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Abstract— the use of solar energy that is available throughout
our country Algeria is the main objective of this study. There are
several uses of solar energy, through which the superheated
steam can be obtained for the direct production of electricity.
Through this study, the optical and thermal behavior of a linear
Fresnel solar reflector (LFR) was studied. This linear device has
been used as a tool to produce superheated steam. The energy
balance equations were analyzed and then programmed on the
MATLARB to obtain the results. The method of finite differences
has been used to simplify and approximate equations. EI-Oued's
desert climate region was chosen for the study. Four different
days of the year have been chosen for this study. The optical
efficacy identified by this study has reached 53.60%, where the
thermal efficiency is equal to 37.3%. The average values of
overall coefficient of heat loss “UrL, (W/m2K)” was limited
between 5.71837 (W/m2.K) and 5.98112 (W/m2.K). With regard to
superheated steam, the temperature in December reached
500.9913 (K), where this is the lowest value recorded during the
study. The results obtained are very encouraging to invest in
electric plants that produce superheated steam by the linear
Fresnel solar reflector.

Keywords— Solar energy, Linear Fresnel Reflector (LFR),
Optical performances, Thermal efficiencies, Superheated steam.

. INTRODUCTION

The current global energy situation illustrates that most
countries in the world are very dependent on fossil fuels (oil,
gas and coal) to meet their needs. Hydrocarbons, the dominant
energy source, cover 80% of global energy production. At this
speed of exploration and exploitation, the situation of
hydrocarbon reserves is extremely worrying and their
environmental impact is very alarming [1].

As an alternative to these concerns, the development and
implementation of renewable energies is unavoidable.
Unlimited and abundant energy resources exist and must be
exploited; among these energies, we find solar energy,
hydropower, wind power, geothermal energy, biomass energy
and new hydrogen energy [1].

Solar energy is one of the most important types of
renewable energies mentioned above. It can be used in many
industrial and domestic fields. There are many techniques for
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using solar energy (linear concentrators, punctual concentrates,
flat collectors, photovoltaic cells) [1-20].

Currently, solar concentrating technologies have the
greatest potential for commercial exploitation of this energy
source for power generation, given their profitability in terms
of performance, and high yields can be achieved.

What interests us in this study is the exploitation of one of
the linear techniques of solar concentrators; this technique is
the Linear Fresnel solar reflector (LFR). The French physicist
Augustin-Jean FRESNEL (1788-1827) conceived this
technology [6, 15, 16]. The work of Alessandro BATTAGLIA
is the origin of the concentration technique by linear Fresnel
reflector [6, 15, 16].

Fig. 1. Schematic and view of Fresnel solar power plants [21].

In this paper, we will present numerical simulation results
for a linear Fresnel solar concentrator in EIl-Oued. The
coordinates of the selected area for the completion of the solar
power station in Algeria are: the latitude is 33.605084 North,
the longitude is 6.799574,19 East and the altitude equals 62m.
To conduct this study has been chosen four days, these days
are 21/03/2018, 21/06/2018, 21/09/2018 and 21/12/2018.
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The main objective of this study is to follow the optical and
thermal behaviors of the linear Fresnel solar reflector in an
Algerian region with a desert climate. These solar
concentrators will allow us to produce superheated steam that
will be used in power plants. The numerical solution was
adopted in this study to analyze the equations of the energy
balance. The study will also show the effect of climatic
conditions on the efficacy of the device.

Il.  ENERGY BALANCE EQUATIONS

Performance modeling (optical and thermal) is based on the
energy balances characterized by the differential equations of
the three temperatures: Tr (for the heat transfer fluid), Tv (for
the glass tube) and Ta (for the absorber tube). These equations
vary during the illumination time (t) for a length (AX) of the
absorber. The finite difference method was used to analyze and
approximate the energy balance equations.

The most important element in Fresnel-type linear
concentration systems is the absorber tube in which the heat
transfer fluid circulates inside. The absorber tube is often of
copper covered with a suitable selective layer and surrounded
by a glass tube, it is placed along the focal line of the Fresnel
concentrator.
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Fig. 2. Heat balance on a segment of LFR solar reflector.

