
  

 

Abstract—Our paper focuses on the study of solar concentration 

with a new application that is to prepare the tea  Concentrating solar 

power using a paraboloid  (satellite television antenna) covered by a 

reflective material, stainless steel container cylindrical suspended arms 

of the parabola such that the focal point of the reflector or on the 

bottom of the container. 

A theoretical model shows the behavior and the thermal equilibrium 

of the water in the container. The operation of the prototype shows that 

it takes 30 to 40 minutes to prepare tea. The results of our theoretical 

study were confronted and confounded with other published results in 

this area. 
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I. INTRODUCTION 

Tea is a stimulating drink obtained by infusion of tea leaves, 

predried and usually oxidized. Originally, from China, it is now 

among the most drinkable beverage in the world. The most 

common method of preparation is brewing in a teapot 

(container) with a hot water between 70 ° C and 90 ° C, 

according to the different categories of tea. Making tea from a 

polluting source (gas, wood, etc.) is harmful to the environment. 

Therefore, the use of solar energy, renewable and non-polluting, 

is an option to consider in the preparation of tea. The field of 

solar concentration does not require a significant investment 

and is protective of the environment (zero CO2 production in the 

atmosphere). The solar concentrator is a system concentration 

based on the capture of light radiation emitted by the sun. Their 

transformations into heat and its use for heating or cooking food 

differs depending on the geometry of the hub which may have 

various shapes (conical, paraboloidal, cylindrical etc.). It is a 

portable and lightweight, practical and useful for the Bedouin, 

campers and nomads who often travel in regions where solar 

energy is abundant. The objective of this work is to propose a 

tea brewing system with a parabolic antenna available in the 

commercial market, used for receiving TV channels via 

satellite. The surface of the antenna is covered by a reflective 

surface (aluminum foil) acting as a mirror. The base of the 

water-containing vessel is placed at the focal point of the 

parabola. The concentrated radiation to the focal point will heat 

the water with which the tea melting point temperature is 
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reached after a certain time. (Figure 1). The study of the thermal 

balance in many articles leads to a differential equation of 

temperature. The solution to this differential equation, gives the 

spatio-temporal evolution of the temperature of the water in the 

container, using the method of finite differences. 

II. DESCRIPTION OF OPERATING SYSTEM 

The rays from the sun are reflected by the satellite dish on the 

container of the tea, the concentrated solar radiation hits the 

bottom of the container, then the steel absorbs the concentrated 

energy that was covered by a matte black bottom, the water is in 

contact with the plate receive this energy concentrated by the 

transfer of heat by conduction, then we have a propagation of 

heat by the phenomenon of diffusion its direction upwards 

container, plus the change in density water causes water 

movement up by buoyancy, it may possibly passed through the 

phase change process if the cross inflection temperature 

(saturation). The concentration system essentially consists of a 

satellite receiver dish covered the inside surface foil rests on a 

metallic support positioned on the ground. 

 

 
 

Fig. 1.  Solar noon horizontal orientation where the major concentration. 

 

A 10cm diameter stainless steel vessel containing drinking 

water to prepare tea. This container surrounded by an insulating 

layer to minimized the lateral thermal losses of the container. Its 

base is covered with a flat black paint to reduce the reflection of 

rays concentrated by the reflector that has been placed in the 

home hub. 
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III. HEAT BALANCE IN CONTAINER LEVEL 

The model is from a heat balance performed on the system 

shown in Figure 2. 

 Fig. 2. The heat balance vessel. 

 

The system consists of a cylindrical stainless steel container 

containing water. According to the assumptions proposed 

summers, the heat balance its general form is given by: 

 

                         
 

The output power is instantaneous change in internal energy 

of the system, the energy per unit time that reaches the lower 

limit of the system. 

 
 

The solar radiation power concentrate provided by the 

parabolic antenna-container system is given by the following 

formula: 

                                      

                                                                                                                          

The presentation of daily solar radiation of the city of 

Constantine (see Figure 3), we used the model Jordan Liu [7] 

 

 
Fig. 3. Change of influence of the city of Constantine by Liu Jordan model [9]. 

