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ABSTRACT 

The main objective of this study is to conduct a controlled thermal investigation of a small Parabolic Trough 

Concentrator (PTC) under real climatic conditions for El-Oued region on 16/03/2018, where the water was adopted as 

a heat transfer fluid. One-dimensional and transient energy balance equations have been analyzed, simplified and then 

programmed with the Matlab code. What distinguishes this study is the precise tracking of all heat coefficients that 

would give an accurate representation of the thermal behavior of the studied device. The average optical efficiency of 

the device has reached 78.55 %, the average value of the thermal efficiency has reached 74.30 %, while the average 

value of the overall coefficient of the thermal loss is 5.96 W/m²°C. Water steam has been formed under the effect of 

practical conditions between 10:20 and 11:50. The results obtained in this study encouraged the research team to start 

manufacturing this device with the dimensions mentioned in this paper, in order to direct this prototype setup to conduct 

scientific experiments will be in the field of solar cooling, desalination, water heating and other areas that serve the 

society welfare and maintain the environment integrity. 

 

Keywords: Parabolic trough solar collector, Thermal solar, Thermal investigation, Pure water, Numerical 
simulation 

 

INTRODUCTION 

Solar energy is the heat and light coming from the sun, which human has used in his service since ancient 

times by using the technology traditional means that   has developed to facilitate the life [1-3]. Now, solar energy has 

a bright future, where its uses have been widely used in many industrial and domestic fields. It can be used to heat 

swimming pools [4], air heating [5-7], water heating [8-12], nanofluids applications [13-16] and solar irrigation [17, 

18]. In addition, it can be used to cook food in solar furnaces [19, 20], where these furnaces collect sunlight at a central 

point and then turn sunlight into  a heat. Moreover, it is used also for desalination [21, 22], drying [23-25], electricity 

production [26-29], air conditioning [30-33] and process heat applications [34-36]. All these areas of the solar energy 

will help solve global energy crises, save money and reduce bills because the sun is a free and clean source of energy.  

To be able to use solar thermal energy well, solar collectors should be used, where these collectors are 

designed to capture the heat coming from the sun by absorbing solar irradiance. The solar collector is a device that 

converts the solar energy into more usable and storage thermal energy, where the solar irradiance intensity that is 

concentrated on the absorber area is controlled by the optical properties of the collector, the collector dimensions, the 

geographical and climatic conditions of the device installation location. There are many types of solar thermal 

collectors such as the compound parabolic  collectors  (CPCs) [37],  the  evacuated  tube  collectors  (ETCs) [38], the 

Flat-plate collectors (FPCs) [39], the Heliostat  field  collectors  (HFCs) [40], the linear Fresnel reflectors (LFRs) [41], 

the parabolic dish reflector (PDRs) [42, 43] and the  parabolic  trough collectors (PTCs) [44-46]. Currently, there is a 

lot of valuable scientific researches aimed at using nanofluid technologies to improve thermal efficiency in solar 

collectors, because  nanoparticles work on improving convection heat transfer coefficient [47] as evidenced by studies 

carried out by Said et al. [48-55], Mebarek-Oudina and Makinde [56], Raza et al. [57], Alkasassbeh et al. [58] and 

Mebarek‐Oudina [59]. This is a set of scientific researches that have proven successful in using nanofluid technologies 

to increase the thermal performance in many technological fields including the solar equipment. 



Journal of Thermal Engineering, Research Article, Vol. 7, No. 3, pp. 429-446, March, 2021 

 430 

The subject of this study is related to Parabolic Trough Collectors (PTCs). This type contains a circular 

receiver tube with a suitable selective layer. This tube is surrounded by a glass envelope located along the focal line of 

the reflector [60, 61]. This   collector has been used as a device for concentrating  the solar energy; so the only direct-

normal solar irradiance “DNI, “W/m²” is used [61].Since the reflective mirrors follow the sun according to a mono-

south-north axis where the solar irradiance is vertical on the reflective mirror, an unused distance between two parallel 

rows of this solar reflector type should be left within the same solar field in order to maintain a high optical efficiency 

of  the solar device. 

