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Performance analysis of parabolic trough solar collector under varying 

optical errors 

A typical parabolic trough solar field consists of a number of collectors that are made up 

of two main components: a parabola and a receiver. Various errors arise during the 

design/manufacturing, installation, and operation phases of the solar field. These errors 

influence the shape of the parabola as well as the alignment of the receiver. The present 

article aims to quantify the effect of these errors on the performance of a typical parabolic 

trough collector (PTC). To do so, a coupled optical-thermal model has been developed. 

The Monte Carlo Ray Tracing (MCRT) method is used to create and solve the optical 

model. The latter is then integrated with Computational Fluid Dynamics (CFD) to 

investigate the PTC's thermal performance. The losses in performance induced by these 

errors are quantified. The analysis showed that small errors such as receiver dislocation 

or tracking error could induce a significant cut in the optical and overall performance. 

The loss in the optical efficiency due to tracking error of 16 mrad is about 50%. The error 

in the parabola profile can induce a reduction of 60% in the optical efficiency and up to 

80% in the overall efficiency. A 0.05 m dislocation of the receiver can reduce the optical 

and overall efficiencies by about 37% and 49%, respectively. The results of the present 

study should support researchers and engineers in defining the optimum acceptable 

uncertainties through various phases of the design, manufacturing, and installation of the 

parabolic trough solar field. 

Keywords: Parabolic trough solar collector; performance analysis; Optical study; Solar 

thermal modelling; Quantification 

1. Introduction 

Solar energy is one of the greatest options for meeting energy demand and also protecting the 

environment by reducing carbon emissions, but exploiting the sun's energy has its own set of 

issues [1]. Concentrating Solar Power (CSP) technology has the capability to concentrate solar 

rays onto a receiver placed in the focal line. The energy from the focused sunlight heats a high-

temperature fluid, which allows the generation of electricity through the thermal power cycle. 

Following the 1973 energy crisis, large-scale solar power facilities gained traction [2]. The PTC 

has been used for more than 100 years [3]. This system is the most installed and proven 

technology among the actual CSP plants, with 77% [4]. 

To enhance the performance of the PTC, different models have been carried out so far. The 

proposed analysis could be divided into two main categories. 
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The first category includes thermal studies with perfect optical parameters. Forristall [5] 

implemented a thermal model in the Engineering Equation Solver (EES) to analyze the thermal 

performance of the receiver. Later, García-Valladares and Velásquez [6] proposed studying the 

solar receiver by developing a detailed numerical thermal model. The model showed better 

accuracy than Forristall’s model. After that, Kalogirou [7] established a thermal model that 

takes into account the three mechanisms of heat transfer. Next, Huang et al. [8] developed a 

thermal model to assess performance and identify potential improvements. The above cited 

works and many others have validated their results with Sandia National Laboratory (SNL) 

experiments without considering the realistic distribution of solar rays around the tube absorber. 

Since the optical analysis represents a fundamental key and it is a pre-processing operation for 

the thermal modeling, several studies have been more interested in the optical aspect. This is 

the second category of the existing investigations. The latter, in turn, can be divided into two 

parts. The first one involves researchers taking into account the geometric factors such as the 

receiver size, rim angle, focal length, geometric concentration ratio, and physical properties of 

the structural system.  

But during the design, manufacturing, installation, and O&M of PTCs, various errors arise. This 

is why some recent published works have been carried out, which is the second part of optical 

analysis papers. The review paper of Malan and Kumar [4] highlighted a list of potential errors 

in PTCs that may occur during different stages of construction. Based on this paper, Figure 1 

summarizes the most important types of these errors. 

  

Figure 1. Optical errors in parabolic trough collector. 

To this end, and to get more information about the level of sensitivity of each kind of error on 

the PTC performance, some investigations have been published so far.   
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He et al. [9] developed an optical-thermal model by coupling MCRT and a CFD techniques to 

analyze the coupled heat transfer problem of PTC. Similarly, Huang et al. [10] investigated 

theoretical analysis based on the photo-thermal conversion technique of the parabola reflector 

to study the defocusing phenomenon. Later, Zou et al. [11] established theoretically, a novel 

method for determining the critical tube diameter and intercept factor of PTCs takes aperture 

width, focal length, and tube diameter into account. Compared to the commonly used MCRT, 

the authors showed that the suggested method greatly saves processing time and may also be 

