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Abstract.  The current study presents experimental research on a parabolic trough collector with tube and cavity 

receivers. The primary concentrating parabolic reflector is designed for an aperture area of 2×2 m2 with mirror-

polished stainless steel sheet reflectors. The cavity receiver consists of a compound parabolic secondary reflector and 

a copper tube. Both the conventional tube receiver and the cavity receiver tube are coated with black powder. The 

experiments are carried out to compare the efficiency of the cavity receiver with the tube receiver for fluid 

temperature rise, thermal efficiency, and overall losses. The experiments showed significantly higher fluid 

temperature rise and overall efficiency and lower thermal losses for the cavity receiver compared to the tube receiver 

within the parameters explored in this study. 
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1. Introduction 

 
Solar energy represents a ceaseless source of renewable energy that can be utilized for domestic 

to industrial applications. However, it is not straightforward due to its low intensity. The intensity 

of radiation is enhanced with the help of concentrated collectors, i.e., parabolic trough collector 

(PTC) and Linear Fresnel Collector (LFC). In these devices, radiation is collected and then 

reflected and received on a receptor called the receiver. However, heat loss in the conversion 

process is the most common problem for these receivers, which are subjected to a variety of losses 

and temperature non-uniformity due to uneven solar flux received at their surface (He et al. 2019). 

A cavity receiver (CR) encompasses the wider area where the rays coming from the primary PTC 

fall on it and reflect on the receiver tube confined within it. The efficiency of the CR depends on 

its shape and material. It is always required to come up with innovative designs to enhance the 

efficiency of the receiver.  

Different CR shapes and sizes have been proposed and researched over the past decades; 

however, there is no consensus on the best shape of a CR. Zhu et al. (2014) reviewed different 
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shapes of secondary reflectors or CRs and discussed their advantages and shortcomings. Various 

shapes have been investigated in the past to optimize the optical efficiency (ηopt); however, it was 

observed that the ηopt depends on several other factors of the system related to size and 

arrangements. 

Tsekouras et al. (2018) numerically found the optical and thermal characteristics of a CR of 

trapezoidal shape with a single tube and selective coating for a linear Fresnel collector. It was 

revealed that the losses increase with the increase in fluid inlet temperature and absorber tube 

diameter. Hack et al. (2017) proposed an adaptive design CR and compared its performance with 

the most commonly used designs, i.e., compound parabolic concentrator, trapezoidal, and butterfly 

CR. The trapezoidal CR stands out the best for fabrication easiness; however, the proposed 

adaptive design showed better thermal performance compared to other receivers investigated by 

the authors.  

Further, Dabiri et al. (2018) numerical investigated the outcomes of a trapezoidal cavity angle 

and the size of the tube. The heat transfer to the tube walls remains unaffected by the increase in 

tube size, and the heat flow through the cavity increases with the increase in cavity angle. Ortega 

(2010) invented a CR design consisting of a longitudinally extending tube with a selective coating 

and fins for enhanced heat transfer. The concave shape receiver chamber is used with a transparent 

cover in the proposed design. The receiver chamber helps in retaining the incident radiation while 

the transparent cover protects against convection heat losses. Lin et al. (2014) carried out 

experiments for four CRs, i.e., triangular, arc-shaped, rectangular, and semi-circular. The authors 

applied a black chrome coating to reduce convection and radiation losses. Moreover, the phenolic 

foam was used to pack the absorbers and set them within a SS frame consisting of two copper 

pipes to carry away absorbed heat. The triangular-shaped CR exhibited the best optical and overall 

performance, and the thermal losses were minimum for an arc-shaped CR. 

Lakshmipathy et al. (2020) conducted experiments with improved solar cavity collectors. The 

authors designed five CRs and placed them at equal distances in a metallic box. It was observed 

that using copper is better than light-weight metal aluminum for receivers. The rectangular cavities 

exhibited the best performance in preventing heat losses due to stored heat at the corners. Kumar 

and Reddy (2008) numerically investigated three designs of CRs and compared their thermal 

performance. The authors found that the redesigned CR outperformed the convectional CR and 

semi-cavity receiver while changing the facing angle of the receiver from 0o to 90o. Mohamad and 

Ferrer (2021) proposed a CR with hot mirror coating at the aperture to reduce radiation losses and 

higher retention of infrared in the cavity space. The efficiency and infrared retention increase with 

the increase in hot mirror reflectivity. Further, it is observed that the efficiency is increased with 

the reduction of aperture size at higher temperatures. However, CRs without hot mirror coating 

and selective coating on the receiver tube has performed better at lower temperatures.  

Li et al. (2019) numerically studied the effectiveness of a newly proposed linear CR for PTC 

constructed from a crescent-shaped channel of an alloy with high thermal conductivity. The shape 

is similar to an evacuated collector tube; however, it has the advantage of developing higher 

temperature and low maintenance than the evacuated tube collector over long-term use. Cao et al. 