In the literature, many studies have dealt with this type of solar concentrates. Firstly, G. K. Manikandan et al. 

have conducted a review study on the parabolic trough collectors [62], where the aim of their  study was to identify 

ways to enhance and improve the optical and thermal efficiency of this solar collector category. Korres et al. utilized 

the nanofluids as a heat transfer fluid with a laminar flow at the receiver tube level of the compound parabolic trough 

solar collector (CPTC) [60]. It was also found that Azzouzi et al. have conducted an experimental study of a parabolic 

trough collector with large rim angle, which it was made in the Mechanics Department of Khemis Miliana University 

at Algeria.  The authors discussed the optical behavior part of the experimental device [63]. In 2010 [64], Fernandez-

Garcıa et al. carried out a study on the numerous parabolic trough reflectors uses. In addition, R. K. Donga and S. 

Kumar [65], have assessed the heat efficiencies of parabolic trough concentrator with receiver tube, where this tube 

had a suspicion of alignment and slope. Moreover, Bellos and Tzivanidis have conducted a study on substitute designs 

for parabolic trough reflectors [44]. In another scientific work, Bellos et al. have completed a study on the effect of the 

internal fins number in receiver tube of parabolic trough concentrator on changing the thermal efficiencies [66]. In 

addition, Bellos et al. have conducted a study on the possibility of improving the thermal efficiency of the PTCs 

reflectors by using cylindrical longitudinal inserts in different positions within the receiver tube [67].There are many 

other scientific works that Bellos have done in the field of parabolic trough concentrators, aiming to improve the 

thermal efficiency of this effective technology [68-75]. Besides, recently Moloodpoor et al. studied the thermal 

behavior of parabolic trough reflectors based on the intelligence swarm enhancer [76]. 

This study aims to conduct a thermal examination of a small parabolic trough solar reflector where this 

investigation has been done depending on the numerical solution method. The considered reflector has been studied 

according to the one-dimension model in a transient regime. The mathematical model governing the heat transfer 

phenomenon at the receiver tube is based on the conservation laws of energy and mass through the different surfaces 

establishing the receiver. Pure water has been used as a carrier fluid for heat, as it changes according to climatic 

conditions of El-Oued region on 16 March 2018. All thermal coefficients that have been affected by the thermal 

behavior of the studied solar system have been carefully identified. The results obtained from the present study will 

allow giving a clear idea about the possibility of using this solar dispositive in many fields depending on the final heat 

transfer fluid temperature when it is released from the absorber tube. 

Currently, the research team manufactures a solar center with dimensions and characteristics listed in Tables 

(1) and (2). The Matlab program, which has been completed, has demonstrated the efficiency and credibility of its 

results in previous scientific research (experimental and numerical) [9-11, 77, 8], so the research team to proceed with 

conducting this study, which relies on the numerical simulation. This paper considered the thermal coefficients that 

affected the thermal efficiency of the studied device. As is known these thermal coefficients are very complex, and is 

not easily determined with great precision, but in this study, they have been successfully followed step by step.  

 

THERMAL STUDY 

Numerical simulation has been used as a means of tracking thermal behavior at the level of the solar system. 

The simulation is based on an energy balance between the components of the copper receiver tube. The energy balance 

for the copper receiver tube, the fluid heat carrier and the glass envelope are considered independently. Figs. 1(a) and 

1(b) show the dimensions of the studied reflector. 
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(a) 

 
(b) 

Figure 1. Engineering description of the studied solar reflector: a) General appearance [67], b) Cross-section. 

 

As previously stated, the main objective of this work is to make a thermal investigation on the studied 

concentrator according to the geometrical parameters of the concentrating elements. This examination will enable the 

identification of the intensity of the heat flux on the receiver surface. In addition, It will be estimated the thermal 

efficiency “ηth”, the receiver tube temperature "TAb, (°C)", the fluid temperature "THTF, (°C)", the glass tube 

temperature "TG, (°C)" and the overall coefficient of the thermal loss "UL , (W/m²°C) ". Therefore, the thermal behavior 

has been determined based on these assumptions: 

• The thermal fluid is incompressible;  

• The parabola shape is symmetrical;  

• The ambient air temperature around the concentrator is uniform; 

• The effect of the tube shadow on the mirror is negligible; 

• The solar flux at the receiver is uniformly distributed; 

• The glass tube is considered opaque to infrared radiation; 

• The conduction exchanges in the receiver tube and the glass tube are negligible. 