utilized for rapid calculation in practice. Soon after, Aichouba et al. [12] suggested utilizing the 

software Tonatiuh to investigate the thermal contraction and expansion phenomena on the PTC 

receiver. They examined the effects of Heat Transfer Fluid (HTF) temperature, sun elevation 

fluctuations, PTC orientation, and slope error on the total solar energy collected by the tube 

absorber. The numerical analysis found a 38% loss in total solar power captured, which may 

increase to 75% depending on the operating temperature range. Donga and Kumar [13] 

recommended investigating the thermal performance of PTC with reflector slope error and 

receiver misalignment using two absorber tube diameters. For this analysis, they utilized Finite 

Volume Method (FVM) and ray-tracing simulations. The intercept factor as well as overall 

efficiency have been emphasized. The obtained results revealed that the overall performance 

decreased by up to 11% as a result of the factors discussed. Zou et al. [14] examines the coupling 

effect (also known as the compensating or weakening effect) of several optical defects, such as 

the sunshape parameter, on the actual performance of the PTC. The MCRT technique has been 

proposed to create an effective sunshape model. The SEGS LS-2 PTC module was used in this 

work. Under various circumsolar ratios, the sensitivity of heat flux density and optical 

efficiency was analyzed. Recently, Song et al. [15] suggested an image detection technique for 

diagnosing optical errors in PTCs. The collected images were compared to the simulation 

findings, which included an examination of the effects of sun tracking errors and mirror bending 

on flux density. They found that the camera pictures are insufficient to permit reliable 

interpretation of the flux density profile, making precise quantitative diagnosis difficult. Wu et 

al. [16] developed a numerical model that combines the MCRT, FVM, and Finite Element 

Method (FEM) to study the bending and thermal stress of the absorber tube of PTC. The effects 

of their coupling on the deformation and thermal stress performance of absorber tubes were 

investigated and analyzed. 

Very recently, Yang et al. [17] suggested a three-dimensional PTC coupling model. The study 

investigated the effects of unilateral and bilateral reflector installation defects on optical 

efficiency and intercept factor. The temperature distribution at the outlet of the absorber tube is 
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also highlighted. Their results showed that reflector installation errors of less than 7 mrad can 

maintain the overall efficiency of the PTC system. Soon after, Shaaban [18] presents a new 

method for improving the mirror profile of PTCs. Two parabola profiles have been proposed 

and analyzed. The authors found that the efficiency could be enhanced by 8.2% with lower 

wind loads compared to the original PTC. Bellos and Tzivanidis [19] proposed using internal 

fins and a receiver with a secondary reflector to improve the performance of PTC. They came 

to the conclusion that the global improvement could reach 2.41% and that using the shield 

reduces optical efficiency. Knysh [20] presented a computer algorithm based on the MCRT and 

FVM methods for determining the key PTC design parameters. The effect of concentrator 

surface defects and tube receiver design on temperature fields was investigated. The main errors 

are introduced by one parameter, making it difficult to analyze the consequences of such an 

error. Zhang et al. [21] developed an optical model based on the ray tracing method to study 

the performance of the PTC system under the effects of azimuth-elevation axis error, 

longitudinal and transverse incidence angles. For each case, the circumferential heat flux 

distribution and the optical efficiency are plotted and investigated. Experimental results of heat 

flux distribution in the focal plane are shown as well. More recently, Ghodbane el al. [22] 

presented an optical modeling method based on the SOLTRACE code and MATLAB program. 

The influence of the receiver tube's metal type and focal distance parameter on optical 

efficiency and heat flux density has been investigated. The authors notice that extending the 

absorber tube downward spreads the concentration region of the heat flux but lowers the 

maximum value of the flux. 

Finally, the review of previous studies revealed few works that focused on the evaluation of the 

impact of errors on the performance of PTC. Whereas, some authors focused on specific 

examples. Thus, the present work goes along with the last category cited above. 

This article aims to quantify the effect of all possible errors that arise during the manufacturing, 

installation, and operation phases of PTC plant construction. To do so, a complete model with 

high accuracy has been developed. This model combines MCRT with CFD approaches and 

yields all the parameters needed for the optical analysis in a simplified manner, allowing the 

user to then get comprehensive details about the thermal model. 

