
 

*Corresponding Author Vol. 23 (No. 1) / 13 

International Journal of Thermodynamics (IJoT) Vol. 23 (No. 1), pp. 13-23, 2020 
ISSN 1301-9724 / e-ISSN 2146-1511 doi: 10.5541/ijot.601417 
www.ijoticat.com  Published online: Mar 01, 2020 

 

 

Numerical study of the transparent cover effects with miscellaneous shapes on the 

parabolic trough solar collector performance   
 

Behnam Pourkafi1*, Behrooz M. Ziapour1, Ali Reza Miroliaei2 

 
1Department of Mechanical Engineering, University of Mohaghegh Ardabili, Ardabil, Iran 

2Department of Chemical Engineering, University of Mohaghegh Ardabili, Ardabil, Iran 

E-mail: *behnampourkafi@gmail.com 

 

Received 4 August 2019, Revised 25 November 2019, Accepted 7 December 2019 

 

Abstract  
 

Optimization of energy production equipment due to significant production cost of each unit of energy is one of the 

most significant factors for economic development and countries progress. The aim of this work is to improve the 

efficiency of the parabolic trough collector (PTC) by reducing the heat losses from it. Therefore, it was utilized a PTC 

with a receiver tube in the focal center of the concentrator that was applied a phase change material (PCM) inside it 

to store better energy. In the present work, by adding a new section called transparent cover to envelope the PTC, 

waste of thermal energy from the receiver tube was prevented. The numerical solutions were performed for both 

summer and winter days. By using of existing formulas, energy and exergy efficiency of the PTC system with different 

geometrical shapes and heights were obtained and their performance were compared. The results showed that by 

reducing the height of the covers (i.e. reduction of the space), energy and exergy efficiencies were increased and by 

providing the triangular cover shape, the system performed better than two others elliptical and rectangular shapes.  
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1. Introduction 

Increasing demand for energy, reducing the amount of 

fossil fuels, and most importantly, endangering the life of 

living creatures through environmental pollution has 

increased the trend towards renewable energy production 

and consumption [1] .Solar energy is one of the most 

massive, affordable and cheapest renewable energy in the 

world [2]. 

Solar collectors are devices that convert solar radiation 

into thermal energy. Energy is transferred from a distant 

source (sun) to a heat transfer fluid (HTF) in the collector. 

The most common solar collectors are flat plate collectors 

that are used for low temperature applications up to 100ºC 

and domestic hot water production [3]. Evacuated tube 

collectors cover the temperature above 200ºC [4]; and 

concentrating solar collectors are the only possible solution 

to reach the highest temperature ranging from 200 to higher 

temperatures [5]. Basically, there are the several 

technologies for concentrating collectors as: Linear Fresnel 

collectors, parabolic dish collectors, parabolic trough 

collectors, solar towers and compound parabolic collectors 

which parabolic trough collectors (PTC) are the most 

extensive between them with covering 90% of the entire 

concentrating solar power (CSP) systems [6]. 

Numerous studies have been carried out on concentrating 

solar collectors to optimize their design and operation. 

Providing a general method for the development of 

geometric parameters of the concentrator surface and 

receiver tube [7], offering a new solar tracking system to 

improve the efficiency of the concentrator solar collector [8]. 

Design and manufacture of a new fiberglass reinforced 

parabola trough for PTC, which its thermal performance is 

determined, based on ASHRAE STANDARD 93 (1986) [9]. 

In addition, thermal analysis of the solar parabolic trough 

collector based on nanofluids has been studied by researches 

[10]. 

In another work, Paetzold et al. [11] studied the effects of 

the wind on a PTC. In a fixed aperture, they investigated the 

variations of the focal length of the parabola in order to 

minimize the effects of the wind on parabolic trough 

collector and to optimize the shape and design of the PTC. 

