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Abstract – An investigation for the parametric characterization of a solar paraboloid intended to receive
a Stirling engine was studied in this work. This one comprises two principal parts; the first one consists
of the design of a solar parabolic concentrator having an aperture area of 1.67 m2 with a focal distance of
52.65 cm. Its primary surface was covered by 152 aluminium facets distributed uniformly on eight equal
petals. The optical parameters revealed a peak concentration ratio of 40 488, while average concentration
ratio is 4920. The real focal distance and the dimension of the sunspot focused at the focal zone are given in
experiments after a series of tests. The second part was devoted to the development of an analytical model
based on the resolution of the heat equation using the variables separation method. This model adopted
is able to predict the distribution of temperature and heat flux at the focal zone. By the application of
Soltrace code, it is noted that the predicted results by the analytical model are in good agreement with
those obtained by experiments.
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1 Introduction

The solar parabolic concentrators present better opti-
cal and thermal efficiencies compared to other solar con-
centrators [1]. This is primarily due to their mode of spe-
cific concentration which supports the rational collection
of the incidental rays in the focal zone compared with
the mode of linear concentration [2]. When designing a
parabolic concentrator, it is very significant to use sizes
of facets which can ensure a coherent distribution within
the primary surface of the concentrator in order to gen-
erate the highest concentration ratio [3], and to reduce
the useless surface [4] generated by the inter facets junc-
tions. The optical and thermal characterization of the
parabolic concentrators is made using several experimen-
tal and numerical methods able to determine the real focal
distance and to predict the flux distribution at the focal
zone. One of these experimental methods consists in mea-
suring average heat flux using the charge coupled device
imaging cameras [5]. The ray tracing technique based on
the method of Monte Carlo is largely used, it became
one of the powerful tools used for characterization and
optimizations of various parameters [6–8] intervening in
the solar concentration and it makes possible to model
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a broad range of concentrators. In this work we present
the design stages of the solar parabolic concentrator fol-
lowed by an experimental investigation to determine the
real focal distance and the heat flux intensity focused at
the focal zone. A numerical model based on an analyti-
cal development was developed with the order to predict
the temperature distribution and heat flux at the focal
zone. The Soltrace code using ray tracing technique was
employed in the determination of the peak heat flux and
flux distribution at the receiver flat, making it possible to
compare the results obtained by experiments with those
predicted numerically.

2 Materials and methods

2.1 Solar concentrator design

The solar concentrator was designed in collaboration
with the Centre of Renewable Energies Development. Its
aperture diameter is 146 cm and a depth of 25.3 cm.
The realization of this solar concentrator proceeded while
passing by the following construction steps:

– polishing of the primary surface of the parabolic con-
centrator;
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Nomenclature

Ap Paraboloid primary surface (m2) Q̇ra Radiative power (W)

A0 Concentrator aperture area (m2) q̇ Heat energy (W)

As Sunspot area (m2) q̇avg Average heat flux (W.m−2)

a Thermal diffusivity (m2.s−1) q̇s Heat flux (W.m−2)

C Concentration ratio T Temperature (K)

Cmax Maximal concentration ratio Tmax Maximal temperature (K)

Cmean Mean concentration ratio Tr Receiver temperature (K)

(Cp)r Specific heat of the receiver flat (J.Kg−1.K−1) T∞ Ambient temperature (K)

(Cp)air Specific heat of air (J.Kg−1.K−1) t Time (s)

d Diameter aperture of the concentrator (m) ΔV Elementary volume (m3)

ds Diameter of sunspot (m) x, y Spatial coordinates (m)

Greek symbols

Es Incident direct solar flux (W.m−1) αeff Effective absorptance

e Thickness of the receiver flat (m) β Coefficient of thermal expansion (K−1)

f Focal length (m) εr Emissivity of the receiver surface

Gr Grashof number θ Angle of the solar disc (rad)

g Acceleration of gravity (m.s−1) μ Dynamic viscosity (kg.m−1.s−1)

h Convective heat transfer coefficient (W.m−2.K−1) υ Kinematic viscosity (m2.s−1)

K Thermal conductivity (W.m−1.K−1) ρ Density (Kg.m−3)

L Length of the receiver flat (m) ρ̄ Reflectance of the concentrator

Nu Nusselt number σ Stefan-Boltzman constant (W.m−2.K−4)

L Length of the receiver flat (m) θ Angle of the solar disc (rad)

Pr Prandtl number ψ Rim angle of paraboloid (rad)

– division of primary surface in eight equal petals;
– whole division of the aluminium facets in six types

distributed uniformly on the eight petals of the con-
centrator;

– joining the facets with a good adherence on the pol-
ished primary surface of the concentrator, by respect-
ing the position of each facet on this surface.