The optical model developed in this study has the advantage to illustrate the distribution of solar 

rays around the absorber tube, which is not the case with previous published models. This 

distribution is then depicted in several plots of different parameters, which could shed more 

light on the sensitivity of each optical error. These parameters include the Local Concentration 

Ratio (LCR), the optical efficiency, the thermal efficiency, the outlet temperature of HTF, the 
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maximum temperature of the absorber tube, and heat losses of PTC. This study provides new 

insights into the performance losses induced by these errors, which makes a major contribution 

to the current literature. The promising results of this study should help manufacturers and 

constructors optimize the acceptable errors, letting them know how much the loss should be 

considered for every stage of PTC construction. 

2. Model and methodology  

2.1. Physical model description 

The solar field is made up of parallel rows, each of which consists of a number of collectors. 

The collector consists of a reflector and a receiver. As shown in Fig. 2, the solar rays are focused 

on a linear receiver tube situated on the focal line of the parabola. The reflector concentrates 

the direct normal irradiance (DNI) on the receiver tube. Inside the receiver, there is a HTF that 

is used to transport heat. The collector is equipped with a single tracking system to track the 

sun.  

 

Figure 2. Schematic of a PTC plotted by in-house MCRT code. 

2.2. Optical model using MCRT 

The MCRT is a method aimed at calculating a numerical value using probabilistic techniques. 

The method consists of choosing a random number between 0 and 1, in order to write the 

unknowns of the problem as a function of these numbers. The aim of using MCRT is to 

determine the heat flux distribution on the absorber tube. The steps of the MCRT calculation 

are reported in the flowchart shown in reference [23]. The steps are discussed in detail and 

given in Appendix A.  

3. Results and discussion 

3.1. Optical model validation 
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Jeter [24] reported a semi-finite analytical approach for calculating the LCR. The obtained 

curves derived by the current model, as well as Jeter’s results, are shown in Fig. 3. The results 

were found to be in good agreement, proving the accuracy of the proposed model. Moreover, 

the latter is more accurate than that of He et al. [9]. Fig. 3 shows also the distribution of solar 

rays for various incidence angles. The distribution of sun rays at various incidence angles is 

also highlighted. It can be seen that as the incidence angles increase, the LCR values decrease 

(because of the cosine effect). 

 
Figure 3. LCR distribution vs. circumferential angle and incidence angle. 

3.2. Results of parametric analysis 

The realistic distribution of sun rays, the associated LCR, and the optical efficiency are 

evaluated in this section. For the following simulations, the LS-2 PTC tested at SNL was 

chosen. Table 1, in Appendix B, lists the collector's parameters. 

3.2.1. Effect of optical errors during installation 

3.2.1.1. Effect of the receiver location error 

3.2.1.1.1. Errors along Z-axis 

For the receiver location error along the Z-axis, two cases have been considered: receiver above 

the focal plan (Z > 0) or receiver below (Z < 0). It is worthy to note that the distribution of the 

solar rays remains symmetrical whatever the value of the position error along the Z-axis (see 

Figure 4). For Z > 0, three cases have been studied (+0.02, +0.05, and +0.1 m). 
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(a)    (b)     (c) 

Figure 4. Distribution of reflected rays for different location receiver errors along Z axis. (a) z = + 0.02 m.  

(b) z = + 0.05 m. (c) z = + 0.1 m. 

Figure 4a shows the distribution of solar rays on the absorber tube for z = + 0.02. It can be 

seen from this figure that the rays are reflected on a small part of the absorber tube (red circle 

in Fig. 4a). The distribution of rays has been compared with a case of ideal focus (blue circle in 

all the figures). This concentration zone becomes smaller when z is larger (Fig. 4b and 4c). It 

is also important to note that the increase in the receiver position error z causes a decrease in 

the absorbed solar rays by the absorber tube (LCR). Figure 5 highlights this fact. 

 
Figure 5. LCR distribution for all errors. 

For the case of negative error in the position of the receiver along the Z-axis, three cases are 

considered: –0.02, –0.05, and –0.1 m (Fig. 6). 
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(a)     (b)     (c) 

Figure 6. Distribution of reflected rays for different location receiver errors along Z axis. (a) z = – 0.02 m.  

(b) z = – 0.05 m. (c) z = – 0.1 m. 