One of the most widely methods in radiation is the Monte 

Carlo Ray Tracing (MCRT) method. This is one of the most 

efficient methods for radiation issues in PTCs. Serrano-

Aguilera et al. [12] used this method to analyze the efficiency 

of the parabolic trough concentrator in proportion to its 

shape. In another work, Wang et al. [13] analyzed the effects 

of glass cover on the receiver tube using the Monte Carlo 

Ray Tracing method. They concluded that minimizing the 

distribution of heat flux gradient on the surface of the 

receiver tube could reduce the thermal stresses on the 

receiver tube and found that the glass cover with the elliptic 

cross-section in comparison to the circular cross-section 

could effectively reduce the heat flux gradient. 

Furthermore, a few of studies have focused on 

experimental set-ups. In an experimental study, Zoe et al. 

[14] introduced a small-sized PTC to heat water in cold 

regions. In this research, an experiential platform was 

fabricated and developed then comprehensive experiments 

was carried out to evaluate the thermal performance of the 

PTC. In another experimental study, Potenza et al. [15] 

examined a new parabolic trough collector with a transparent 

receiver tube that operates with a gas-based nanofluid as a 

working fluid. 

Due to the advancement of computer technology and its 

low cost, compared with experimental equipment, numerous 
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numerical studies have been done by researchers for several 

models of PTCs. By investigating the works of these 

researchers, it is observed that numerical methods were used 

for both of the radiation region and outer region of the 

receiver tube and for the working fluids inside the tube. 

Hachicha et al. [16] presented a precise numerical model 

based on a large eddy simulation (LES) to peruse the fluid 

flow and heat transfer in a PTC and its receiver tube. Their 

study provided a quantitative assessment of the pressure, 

velocity and temperature values around an isolated PTC and 

its receiver tube. Numerical results validated with 

experimental data, which was well-agreement, though there 

were some discrepancies due to unsteady behavior of flow. 

To clarify the variations in the aerodynamic coefficients, the 

instantaneous flow around the parabola was studied at 

various pitch angles and they concluded that the horizontal 

position 𝜃 = 90 is the most appropriate position for the PTC 

system to work. 

In another numerical study, a detailed model based on the 

energy balance at the component level in order to investigate 

the thermal performance of a PTC in transient climatic 

conditions was developed and validated by Lamrani et al. 

[17]. They studied the effects of the important parameters 

such as the mass flow rate of HTF, receiver tube length and 

fluid type on the thermal performance of a PTC. They 

concluded that maximum efficiency of the PTC system could 

reach around 76% during the summer. In addition, it was 

shown that the outlet temperature of HTF is more affected by 

the length of the receiver tube, and using synthetic oil as a 

working fluid is more appropriate than water. 

The main problem with the operation of parabolic trough 

solar collectors is receiving and transmitting thermal energy 

with the least losses. To determine the optimized collector 

performance conditions, exergy analysis besides energy 

analysis can be a useful way to investigate the efficiency of 

the parabolic trough solar collectors [18]. Bejan et al. [19] 

used the second law of thermodynamics for exergy analysis 

of a solar collector system under variable time conditions. 

Allouhi et al. [20] proposed a detailed mathematical model 

to study the energy and exergy performance of a PTC with 

various nanoparticles suspended in the working fluid at high 

and moderate temperature. They concluded that 

improvement of the exergy performance is more important 

than energy performance, and by providing optimal 

conditions, the PTC system can achieve peak energy and 

exergy efficiency. 

In an experimental study, Chafie et al. [21] evaluated the 

thermal performance of a receiver tube of a PTC from two 

perspectives of energy and exergy. A parabolic trough 

collector in the laboratory environment was designed and 

fabricated to analyze energy and exergy performance. 

Throughout this study, the exergy transferred to the HTF, the 

useful energy gain and the energy and exergy efficiency were 

measured. The measured results showed that the thermal 

performance is strongly influenced by climate conditions. 

Also, energy and exergy efficiency would be higher under 

clear sky than the cloud sky. 

Moreover, Mwesigye et al. [22] carried out a numerical 

study on the thermal and thermodynamic performance of a 

PTC using single-walled carbon nanotubes (SWCNTs) in 

Therminol®VP-1 nanofluid. They intended to show the 

effect of high thermal conductivity SWCNTs in the used 

HTF on the performance indicators of a PTC system. Also, 

in this study, energy and exergy efficiency of the system for 

various volume fractions of 0.25, 0.5, 1, 2 and 2.5% and the 

inlet temperature range from 400 K to 600 K have been 

presented 

Although, in the past years parabolic trough solar 

collectors were used only for high temperature applications, 

especially for power generation or melting, but in recent 

years these systems have been used for thermal applications 

in low to high temperatures. This application became 

important when phase change materials (PCM) were used as 

energy storage [23].  In the present work, we used a PTC 

with a receiver tube. To save and better using energy, a 

defined volume of PCM was applied inside the receiver tube. 

