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Abstract. The article gives the overview of an in-house made parabolic dish concentrator. A system 

for continuous tracking of the sun throughout the day was based on a dual axis tracker, where a linear 

actuator for vertical tracking and a pair of gears for horizontal tracking were applied. The tracking 

system was equipped with DC electric motors, operated by microprocessor-based control system. 

Position of the concentrator was periodically and automatically adjusted to direct sunlight, based on 

the amount of light delivered to four photo sensitive diodes. The sun’s solar energy, reflected from the 

surface of the dish to the receiver and transferred to recirculating water, was finally stored into the heat 

storage tank. In order to investigate the operational parameters and to determine the net efficiency of 

receiver of parabolic dish concentrator, initial measurements of the main working parameters were 

performed, and the results presented and elaborated. 
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1. Introduction 

In general, the energy needs are in constant rise. According to IEA, during the last 45 years 

the world’s total primary energy supply has doubled, while the electricity generation has 

increased for almost four times [1]. Although fossil fuels still hold the biggest share, the 

utilisation of renewable energy sources is in rise due to their lower impact on environment 

and climate. For example, from 2005 to 2015 the world’s electricity production from wind has 

increased from 104 TWh to 838 TWh [1], while the production from solar photovoltaic 

systems has increased from 4 TWh to 247 TWh [1]. 

Among the different types of renewable energy sources, the solar energy is the most 

interesting. The existing solar technologies are continuously improving, while new solar 

technologies for electricity and heat production are developing. Taking into account 

advantages and disadvantages of different solar technologies, nowadays Concentrating Solar 

Power (CSP) technologies have developed to a viable commercial level. According to 

Eurobserv’er publication [2], since 2014 the European Union concentrated solar power 

capacity trend has stopped at 2.313,7 MW, where almost whole capacity (2.303,9 MW) has 

been installed in Spain only. The installations in Spain showed to be reliable, producing in 



average some 5 TWh of electricity per year [2]. In the EU the CSP plants in operation are 

mainly based on “Parabolic Through” technology. Although having higher efficiencies and 

concentration ratios, “Parabolic Dish Concentrators” are still lacking commercial application 

within the EU. Some of the reasons include higher investments, question of reliability of heat 

engines in case of large-scale power plants, etc. However, a number of experimental and 

testing facilities are installed, generating valuable experience [3, 4]. 

2. Parabolic Dish Concentrator 

A parabolic dish solar concentrator was designed and constructed (Figure 1) [5], where the 

old satellite dish has been appropriately rearranged into concentrator (Figure 2). In order to 

attain the reflectivity of the concentrator, a self-adhesive foil with mirror effect has been 

applied to the surface of the dish. Due to slightly elliptical shape of the dish, the length of two 

axis was defined, 1005 mm (major axis) and 970 mm (minor axis), resulting in the 

concentrator projected area of 0,765 m
2
. Since during the operation the receiver and its holder 

have created a shadow on the concentrator, the effective projected area of concentrator was 

recalculated to 0,7207 m
2
. Based on the dish geometry, the focal length has been defined as 

710 mm. 

 

Figure 1  Parabolic dish concentrator – design phase [5] 

Although the parabolic dish concentrators commonly use Stirling engine as a receiver, at this 

phase a small water container was selected instead. Initially it was not intention to generate 

the electricity, but to use the concentrated solar power for warming up the water stored in a 

heat storage tank. The volume of the water container/receiver was selected as 2,1 dm
3
. The 

receiver volume was divided in two smaller volumes (chambers) by the partition surface with 

the overflow hole placed at the top region. The volume of the primary chamber (inlet flow, 

front side of the receiver) was around 1/3 of the receiver’s total volume. The intention was to 

reduce the effective volume of water being heated by the concentrated solar power, and to 

separate inlet flow from outlet flow which was leaving the receiver from secondary chamber 

(back side of the receiver). The material used for the receiver was SAE 304 stainless steel, 

except the front focal surface which has been made of technically clean copper (99,5%; DIN 

SE-Cu 2.070). The focal surface was painted by heat-resistant black mat paint, which can 

withstand the temperature levels of up to 800°C (Figure 3). Finally, the receiver was insulated 

with 20 mm thick layer of rock mineral wool ( = 0,039 W/(mK) @ 50°C), and bounded 

with the self-adhesive aluminium foil. 