(2016) used a numerical method to model temperature-induced stress and deformation of the tube 

receiver due to the non-uniform distribution of heat flux on the tube receiver. The stresses are 

developed due to the difference in temperatures of the inner and outer surfaces of the tube. The 

maximum deformation of 3.1 mm was observed at 0.82 m in length. Badar et al. (2015) 

numerically investigated tubular CRs having smooth and corrugated inner surfaces with single- 

and double-glazed aperture windows, and compared the optical performance. The application of 
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the proposed absorber tube increased the thermal efficiency, and it increased further with the mass 

flow rate of the heat transfer fluid. The double-glazed aperture exhibited higher efficiency at a 

higher temperature while at a lower temperature single-glazed surface exhibited higher efficiency.  

In the present study, a CR having compound parabolic secondary reflectors and an absorber 

tube (bare receiver tube) with chrome coating is investigated for its overall thermal performance 

under realistic solar conditions in Oman. The concentrated parabolic trough is used as a primary 

reflector. 

 

 

2. Geometric details and experimental methodology 
 

Fig. 1(a) shows a schematic of a compound parabolic CR with a primary parabolic trough 

reflector. It consists of two parabolic secondary reflectors, a receiver tube, and a casing with 

insulation. The diameter and length of the absorber tube are 38.1 mm and 2 m, respectively, and it 

is made of copper. The absorber tube is painted with a black powder coating to increase the 

absorptivity. The primary and secondary reflectors are fabricated with a mirror-polished stainless-

steel sheet of 0.5 mm thickness. The secondary reflector is used to reflect the falling radiation and 

direct them to the tube surface. Tempered glass of 0.88 mm thickness is used to cover the CR 

aperture area to reduce convection losses. The glass cover keeps the heat inside the CR and 

increases the heat absorption rate. The holders of the CR and the side frame are made of plywood. 

The holders are used to support the secondary reflectors and the glass cover. The side frame is 

used to support the tube. The outer box is made of an aluminum sheet of 1.5 mm thickness. It is 

also used to protect the insulating material from damage in case of exposure to the sun or rain. Fig. 

1(b) shows an assembly of different parts of the CR. Fig. 2 shows the conventional receiver tube 

and the CR. 

The experimental system consists of a primary concentrating PTC, CR, reservoir tank, 

circulating pump, control valves, Pyranometer, thermocouples, and data logger as shown in Fig. 3.  

 

 

 

(a) (b) 

Fig. 1 (a) Schematic of the compound parabolic cavity receiver and (b) 3-D assembly of cavity receiver 
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(a) (b) 

Fig. 2 (a) Conventional tube receiver, (b) cavity receiver 

 

 

 

Fig. 3 Schematic of experimental set up for parabolic trough collector system with cavity receiver 

 

 

The primary PTC is designed for an aperture area of 2×2 m2 and it is made of a mirror-polished 

stainless steel sheet. They stand for the entire collector is made of iron and painted black. The Pico 

Tech data logger with RTD sensors is used to measure the inlet and outlet water temperatures. A 

validated Hall effect flow sensor with a digital signal transmitter is used to measure the flow rate. 

An Apogee Pyranometer is used to measure solar insulation. 

The experiments are conducted to find out the efficiency of the PTC with a conventional 

receiver tube and a CR. Water is used as a heat transfer fluid in all experiments. The water flow 

rate is varied with a control valve. The experimental data is recorded at an interval of 15 minutes 

after changing the flow rate allowing the temperature to rise and attain a near-steady state. The 

inlet and outlet fluid temperatures, air temperature, wind velocity, and solar flux are measured at 

several flow rates. 

The thermal efficiency of the tube receiver and cavity receiver is determined by dividing the 

power obtained by the power of solar heat flux as shown in the following equation 
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100
gain

solar

Q

Q
                                  (1) 

Where η is the thermal efficiency, 𝑄̇𝑔𝑎𝑖𝑛 is the energy absorbed by the working fluid and 

𝑄̇𝑠𝑜𝑙𝑎𝑟 is the solar energy fell at the collector. The energy absorbed by the fluid can be represented 

as 

𝑄̇𝑔𝑎𝑖𝑛 = 𝑚̇ 𝐶𝑝∆𝑇                      (2) 

where mass flow rate m   , here   is the flow rate. The 𝐶𝑝 is the specific heat and ∆𝑇 is 

the temperature rise along the collector tube. The temperature rise can be defined as  

out inT T T                               (3) 

Where Tout and Tin are the fluid outlet and inlet temperatures, respectively. The solar energy 

received by the collector can be written as 

Q̇solar = 𝑞𝑠𝑜𝑙𝑎𝑟  × 𝐴                       (4) 

where qsolar is the incident solar flux. The aperture area (A) of the concentrating PTC is equal to 4 

𝑚2. The heat loss can be defined as 

loss solar gainQ Q Q                        (5) 

The temperature rise per unit of solar flux can be calculated as 

solar

T

q



                          (6) 

 

 

3. Results and siscussion 
 

The experiments are performed and the data are collected for solar flux, flowrate, inlet, outlet 

and ambient temperatures, and wind speed. Tables 1 and 2 present the data collected through 

experiments on two different days for the tube receiver and cavity receiver, respectively. The Ta 

represents ambient temperature. 