The existing thermal exchanges for the Fresnel linear solar
concentrator are between the three elements: the heat transfer
fluid (HTF), the absorber tube and the glass cover. The
incident direct solar radiation reflected by the Fresnel mirrors
falls on the absorber tube, after passing through the glass tube.
This incident solar energy absorbed by the absorber tube is not
entirely transmitted to the heat transfer fluid, where a part is
dissipated in the form of heat loss between the absorber tube
and the glass tube, and another part is lost between the glass
tube and the ambient air.
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Fig. 3. Cross section of the absorber tube.

2. 1 The energy balance for the fluid

The energy balance for the heat transfer fluid flowing
through the absorber tube is given by [5, 22, 23]:

T (X, 1)
pF'CF"A‘A,int'F—= utile
(1)
aT (X 1)
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where peis the heat transfer fluid density (kg.m?3); Cr is the
specific heat of the heat transfer fluid (J.kg™ .k™%); Aaint is the
inner surface of the absorber tube (m2) ; Qy is the volume flow
rate of the heat transfer fluid in the absorber tube (m3.s); qutile
is the quantity of heat exchanged by convection between the
absorber tube and the heat transfer fluid (W).

The boundary and initial conditions of the equation (1) are
[5 22, 23]:

T (0,1) = Ty oney () = 413.15K
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All the thermo-physiques characteristics of heat transfer fluid
are change with its temperature.

2. 2 The energy balance for the absorber tube

The energy balance for the absorber tube is given the
following equation [5, 22, 23].

OTA (X, 1)
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With pais the density of the absorber tube (kg.m?); Ca is the
specific heat of the absorber tube (J.kgl.k?); Aa is the
difference between the inner and the outer surface of the
absorber tube (M?); Qansored IS the quantity of heat absorbed by
the absorber tube (W); Qexit is the amount of heat from fluid
when it came out of tube (W).

The initial conditions of the equation (3) are [5, 22, 23]:

TA(X,0) = Ty nitia(0) = Ty (0) (4)

2. 3 The energy balance of the glass tube

In the same way, the energy balance for the glass tube is
given by [5, 22, 23] :

oTy (X, 1)
ot
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Where pyvis the density of the glass tube (kg.m?3); Cy is the
specific heat of glass (J.kg* .k); Ayis the difference between
the inner and the outer surface of the glass (m?); Qin is the
internal power (convection and radiation) between absorber
and glass (W); dext is the external power (convection and
radiation) between glass and the atmosphere (W).

Equation (6) shows the initial conditions of the equation (5)
[5, 22, 23]

T,(X,0)= Ty initia (0)=T,»(©) (6)

The thermal power emitted by the sun and received by the
LFR solar reflector is given by [5, 22-24]:

qabsorbed = a"T'pm'y'Se'K’[ (et)K|(0|)DNI (7)

With S, is the effective surface of LFR collector (m?); pm is
the mirror reflectance factor; a is the absorption coefficient of
the absorber tube; vy is the interception factor, K(6)) is the
correction factor of the incidence angle modified in the
longitudinal plane; Ky(6;) is the correction factor of the
modified angle of incidence in the transverse plane and t is
the transmission coefficient of the glass tube.

It can express the optical efficiency (nop) Of the
concentrator by [5, 22, 23, 25].

Mope = 0.7-P-7-K (6,).K,(6) 8)
The thermal efficiency (nm) is given by the equation (9) [5,
22, 23, 25]:

N U L'AA'(TA — Tamb) )
DNI xS,

With Uy is the coefficient of heat loss (W/m2.K) and Tam is
the ambient temperature (K).

T]th = Tlopt

2. 4 Heat loss coefficient

The coefficient of heat loss (U.) is expressed by [5, 22, 23]
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Where ¢a is the emissivity of the absorber tube; gy is the
emissivity of the transparent glass envelope; ¢ is Stefan-
Boltzmann constant (¢ =5.670 x108 W.m2.K*).

The factor (f) takes into account the wind loss coefficient, it
is given by [5, 22, 23]:

f=D2r (1.61+1.3¢g,)h 2" x
exp[0.00325(T,, —273)]

(11

(12)
With C1 is given by the following empirical expression [5, 22,
23]:
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The term “hy, (W/m2.K)” is the wind convection coefficient.
according to McAdams (1954), it can be obtained by the
following equation [26, 27]:

Cl

h, =5.7+3.8V (14)

Where V is the speed of the wind, (m.s?).