 

 
Figure 2. The energy balance at the receiver tube [26]. 

 

For the thermal analysis, it is necessary to derive appropriate expressions for the mirror efficiency factor "F’", 

the thermal loss coefficient "UL" and the heat dissipation factor "FR" of the collector. 
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The collector thermal efficiency can be calculated according to Eq. 1 [67, 78, 77, 8]. This factor represents 

the ratio between the thermal energy acquired by fluid “Qgain, (W)” transmitted to the heat transfer fluid and the power 

“QS, (W)”, where “QS, (W)” is the amount of the solar energy that reaches the reflective mirror and then reflected 

towards the receiver tube. In addition, “QS, (W)” is representing the direct normal solar irradiance “DNI, (W/m²)” 

multiplied by the effective collector area “Aa, (m²)”.  

 

𝜂𝑡ℎ =
𝑄𝑔𝑎𝑖𝑛

𝑄𝑆
=

𝑄𝑔𝑎𝑖𝑛

𝐷𝑁𝐼. 𝐴𝑎
 (1) 

 

Where, the useful heat supplied to the fluid can be calculated by [67, 78, 77, 8]: 

 

𝑄𝑔𝑎𝑖𝑛 = 𝑄𝑚 . 𝐶𝑝(𝑇𝑆 − 𝑇𝑖) 
(2) 

 

With the mass flow “Qm, (kg/s)” equals to 0.015 kg/s. It can also be computed "Qgain, (W)"  

by Eq. 3 [78]. 

 

𝑄𝑔𝑎𝑖𝑛 = 𝐹𝑅[𝜂𝑜𝑝𝑡 . 𝐷𝑁𝐼. 𝐴𝑎 − 𝑈𝐿. 𝐴𝑟,𝑒𝑥𝑡 . (𝑇𝑖 − 𝑇𝑎𝑚𝑏)]  (3) 

 

As for "FR" is the heat dissipation factor, it can be calculated by Eq. 4 [78]. 

 

𝐹𝑅 =
𝑄𝑚 . 𝐶𝑝

 𝐴𝑟,𝑒𝑥𝑡 . 𝑈𝐿
[1 − 𝑒

(
𝐴𝑟,𝑒𝑥𝑡.𝑈𝐿.𝐹′

𝑄𝑚.𝐶𝑝
)
] 

(4) 

 

Mirror efficiency factor “F’” can be determined from Eq. 5 [78]. 

 

𝐹′ =

1
𝑈𝐿

1
𝑈𝐿

+
𝐷𝐴,𝑒𝑥𝑡

ℎ𝐹 𝐷𝐴,𝑖𝑛𝑡
+ (

𝐷𝐴,𝑒𝑥𝑡

2𝑘𝐹
 𝐿𝑛

𝐷𝐴,𝑒𝑥𝑡

𝐷𝐴,𝑖𝑛𝑡
)

 (5) 

 

"hF, (W/m²°C)" illustrates the heat transfer coefficient of the heat transfer fluid inside the receiver tube. It can 

be determined from Eq. 6 [78]. 

 

ℎ𝐹 =
𝑁𝑢𝐹 . 𝑘𝐹

𝐷𝐴,𝑖𝑛𝑡
 (6) 

 

The water flow regime in this paper is laminar, so the details of the calculation of fluid Nusselt Number “NuF” 

are somewhat lengthy, but are detailed in Ref. [9]. 

The overall coefficient of thermal loss can be calculated by Eq. 7 [78]. 

 

𝑈𝐿 = [
𝐴𝑟,𝑒𝑥𝑡

(ℎ𝑤 + ℎ𝑟,𝐺−𝑎)𝐴𝐺,𝑒𝑥𝑡

+
1

ℎ𝑟,𝑟−𝐺
]

−1

 (7) 

 

The optical efficiency is given by [78]: 

 

𝜂𝑜𝑝𝑡 = 𝜌𝑚. 𝛾. 𝜏. 𝛼𝐴𝑏 . 𝐾(𝜃𝑖) 
(8) 
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When calculating the optical efficiency of this device must take into account all the optical errors of different 

types. K(i) is one of the important optical coefficients, as it is a coefficient that corrects the incidence angle “i, (°)” 

of the arrival of the direct normal irradiance into the reflective mirror. This coefficient is called the incidence angle 

modifier coefficient, it can determined from Eq. 9 [61, 79]. 