By adding a new section named transparent cover to coat the 

PTC system, we prevented the convection heat losses to the 

surroundings. An innovative work in this paper is to 

determine the geometry shape of the transparent cover in 

order to optimize the efficiency of the PTC. To achieve this 

aim, we resorted to the numerical method and with 

computational fluid dynamic (CFD) tools, we have 

numerically analyzed the enclosure. Then, using the first and 

second law of thermodynamics, the energetic and exergetic 

performance of the PTC system with various geometric 

covers have been summarized and presented for a summer 

and a winter day. 

  

2. Research methodology 

2.1 Physical model 

PTC systems consists of two main components as the 

parabolic trough concentrator and the receiver tube. The 

parabolic trough concentrator reflects the solar radiation to 

the receiver tube that is positioned along the concentrator 

focal line. The absorbed heat by the receiver tube is 

transferred to the HTF in it and this thermal energy is 

extracted for the required applications [24]. A schematic 

diagram of the cross-section of a PTC and some of its 

significant parameters, such as aperture width (𝑎𝑐  ), focal 

length (f), and rim angle (𝜑 ), are shown in Figure 1 [25]. 

 

Figure 1. Cross-section of the PTC 

Figure 2 also shows the cross section of the three 

geometric models that have been studied in the present work. 

In the focal axis of the concentrator, receiver tube with 

determined diameter is placed and phase change material 

(PCM) is applied inside it. The diameter of the receiver tube 

and the volume of phase change material is determined by 

optimizing the tube dimension versus the PCM volume. The 

space, above the PTC system is enveloped with a shaped 

glass cover, which reduces the convection heat losses to the 

outside. 

To determine the optimal diameter of the receiver tube in 

comparison to the volume of the PCM inside the tube, the 

energy balance between the entered energy to the receiver 

tube and the absorbed energy by the water and the paraffin 

wax as PCM is applied as follows [26]. 
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(0.5𝐺 × 𝐴𝑖𝑛,𝑝𝑖𝑝𝑒) =  𝜌𝑤𝑉𝑤𝐶𝑃𝑤
(𝑇𝑚𝑒𝑙𝑡 − 𝑇𝑖) + 𝜌𝑝𝑎𝑉𝑝𝑎𝐶𝑃𝑝𝑎

(𝑇𝑚𝑒𝑙𝑡 −

𝑇𝑖) + 𝜌𝑝𝑎𝑉𝑝𝑎ℎ𝐿𝑝𝑎
                                                                         (1)                                                                    

 
 

Figure 2. Schematic diagram of PTC system with three 

shaped glass cover: (a) triangular GC, (b) elliptic GC, and 

(c) rectangular GC. 

 

Left side of equation (1) represents the entered energy to 

the receiver tube as a function of 50 percent of total solar 

radiation in a summer day (𝐺) multiplied in the surface area 

of receiver tube dealt with proportional area of the parabolic 

trough concentrator (𝐴𝑖𝑛,𝑝𝑖𝑝𝑒 ), and the right side of it is used 

for the storage energy inside the receiver tube, where 

𝜌𝑤, 𝑉𝑤 , 𝐶𝑃𝑤
 refers to density, volume  and specific heat 

capacity of water and 𝜌𝑝𝑎, 𝑉𝑝𝑎, 𝐶𝑃𝑝𝑎
 are density, volume and 

specific heat capacity for the paraffin wax inside the tube. 

𝑇𝑚𝑒𝑙𝑡 , 𝑇𝑖  , respectively, are the melting temperature of 

paraffin wax and ambient temperature, as well as, ℎ𝐿𝑝𝑎
   is 

the paraffin melting latent heat. 