1.- 3. Main construction 

4. Water tank (Vmax = 30 lit.) 

5. - 6. Dish/concentrator 

7. - 10. Rotating column 

11. Receiver (V = 2,1 lit.) 

12. Receiver holder 

13. - 15. Drive mechanism 

16. Battery 12 V 60 Ah 

17. Linear actuator 



  

 Figure 2  View of parabolic dish concentrator Figure 3  View of receiver 

Since the designed concept has required heat storage, an atmospheric water tank of some 30 

litres has been built (Figure 2). The water tank had two connections, one at the bottom for 

radial water outlet from the tank to the receiver, and one at the top for radial water inlet to the 

tank (from the receiver). The water tank as a heat storage tank was made of SAE 304 stainless 

steel, and was insulated with 19 mm thick plates of closed-cell foam insulation ( = 0,033 

W/(mK) @ 0°C). 

             

 Figure 4  Schematic view of hydraulic system Figure 5  View of dual axis mechanism 

In order to maintain the controllable circulation of water, the hydraulic system was equipped 

with the circulation pump with integrated electronic power control and a high-precise 

ultrasonic heat meter (Figure 4). The piping also included standard elements of water 

circulating systems, such as system strainer, ball valves with swivel nut, check valve, etc. 

Receiver and heat storage tank where connected to the hydraulic system with hosepipes 

reinforced with an internal web of fibres. Whole hydraulic system, including hosepipes, was 

insulated with 19 mm thick closed-cell foam insulation for tubes ( = 0,033 W/(mK) @ 0°C). 

The measurement of volume flow, inlet and outlet temperatures, and system power were 

conducted with the ultrasonic heat meter Kamstrup Multical 401. 

The parabolic dish solar concentrator was equipped with a system for continuous tracking of 

the sun throughout the day in order to maintain the position of the concentrator perpendicular 

to the sun. The system was based on a dual axis tracker (Figure 5), where a linear actuator for 



vertical tracking (elevation) and a pair of gears for horizontal tracking (azimuth) were applied. 

The tracking system was equipped with 12 V DC electric motors, which were operated by 

microprocessor-based control system. Position of the concentrator was periodically and 

automatically adjusted to direct sunlight, based on the amount of light delivered to four photo 

sensitive diodes until their illumination becomes equal and balanced. In order to improve the 

precision of positioning, a shading device was used for controlling the illumination of electro-

optical sensors. Additionally, further adjustments could be achieved by manual adjustment of 

the level of sensitivity of optical sensors. The electric energy, necessary for operation of DC 

electric motors, control system and circulation pump, was supplied by AGM battery of 12 V 

and 60 Ah. 

3. Experimental results 

The measurement of operational parameters took place on April 2018, from 9:15 to 14:30, at 

the location 43°31'21'' N and 16°27'01'' E. During the measurement the sky was largely clear 

(Figure 10). The measurement included the values of irradiance at the optimal angle, the 

temperatures of water inlet and outlet of the receiver, the power of the receiver, and the 

volume flow of circulating water. 

A calibrated Hukseflux pyranometer was used for irradiance measurement at the optimal 

angle. The collected data were logged by sensor readout unit. Since the performance of solar 

concentrator depends only on direct component of solar irradiance, while pyranometer 

measures global irradiance, the measured data were recalculated. For this purpose online free 

solar energy calculator PVGIS [6] was used, where the ratios of global and diffuse irradiance 

for the specific location, month and hour have been calculated. The ratios obtained from 

PVGIS were applied in order to estimate the values of direct irradiance during the period of 

measurement, as shown in Figure 6. As a result, during the measurement the direct irradiance 

has varied from 764 to some 864 W/m
2
, while based on the effective area, the power of 

concentrator (QC) has varied from 550 to 623 W. 