 

𝐾(𝜃𝑖) = 1 −
𝐹

ℓ
[(1 +

𝑊2

48𝐹2) 𝑡𝑎𝑛(𝜃𝑖)] (9) 

 

"hw, (W/m²°C)" is the convective exchange coefficient between the glass cover and the ambient air, it can be 

calculated by Eq. (10) [78]. 

 

ℎ𝑤 =
𝑁𝑢𝑎𝑖𝑟 × 𝑘𝑎𝑖𝑟

𝐷𝐺,𝑖𝑛𝑡
 

 

(10) 

 

As for "Nuair" is the air Nusselt number. It is a dimensionless coefficient used to characterize the convective 

thermal transfers between a fluid and a wall. This parameter can be calculated in terms of the fluid flow regime. This 

parameter can be calculated by Eq. 11. 

 

𝑁𝑢𝑎𝑖𝑟 = {
0.40 + 0.54 𝑅𝑒0.52  𝑓𝑜𝑟  0.1 ≤ 𝑅𝑒 ≤ 1000

0.30 𝑅𝑒0.60  𝑓𝑜𝑟  1000 < 𝑅𝑒 ≤ 50000
 (11) 

 

With "Re" represents the air Reynolds number. This coefficient is defined by Eq. 12 [78]. 

 

𝑅𝑒 =
𝜌𝑎𝑖𝑟 . 𝑊𝑆 . 𝐷𝐺,𝑒𝑥𝑡

𝜇𝑎𝑖𝑟
 (12) 

 

With regard to “hr,G-a, (W/m²°C)”, it is the radiative exchange coefficient between the glass cover and the 

ambient air. It is given by [78]: 

 

ℎ𝑟,𝐺−𝑎 = 𝜀𝐺 . 𝜎(𝑇𝐺 + 𝑇𝑎𝑚𝑏)(𝑇𝐺
2 + 𝑇𝑎𝑚𝑏

2 ) (13) 

 

For the coefficient “hr,r-G, (W/m²°C)”, it shows the radiative exchange factor between the receiver tube and 

the glass tube. It is defined by Eq. 14 [78]. 

 

ℎ𝑟,𝑟−𝐺 =
𝜎. (𝑇𝐺 + 𝑇𝐴𝑏)(𝑇𝐺

2 + 𝑇𝐴𝑏
2 )

1
𝜀𝐺

+
𝐴𝑟,𝑒𝑥𝑡

𝐴𝐺
(

1
𝜀𝐺

− 1)
 

(14) 

 

RESULTS AND DISCUSSION 

Dimensions and Device Features 

The parabolic trough concentrator has a parabolic reflective mirror arranged in a cylindrical manner. This 

geometry makes it possible to focus the direct-normal irradiance along a linear generator in which is placed an absorber 

tube which circulates the heat transfer fluid. Table (1) shows the Optical characteristics of the studied PTC collector. 
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Table 1. Optical characteristics of studied solar concentrator [80]. 

 Parameter Value  Parameter Value 

Overall average optical error (Operror) 03 mrad Absorption coefficient of the absorber (αAb) 0.94 

Mirror reflection coefficient (ρm) 0.92 The emissivity of the absorber tube (Ab) 0.12 

Transmissivity of the glass cover () 0.945 The emissivity of the glass (G) 0.935 

 

The PTC collector usually provided with a solar tracking to adapt the reflector inclination, as the beam 

radiation is always perpendicular to the PTC opening area. As for the PTC receiver tube, it is the main component of 

the considered concentrator, whose function is to absorb the direct normal irradiance, to convert it into heat and transmit 

this heat to a heat transfer fluid. The dimensions shown in Table (2) are dimensions of a solar collector currently 

manufactured by the research team of Ghodbane and his colleagues. 

 

Table 2. Geometric characteristics of studied solar concentrator. 

Geometric feature Value Geometric feature Value 

Outer diameter of the absorber (DA,ext) 0.016 m Opening width of the reflective mirror (W) 1.2 m 

Inner diameter of the absorber (DA,int) 0.0142 m Curve length of the reflective mirror (CL) 1.2481 m 

Outer diameter of the glass (DG,ext) 0.02 m Rim angle (r) 53.1301 ° 

Inside diameter of the glass (DG,int) 0.0175 m Rim radius (rr) 0.75 m 

Mirror length (ℓ) 2 m Focal distance (F) 0.6 m 

 

Finally, a computer program has been developed to simulate the thermal performance of the studied reflector, 

where this program is written in Matlab language. 