To simplify the calculations, the PCM volume is 

considered as a cubic shape with a square cross-sectional 

length a, inside the receiver tube as shown in Figure 3. 

 

 
Figure 3. Cross section of the receiver tube. 

 

Therefore, the volume of paraffin wax and water inside 

the receiver tube can be calculated by the following 

equations [26]: 

 

𝑉𝑝𝑎 = 𝑎2𝐿                                                                                  (2) 

 

Vw = (πr2 − a2)L                                                             (3) 

 

Optimization is carried out to prevent the increasing 

temperature of the water and paraffin wax inside the receiver 

tube from an identified level. On the other hand, optimization 

avoids the unusual increasing in tube diameter, because 

increasing of the tube diameter can lead to the shadiness 

effect on the parabolic trough concentrator that reduces the 

solar system efficiency. 

 

2.2 Thermal efficiency 

The useful energy output of the collector (𝑄𝑢) is part of 

the solar energy that the working fluid receives and its 

temperature level increases. This amount of energy can be 

calculated by applying the energy balance in the volume of 

the working fluid, in accordance to Eq. (4) [27]: 

Qu = m. CP. (Tout − Tin)                                                             (4) 

 

PTCs only use solar beam irradiation and the available 

solar energy (𝑄𝑠  ) in the PTC aperture (𝐴𝑎) is calculated by 

Eq. (5) [28]: 

 

Qs =  Aa. G                                                                          (5) 

  

The thermal efficiency of the collector is defined by Eq. 

(6): 

 

ηth =
Qu

Qs
                                                                              (6) 

 

2.3 Exergy performance 

Due to the energy analysis cannot show the internal 

irreversibility, on the other hand, exergy analysis generally 

provides a more practical and reasonable view than energy 

analysis [29]. In the present work, in addition to energy 

analysis, the PTC exergy analysis is also investigated. In 

thermodynamics, exergy is the maximum useful work that 

can be produced during a process. For solar collectors, useful 

exergy output (𝐸𝑢 ) equals the useful output energy minus 

the irreversibility according to Eq. (7): 

𝐸𝑢 = 𝑄𝑢 − 𝑇𝑎𝑚𝑏Δ𝑠𝑔𝑒𝑛                                                                 (7) 

 

This equation is modified into Eq. (8) [30]: 

 

𝐸𝑢 = 𝑄𝑢 − 𝑚. 𝐶𝑃. 𝑇𝑎𝑚𝑏 . ln [
𝑇𝑜𝑢𝑡

𝑇𝑖𝑛
]                                            (8) 

 

The most acceptable model for solar exergy is introduced 

by ref. [31] in Eq. (9). The temperature of the sun is also 

approximately 5770 K [4]: 

 

Es = Qs. [1 −
4

3
(

Tout

Tsun
) +

1

3
(

Tout

Tsun
)

4

]                                        (9) 

 

The exergy efficiency of the collector is defined as 

follows [32]: 

 

ηex =
Eu

Es
                                                                            (10) 

 

Exergy efficiency indicates the quality of a process, as 

well as the rate of the irreversibilities. In an ideal system, this 

parameter tends to be 1, but in a low-quality system, it is 

close to zero. 

 

2.4 Physical properties and simulation parameters 

The geometric parameters of the parabolic trough 

concentrator and the tube receiver that used in the present 

work are given in Table 1. In addition to, the rest of the 

important parameters of the PTC system and simulation 

conditions such as optical efficiency, reflectivity, 

transmissivity and absorptivity are summarized in this table. 

 

Table 1. Model parameters. 

Parameter Value Parameter Value 

𝐟 0.8 ηopt 0.77 

𝐚𝐜 2.3 m ρc  

𝛒 72 τg  

𝛅𝐜 0.02 m αr  

𝛅𝐆𝐂 0.02 m hout 15 w/m2k 

d 0.14 m   
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Solar radiation dates are derived from work [33] and 

properties of water and paraffin wax are presented in Table 

2 using dates in works [26]. 

To solve the natural convection problem in the enveloped 

space of the PTC system, it is assumed that the flow is 

laminar, incompressible and transient. Thermo-physical 

properties such as conductivity, thermal capacity and 

viscosity are assumed to be constant. Also, the effect of 

natural convection is in accordance with Boussinesq 

approximation. 

