel lens was built, it was proceeded 

to perform the assembly with the concentration system, in 

the Solid Works software, as illustrated in Figure-17. Due 

to the size of the commercially available lens, it was 

necessary to assemble the four lenses to cover the entire 

upper surface of the receiver tube. 

 

 
 

Figure-17. Receptor and Fresnel lens assembly. 

 

The incident ray optics results on the lens and 

concentrates on the receiver are visualized in the following 

figures. Figure-18 shows the incidence of a single ray on 

the surface of the lens, then it is refracted towards the 

surface of the receiver and finally the ray emerges 

refracted to the exterior or concentrating surface. 

 

 
 

Figure-18. Single ray incident on the Fresnel lens. 
 

To simulate multiple rays on the total surface of 

the lens array, four light sources were generated in the 

software, one for each lens. In Figure-19. A, the incidence 

of numerous rays on the lens and its concentration in the 

receiver tube of the concentrator system is shown in 

Figure-19. B. 

 

 
(a) 
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(b) 

 

Figure-19. Multifold incident rays A) Light sources 

of incident rays. B) Concentrated and refracted 

rays on lens. 
 

The results of the mathematical modeling of the 

direction of the rays presented in the simulation are 

described below. The incident angle [𝛽1𝜇] with unique 

adjustment for each hour of the day of the months from 

January to June is illustrated in the graphs in Figure-20. As 

shown, the incident angle for all months is always positive 

during the day, it gradually decreases linearly until it 

reaches midday, where its behavior transitions to a linear 

increasing state. 

 

 
 

Figure-20. Incidence angle [𝛽1𝜇] results (January 

to June). 
The incident angle with only adjustment for each 

hour of the day in the months between July to December 

of Figure-21, as for the months of January June, has an 

initially decreasing behavior before 12:00 am and then an 

increasing one. The maximum angles were obtained in the 

first hours of the day, in a range of [80.32° -87.49°] and at 

noon the angle decreased approximately 98.85% reaching 

a value of 0.92° in December. 

 

 

 
 

Figure-21. Incidence angle [𝜷𝟏𝝁] results (July to 

December). 
 

As shown in Table-9, the variations of the months 

in a specific hour do not exceed 10%, this means the 

increase or decrease of the angle in 1° to 4°. However, the 

relevant variations occur during the day hours, where the 

angles of the afternoon tend to be the reflection of those in 

the morning. 

 

Table-9. Incident angle one adjustment. 
 

Month 
Daily Hour 

6am 7am 8am 9am 10am 11am 12am 1pm 2pm 3pm 4pm 

January 81,80 68,41 54,77 40,96 27,05 13,07 0,93 14,94 28,91 42,81 56,60 

February 86,17 71,82 57,36 42,82 28,25 13,64 0,97 15,59 30,19 44,76 59,29 

March 88,90 73,92 58,94 43,96 28,97 13,99 1,00 15,99 30,97 45,96 60,94 

April 87,49 72,84 58,13 43,38 28,60 13,81 0,99 15,78 30,57 45,35 60,09 

May 83,14 69,46 55,57 41,54 27,42 13,25 0,95 15,14 29,31 43,42 57,43 

June 80,30 67,23 53,87 40,32 26,63 12,87 0,92 14,71 28,46 42,13 55,67 

July 81,62 68,27 54,66 40,89 27,00 13,05 0,93 14,91 28,86 42,73 56,49 

August 85,95 71,65 57,23 42,73 28,19 13,61 0,97 15,56 30,13 44,67 59,16 

September 88,92 73,94 58,95 43,97 28,98 13,99 1,00 15,99 30,98 45,96 60,95 

October 87,43 72,80 58,09 43,35 28,59 13,80 0,99 15,77 30,56 45,32 60,06 

November 83,07 69,41 55,53 41,51 27,40 13,24 0,95 15,13 29,29 43,39 57,39 
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December 80,32 67,25 53,89 40,33 26,64 12,88 0,92 14,72 28,47 42,14 55,68 

 

 

 

 

 

 

 

 

 

 

 

 

It is also evident that when the sun is completely 

perpendicular to the radiation surface, the incident angle 

oscillates between 0.9 and 1. On the other hand, the 

incident angle with continuous adjustment, obtained for 

each hour of the day of the months between January to 

June is illustrated in Figure-22. Although the behavior of 

these results is like those obtained with the incident angle 

with only adjustment, the decrease in the angle and its 

subsequent growth are not linear; they adjust to a 

logarithmic curve of both descent and rise. 