 

Climatic Conditions 

Fig. 3 shows the solar irradiance evaluation from sunrise to sunset for the day of March 16, 2018 in the 

Guemar region, El-Oued State, Algeria. Guemar coordinates are 33° 29' 32 " North and 6° 47' 50" East. Based on Fig. 

3, it is noted that the maximum value of the total solar irradiance reached 1202.81 W/m² at 10:50, and the minimum 

value reached 5.4 W/m² at 19:00. It is also noticeable that there are some clouds between 11:30 and 15:00. 

 

 

Figure 3. Measured values of solar irradiance (W/m²). 
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The amount of the solar irradiance for the studied day is very high. This strong motive encourages the thought 

of creating fields for solar collectors in order to exploit the sun's energy in many fields such as electricity production 

or desalination. 

Fig. 4 shows the change in the ambient air temperature and the wind speed. The maximum air temperature 

reached 29.85 °C at 08:50, and the minimum value was 22.75 °C at 07:30. With regard to the wind speed, its peak 

reached 8.7 m/s in the evening between 16:00 and 18:00.  Therefore, this wind speed will not affect the optical 

efficiency of the solar field because it is close to the sunset. As for the minimum wind speed is 4.1 m/s, this value was 

recorded between 10:00 and 12:00. 

 

Figure 4. Measured values of the ambient air temperature and the wind speed. 

Thermal Analysis of the Device 
There are many important parameters involved in determining the thermal efficiency of any solar system. Fig. 

5 shows changes in the heat dissipation factor (FR) and the mirror efficiency factor (F’) versus time for the studied day 

from the sunrise to sunset. The mirror efficiency coefficient (F’) illustrates the fraction of the actual useful energy gain 

to the useful energy gain that would result if the reflector-absorbing area had been at the local fluid temperature. It 

represents the heat transfer resistance from the fluid to the ambient air. With regard to the heat removal coefficient 

(FR), it represents the ratio value of the actual useful power gain that would result if the concentrator-absorbing area 

had been at the local fluid temperature. Through Fig. 5, it is noted that: 

• The maximum, minimum, and mean values for mirror efficiency factor are 0.9863 at 07:00 and 19:00, 

0.981 at 10:50 and 0.9844, respectively; 

• The maximum, minimum, and mean values for heat removal coefficient are 0.9769 at 07:00 and 19:00, 

0.9599 at 10:50 and 0.9701, respectively; 

• The two parameters change in parallel, but the values of (F’) are slightly higher than (FR). As shown in 

Eqs. 4 and 5, both factors change in reverse with the change of the overall coefficient of thermal loss “UL”. 

 
Figure 5. Evaluation of the heat dissipation factor (FR) and the efficiency factor of the mirror (F'). 
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In addition, the curves of Fig. 5 show the reasonable results obtained by the numerical simulation, which 

accurately applauds the results obtained. Changing climate conditions has a direct effect on these two important factors 

in determining the thermal behavior at the receiver tube level   of the studied device. 

Generally, solar concentrators (punctual or linear) have optical properties that vary substantially with the 

geometry of the device. In addition, the change in the geometric structure and optical properties of the solar reflector 

elements directly affects the collector optical efficiency. Fig. 6 shows the evolution of the optical and thermal 

efficiencies of the studied reflector. As for the optical efficiency, its average value is 78.55 %, while the mean value of 

the thermal efficiency is 74.30 %. 

 

Figure 6. Evaluation of the efficiencies versus time. 

As indicated in Eq. 8, many factors control the reflector optical efficiency. These factors straight relate to the 

optical properties of the solar reflector elements (design and configuration) and directly affect by the environment 

handling (dust, errors, etc.). The optical factors that affect the concentrator efficiency are: 

• The interception factor “γ” expressed by the direct-normal solar irradiance ration that is reflected on reflective 

mirrors in order to concentrate on the receiver tube; 

• The mirror reflectance “ρm” is the ratio of the reflected solar radiation to incident solar radiation in the ideal 

case, i.e. the reflective mirror is perfectly clean; 

• The glass tube transmittance coefficient “τ” is the ratio of transmitted solar radiation to incident solar radiation 

in the ideal case, i.e. the glass tube is perfectly clean; 

• The absorption coefficient of the receiver tube “αAb” is the ratio of the absorbed solar radiation to incident 

solar radiation in the ideal case.  

