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Abstract - In this paper a parabolic solar concentrator has been experimentally studied. 
The experimental devise consists of a dish of 2.2 m opening diameter. Its interior surface 
is covered with a reflecting layer and equipped with a disc receiver in its focal position. 
The orientation of the parabola is assured by two semi-automatic jacks. Experimental 
measurements of solar flux and temperature distribution on the receiver have been 
carried out. These experimental results describe correctly the awaited physical 
phenomena. 
Keywords: Solar energy - Dish - Receiver - Solar flux. 

 
1. INTRODUCTION 

Thermal radiative transport continues to emerge as an important energy transfer 
mechanism in a wide variety of practical systems such as high-temperature heat 
exchangers, boiler, rocket propulsion system and solar concentrators.  

Two forms of solar energy are distinguished, direct radiation and diffused radiation. 
Solar high temperature designs require concentration systems, such as parabolic 
reflectors.  

Many researches related to parabolic concentrators are found.  
J. Kleih [1] has been setting up a test facility for parabolic dish systems with power 

conversion unit in their focus.  
R.Y. Nuwayhid et al. [2] realised a simple solar tracking concentrator for university 

research applications. 
C.A. Pérez-Rabago et al. [3] treated heat transfer in a conical cavity calorimeter for 

measuring thermal power of a point focus concentrator. 
In general solar concentrating systems comprise a reflective surface in the shape of 

paraboloid of revolution intended to concentrate solar energy on an absorbing surface, 
which makes it possible to reach a high temperature.  

This process gives the possibility to use solar energy in many high temperature 
applications. But the manufacture of the most of these systems is very expensive due to 
materials quality, dimensions and precision. So that, many authors worked to reduce the 
cost of this kind of systems [4, 5].  

In this work a solar concentrator system has been constructed and tested. Different 
compounds of this design are described. An acquisition data system is adapted to 
measure temperature profile over the receiver in the experiment conditions. 

                                                 
* ridha_ouederni@yahoo.fr 



A.R. El Ouederni et al. 

 

194 

2. EXPERIMENTAL EQUIPMENT 
2.1 Reflector 

The reflector of our experimental device consists of a parabolic concentrator of 2.2 
m opening diameter. Its interior surface is covered with a reflecting layer. Which reflect 
solar rays on the face of a receiver placed at the focal position of the concentrator. 

 The concentrator is posed on a directional support according to two axes to ensure 
the follow-up of the sun. 

The equation for the parabola in cylindrical coordinates is: 
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The surface of a paraboloid of diameter of opening d  whose focal distance f is 
given by: 
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The surface of opening of a paraboloid is: 
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The focal distance is given by the following expression: 

h16
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h  is the depth of the dish. 

 
Fig. 1: Geometrical parameters 

Table 1: Characteristics of the solar concentrator 

Diameter of opening of the parabola 2.2 m 
Surface collecting of the parabola 3.8 m2 
Depth of the parabola 0.4 m 
Focal distance f  0.75 m 



CICME’2008: Experimental study of a parabolic solar concentration 

 

195 

The reflecting layer covering the surface of the parabola is abased on steel with a 
reflecting coefficient near 0.85. 

2.2 Receiver 
The receiver is a stainless steel disk. This receiver is with a diameter of 120 mm, 

(thickness 20 mm) and is covered with a thin coat of black paint to decrease the 
reflexion of the solar rays and it is located in the focal zone of the parabola. 

The absorption coefficient of the absorber is 0,9. 
The geometrical concentration of this model is 

a
0

g S
SC =  

aS  is the lighted area of the absorber 
Table 2: Characteristics of receiver 

Receiver diameter  0.12 m 
Surface receiving 0.012 m2 
Geometrical concentration factor 336 
Thermal conductivity λ  20 W/mK 

2.3 Follow-up of the sun 
The follow-up of the sun is ensured by two commanded electric jacks, the 

concentrator is oriented in front of sun according to two freedom degrees. (hour angle 
and declination). First jack ensure the follow up of the hour angle. The second one 
permits movement of the concentrator according to declination angle. 