 

 

The optical yield is given by the following formula: 

                       

    is the intercept section,  is the absorptivity of the container 

surface,  is the transitivity of the surface which collects the 

incident radiation and  reflexivity of the parabolic antenna, the 

geometrical concentration factor of the antenna, which is 

dimensionless and is defined as the surface of the concentrator 

on the surface of the concentrated image that appears on the 

base of the container. The calculation of the solar radiation 

incident Io (t) is given using the model of Liu Jordan (Lambert 

Law). 

    Instantly varies along the day with not a minute. The heat 

losses of the system can be divided into three types, by 

conduction, convection and radiation. The first type is very 

small as the thickness of contact in stainless steel is very low, 

therefore conduction losses are negligible, for convection 

losses, we use Newton's law, and for the radiative losses, we use 

the Stefan Boltzmann equation given by the formula : 

 

 

   Where h is the heat transfer coefficient of the heat by 

convection (W / m
2
 K) [3] between the coffee container and the 

environment, Ac represents the outer surface of container (m
2
), 

T(t) is the instantaneous temperature of the thermodynamic 

system (°C), ε is the emissivity of container (Aluminium), σ is 

the constant of Stefane-Boltzmann (5.67 × 10
-8

W / m
2
K

4
) and 

Tciel is the sky temperature for practical reason we replace this 

temperature depending on the temperature of the environment 

T∞ par the following formula: 

 

Values used in the theoretical model program 

TABLE 1. THERMOPHYSICAL AND OPTICAL PROPERTIES OF THERMODYNAMIC 

SYSTEM 

 Value unit 

As 0,01 m2 

Ac 0,636 m2 

cpeau 4190 W/m2K 

cpinox 460 W/m2K 

mw(t) 0,3 kg 

mAl 0,2 kg 

 

- °C 

 

0,95 - 

 

0,8 - 

 

1 - 

 

5,67e-08 W/m2K 

Cg [7-9] - 

Uglob 25 W/m2°C 

We calculate the temperature of the captive of the absorber 

surface from the equation (1) after the previous calculations, the 

equation becomes [7], and we find the following equation: 
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IV. RESULT AND INTERPRETATION  

The antenna must be positioned and oriented to the sun 

throughout the preparation of tea, temperature increases rapidly 

in the container based on concentrated solar radiation to heat 

transfer by conduction to adjacent the base fluid is more 

important at walls. 

 

 

Fig. 4. Evolution of the container temperature for different times of the day 

(left), Climate Change between the top and bottom of the container between 

11h.30-12h.30. 

In Figure 4, We can point to the level located at 1cm from the 

base of the container temperature is a constant evolution until 

the value of 95 ° C, at which we notice that the scheme is 

established and therefore the temperature varies slightly, and the 

level that is located 10cm from the base of the container 

temperature is a constant evolution until the value of 70 ° C, 

then the regime is established. The change in thermal powers at 

the container.  

 
Fig. 5. Representation of different Powers from 11:30 to 12:30 Wind equal 

to 5m / s (left) and 2m / s (right) 

 

The theoretical calculation of the evolution of power shown 

in Figure 5. For the two different wind speeds, we see a direct 

influence on the inflection point temperature, so for fairly large 

wind speeds heat loss are important and by comparison with 

other developed work [1], the container is very sensitive to wind 

speed. 

V. CONCLUSION 

Predicting the temperature at the container for preparing tea, 

depends on several factors, the most important is the intensity of 

solar radiation, the diameter, the quality of mirror of the satellite 

dish and wind speed. These factors impact and direct influence 

on the evolution of the temperature of the water inside the 

container. We note that the scheme is built around a temperature 

of 85 ° C (brewing tea). As well as the identification of the 

stratification of the temperature at the heated fluid from the 

bottom, up. The theoretical model may describe the evolution of 

the temperature of the water in the container at all levels from 

bottom to top. The time for the preparation of tea is between 

30-40 min. Even low solar radiation. This is because the 

concentration factor of the parabolic antenna is not sufficient for 

rapid heating process.  
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