 

 
 

Figure-22. Incidence angle [β1c] results (January to June). 

 

Similarly, the graphs in Figure-23 show the 

results of the incident angle with continuous adjustment 

for each hour of the day of the months between July to 

December. As evidenced by the scale of these graphs, 𝛃𝟏𝐜is in a range of [1° - 10°], as it is a continuous 

adjustment the variation is small. 

 

 
 

Figure-23. Incidence angle [β1c] results(July to 

December). 

 

The summary of the results of the incident angle β1𝑐during the year, for the place of study are recorded in 

Table-10. Considering the months with greater and lesser 

solar radiation, on the place of study; for the analysis of 

refractive angles and lens output, the months of September 

and December were selected to evaluate their behavior. 

The refractive angle obtained in each hour of the day from 

6:00 a.m. to 4:00 p.m., is illustrated in Figure-24. 

 

Table-10. Incident angle continuous adjustment. 
 

Month 
Daily Hour 

6am 7am 8am 9am 10am 11am 12am 1pm 2pm 3pm 4pm 

January 9,09 8,88 8,30 7,39 6,11 4,29 1,15 4,58 6,31 7,53 8,40 

February 9,33 9,11 8,51 7,56 6,25 4,38 1,17 4,68 6,45 7,71 8,61 

March 9,48 9,25 8,63 7,67 6,33 4,44 1,19 4,74 6,53 7,82 8,74 

April 9,40 9,18 8,57 7,61 6,29 4,41 1,18 4,71 6,49 7,76 8,67 

May 9,17 8,95 8,37 7,44 6,15 4,32 1,16 4,61 6,35 7,59 8,47 

June 9,01 8,80 8,23 7,33 6,06 4,26 1,14 4,55 6,26 7,47 8,33 
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July 9,08 8,87 8,30 7,38 6,11 4,28 1,15 4,58 6,30 7,52 8,39 

August 9,32 9,10 8,50 7,55 6,24 4,38 1,17 4,67 6,44 7,70 8,60 

September 9,48 9,25 8,63 7,67 6,33 4,44 1,19 4,74 6,53 7,82 8,74 

October 9,40 9,17 8,57 7,61 6,29 4,41 1,18 4,71 6,49 7,76 8,67 

November 9,16 8,95 8,37 7,44 6,15 4,32 1,16 4,61 6,35 7,58 8,46 

December 9,01 8,80 8,23 7,33 6,06 4,26 1,14 4,55 6,26 7,47 8,33 

 

 
 

Figure-24. Refraction angle 𝜷𝟐 results. 
 

The maximum refracted angle is obtained for the 

month of September and December, at 6:00 a.m.; with a 

difference of 0.74° between them. As the hours pass, the 

angle decreases as 𝜷𝟏𝝁 varies; As expected, the lowest 

value of the results was obtained in both months at 

midday, where 𝜷𝟐 = 0.68° for September and 𝛽2 = 0.62° 

in December. The comparison between these two points of 

analysis is presented in Table-11. 

 

Table-11. Refraction angle𝜷𝟐. 
 

Hour [𝜷𝟐] September [𝜷𝟐] December 

6:00 a. m. 42,50 41,76 

7:00 a. m. 40,49 38,54 

8:00 a. m. 35,37 33,08 

9:00 a. m. 27,97 25,93 

10:00 a. m. 19,11 17,64 

11:00 a. m. 9,40 8,66 

12:00 a. m. 0,68 0,62 

1:00 p. m. 10,73 9,88 

2:00 p. m. 20,35 18,79 

3:00 p. m. 29,06 26,96 

4:00 p. m. 36,20 33,92 

 

Similarly, the incident angle on the surface, [𝜷𝟑] 

was calculated for the corresponding months. This angle 

showed a variation between 70° and 76°. As shown in 

Table-12, the difference between the value obtained in 

September and December was 0.16° at 6:00 am; while at 

12:00 am the angle is the same for both months. 

 

 

 

 

 

Table-12. Incidence angle 𝛽3 results. 
 