The size of each facet type and its position are carefully
selected in order to ensure a good adherence with the pri-
mary surface of the parabolic concentrator during joining
stage as indicated in Figure 1 which shows the six various
aluminium facets.

This setting stage of the facets on polished primary
surface has a great role in the optical effectiveness of the
concentrator, because any imperfection generates the dis-
persion of the solar rays reflected through the reflective
surface of the concentrator, and consequently a consider-
able reduction in flux concentrated at the focal zone. In
the same way, it should be noted that the azimuth and
radial position of each facet are respected in order to re-
duce the useless surface [4] generated by the inter facets
junctions.

2.2 Geometrical parameters

The reflecting surface of the concentrator as indicated
in Figure 2 is covered with 152 facets of aluminium re-
flectors distributed into six various rows. The thickness of
each facet is 0.8 mm while the aperture area is 1.67 m2.
The addition of the different surface facets gives a total
reflective concentrator surface of 1.77 m2. Starting from

the third row it is to be noticed that, more we move away
from the basic center of the paraboloid, more the facets
size increases in order to ensure a good adherence of each
facet with the primary surface of the parabolic concen-
trator. Moreover, if the number of facets increases for the
same primary surface of the concentrator, the reflective
surface decreases appreciably [3], this is due to the num-
ber of existing gaps between the facets. This report can be
checked by a simple difference between the uncovered pri-
mary surface of the paraboloid calculated by equation (1),
and its reflective surface which appears in Table 1. This
difference of 830 cm2 corresponds to a reduction of about
4% of the primary surface

Ap =
8
3
πf2

⎡
⎣((D

4f

)2

+ 1

)3/2

− 1

⎤
⎦ (1)

where f is the focal length andD is the aperture diameter
as indicated in Figure 2.

The facets number which each one of the six rows
contains and their corresponding surfaces are illustrated
in Table 1.

2.3 Optical parameters

The dominant optical parameter in the solar concen-
trator is the solar concentration ratio which is defined as
the solar flux at the focal plan divided by the direct nor-
mal solar irradiation. According to Bliss [9] the coefficient
of solar concentration C reaches its maximum value for
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Petals (primary surface) 

A B C 
D 

E 
F 

Facet type 

Fig. 1. Image of he concentrator under realization.

Table 1. Number and surface of each facet type of the reflective concentrator surface.

Facet type Facets number Facet surface (cm2) Total surface (cm2)
A 8 50.52 404.16
B 16 88.39 1414.24
C 32 80.36 2571.52
D 32 107.55 3441.60
E 32 147.72 4727.04
F 32 163.01 5216.32

Total reflective surface of concentrator (cm2) 17 774.88

H=25,3cm 

D= 146 cm 

 

Fig. 2. Image of the designed solar paraboloid.

an ideal solar paraboloid focusing solar flux in the form
of circular image (spot) at the focal zone. The theoretical
diameter of the spot is given by the following formula:

ds = fθ (2)

where θ is the angle of the solar disc equal to
0.00931 radian.

The peak solar ratio is expressed by the analytical
relation developed by Bliss [9]:

Cmax =
4
θ2

sin2(ψ) (3)

while the mean concentration ratio on the receiver surface
which takes into account the uniform heat flux distribu-
tion in all formed sunspot [4], is given by the analytical
expression:

Cmean =
sin2(ψ) cos2

(
ψ +

θ

2

)
sin2

(
θ

2

) (4)

The maximum value of Cmean is reached for a rim angle of
about 45◦ [10] for an ideal paraboloid with flat receiver.
For receivers with other geometries [11] the optimal rim
angle is not necessarily at 45◦. By applying equation (4),
the mean concentration ratio relating to our parabolic
concentrator is about 4920. This solar concentration ratio
is affected by several parameters [3,12,13] in which some
of them are cited below:
– the reflectivity of the aluminized surface of the

parabolic concentrator;
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At 

Ao 

Fig. 3. Scheme of a focal concentration.

Table 2. Geometrical and optical parameters of the solar.