 

Table 2. Properties of water and paraffin wax [33]. 

 𝜌 𝑐𝑝 ℎ𝑙 𝑇𝑚𝑒𝑙𝑡(℃) 

water 998.2 4182 - - 

Paraffin 860 2500 188000 53 

 

2.5 Boundary conditions 
In this section, the boundary conditions are presented 

according to some reasonable assumptions. These 

assumptions are similar with ref. [26]. 

(1) The outer surface of the concentrator is considered to 

be isolated to prevent heat dissipation. 

(2) The lower surface of the receiver tube dealt with 

proportional area of the parabolic trough concentrator is 

exposed to reflected heat flux. 

(3) For the upper surface of the receiver tube, coupled 

boundary condition is set. 

(4) Also, the surface of the glass cover is set as coupled 

boundary condition. 

 

2.6 Numerical procedure 

Creating and meshing of the geometrical models are done 

by GAMBIT software. In meshing process, the shape of quad 

is used for the elements because this kind of elements have 

less numbers in comparison to other kinds of it and this 

decreases the calculation time. During the meshing finer 

grids are chosen near the walls because of the high gradients 

and increasing computational accuracy [34]. The generated 

meshes are shown in Figure 5. 

 

 
 

Figure5. Schematic of grid generation. 

 

The governing equations in this work are solved using 

finite volume method (FVM) by Ansys Fluent V16. The 

transient pressure-based model with SIMPLE-Consistent 

method (SIMLEC) is used for simulation. The momentum 

and energy equations are discretized using a second-order 

upwind scheme and the discretization of the pressure term is 

with PRESTO method. 

                                                                        

2.7 Grid independency and time-step independency 

To make sure that the numerical results are independent 

of the mesh resolution, a grid independence study has been 

done. To investigate grid independency, in elliptical cover  

and time-step of 2s, five grids with 6152,7231,8929,10444 

and 12589 cells were considered and under defined 

conditions, the mean temperature inside the tube, along with 

the phase change material for all five grids was investigated, 

which is presented in Figure 6. The grid independence 

criterion in this process was considered added temperature to 

the average temperature inside the tube. Comparison of the 

results in Figure 6 shows that the number of elements of 

10444 is the most appropriate size of mesh. 

 

 
 

Figure 6. Grid independency study. 

 

To investigate time-step independency, five time-steps 

(1, 2, 3, 4 and 5s) were used with 10444 grids. As shown in 

Figure 7, for the Δ𝑡 = 2𝑠 , average temperature increasing 

inside the tube reaches to range of 1%. Therefore, the time 

step of 2s is chosen to reduce the cost of the calculations. 

 
 

 
 

Figure 7. Time independency for model with 10444 

number of meshes. 

 

2.8 Validation 

A numerical solution is valid when it can provide reliable 

prediction of the results, or at least the results have a partial 

difference with previous researches. The validation of the 

present model is performed with two comparisons. In the 
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first part, thermal efficiency curve is compared with other 

from literature. In the other part, the values of the Nusselt 

number in specified Rayleigh numbers are compared 

between the current model and the literature results for the 

natural convection inside the enclosure. 

In the first comparison to validate our numerical code, a case 

that presented in the Ref. [35] has been reproduced in this 

work. The PTC system with no glass cover is selected and 

water is used as working fluid, because there are literature 

data for this case. In the simulation, geometry, working 

conditions and materials are kept exactly identical with those 

in the literature. As it is seen in Figure 8, our numerical code 

produces the result of this reference with an acceptable 

accuracy. 

 
 

Figure 8. Comparison of our model with Ref.[35]. 

 

In the next comparison, the results in the current work 

have been compared with the results of two authors. Table 3 

includes the comparison results between the present model 

and Refs.[36], [37]. These comparisons showed that our 

numerical code gives accurate results. 

 

Table 3. Comparison of present work results with Refs. 