Hour [𝜷𝟑] September [𝜷𝟑] December 

6:00 a. m. 75,838 75,670 

7:00 a. m. 75,382 74,958 

8:00 a. m. 74,301 73,857 

9:00 a. m. 72,959 72,637 

10:00 a. m. 71,727 71,565 

11:00 a. m. 70,890 70,850 

12:00 a. m. 70,621 70,621 

 

The variation of the angle 𝛽3between September 

and December is lower at 6:00 a.m. and 12:00 a.m., while 

in the interval of these hours the difference grows from 

7:00 a.m. and as the hours pass decreases with the 

variation of 𝛽2, Figure-25. 

 

 
 

Figure-25. Incidence angle 𝜷𝟑. 

 

Finally, the angle of exit of the lens [𝛃𝟒], 

obtained in the development of this work, is recorded in 

Table 13. For the months analyzed, the angle showed a 

variation between 39° and 41°. The maximum difference 
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between September and December was 0.1° at 8:00 am, 

while the minimum difference was 0° at midday. 

 

Table-13. Output angle𝜷𝟒. 
 

Daily Hour [𝜷𝟒]September [𝜷𝟒]December 

6:00 a. m. 40,930 40,893 

7:00 a. m. 40,829 40,732 

8:00 a. m. 40,577 40,469 

9:00 a. m. 40,241 40,157 

10:00 a. m. 39,911 39,866 

11:00 a. m. 39,676 39,664 

12:00 a. m. 39,598 39,598 

 

The graph of the exit angle for each of the months 

for 6 hours is presented in Figure-26. The behavior of [β4] 

is like that obtained in [β3], this is because the exit angle is 

the refraction of the angle incident on the wedge; therefore 

its variation is related to the results obtained. 

 

 
 

Figure-26. Output angle graphs. 
 

After optical angles analysis, the efficiency of the 

lens and its wedge in the month of September is presented 

below, for different incident angles according to the time 

of day. The surface lens efficiency in Table-14, allows 

demonstrating that efficiencies greater than 90% are 

reached after 7:00 am and this is increased with the 

passing of the hours. 

 

Table-14. Flux transmission efficiency on surface. 
 

Hour [𝜷𝟏𝛍] September 𝛍𝒍 
6:00 a. m. 88,92 0,104 

7:00 a. m. 73,94 0,772 

8:00 a. m. 58,95 0,919 

9:00 a. m. 43,97 0,954 

10:00 a. m. 28,98 0,961 

11:00 a. m. 13,99 0,962 

12:00 a. m. 1,00 0,963 

 

The relationship between the incident angle with 

only adjustment and the efficiency of the lens on its 

surface is shown in Figure-27. As the incident angle [β1μ] 

increases, the efficiency of the lens decreases, because the 

hours of the day where there is less radiation on the lens 

the angle is close to 90°, while with the passing of the 

hours, the angle decreases becoming completely normal 

on the surface with a value of 0° at midday. 

 

 
 

Figure-27. Efficiency on lens surface. 

 

Because, on lens wedge, the angles vary due to 

the refraction phenomenon, the flow transmission 

efficiency on the wedge of the lens was also obtained for 

the month of September. The results are presented in 

Table-15, unlike the efficiency of the surface, on the 

wedge the efficiency is lower at 14.33% at noon, however 

it is evident that in the first hours 6:00 am, the efficiency is 

greater by 85.88%. 

 

Table-15. Flux transmission efficiency on wedge. 
 

Hour [𝜷𝟏𝛍] September 𝛍𝒄 

6:00 a. m. 88,92 0,733 

7:00 a. m. 73,94 0,743 

8:00 a. m. 58,95 0,765 

9:00 a. m. 43,97 0,789 

10:00 a. m. 28,98 0,809 

11:00 a. m. 13,99 0,821 

12:00 a. m. 1,00 0,825 

 

The efficiency ratio on the wedge of the lens with 

respect to the incident angle 𝜷𝟏𝛍, is illustrated in Figure-

28. Like the efficiency on the lens, as the incident angle 

increases the efficiency decreases, however for this case 

the factor of decrease is higher on the wedge than on the 

lens. 
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Figure-28. Efficiency on wedge surface. 

 

Lastly optical analysis, the concentration factor of 

the lens was analyzed before the variation of parameters 

such as focal distance and thickness. With the first of 

them, focal lengths in a range between 40mm and 90mm 

were considered; the hours of analysis as well as the 

angles of departure were from 6:00 am to 12:00 am and 

the month consequently analyzed was September. For a 

commercial thickness of 2mm, the results obtained from 

the concentration factor are shown in Table-16. 