Aperture area 1.67 m2

Reflecting surface 1.77 m2

Focal length 52.65 cm

Rim angle 69.5

Number of facets 152

Number of rows 6

Concentrator reflectivity 0.94

Average concentration ratio 4920

– the facets number and the slope errors;
– the imperfection due to the geometry of the alu-

minium facets;
– the concentrator positioning errors.

The knowledge of the solar concentration ratio makes it
possible to determine the theoretical surface of the fo-
cused sunspot [14], by the application of equation (5)
which expresses the solar concentration ratio as the report
between the aperture area A0 and sunspot surface At as
illustrated in Figure 3

C =
A0

As
(5)

In Table 2 are illustrated the geometrical and optical pa-
rameters of the designed parabolic concentrator. The re-
flectivity is provided by the reflector manufacturer.

2.4 Thermal parameters

The important thermal parameters in the character-
ization of a solar concentrator are the solar flux inten-
sity and the temperature field at the focal zone. They
are appreciably affected by the value of the direct normal
insolation (DNI), the concentrator orientation as well as
the solar concentration ratio. The theoretical evaluation
of the maximum temperature is based on the following
assumptions:

1. the incidental solar power Q̇in of the paraboloid is
completely received by the sunspot surface At;

2. the cavity receiver of an aperture area At positioned
in the focal plan is thermically insulated in order to
eliminate any heat loss by convection or conduction;

At 

.

inQ  Contour of the thermically 
insulated cavity 

raQ  
Sunspot 

Fig. 4. Descriptive scheme of a cavity receiver perfectly
insulated.

3. the temperature distribution is considered homoge-
neous in all surface of sunspot.

In the absence of any heat transfer by convection and
conduction in the insulated cavity, the incidental solar
power Q̇in (Fig. 4) is completely converted into radiative
heat Q̇ra generated by radiation of the sunspot surface.
The heat balance of the cavity is expressed by the follow-
ing equation:

Q̇in = αeff Q̇ra (6)

where αeff is the effective absorptance of the cavity re-
ceiver [15], defined as the fraction of energy entering
through the aperture that is absorbed by the cavity walls.

We have:

ρ̄ EsA0 = αeff ε σAs T
4 (7)

where ρ̄ and ε are respectively the reflectivity of the con-
centrator and the emittance of the cavity receiver taken as
a black body, T is the nominal receiver temperature, and
σ is the Stephan-Boltzmann constant which is equal to
5.67×10−8 W.m−2.K−4. When we introduce equation (5)
into equation (7) and takes αeff equal to 1, it results that
the maximum temperature reached is expressed by:

Tmax =
(
ρ̄ Es

ε σ
C

) 1
4

(8)

Figure 5 represents the variation of the cavity temper-
ature with the solar concentration ratio C. It is noted
that when C varies, the temperature varies differently
in two distinct zones. The first zone (I) is characterized
by a faster rise in the temperature at the focal point.
In the interval from 50 to 1200 of the solar concentra-
tions ratio, we record a rise of temperature from 1000 K
to 2120 K that is a rise rate around 0.97 K by concen-
tration ratio unit. The second zone (II) is characterized
by a slowed down development of the temperature in a
range of concentration between 1200 and 5800. We record
a rise rate about 0.29 K by concentration ratio unit,
while for concentrations higher than 6000, the rise rate
is increasingly low. The application of equation (8) stipu-
lates that the temperature of the neighbouring solar disc
of 5800 K [15] is theoretically reachable by means of a
parabolic concentrator able to develop a solar concentra-
tion ratio about 67 400. However this temperature cannot
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Fig. 5. Maximum temperature at the focal point according
to solar concentration ratio.

be reached because the maximum concentration ratio that
an ideal parabolic concentrator can develop, according to
Bliss [9] can hardly exceed 46 148 by the application of
equation (3).

3 Experimental analysis

The designed solar paraboloid represented in Figure 2
was the subject of an experimental characterization in
order to determine its optical and thermal parameters.
The first of its parameters is the focal distance which
is defined by the length which connects the basic center
of the paraboloid to the sunspot center as indicated in
Figure 6. For its determination, we placed a positioning
mechanism along the focal axis. At the upper part a mild
steel metal flat of rectangular form is placed on which
concentrates the incidental solar flux. In Table 3 appear
the dimensions and the thermophysical properties of the
receiver flat. At the center of the receiver flat which has
a thickness of 1.8 mm is placed a thermocouple of type K
(−50 ◦ C to 1200 ◦C). This latter is used to measure the
focal point temperature at various distances started from
41 cm to 55 cm, with a variable step between 3 cm and
0.75 cm. The experimental tests were carried out under a
direct normal insolation of 956 W.m−2 measured by the
CMP11pyranometre. A series of tests was started during
this day, by taking the temperature at each distance.