The results were deduced for the temperature rise per unit of solar heat flux for both tube 

receiver and cavity receiver setup by changing flow rate as shown in Fig. 4. The CR shows a 

higher temperature rise compared to the bare tube receiver throughout the flowrate range explored 

in this study. The temperature rise decreases monotonously with the increase in flow rates for both 

cases; however, the rate of decrease is more in cavity receiver arrangement compared to bare tube 

receiver, and eventually, both bare tube and cavity receivers approach almost the same temperature 

difference at a high flow rate. 

The thermal losses reduce with the increase in flow rate in both bare tube receiver and cavity 

receiver as shown in Fig. 5. However, the losses are reduced at a faster rate in the tube receiver 

compared to the cavity receiver. The area exposed to convection losses to the surrounding is higher 

for the cavity receiver compared to the tube receiver, which leads to higher convection losses 

under the comparable surface temperature resulting from a higher flow rate. At the higher flow rate,  
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Table 1 Experimental data of tube receiver for varying flow rate 

Time (hours) 

Solar 

Flux 

(W/m2) 

Flow Rate 

(L/h) 
Tin (oC) Tout (oC) Ta (oC) 

Wind Speed 

(m/s) 

10:00 AM 859 30 33 44.66 40.8 1.8 

10:15 AM 909.1 51 33.16 42.37 41.26 1.53 

10:30 AM 896.6 79.2 33.22 41.31 41.17 1.3 

10:45 AM 897.9 109.2 33.28 40.2 40 1.03 

11:00 AM 893.6 132 33.32 39.09 39.99 1.52 

 
Table 2 Experimental data of cavity receiver for varying flow rate 

 

Fig. 4 Fluid temperature rise per unit of solar flux for tube receiver and cavity receiver with the change in 

flow rates  

 

 

the capacity of the fluid increases, resulting in a lower fluid temperature and consequently a lower 

tube surface temperature under the nearly equal heat flux. The lower tube surface temperature 

resulted in lower convection and radiation losses. 

The thermal efficiency of both the bare tube and cavity receivers increases monotonously with 

the increase in flow rate (Fig. 6). The efficiency of the CR is higher compared to the bare tube 

receiver throughout the flow rate explored in this study. However, the efficiency of the bare tube 

receiver approaches the efficiency of the cavity receiver at higher flow rates. Furthermore, as 

indicated in Figs. 4 and 5, the convection and radiation losses reduce with the increase in flow rate 

due to the decrease in surface temperature. 

Time (hours) 
Solar Flux 

(W/m2) 

Flow Rate 

(L/h) 
Tin (oC) Tout (oC) Ta (oC) 

Wind Speed 

(m/s) 

10:30 AM 962.1 34.2 30.2 53.2 39.67 1.83 

10:45 AM 963.2 54 30.1 47 38.6 1.62 

11:00 AM 961.7 78 30.13 43.2 38.56 1.6 

11:15 AM 977.8 100.8 30.34 40.97 38.72 1.62 

11:30 AM 984.6 121.2 30.5 38.7 41.16 1.34 

11:45 AM 979.2 140.4 30.68 37.6 41.3 1.56 
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Fig. 5 Thermal losses from the tube and cavity receiver with the change in flow rates  

 

 

Fig. 6 Efficiency for tube and cavity receivers with the change in flow rates 

 

 

4. Conclusions 
 
The current study investigates the performance of the CR and compares it with a tube receiver 

over a range of flow rates and solar flux conditions. A concentrating parabolic trough is used as a 

primary reflector for both receivers and experiments were conducted to generate the performance 

data. The cavity receiver is fabricated with the compound parabolic secondary reflectors made of 

mirror-polished stainless steel sheets with a single receiver tube. The cavity receiver outperforms 

the tube receiver in several aspects of thermal performance. The cavity receiver generates a 

significantly higher temperature of working fluid compared to the tube receiver. The cavity 

receiver reduces overall losses significantly at low flow rates and exhibits significantly high 

thermal efficiency over the range of flow rates explored in this study. However, the advantages 

associated with the cavity receiver are more dominant at low flow rates of the working fluid. The 

maximum temperature rise for the bare tube and cavity receivers were 11.7oC and 23oC at flow 

rates of 30 L/h and 34.2 L/h, respectively under the incidence solar flux values of 859 W/m2 and 

962.1 W/m2, respectively. The maximum efficiencies for tube and cavity receivers are 24.7% and 

31.8%, respectively at flow rates of 132 L/h and 100.8 L/h, respectively, under the solar flux 
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conditions of 893.6 W/m2 and 977 W/m2, respectively, as explored in the present study. This 

indicates the advantage of the cavity receiver in generating higher temperatures for lower flow rate 

applications. 
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