As shown in Figs. 6a and 6b, the area of concentration of the solar rays on the absorber tube 

becomes larger for the cases of –0.02 and –0.05. In the case of a larger error, i.e., –0.1 (Fig. 6c), 

this area would be closer to the perfect position with the minimum reflected rays. Figure 7 

provides more details. It has been observed that the values of LCR decrease significantly with 

larger errors in the location of the receiver. 

 
Figure 7. LCR distribution for all errors. 

For positive errors along the Z-axis, the peak value of the concentrated rays becomes more 

pronounced with a smaller concentration area. In contrast, negative errors cause a large 

concentration zone and a lower peak value of LCR. Furthermore, the LCR curves are still 

symmetrical, whatever the errors along the Z-axis. From these results, it is found that the 

distribution of solar rays remains relatively acceptable for errors along the Z-axis with both 

+0.02 and/or –0.02 deviations. For larger misalignment values, more attention should be paid. 
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3.2.1.1.2. Errors along Y-axis 

In contrast to the error along the Z-axis, the solar ray distribution is not symmetrical along the 

Y-axis (Fig. 8). Due to similarity, the effect of negative error (Y < 0) is highlighted.  

   
(a)     (b)    (c) 

Figure 8. Distribution of reflected rays for different location receiver errors along Y axis. (a) y = – 0.02 m.  

(b) y = – 0.05 m. (c) y = – 0.1 m.  

The solar rays reflected by the collector are concentrated on a zone slightly skewed from the 

ideal case. This fact is visualized in Fig. 8a. For an error of –0.02, the concentrated rays are 

more skewed than the ideal case, as shown in Fig 8b. For larger values like –0.05 and –0.1, the 

concentration of solar rays occurs away from the receiver, as highlighted in Fig. 8b and 8c. 

Whereas, Figure 9 illustrates the solar ray distribution that has been visualized above as the 

LCR. The unsymmetrical curves in this figure allow a better understanding of the deviation that 

results from these errors, as well as the receiver area that receives solar rays.  

 
 Figure 9. LCR distribution for all errors. 

From a –0.02 deviation error of the absorber tube along the Z-axis, the distribution of solar rays 

around the receiver can be greatly affected, which should be controlled if the misalignment is 

more important to avoid a great cut in the performance. 
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3.2.1.2. Effect of the shape of the parabola 

The optical performance of the PTC is strongly influenced by the shape of the parabola. Indeed, 

the surface of the parabola can be bent under several factors (wind, during installation, during 

operation, etc.). To investigate this fact, two bended parabolas are selected (P* and P** in Figs. 

10a and 10b, respectively). It should be noted that the equation of an ideal parabola is given by: 

𝑍 = 𝑦2 4𝑓⁄            (1) 

The shape of the parabola P* is obtained after replacing the focal distance (f) in Equation 1 by 

(f–0.2), whereas the parabola P** is obtained by the replacement of (f) by (f+0.2). For the case 

of the parabola P*, the zone of concentrated solar rays on the absorber tube is clearly larger 

(from –230° to 50°) vs. (–190° to 10°) for the ideal case (Fig. 10a). For the case of parabola 

P**, visualized in Fig. 10b, the concentration zone is (–140° at –40°). 

 
(a)     (b) 

Figure 10. Reflected rays for two bended parabolas. (a) Parabola profile P*. (b) Parabola profile P**. 

From Figure 11, it can be concluded that the maximum value of LCR for the parabola P* has 

increased and can reach 100, while it is about 38 for the parabola P**.  

 

Figure 11. LCR Distribution for two bended parabolas vs. ideal profile. 
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With a smaller concentration region, the bended parabola P* can increase the peak value of 

LCR by more than 90% when compared to the optimum geometry. As a result, such bended 

parabola profile errors should be taken more carefully to avoid tube absorber deformation. The 

bended parabola P**, on the other hand, causes a wide concentration zone and a 29% reduction 

in LCR peak value. 

3.2.1.3. Effect of manufacturing error on the optical efficiency 

Fig. 12 shows the optical efficiency as a function of receiver position error along both the Z-

axis and the Y-axis. It also highlights the case of the bent parabola. These results have been 

calculated using a mathematical model developed by the authors. As can be seen, the optical 

efficiency decreases with increasing errors (manufacturing and installation errors). That is why 

the parabola P* causes a greater decrease in optical performance compared with the parabola 

P**. 

 
Figure 12. Effect of different errors on the optical efficiency of PTC. 