 

Table-16. Lens concentration ratio based on focal length. 
 

[𝜷𝟒] September 
Focal Length 

40mm 50mm 60mm 70mm 80mm 90mm 

40,930 74,26 58,87 48,76 41,62 36,30 32,18 

40,829 74,38 58,96 48,84 41,68 36,35 32,23 

40,577 74,66 59,18 49,02 41,84 36,49 32,35 

40,241 75,03 59,48 49,27 42,05 36,67 32,52 

39,911 75,40 59,77 49,51 42,25 36,85 32,67 

39,676 75,66 59,97 49,68 42,40 36,98 32,79 

39,598 75,74 60,04 49,73 42,44 37,02 32,82 

 

As shown in the graph of Figure-29, the variation 

of the concentration factor with the increase in the exit 

angle on average was 1. However, when evaluating the 

behavior in each of the focal lengths, it is evident that 

between the smaller the focal length, the higher the 

concentration factor, specifically the study lens. 

 

 
 



                                VOL. 14, NO. 23, DECEMBER 2019                                                                                                          ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2019 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                                      3953 

Figure-29. Concentration ratio versus focal length change. 
Furthermore, to calculate the concentration factor 

against the variation of the thickness in a range of 2mm to 

5mm, a focal length of 60 mm was considered, distance 

obtained during the modeling of the lens as the optimum 

focus. As shown in Figure-30, the concentration factor 

decreases as the exit angle increases, and like the results 

obtained above, the average variation is approximately 1. 

 

 

 

 

 
 

Figure-30. Concentration ratio versus thickness change. 
 

Unlike the focal distance, the thickness of the 

lens generated not so relevant variations in the 

concentration factor; where the maximum value reached 

was 52.38 with a thickness of 5mm and with an exit angle 

of 39.67°. With the focal length of 60mm, the 

concentration factor was increased by increasing the 

thickness of the lens, as shown in Table-17. 

 

Table-17. Lens concentration ratio based on thickness. 
 

[𝜷𝟒] September 
Lens Thickness (mm) 

2 2,5 3 3,5 4 4,5 5 

40,930 48,76 49,19 49,62 50,05 50,50 50,95 51,41 

40,829 48,84 49,26 49,69 50,13 50,57 51,03 51,49 

40,577 49,02 49,45 49,88 50,32 50,77 51,22 51,69 

40,241 49,27 49,69 50,13 50,57 51,02 51,48 51,95 

39,911 49,51 49,94 50,37 50,82 51,27 51,73 52,20 

39,676 49,68 50,11 50,55 50,99 51,44 51,91 52,38 

39,598 49,73 50,17 50,60 51,05 51,50 51,97 52,44 

 

Incident-Effective radiation 

Finally, the effective radiation on the lens was 

calculated for each of the months of the year. The results 

are recorded in Table-18, where it is possible to show that 

with a direct radiation of 800[𝑊 𝑚2⁄ ], between 10:00 am 

and 5:00 pm, it will be widely usable; while at 6:00 am 

this radiation will oscillate between 15 [𝑊 𝑚2⁄ ] and 

140[𝑊 𝑚2⁄ ], depending on the month. 
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Table-18. Effective beam radiation incident on the aperture [W/m2]. 
 

Month 
Daily Hour 

6am 7am 8am 9am 10am 11am 12am 1pm 2pm 3pm 4pm 

January 114,15 294,37 461,48 604,09 712,48 779,27 799,89 772,96 700,30 586,86 440,38 

February 53,47 249,63 431,53 586,76 704,74 777,43 799,88 770,57 691,48 568,00 408,56 

March 15,36 221,54 412,72 575,87 699,87 776,28 799,88 769,06 685,94 556,16 388,58 

April 35,00 236,02 422,41 581,48 702,38 776,87 799,88 769,84 688,79 562,26 398,88 

May 95,53 280,64 452,29 598,77 710,10 778,70 799,89 772,23 697,59 581,07 430,62 

June 134,82 309,61 471,68 609,99 715,12 779,89 799,90 773,77 703,30 593,28 451,22 

July 116,60 296,18 462,69 604,79 712,79 779,34 799,89 773,06 700,65 587,62 441,67 

August 56,52 251,88 433,04 587,63 705,13 777,52 799,88 770,69 691,92 568,95 410,16 

September 15,14 221,38 412,61 575,81 699,85 776,27 799,88 769,06 685,90 556,09 388,46 

October 35,82 236,62 422,82 581,72 702,49 776,90 799,88 769,87 688,91 562,52 399,31 

November 96,54 281,39 452,79 599,06 710,23 778,73 799,89 772,26 697,74 581,39 431,14 

December 134,46 309,34 471,50 609,89 715,07 779,88 799,90 773,76 703,25 593,17 451,03 

 

 
 

Figure-31. Effective radiation results (January to June). 