[36], [37]. 
 Ra=103 Ra=104 Ra=105 

𝑵𝒖̅̅ ̅̅  (Ref [36]) 1.118 1.116 1.094 

𝑵𝒖̅̅ ̅̅  (Ref [37]) 1.116 2.239 4.531 

𝑵𝒖̅̅ ̅̅  (Present) 1.091 2.137 4.471 

 

3. Results and discussions 

3.1. Optimization 

At first based on the energy balance (Eq. (1)), 

optimization process has been performed to find the radius 

of the receiver tube in comparison to the PCM volume used 

inside the tube in a summer day. Summer day was considered 

as the basis for determining the optimum values, because 

peak solar irradiation occurs in summer days and energy 

storage level will be most. Therefore, the obtained 

dimensions for the receiver tube are the possible largest 

dimensions and for other seasons with less radiation can be 

used safely and there is no concern for evaporation inside it. 

According to Figure 3, the dimensionless coefficient K is 

defined as the ratio of the radius of the tube to the length of 

the square of the paraffin wax capsule: 

 

k =
r

a
                                                                               (11) 

 

Using the properties quantity of the Table 2 in Eq. (1), 

the two-variables includes r and 𝑎 are derived as follows: 

 

41.26r = 445.66r2 + 92.84a2                                                 (12) 

Drawing this relationship between r and a (Figure 8) 

shows that the range of the receiver tube radius is up to 0.925 

(m). Also the maximum amount for the length of the paraffin 

wax square is 0.1014 (m) versus radius of 0.04625(m). As 

seen in Figure 3, the square diameter of paraffin waxes 

should be smaller than the diameter of the receiver tube and 

the dimensionless coefficient K is resulted as follows: 

 

K ≥ 0.7071                                                                               (13) 

 

 
 

Figure 9. Variations of the square length of the paraffin 

wax relative to the receiver tube radius. 

 

Variations of the coefficient k relative to the receiver tube 

radius is shown in Figure 10 and the range of values greater 

than 0.707 for the coefficient k has been specified. In order 

that k coefficient be higher than 0.707, It is necessary, the 

receiver tube radius be more than 0.065 m. According to 

Figures 9 and 10, the permissible range for the receiver tube 

radius is between 0.065 m and 0.0925 m. 

 

 
 

Figure 10. Variations of k coefficient relative to 

receiver tube radius 

 

It is important to state that large sizes of tube radius, 

moreover manufacturing problems and costs, face with 

another obstacle, the effect of the receiver shadow on the 

parabolic trough concentrator, so that larger radiuses by 

creating shadows on the concentrator have an undesirability 

effect on the heat absorption process. On the other hand, 

using proportional and smaller tubes with more paraffin wax 

is recommended. Considering these items in the optimization 

process, the minimum amount of the tube radius versus the 
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maximum possible volume of paraffin wax as PCM is r=0.07 

m and Vpa=7.59 lit respectively. 

3.2. Contours 

By choosing the amount of tube radius and paraffin 

volume, the whole system was analyzed numerically with a 

transparent cover with three different geometries. 

Temperature distribution inside the encasement, as well as, 

the stream function inside it for triangular geometry on a 

summer day at certain hours are shown in Figures 11 and 12. 

One can see that, with the warming of the water and the 

paraffin inside the receiver tube, the air inside the 

encasement is heated from the heat losses on the other side 

of the tube by natural convection. The presence of the glass 

cover around the system causes the air inside it to act as a 

heat resistance against the heat losses and thermal dissipation 

from the receiver tube decreases. Temperature contours 

show that as more time passes from the beginning of the 

process, the temperature increases, because over the time, the 

greater amount of solar radiation absorbed by the working 

fluid, and consequently the pressure gradient generated in the 

encasement is also increased. As the temperature increases, 

the density decreases further, and as a result, the air 

circulation becomes more intense due to the thermosiphon 

phenomenon. Also, the stream lines show that heat losses 

occur through convection in the encasement. The slow 

heating of the encasement and intensification of the 

thermosiphon phenomenon also prevent over heat losses. 

 

Figure 11. Temperature contours for triangular geometry: 

(a) Timeframe 8-9, and (b) Timeframe 15-16. 

 
 

Figure 12. Stream function contours for triangular 

geometry: (a) Timeframe 8-9, and (b) Timeframe 15-16. 