The optical efficiency degrades at the same level as the positive and negative receiver position 

errors along the Z-axis. This is why it is necessary to get more details about the influence of 

these possible errors on the thermal performance. Moreover, the receiver position error along 

the Y-axis causes a faster decrease in the optical efficiency compared to the case of positioning 

errors along the Z-axis. On the other hand, the optical efficiency seems to be more sensitive to 

the bended parabola P** than to the profile P*. 

3.2.2. Effect of optical errors during operation 

The collector tracks the sun throughout the day to keep the solar beams focused on the solar 

receiver. The incidence angle and the tracking error are the two most significant parameters in 

the tracking system. This section investigated the impact of these two parameters on the PTC's 

optical performance. 
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3.2.2.1. Effect of incidence angle 

Fig. 13 illustrates the distribution of sun rays around the absorber tube for incidence angles of 

0°, 30°, 45°, and 60°. As can be seen, the surface area of the tube receiver hit by sun rays 

increases as 𝜃𝑖𝑛𝑐 increases. The obtained LCR distributions are plotted in Fig. 14a. 

 

Figure 13. Distribution of solar rays around the tube absorber for incidence angle of 0°, 30° 45° and 60°. 

The obtained curves in this figure have the same behavior. It can be seen that there is a decrease 

in the heat flux distribution each time the incidence angle is significant (because the cosine of  

𝜃𝑖𝑛𝑐 becomes more pronounced for higher angles). Meanwhile, increasing the incidence angle 

leads to a larger distance between the hit position on the parabola and the intersection point on 

the absorber tube (the diameter of the reflection cone becomes larger).  

     
(a)      (b) 

Figure 14. (a) LCR distribution for different incidence angles. (b) Optical efficiency vs. incidence angle under 

various tracking errors. 

Fig. 14b presents the optical efficiency for seven incidence angles due to different tracking 

errors. The optical efficiency decreases as the incidence angle increases. Concerning the effect 

of tracking errors, the degradation begins to be significant (losses in optical efficiency) from 10 
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mrad. Finally, if the tracking error and incidence angle are kept below 10 mrad and 20°, 

respectively, the optical efficiency can be maintained at around 70%. However, optical 

efficiency is always less than 70% when the tracking error is more than 12 mrad, regardless of 

incidence angle. As a result, the tracking error of 12 mrad might be considered the threshold 

value (from this value, significant attention should be given to operational PTC systems).  

3.2.2.2. Effect of tracking error  

Taking a fixed number of rays generated by the MCRT code, Fig. 15 highlights the distribution 

of reflected rays around the receiver tube, choosing some tracking error values from zero to 16 

mrad.  

 

Figure 15. Distribution of reflected rays for tracking error of 0 mrad, 4 mrad, 8 mrad and 16 mrad. 

As seen in figure 15, the LCR curve is symmetrical with zero tracking error. Meanwhile, when 

compared to the number of rays generated, the number of rays reflected is high. Whereas the 

number of reflected rays is less pronounced for higher tracking errors like 16 mrad. It's worth 

noting that some regions of the parabola, particularly the ends, will not reflect the rays directly 

to the receiver, making the LCR curve nonsymmetrical. As a result, the solar ray distribution 

on the tube absorber appears to be completely skewed. 

The corresponding LCR curves of the solar rays’ distribution seen in Fig. 15 are plotted in Fig. 

16. With increasing tracking error (err), the maximum value of LCR quickly decreases. In 

addition, the shadow area gradually decreases and becomes more and more inconspicuous with 

increasing err.  
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Figure 16. LCR distribution for different tracking errors. 

4. Quantifying the performance losses induced by each error 

This section shows how all the relevant parameters for the optical design and during operation 

of PTC can be analyzed by this proposed approach. This optical analysis, in turn, affects the 

thermal performance significantly, which is summarized and illustrated by a specific case study. 

This section will be valuable in developing, testing, and implementing manufacturing 

tolerances and criteria for this type of concentrator. 

During the operation, it is important to control and analyze the maximum temperature of the 

absorber tube. The distribution of solar rays due to one of these errors could generate too high 

a temperature in a small region of the receiver, which can cause overheating of the receiver tube 

as well as the HTF. In addition, it may cause an important temperature difference between the 

two sides of the tube receiver (the cold part and the hot part). This is why it is important to 

assess this parameter for selecting the optimum material and properties of the tube receiver. 