It should be noted that more we approach in the focal
plan more we reduce the step of measurement in order to
determine the focal length with a better possible preci-
sion.

The positioning and the orientation of the parabolic
concentrator are carried out with a solar tracking system,
while the maximum temperature is reached when the ge-
ometrical center of the receiver flat coincides exactly with
the focal point.

Target 

Solar concentrator 

Focal 
distance 

Data acquisition 

Thermocouple 

Fig. 6. Schematic of the temperature measurement at the
focal point.

Table 3. Specifications of the receiver flat.

Size 10 × 10 cm

Thickness 1.8 mm

Density 7850 Kg.m−3

Thermal conductivity 1.15 W.m−1.◦C−1

Specific heat 0.458 KJ.kg−1.◦C−1

Effective absorptance 0.92

4 Analytical development

The temperature field at the focal zone is of great im-
portance, as it allows a suitable determination of the aper-
ture area size [16] of the cavity receiver which is largely
used as a hot source in the solar Stirling engines. This
temperature distribution in a receiver flat positioned at
the focal zone, and exposed to a constant heat flux, is ob-
tained by the resolution of the equation of unsteady heat
transfer expressed in the following form:

∂2T

∂x2
+
∂2T

∂y2
=

1
a

∂T

∂t
(9)

The receiver flat of square form having a thickness e and
a length L supposed as an infinite solid with the ratio
e
L � 1. At time t = 0, the temperature field is character-
ized by T (x, y) = T0, while the boundary conditions are
of Dirichlet type as indicated in Figure 7

x = 0 and 0 � y � L T (0, y) = T∞ (10)
y = 0 and 0 � x � L T (x, 0) = T∞ (11)
x = L and 0 � y � L T (L, y) = T∞ (12)
y = L and 0 � x � L T (x, L) = T∞ (13)

By applying the separation variables method, we can find
the solution of the heat equation in the form of prod-
uct of two independent functions given by the following
expression:

T (x, y, t) = F (x, y)G(t) (14)

After derivation and replacement in equation (9), passing
by a succession of integration and changes of variable,
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L 
T∞ 

T∞ T∞ 

T∞ 

cteQin =  

e

Fig. 7. Representative scheme of geometric boundary condi-
tions at the receiver flat.

using the Poisson integral which takes into account the
initial and boundary conditions, the final solution will be
written in the following form:

T − T0 =
Q̇in

ρr (Cp)r

1

8 (πat)3/2

× exp

[
− (x− x0)

2 + (y − y0)
2

4at

]
(15)

where x0 and y0 are the coordinates of the focal point
which coincides with the sunspot surface center. The max-
imum temperature is reached at the point P (x, y) which
verifies the system of equations:⎧⎪⎪⎨

⎪⎪⎩
∂T

∂x
= 0

∂T

∂y
= 0

(16)

The system of equations (16) admits as solution (x, y) =
(x0, y0). This result shows that the maximum temper-
ature is produced in the center of the focal zone. The
determination of the temperature field at the focal zone
makes it possible to evaluate the heat flux distribution;
this distribution is obtained analytically, through the de-
termination of the absorbed heat flux per unit area of
each mass element Δm constituting the receiver flat.

Therefore, for a mass element ρΔV , the absorptive
heat flux is equivalent to the variation of the heat quantity
received per time unit defined by:

q̇ = ρΔV (Cp)r

dT
dt

(17)

By deriving the temperature given in equation (15), the
preceding expression becomes:

q̇ = ρΔV (Cp)r (T − T0)
[
(x− x0)2 + (y − y0)2

4at2
− 3

2t

]
(18)
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Fig. 8. Average heat flux at various positions of the receiver
flat determined by Soltrace code.