 

3.3. Effects of the GC height variations on the system 

Performance 

To investigate effects of the height variations of the glass 

cover on the system performance, energy and exergy 

calculations were carried out on elliptical glass cover with 

different heights (0.6, 0.8, 1 and 1.2 meter) for a summer and 

a winter day. Figures 13, 14 and 15, 16 indicate the changes 

of the thermal and exergy efficiency of the PTC for different 

heights of the glass cover, respectively. It is observed 

whenever the geometric nature of the transparent cover is the 

same, energy and exergy efficiency increases sensibly with 

cover height decreasing. GC is transparent and can receive 

radiation with short wavelength, but does not pass through it 

out (similar to greenhouse effect). Using GC causes the air 

inside it to act as a heat resistance against the heat losses. It 

is observed that with the GC height decrease (space 

reduction), air inside the cover is compressed and the amount 

of heat dissipation is reduced and system efficiency is 

improved. 
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Figure 13. Variations of the thermal efficiency by changing 

the height of elliptical cover in a summer day.  

                           

 
 

Figure 14. Variations of the thermal efficiency by changing 

the height of elliptical cover in a winter day. 

 
 

Figure 15. Variations of the exergetic efficiency by 

changing the height of elliptical cover in a summer day. 

 

 
 

Figure 16. Variations of the exergetic efficiency by 

changing the height of elliptical cover in a winter day. 

 

 

3.4. Effects of the GC geometry variations on the system performance 

To evaluate and compare the performance of the PTC under the influence of transparent cover with different geometries 

(elliptical, triangular and rectangular cover with the same height), energy and exergy calculations were performed for a 

summer and a winter day. Results have been presented in figures 17, 18 and 19, 20. As can be seen, system with triangular-

shaped cover in the same condition performs better than two other cases. 

 

 
 

Figure 17. Thermal efficiency of the system with three 

different shaped cover in a summer day. 

 

 

 

 
 

Figure 18. Thermal efficiency of the system with three 

different shaped cover in a winter day. 
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Figure 19. Exergetic efficiency of the system with three 

different shaped cover in a summer day. 

 
 

Figure 20. Exergetic efficiency of the system with three 

different shaped cover in a winter day. 

 

3.5. System performance without GC 

To compare the system performance in two cases: with 

GC and without GC, calculations for the current PTC system 

without glass cover were performed and results have been 

presented in Figure 21 compared to three different shaped 

cover. As it is seen, energy and exergy efficiency of the 

system are improved compared to the non-cover mode. 

Using GC around the system makes the air inside it to act as 

a heat resistance against the heat losses and thermal 

dissipation from the receiver and it reduces the radiation 

losses of the system, because the glass is transparent and 

receives radiations with short wavelength, but does not pass 

through it out. 

 
 

 
 

Figure 21. System efficiency without glass cover compared 

to three different shaped cover in a winter day: (a) thermal 

efficiency, (b) exergetic efficiency. 

 

3.6. Effects of tracking on the system performance  

The collectors are also classified as tracking and non-

tracking types depending on the applications. The non-

tracking types are fixed and usually installed and tilted at an 

angle equal to the latitude. The tracking collectors are again 

classified into single-axis and two-axis tracking. Many 

authors have studied sun-tracking systems. In one case, 

Bakos [8] conducted an experimental study to investigate the 

effect of tracking on the solar energy collected. In his work, 

a PTC system was evaluated in fixed on a 40o and two-axis 

tracking modes, and solar radiation values were reported for 

these two modes as shown in Figure 22. 

 

 
 

Figure 22. Solar radiation values for fixed and two-axis 

tracking modes. 

 

In the present work, to survey the efficiency of the system 

with tracking mechanism and compare it with the fixed 

mode, the computations were performed for the PTC system 

using solar radiation data of ref. [8] and results were 

presented in Figure 23. As it can be seen, a reliable tracking 

mechanism can improve system performance. 

 



 

 
Int. J. of Thermodynamics (IJoT) Vol. 21 (No. 1) / 21 

 

 
 

Figure 23. System efficiency with two-axis tracking 

compared to fixed mode: (a) thermal efficiency, (b) 

exergetic efficiency. 