A parabolic trough with air in the annulus tested in SNL by Dudley et al. [25] is chosen to 

investigate the thermal performance of the absorber tube using ANSYS (test condition no. 1 in 

Table 2 is chosen for the analysis). To simulate the heat transfer problem in the LS2 collector, 

the proposed MCRT method is combined with CFD. Table 2 summarizes some test data from 

the simulation. More details about the governing equations and the boundary conditions can be 

found in Refs [23] and [26], respectively. From Table 2, it is found that the numerical results 

are in good agreement with the experimental tests. An average uncertainty of outlet temperature 

about 0.95 K has been obtained, which considered acceptable. 

Table 2. SNL experimental data of LS-2 collector [25] 
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Case DNI 

(W/m) 

Flow rate 

(l/min) 

Wind speed 

(m/s) 

Ambient temperature 

(K) 

Tin 

(K) 

Tout (K) 

EXP CFD 

1 813.1 50.3 3.6 298.95 374.35 392.15 392.97 

2 858.4 52.9 3.1 300.75 427.45 444.85 445.7 

3 878.7 54.6 3.1 301.75 475.55 492.55 493.46 

4 896.4 55.2 0.9 303.15 523.85 540.95 542.17 

Figure 17 highlights the performance losses in optical efficiency, overall efficiency, and HTF 

outlet temperature due to tracking errors. Figure 17 also shows the profile of the maximum 

temperature reached in the absorber tube for each error. It can be seen that there is an increase 

in the losses in optical efficiency each time the error is significant. The associated losses in 

overall efficiency are much more pronounced. Indeed, from 10 mrad, the system loses more 

than 50% of its overall efficiency. For 16 mrad, the reduction in the optical performance is 

about 45%. Meanwhile, increasing the tracking error leads to a decrease in the maximum 

temperature of the absorber tube. As a result, the HTF outlet temperature becomes lower. 

 
Figure 17. Performance losses in optical efficiency, overall efficiency, HTF outlet temperature and maximum 

temperature for different tracking errors. 

Figure 18 shows the performance losses in optical efficiency, overall efficiency, and HTF outlet 

temperature for two analyzed profiles of parabola, as well as when varying receiver horizontal 

error from Z–0.01 to Z–0.05.  

Firstly, the study was conducted for two bended parabola profiles. Losses in optical efficiency 

for the error values chosen are in agreement and even close to those obtained for the overall 

efficiency. Moreover, losses in optical efficiency are slightly greater for the shape of parabola 

P* (34%) compared to the shape of P** (28%). While losses in overall efficiency for both 

shapes are very similar (34% for P* against 35% for P**). Whereas the HTF outlet temperature 

is affected by the same percentage (–5%). Concerning the horizontal dislocation of the receiver, 
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losses in optical performance are not too pronounced for an error less than Y–0.02. The 

degradation begins to be important from (Y–0.02) until (Y–0.05), where the system loses more 

than 60% of its optical efficiency. While thermal losses are clearly affected even with small 

errors (it is already noted that 25% of losses are against only Y–0.01 error, and then 44% of 

losses are for the error of Y–0.02).  

 
Figure 18. Performance losses in optical efficiency, overall efficiency, HTF outlet temperature vs. horizontal 

dislocation as well as two bended parabolas. 

Figure 19 illustrates the maximum temperature reached in the absorber tube for the horizontal 

dislocation as well as two bended parabolas. The maximum temperature in the absorber tube is 

more marked for the parabola profile error P* (470.82 K) than for the parabola profile error P** 

(432.88 K). On the other hand, and as expected, the lowest value of maximum temperature in 

absorber tube is for receiver horizontal error of Y–0.01, while the highest occurs for Y–0.05. 

 
Figure 19. The maximum temperature vs. horizontal dislocation as well as two bended parabolas. 

In Figure 20 is reported the performance losses in optical efficiency, overall efficiency, and 

HTF outlet temperature as a function of the receiver vertical error, for six analyzed cases (Z–
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0.02, Z–0.05 and Z–0.1, and then Z+0.02, Z+0.05 and Z+0.1). On the right secondary axis of 

this figure, the profile of the maximum temperature in the absorber tube has been plotted. 