Since ΔV = eΔxΔy, the heat flux per area unit takes the
following form:

q̇s = e ρ (Cp)r (T − T0)
[
(x − x0)2 + (y − y0)2

4at2
− 3

2t

]
(19)

A numerical simulation was performed to evaluate the
temperature field as well as the heat flux distribution
at the focal zone. This two dimensional numerical model
based on the analytical development was developed using
Matlab software. A geometric mesh was adopted by the
program according to the geometry of the receiver flat,
while the receiver thermophysical properties and geomet-
ric dimensions of the parabolic concentrator are intro-
duced into a data file. The most important assumptions
taken in this model are: the receiver flat is considered as
an infinite solid, and their thermophysical properties (dif-
fusivity, thermal conductivity, density) are independent of
the temperature. As an application example, we take the
mild steel receiver flat used in the experimental part and
which is positioned in the center of the focal zone. Its di-
mensions are of 10 × 10 cm and a thickness of 0.8 mm,
giving a ratio e

L of 0.008 which verifies the condition of
the infinite solid. A square grid (Δx = Δy = 1 mm) was
adopted in this program so that, the grid of the receiver
flat counts 10 000 nodes.

5 Soltrace application

5.1 Flux heat distribution

The Soltrace code based on Monte Carlo ray tracing
method is a very powerful tool to solve the heat flux dis-
tribution of solar concentrator and receiver system. In this
study, the Soltrace code was used in order to determine
the heat flux concentrated on the receiver flat at various
positions along the focal axis. The simulation parameters
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Fig. 9. Heat flux intensity (W.m−2) calculated by the Soltrace code at various positions of the receiver flat.

introduced into the application take account all geomet-
rical and optical characteristics of the concentrator and
receiver flat used in experiment part, while the slope er-
ror is taken for 0.95 mrad and the Gaussian error type is
adopted. The average heat flux and the heat flux inten-
sity at each position of the receiver flat are represented
respectively in Figures 8 and 9.

5.2 Receiver temperature

The knowledge of the average heat flux makes it pos-
sible to determine the temperature of the receiver flat

through the heat balance applied to the control volume
delimiting its border, as indicated in the following expres-
sion:

qavg = εr σ T
4
r︸ ︷︷ ︸

Radiated heat

+ (1 − εr) qavg︸ ︷︷ ︸
Absorbed heat

+ h (Tr − T∞)︸ ︷︷ ︸
Convective heat loss

(20)
where qavg is the average heat flux focused on the receiver
flat and h is the average convective heat transfer coeffi-
cient expressed with the Nusselt number as follows:

Nu =
hL

K
(21)
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Absorbed heat

Convective heat loss

Radiated heat 

ϕ  
Sun 
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Fig. 10. Thermal balance scheme of the inclined receiver flat.

For the inclined plate downward facing under a con-
stant heat flux (Fig. 10), Fujii and Imura [17] propose
the following expression of Nusselt number in the range
105 < GrPr cosϕ < 1011:

Nu = 0.56 (GrPr cos ϕ)
1
4 (22)

where ϕ is the inclined angle. The average Grashof num-
ber Gr and Prandt number Pr are defined by the follow-
ing formulae respectively:

Gr =
L3gβ (Tr − T∞)

υ2
(23)

Pr =
μ (Cp)air

K
(24)

The volumetric thermal expansion coefficient β, the ther-
mal conductivity K and the thermal capacity of air are
calculated by the following expressions [7, 18]:

β =
1
T∞

(25)

K = 1.52 × 10−11T 3
∞ − 4.86 × 10−8T 2

∞
+ 1.02 × 10−4T∞ − 3.93 × 10−3 (26)

(Cp)air = 1.06 × 103 − 0.499T∞ + 1.14 × 10−3T 2
∞

− 8 × 10−7T 3
∞ + 1.93 × 10−3T 4

∞ (27)

If the expression of h resulting from equation (21) is in-
troduced into equation (20), the expression of this latter
takes the following form:

εrσT
4
r + 0.56K

(
gβ

Lυ2
Pr cosϕ

) 1
4

(Tr − T∞)
5
4 = 0 (28)

By the application of the iterative method, the preceding
equation can be solved, which gives the temperature of
the receiver flat under a given average heat flux at each
position as indicated in Figure 11.

R2 = 0.86 
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Fig. 11. Superposition of analytical and measured tempera-
tures vs. target position.

6 Result and discussion

The results obtained through the numerical model are
confronted with those obtained in experimental part, and
those calculated by the application of the Soltrace code.

Figure 8 shows the variation of the average heat flux
according to the distance from the receiver along the focal
axis. The maximum average heat flux of 175 kW.m−2 is
recorded at a distance to target equal to 52.75 cm.