 

These optical parameters have a direct impact on the solar reflector efficiency, where the optical efficiency 

calculating will allow identification the solar radiation ratio that is absorbed by the receiver tube, but there is always a 

quantity of the thermal energy in the form of loss “Qlost, (Ws)”. 

For the parabolic trough solar reflector, the thermal losses are due to the temperature difference between the 

receiver tube, the glass cover tube and the environment. The lost power “Qlost, (W)” is proportional to the temperature 

difference of the receiver tube and the ambient air. In general, the transparent cover glass is used to reduce the 

convective loss between the receiver tube and the ambient air, especially when the medium confined between the glass 

and the receiver tube is a vacuum medium. It also reduces the concentrator's radiation losses because the glass is 

transparent to the short-wave radiation received by the sun, but it is almost opaque to the long-wave heat radiation 

emitted by the absorber tube (greenhouse effect). Fig. 7 illustrates the change in thermal loss coefficients versus time. 
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Figure 7. Evaluation of the coefficients of thermal losses. 

 

As it is observed from Fig. 7, the heat loss coefficients vary according to climatic conditions and according 

to the temperature change of the heat transfer fluid flowing inside the receiver tube. Table (3) contains a summary of 

the change in heat loss coefficients. 

Table 3. Assessment of the thermal loss coefficients. 

Coefficient Maximum value Minimum value Average daily 

hw (W/m²°C) 106.8 67.99 85.98 

hr,r_G (W/m²°C) 10.06 4.085 6.39 

hr,G_a (W/m²°C) 7.277 4.701 5.82 

UL (W/m²°C) 8.963 3.909 5.96 

 

The heat losses reduction at the receiver tube can be achieved by using a selective surface to reduce the heat 

transfer losses by the radiation or by removing the thermal convection causes by using an annular space between the 

receiver tube and the glass tube. 

Fig. 8 shows the evaluation of the useful energy gain and the lost energy versus time. It is noted that during 

the studied day, the useful power gain absorbed by the heat transfer fluid and the lost power to the external environment 

are changed under the influence of climatic parameters. 

 
Figure 8. Evolution of the useful and lost energy. 
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Therefore, the useful energy gain evolution is sensitive to the direct-normal solar irradiance variation and to 

the optical characteristics of the solar reflector elements. Table (4) summarizes the change in the energy around the 

solar collector elements. 

Table 4. Assessment of energy change. 

Energy Maximum value Minimum value Average daily 

Useful energy gain (Ws) 7382 38.25 3210.78 

Lost energy (Ws) 84.08 0.02643 26.14 

The change in the energy shown in Fig. 8 can be expressed by changes in temperature for the various 

components of the studied solar collector, as shown in Fig. 9. The average temperature of water when entering the 

receiver tube equals to 15.05 °C. The effect of the climatic conditions on the temperature change is very apparent, 

where the results of Fig. 9 can be summarized in these points: 

 
Figure 9. Evaluation of the temperature change. 
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• The maximum and minimum values for the glass tube temperature are 91.65 °C at 10:50 and 11.05 °C 

at sunrise, respectively; 

• It is noted that the water has changed from a liquid to vapor between 10:20 and 11:50, but the passage 

of clouds after 10:50 has worked to keep the water in its liquid state but at significant temperatures. 

 

Despite the small size of the studied solar collector, but the temperatures obtained are very significant, this is 

an evidence of the perceived efficiency of this solar reflector. 
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Fig. 10 represents the LCR distribution on the cross-section of the peripheral receiver tube. In the general 

case, the local concentration ratio is distributed in the longitudinal direction of the receiver tube on a regular basis 

(LCR distribution is uniform along the axis (X)). From the other hand, it is non-uniform in the circumferential direction 
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For the upper part, it is very low because on this part, the solar radiation that touches the face is a direct radiation and 

the face of this part of the tube remains very far from the radiation reflected by the reflective mirror. 