 

Through Figure-31 and Figure-32 the behavior of 

the effective radiation is presented, where it is increased in 

the morning reached its maximum at noon and later it is 

decreased in the afternoon hours. 

 

 

 
 

Figure-32. Effective radiation results (July to December). 
 

CFD THERMAL RESULTS 

Using CFD computational tools, thermal 

parameters such as fluid temperature and solid were 

obtained. The processing required 64 iterations to find the 

solution of the system, in the first iterations the minimum 

temperature was at 20.028°C and the maximum at 

155.76°C Figure-33, in this it is evident as the fluid 

Figure-33. A and the Receiver Figure 33.B increases its 

temperature thanks to the concentration of heat through 

the lens, without it raising its temperature. The heat 

distribution along the receiver tube is visualized in Figure-

33. C where the temperature of the fluid is greatest 

between the receiver and the lens. The temperature of both 

solids and fluid are integrated in Figure-33. D, through this 

it is evident that both the external fluid and the direct face 

of the receiver receiving the concentration of the lens have 

the highest system temperature. 
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Figure-33. CFD results at iteration 16. 

 

Similarly, Figure-34 shows the thermal results of 

both fluid and solids (lens and receiver) in iteration 46. 

These show the increase in temperature of the fluid over 

the focal point, as well as the distribution of heat in the 

receiver tube, the maximum temperature reached in this 

iteration was 225.36°C. 

 

 
 

Figure-34. CFD results at iteration 46. 
 

In the last iteration of the study by finite 

elements, the maximum temperature was 226,077°C, as 

illustrated in Figure-35, along the receiver tube there is 

evidence of a heat distribution with higher temperature at 

the outlet end of the fluid. 

 

 
 

Figure-35. CFD results at iteration 64. 

 

The curves of the maximum and average 

temperature of the solid obtained during the study are 

illustrated in Figure-36. From iteration 10, the increase of 

the temperature in each iteration is evidenced until it is 

established in the final value of 226°C. The average 

temperature of the solid reached its establishment at 

150°C. 

 

 
 

Figure-36. Solid Temperature. 

 

Finally, the curve of maximum and average 

temperature of the fluid are presented in Figure-37, unlike 

the solid, the average temperature of the fluid was about 

50°C and the maximum of 220°C. 
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Figure-37. Fluid Temperature. 
 

CONCLUSIONS (M_Heading1) 

Through optical ray theory studied in this work, it 

was possible to identify the angles of the incident and 

refractive rays of the Fresnel lens, considering the solar 

resource in the city of Bogotá Colombia. On the solar half 

day, the incident angle is close to zero while for the first 

and last hours of the day the angle was greater. The above 

due to the movement of rotation of the earth that makes 

the sun travel from west to west the earth's surface. 

The lens efficiency both in the surface and 

wedge, reached the maximum at midday with a value of 

0.963 and 0.825 respectively; while the efficiency at 6:00 

a.m. is lower with a value of 0.104 on the surface and on 

the wedge is 85.88% higher. 

The lens concentration factor increased by 

varying the focal length of the lens, for this case the 

distance of 4mm reached a maximum value of 75.74, with 

a lens thickness of 2mm; for a focal length of 9mm, the 

concentration factor showed a decrease of 56.67% 

compared to 4mm at midday. On the other hand, by 

varying the thickness of the lens between 2mm to 5mm, 

the concentration shows approximate changes of 5.44% at 

12:00 a.m. 

The maximum temperature obtained during the 

simulation of the system by finite elements, was 226°C 

with a solar radiation of 800 𝑊 𝑚2⁄  and an effective 

radiation at noon of 799 𝑊 𝑚2⁄ ; therefore the Fresnel lens 

allowed to increase the initial temperature of the fluid 

approximately 198°C, by focusing the solar rays on a 

single point along the receiving tube. 
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