 

4. Conclusions 

In the present work, we used a parabolic trough collector 

and receiver tube in the focal line of the concentrator. By 

adding a new section, glass cover, we prevented of thermal 

energy losses from the receiver tube, and inside it, we 

introduced phase change material to save energy better. An 

optimization process was used based on the energy balance 

equation to obtain a minimum tube radius against the highest 

volume of paraffin waxes as PCM in the warmest summer 

day. The results showed that by choosing the radius of the 

receiver tube of 7 cm and the volume of paraffin waxes of 

59.7 lit, storage can be achieved in the least possible space. 

In order to better realize the phenomenon of natural 

convection, air flow and assessment of the system, 

temperature and stream function contours provided for the 

inside of the enveloped space with three different shaped 

covers. Temperature and stream function contours represent 

the natural convection in the enveloped space, and the heated 

air inside it acts as a thermal resistance against the heat 

dissipation from the receiver tube that leads to reduce 

thermal losses. 

Numerical calculations were done on a summer and a 

winter day for PTC with three transparent cover by different 

geometries and for elliptical cover with heights of 0.6, 0.8, 

0.1 and 1.2 meters, afterwards the effects of the geometric 

deformation and the change of the height of the cover on the 

performance of the PTC was presented as follows: (1) By 

evaluation the energy efficiency for the elliptical cover with 

different heights, it was seen that the efficiency of the system 

increased by decreasing the height of the transparent cover. 

(2) By calculating the system efficiency for transparent 

covers with three different geometries, the PTC with 

triangular cover in the same conditions had better 

performance than the other two (elliptical and rectangular). 

To investigate the PTC in this work from the perspective 

of exergy, the exergy efficiency of the system for a summer 

and a winter day was studied and the following results were 

obtained: (1) Exergy efficiency has a similar procedure with 

thermal efficiency, and this quantity is increased by 

decreasing the height of the cover. (2) By examining and 

comparing the exergy function of the system with three 

different shaped cover, similar results were obtained with 

thermal efficiency, and the triangular cover. 

 

Nomenclature 

A area (m2) 

𝐴𝑖𝑛,𝑝𝑖𝑝𝑒 surface area of the receiver tube dealt with 

concentrator (m2) 

𝑎 length of encapsulated PCM inside the receiver tube 

(m) 

𝑎𝑐 aperture width of concentrator (m) 

𝐶𝑃 specific heat capacity (J/kg K) 

𝑑 diameter of receiver tube (m) 

𝐸 exergy flow (W) 

𝑓 focal length (m) 

𝐺 solar irradiation (W/m2) 

ℎ𝐿 latent heat (J/kg) 

𝑚 mass flow rate (kg/s) 

𝑁𝑢 mean Nusselt number 

𝑁𝑢 mean Nusselt number 

𝑄 heat flux (w) 

𝑅𝑎 Rayleigh number 

𝑟 radius of receiver tube (m) 

𝑇 temperature (K) 

𝑉 volume (m3) 

 

Greek symbols 

Δ𝑠 entropy increase (J/kg) 

𝛿 thickness (m) 

𝜑 rim angle 

𝜂 efficiency 

𝜌 density (kg/m3) 

𝜂𝑜𝑝𝑡 optical efficiency 

𝜏𝑔 transmissivity of glass cover  

𝜌𝑐 reflectivity of concentrator 

𝛼𝑟 absorptivity of receiver tube 

 

Subscripts and superscripts 

𝑎 aperture 

𝑎𝑚𝑏 ambient 

𝑐 concentrator 

𝑒𝑥 exergetic 

𝐺𝐶 glass cover 

𝑖 initial 

𝑖𝑛 inlet 

𝑚𝑒𝑙𝑡 melting point 

𝑜𝑢𝑡 outlet 

𝑝𝑎 paraffin 

𝑆 solar 

𝑠𝑢𝑛 sun 

𝑡ℎ thermal 

𝑢 useful 

𝑤 water 
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Abbreviations 

HTF heat transfer fluid 

PCM phase change material 

PTC parabolic trough collector 
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