For the case of negative error in the position of the receiver along the Z-axis (below the focal 

plan), losses in optical efficiency become important when the receiver vertical error increases 

from Z–0.03 to Z–0.05, where losses reach 36% and 74% for the error of Z–0.1. It can be seen 

that losses in thermal efficiency are proportional to those in optical efficiency. When the error 

increases from Z–0.02 to Z–0.1, the maximum temperature of absorber tube decreases from 

439.14 K to 395.04 K, respectively.  

For the case of positive error in the position of the receiver along the Z-axis (above the focal 

plan), increasing the error from Z+0.02 to Z+0.1 leads to an augmentation in optical loss 

efficiency (it is almost very similar to the trend losses previously cited from Z–0.03 to Z–0.05). 

The loss in overall efficiency depends on the value of the error, and its decrease is very 

pronounced up to Z+0.05 (48.89%). For higher errors, the increase becomes moderate. The 

augmentation of the error from Z+0.02 to Z+0.1 leads to a reduction in the maximum 

temperature of the tube from 491.05 to 404.98 K, respectively. 

 
Figure 20. Performance losses in optical efficiency, overall efficiency, HTF outlet temperature and maximum 

temperature vs. vertical dislocation of the absorber. 

5. Conclusions 

The development of the performance of the parabolic trough solar collector system plays a vital 

role in the use of solar energy. During the manufacturing, installation, and operation stages, 

different errors could happen. These errors are related to many factors associated with the 

parabola shape and tracking system, as well as the receiver locations in the whole system. The 

promising results of this study will provide a fundamental reference for the development of the 
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PTCs by making manufacturers know how much the loss should be considered for the 

manufacturing, installation, and tracking tolerance should the set. 

The following main conclusions are obtained: 

• With high tracking error, the maximum value of the LCR rapidly drops. The associated 

losses in overall efficiency are much more pronounced. On the other hand, the risk of 

overheating is low, especially with tracking error more than 8 mrad. For a tracking error of 

10 mrad, the system loses more than 50% of its overall efficiency. As a result, 10 mrad 

might be considered a cutoff point for which additional attention should be paid in 

operating plants. 

• The increase in the receiver position error causes a decrease in the absorbed solar rays by 

the absorber tube. However, the optical efficiency was observed to be more affected by the 

dislocation errors along the Y-axis than the Z-axis. Concerning the horizontal dislocation 

of the receiver, the degradation begins to be important from (Y–0.02) until (Y–0.05), where 

the system loses more than 60% of its optical efficiency.  

• For a negative error in the position of the receiver along the Z-axis, the system loses around 

36% of its optical efficiency for Z–0.05 and 74% for the error of Z–0.1. Whereas, losses in 

thermal efficiency are proportional to those in optical efficiency. Considering errors above 

the focal plan along the Z-axis, the loss in overall efficiency was very pronounced up to 

Z+0.05 (48.89%). In this case, the fluid may overheat near the absorber tube, which should 

be controlled more seriously. The distribution of sun rays is found to be rather acceptable 

for defects along the Z-axis with both +0.02 and/or –0.02 deviations. More attention should 

be paid to larger misalignment values. 

• The error in the parabola profile can induce a reduction of 60% in the optical efficiency 

and up to 80% in the overall efficiency. The bended parabola P** appears to be more 

sensitive to the optical efficiency than the profile P*. The bended parabola P* can boost 

LCR's peak value by more than 90%. Therefore, such bended parabola profile deformations 

should be handled with high attention in order to avoid tube absorber deformation as well 

as overheating.  

For future work, suggestions were made to carry out a follow-up on testing these predictions 

by purposely making or selecting a few concentrators with the deviations described and 

comparing them to the developed model. 
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Appendix A.  

The intersection point between an incident ray and parabola is chosen as (𝑥′, 𝑦′, 𝑧′). The cited 

parameters can be expressed as follows: 

{

𝑥′ = 𝑥0 + 𝜉1. 𝐿        

𝑦′ = 𝑦0 + 𝜉2. 𝑤𝑎     

𝑧′ = 𝑧0 + 𝑦′
2 (4𝑓)⁄

         (1) 

In this study, the random numbers (𝜉 between 0 and 1) are generated by rand function in 

MATLAB. The initialized position (𝑥0, 𝑦0, 𝑧0) is chosen by (0, −𝑤𝑎/2,−𝑓).  