 

Figure 6  Solar irradiance and the power of concentrator 

At the beginning of the measurement, the temperatures of circulation water at inflow and at 

outflow of the receiver where 20,90°C and 23,37°C, respectively (Figure 7). By the end of 

measuring time (315 minutes), the outflow temperature from the receiver has reached 

74,79°C, resulting in temperature increase of 51,42°C. The temperature difference of 

circulation water at the receiver have varied around 2,5°C (Figure 9). During the 

measurement the outdoor temperature was around 20°C. As already stated, the power of 
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concentrator has varied from 550 to 623 W. The corresponding power of receiver was 

measured by the ultrasonic heat meter. Due to the limitation of heat meter in displaying the 

value of power in basic units (W instead of kW), the power of the receiver (QR) was 

calculated. The calculations involved the measured values of temperature difference (T), the 

values of volume flow (V), and density () and heat capacity (cp) of circulating water. The 

variation of density and heat capacity as a function of temperature was taken into account. 

Q
R

=ρ∙V̇∙cp∙∆T (W) (1) 

 

Figure 7  The variation of water temperature; the power of concentrator and receiver 

Based on the measurements and calculations, the power of receiver has varied from 300 W to 

397 W (Figure 7). It was noticed that the power of concentrator (QC) was reducing as the 

temperature of circulation water was increasing. A net sun to water efficiency was also a 

function of the temperature increase. This was in correlation with Jamil and Ali (2016) [4], 

where the temperature dependence of net efficiency curve was established. As seen from 

Figure 8, the net sun to water efficiency on the receiver was maximal at 70%, while the 

temperature level of outflowing water was at the lowest. As the water temperature increased, 

the efficiency has decreased to some 53%. The average net sun to water efficiency on the 

receiver could be defined as 59,86%. 

 

Figure 8  Net sun to water efficiency (on the receiver) 
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The efficiencies of the receiver of around 90% have been reported in the literature [4], while 

the record has achieved a 97% conversion of sunlight into steam [7]. Thus, the following 

work should embrace improvements in lowering heat losses of the receiver and the 

optimisation of the receiver geometry. 


net

=
optical

∙
thermal

=
QR

QC

∙100 (%) (2) 

 

Figure 9  The variation of temperature difference and volume flow during the measurement 

The circulation pump with integrated electronic power control was regulated to constant 

speed, which gave the variation of volume flow of circulation water from 120 to 135 l/h 

(Figure 9). This resulted with a value of volume flow from 2 to 2,25 l/min, which has been 

initially selected based on the experience gained from conventional solar thermal systems. 

However, the volume flow should be optimised based on the amount of direct irradiance 

delivered on the concentrator surface. 

             

 Figure 10  Parabolic dish concentrator in operation Figure 11  The receiver aperture 
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For the purpose of initial measurements, the volume of water in the heat storage tank was 20 

litres. As it was already mentioned, the tank was insulated with 19 mm thick plates of closed-

cell foam insulation, and it was built as atmospheric tank. Although the net sun to water 

efficiency was in average some 59,86%, the overall efficiency of the process of heating the 

water in the heat storage tank showed to be around 38,59%. This could be explained by 

significant heat losses through the walls of the storage tank into the surrounding environment 

with the outdoor temperature of some 20°C. Furthermore, since the storage tank was partially 

filled with water, hot water was evaporated and condensed at the top surface of the tank, 

which added to overall heat loses. 

During the operation of dish concentrator, the temperature of outdoor air close to focal surface 

has been measured with K type thermocouple probe, with recorded values of up to 670°C. 

The measurement of the receiver aperture (Figure 11) and optical efficiency of the 

concentrator was out of the scope of this paper. 

4. Conclusions 

The results presented in this paper have provided preliminary data on functionality of the dish 

concentrator concept and on some of the operational parameters as well. The initial tests have 

demonstrated the values of net sun to water efficiency, the temperature dependence of the 

efficiency, the temperature level at the focal surface, the importance of optimising the volume 

flow of the water for maximising the power of receiver, etc. 

In order to improve the performance of parabolic dish concentrator, several topics have to be 

addressed such as: (1) the optimisation of the receiver’s geometry and shape, (2) the 

measurement of optical efficiency of the concentrator, (3) the measurement of the size of the 

receiver aperture using for example burn plate test, (4) the optimisation and control of the 

volume flow in order to maximise the power of receiver, and (5) the reduce of heat losses of 

the system in whole. 
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