This command system permits us to obtain a circular shape of sunspot. The present 
design is equipped by a moving support in order to have the possibility to place our 
system in the best site. 

 
Fig. 2: Experimental design 
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3. RESULTS AND DISCUSSION 
The experiment is made at 29/01/2008 during the period from 12h to 15h. To 

determine the space-time evolution of the disk temperature, seven thermocouples were 
installed in equidistant positions along its diameter. 

A data acquisition system (Fig. 2) makes it possible to follow the evolution of the 
temperature given by each thermocouple every five minutes. 

Solar flux and the ambient temperature are given by a weather station installed on 
the site.  

The values given by the pyranometer represents the solar flux on horizontal surface 
(Fig.  3). 

 
Fig. 3: Pyranometer 

Figure 4 represents global solar flux variation during the sunning period of the day. 
Because of the sun flow up system which is assured bay two jacks, the receiver disk is 
oriented in front of sun, that’s way the effectiveness solar flux will be deduced from the 
measured flux density using a correction coefficient carried out from the disk 
orientation angle cosines (Fig. 5). 

 
Fig. 4: Measured solar flux density 

 
Fig. 5: Disk receiver 
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The table 3 bellow gives solar flux density measured by the pyranometer, angle 
declination and direct solar flux. The relation between the two fluxes is given by the 
following expression: 

( )δ
Φ

=Φ
cos

p
s  

Figure 6 represents the effective solar flux density received by the concentrator. As 
shown in this figure the flux density can reach in the experiment conditions 680 W/m2 
between 11h and 13h. 

Table 3: Solar flux density vs. declinaison 
t  

(hour) pΦ  (W/m2) δ  (°) sΦ  (W/m2) 

8 49.3 69 138 
9 252.6 57 465 

10 405.4 46 585 
11 520,8 37 654 
12 576,1 32 679 
13 546,1 33 647 
14 490,3 38 626 
15 364,8 48 544 
16 206,3 59 401 
17 52.2 71 161 

 
Fig. 6: Solar flux density received by the concentrator 

The mean ambient temperature given by the station is of 15 °C. 

Figure 7 represents temperature evolution of the disk center. In the experimental 
conditions mentioned above, the temperature reaches an average value of 380°C after 
23 min which represents the heating time of the receiver. 

As shown in figure 7 the mean temperature in maintained during two hours. To 
clearly view the time evolution of temperature over the disk, the space-time profile of 
temperature is plotted in figure 8. 

According to the energy distribution of light in the sun spot (the maximum of energy 
is concentrated in the center), the temperature distribution over the disk having also the 
same profile (Fig. 9). 
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Fig. 8: Space-time evolution of temperature on the disk 

 
Fig. 9: Temperature profile over the dish at 12h50 

4. CONCLUSION 
In this study, a solar concentrator design has been installed. This equipment is based 

on a reflector dish and a receiver disk. Experimental measurements of solar flux and 
temperature distribution on the receiver have been carried out. The obtained results 
describe correctly the awaited physical phenomenon.  

The temperature in the center of the disc reaches a value near to 400 °C. These 
results let us to affirm that a good quality of industrial high temperature equipment can 
be obtained using this technology of sun light concentration. 

NOMENCLATURE 
z  Axial distance (m) 
R  Radial distance (m) 
f  Focal distance (m) 
h  Parabola depth (m) 
d  Parabola opening diameter (m) 
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S Parabola area (m2) 
C  Geometrical concentration coefficient 

pΦ  Solar flux density measured by 
pyranometer 

sΦ  Solar flux density received by concentrator 
T  Temperature (°C) 
 Greek symbols  
λ  Thermal conductivity (W/m2) 
δ  Declinaison angle (°) 
 Indices  

G  Geometrical 
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