 

Figure 10. Assessment of the local concentration ration. 
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presents the distribution of the heat flux density on the outer wall of the receiver tube. The gradients of the 

circumferential heat flux distribution are a consequence of the non-uniformity of the local concentration ratio. Table 

(5) contains the main points covered by Figs. 10 and 11. 

 

Table 5. Assessment of heat flux distribution on the cross-section of the peripheral receiver tube. 
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The results shown in Table (5) give an idea of the real thermal behavior at the receiver tube level versus real climatic 

conditions. 

 

 
Figure 11. Assessment of the concentrated energy on the receiver tube. 
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It is also noted that the average optical efficiency of the studied reflector was 78.55 %, while the maximum 
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has given a comprehensive manner on a small solar parabolic trough reflector, which can be relied upon in some areas 

such as water desalination and water heating. 
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As a conclusion, the research team is working on designing an experimental setup for this efficient solar 

concentrator for use in many scientific fields such as air conditioning, desalination, swimming water heating, The 

Matlab user program has been proven to be very efficient and accurate in many scientific research as it was mentioned 

at the heart of this paper. In the coming research, this paper will support the examination of the optical side of the 

studied device, after which it will combine the thermal, optical and experimental side of this solar device. 

NOMENCLATURE 

Aa Opening area of the solar collector, m²  

AG,ext Extern surface of the glass cover, m² 

Ar Copper absorber tube surface, m²  

Ar,ext Outer surface of the copper absorber tube, m² 

CL Curve length of the reflective mirror, m 

Cp Fluid specific heat, J/kg°C 

DA,ext Outside diameter of the copper  absorber tube, m  

DA,int Inner diameter of the copper  absorber tube, m  

DG,ext Outer diameter of the glass cover, m  

DG,int Inside diameter of the glass cover, m  

DNI Direct-normal irradiance, W/m²  

F Focal distance, m  

F’ Mirror efficiency factor  

FR Heat dissipation factor  

hF Heat transfer coefficient of fluid, W/m²°C 

hr,G‐a Radiative exchange coefficient between the glass cover and ambient air, W/m²°C 

hr,r‐G Radiative exchange coefficient between the copper receiver tube and glass cover, W/m²°C 

hw Convective heat exchange coefficient between the glass cover and ambient air, W/m²°C 

K(θi) Correction coefficient of the incidence-modified angle 

kair Thermal conductivity coefficient of air, W/m°C 

kF Thermal conductivity coefficient of HTF fluid, W/m°C 

ℓ Mirror length, m  

Nuair Air Nusselt number  

NuF Fluid Nusselt number  

Operror Overall average optical error  

Qgain Heat energy acquired by fluid, W 

Qlost Lost energy, W 

Qm Fluid mass flow, kg/s 

QS Solar energy Amount that reaches the reflective mirror and then reflected towards the receiver tube, W 

Re Reynolds number 

rr Rim radius, m 

TAb Copper absorber tube temperature, °C 

Tamb Ambient air temperature, °C 

TG Glass tube temperature, °C 

THTF Heat transfer fluid temperature at the exit of the receiver tube, °C 

Ti Cold fluid temperature when entering the tube, °C 

Ts Hot water temperature at the exit of the tube, °C 

UL And global heat loss coefficient, W/m²°C 

W Opening width of the reflective mirror, m  

WS Wind speed, m/s 
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Abbreviations 

CPCs Compound parabolic collectors 

CPTC Compound parabolic trough solar collector 

ETCs Evacuated tube collectors 

FPCs Flat-plate collectors 

HFCs Heliostat field collectors 

LCR Local concentration ratio 

LFRs Linear Fresnel reflectors 

PDRs Parabolic dish reflectors 

PTCs Parabolic trough collectors 

  

Greek symbols  

 Cover glass transmittance   

 Intercept factor  

Ab Absorber tube emissivity  

G Emissivity of glass Cover   

αAb Absorption coefficient of the receiver tube  

ηopt Optical efficiency 

ηth Thermal efficiency 

ρm Primary mirrors reflectivity  

ρair Air density, kg/m3  

r Rim angle, °  

θi Incidence angle, °  

μair Dynamic viscosity of the air, kg/m.s  

β Peripheral absorber angle, °  
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