In Figure 9 the distributions of the heat flux intensity
at each distance from the receiver are represented. It ap-
pears clearly that the flux intensity increases gradually to
a peak of 8 MW.m−2 indicated in Figure 9i which coin-
cides with the focal zone of the parabolic concentrator.

Figure 11 illustrates the measured temperatures in ex-
periments and those obtained analytically according to
each position of the receiver flat. The experimental results
show that the temperature increases up to a maximum of
1118 ◦C, recorded at a distance of 52.75 cm locating ex-
actly the position of the focal zone that corresponds to the
real focal distance from the solar concentrator. Once the
real focal distance is deduced, we positioned the metal re-
ceiver flat which covered by a black matt painting exactly
in the focal zone. After a short duration the sunspot was
focused on metal flat by leaving a trace of gray colour, this
spot is of circular form with a diameter equal to 4.1 cm,
equivalent to the surface of 13.19 cm2. The knowledge of
the sunspot surface leads us to determine the real con-
centration ratio which takes a value of 1266. The small
difference of 1 mm between the theoretical focal distance
given in Table 2, and that measured in experiments is
unimportant. But it explains the good choice adopted in
the positioning of the 152 facets which cover the reflecting
surface of the parabolic concentrator, thing which reduces
the slope error.

The standard error is about 0.86 meaning a good
agreement between the results obtained by the analytical
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Fig. 12. Surface plot of the temperature distribution in re-
ceiver flat at the focal zone determined by the analytical
model.

development and those given by experiments; this con-
vergence becomes very appreciable in the distance range
between 51 cm and 53 cm along the focal axis. Moreover
we note that at the distance of 52.75 cm the tempera-
ture given by analytical development is maximum, which
corresponds to the same found in experiments.

In Figure 12 is plotted the temperature distribution
on the surface of the receiver flat at the focal zone de-
termined by the analytical model. It is noted that the
maximum temperature of 1075 ◦C is reached at the focal
point under a direct normal insolation of 956 W.m−2. This
peak of temperature is lower of 43 ◦C than that found in
experiments; this variation of temperature recorded be-
tween the experimental value and that provided by the
analytical model can be explained by the fact that the
analytical model takes a constant value of the thermal
diffusivity of the receiver flat without taking account of
its significant variation with the rise in temperature.

Figure 13 represents the distribution of solar flux fo-
cused on the receiver flat at the focal plan. The heat flux
intensity records a maximum value of 11.38 MW.m−2 at
the focal point. This distribution of heat flux makes it pos-
sible to delimit the perimeter of the sunspot which takes
a circular form with a diameter of 1.4 cm equivalent to
the surface of 1.54 cm2.

Moreover the surface distribution of the solar flux in
the focal zone gives the possibility to visualize two distinct
zones; the first delimited by a diameter of 10 mm is char-
acterized by strong heat flux intensity, while the second
ranging between 10 mm and 14 mm is slightly affected by
the intensity of flux relative to the first. The peak heat
flux obtained by the application of the Soltrace code as
indicated in Figure 9i is of 8.3 MW.m−2 which represents
a difference of 27% with the peak flux calculated by the
analytical model.

7 Conclusion

The work presented in this paper is the development
of an experimental and analytical methodology in order
to characterize the geometrical, optical and thermical pa-
rameters of a solar parabolic concentrator. The suitable

W/m2

Fig. 13. Solar flux distribution at the focal zone determined
by the analytical model.

choice of the dimensions of the facets of aluminium which
constitute the reflective surface of the paraboloid as their
adherence on primary surface played a significant role in
the reduction of the slope error factor, and thus a better
concentration ratio. This observation can be explained
by the value of the theoretical focal length which is very
close to that given in experiments. The experimental anal-
ysis shows that average flux at the focal zone is about
1.21 MW.m−2, while the power available in this zone is
1.64 KW under a direct normal insolation of 956 W.m−2.
Moreover it should be noted that the determination of the
focal distance by the analytical model remains in good
adequacy with that calculated in experiments. The max-
imum temperature of 1118 ◦C reached at the focal zone
requires that the materials with which the absorber is de-
signed have to obtain a high melting point in order to
avoid any deformation or damage which can be caused
by a prolonged exploitation. This maximum temperature
which is taken in experiments is in strong correlation with
that obtained through the developed analytical model.
The comparison between the peak heat flux that is ob-
tained by the numerical model and that calculated by
ray tracing technique is almost equal which shows an ac-
ceptable convergence of the analytical model.
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