 

Figure. Schematic of cross-section of a PTC system. 

The directional cosines in the ideal case are specified as follows: 

{

𝑢𝑥 = sin(𝜃) cos (𝜙)

𝑢𝑦 = sin(𝜃) sin (𝜙)

𝑢𝑧 = − cos(𝜃)         

         (2) 

The corresponding deflection angle 𝜃 can be given by: 

𝜃 = 𝑎𝑟𝑐𝑠𝑖𝑛√𝑠𝑖𝑛𝜃2𝑠𝑢𝑛 . 𝜉4        (3) 

With, 𝜃𝑠𝑢𝑛 = 4.65 𝑚𝑟𝑎𝑑 (finite size of the sun). 
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A randomly chosen azimuthal angle is expressed by: 

𝜙 = 2𝜋𝜉3           (4) 

The directional cosines used in our proposed model may be written as: 

[

𝑢𝑥
𝑢𝑦
𝑢𝑧
] = [

1 0 0
0 cos(𝛼) −sin(𝛼)
0 sin(𝛼) cos(𝛼)

] [

tan(𝜃) cos(𝜙) /cos(𝜃𝑖𝑛𝑐)

tan(𝜃) sin(𝜙) /cos(𝜃𝑖𝑛𝑐)
−cos(𝜃)

]   (5) 

The direction of the reflected ray adopted for our problem can be expressed by: 

{
 
 

 
 
𝑢′𝑥 = 𝑢𝑥                                                

𝑢′𝑦 = 𝑢𝑦 [1 −
2𝑦′

2

𝑦′2+4𝑓2
] +

4𝑓𝑦′

𝑦′2+4𝑓2
𝑢𝑧

𝑢′𝑦 = 𝑢𝑧 [1 −
8𝑓2

𝑦′2+4𝑓2
] +

4𝑓𝑦′

𝑦′2+4𝑓2
𝑢𝑦

      (7) 

The cited locations can be determined by : 

{

𝑥 = 𝑥′ + 𝐷. 𝑢′𝑥
𝑦 = 𝑦′ + 𝐷. 𝑢′𝑦
𝑧 =  𝑧′ + 𝐷. 𝑢′𝑧

          (8) 

Appendix B.  

Table 1. Solar LS-2 PTC parameters used in the model validation. 

Parameter Value 

Receiver length (L) 

Collector aperture width (Wa) 

Focal distance (f) 

Receiver internal diameter (Dr,i) 

Receiver external diameter (Dr,o) 

Glass cover internal diameter (Dgl,i) 

Glass cover external diameter (Dgl,o) 

Parabolic collector reflectivity () 

Glass cover transmittance () 

Receiver absorptance (a) 

7.8 m 

5 m 

1.84 m 

0.066 m 

0.070 m 

0.109 m 

0.115 m 

0.93 

0.95 

0.96 

 

Nomenclature 

Aa  aperture area of collector parabola [m2] 
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Ae  area of each element in tube [m2] 

Af  geometric factor 

D   distance between intersection point on parabola and on absorber tube [m] 

f  focal length [m] 

GC  geometric concentration ratios 

hp  height of parabola [m] 

L   length of parabola [m] 

N  number of ray 

Ne   number of rays hits the element 

q   heat flux distribution [W/m2] 

ux,uy,uz directional cosines 

Wa  width aperture [m] 

x,y,z  Cartesian coordinate 

x’,y’,z’  coordinate of intersection point on parabola 

x0,y0,z0  coordinate of initial position 

Greek symbols 

  tracking error angle [mrad] 

a  absorptance of absorber tube 

  Random number 

0  Optical efficiency [%] 

  deflection angle [mrad] 

inc  incidence angle [°] 

rim  rim angle [°] 

sun  sun finite size of the sun [mrad] 

  reflectivity of reflector 
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g  transmittance of glass 

  azimuthal angle [rad] 

c   circle angle [°] 

Abbreviations 

CFD  Computational Fluid Dynamics 

CSP   Concentrating Solar Power 

DNI  Direct normal irradiance [W/m2] 

EES  Engineering Equation Solver 

FVM   Finite Volume Method 

HTF  Heat Transfer Fluid 

LCR   Local Concentration Ration 

MCRT  Monte Carlo Ray Trace 

PTC   Parabolic Trough Collector 

SNL   Sandia National Laboratory 
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