Therefore, there are three unknowns (Tr, Ta and Tv). To
resolve system reformulates of all relations, it will be adapted
the following matrix form:

[The coefficient matrix] x [the vector of unknowns T, Ta and
Tv] = [vector of the second member]

Where, the vector of the second member is not null.
Table (1) contains the engineering dimensions of the linear
Fresnel solar reflector.

TABLE I. GEOMETRIC DIMENSIONS OF THE LFR SOLAR REFLECTOR.

Geometric Dimension Value

Outside diameter of the absorber (Daext) | 0.070 m

Inner diameter of the absorber (Da,int) 0.065 m
Outside diameter of the glass (Dv ext) 0.115m

Inner diameter of the glass (Dv,int) 0.109 m

Total Mirror of aperture area (L) 89.6 m

Total width of aperture area (1) 11.4643 m

Table (2) contains the Optical properties of the linear Fresnel
solar reflector.



TABLE II. OPTICAL CHARACTERISTICS OF THE LFR SOLAR

REFLECTOR.
Parameter Value
global average optical error (Goptique) 03 mrad

Reflectance of mirror (pm) 0,92
Transmissivity of the glass 0,945
Coefficient of absorptions of the absorber (a) 0,94
The emissivity of the absorber tube (ga) 0,12
The emissivity of the glass (ev) 0,935

The numerical calculation method used is a means for
determining performance (optical and thermal). Below, all the
results of the numerical simulation were presented according to
the variation of the climatic conditions for the four days
selected to make this study.

I1l.  RESULTS AND DISCUSSION

The main objective of this study is to produce superheated
steam based on linear Fresnel solar concentrator in El-Oued
area, Algeria. This superheated steam will allow the production
of electricity at the power plants.

The energy balance equations were analyzed and rounded
numerically, then programmed in MATLAB. The finite
differences method has been used to simplify equations of
energy.

3. 1 The climatic conditions

Figure (4) shows the evaluation of direct solar radiation
“DNI, (W/m?2)” according to time for the four days selected for
study.
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Fig. 4. Variation of the direct solar radiation.

It is noticeable that the change in direct solar radiation is
very logical from sunrise to sunset. The maximum values of
solar radiation for the four days starting March through
December are as follows: 992.7994 (W/m2), 1022.031 (W/m?),
995.1583 (W/m?) and 898.2667 (W/m?2). Figure (4) clearly
shows the abundance of the selected area for conducting large
quantities of direct solar radiation. This is a positive point for
the use of solar energy by constructing solar power powers of
various types.

3. 2 The efficiencies assessment of the LFR solar reflector

Generally, the linear Fresnel solar concentrator efficiency is
the ratio between the useful heat transmitted from the absorber
tube to the heat transfer fluid and the incident solar radiation.

As for optical efficiency “nopt”, it is related to the optical
properties of linear Fresnel solar reflector components and
relates to the rate of direct solar radiation access to the absorber
tube. This ratio is evaluated using the intercept coefficient “y”.

Figure (5) illustrates the optical efficiencies evaluation
according to time for the four days selected for study.
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Fig. 5. Variation of optical efficiencies.

It is evident that the optical efficiencies variation is very
reasonable from sunrise to sunset. The average values of
optical efficiencies for the four days starting March through
December are as follows: 0.535925, 0.5358, 0.535925 and
0.53654. It can be said that the optical efficiency of the studied
device is 53.60 %; these values are very significant for this
kind of solar concentrators.

As for thermal efficiency “nu”, it is related to the optical
properties of linear Fresnel solar reflector components, related
to heat loss around the absorber tube and also relates to the
intercept coefficient “y”. The thermal efficiency values are
always lower than the optical values. Figure (6) illustrates the
thermal efficiencies evaluation according to time for the four
days selected for study.
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Fig. 6. Variation of thermal efficiencies.



It is evident that the thermal efficiencies variation is very
rational from sunrise to sunset. The average values of thermal
efficiencies for the four days starting March through December
are as follows: 0.37275, 0.37286, 0.372835 and 0.37335. It can
be said that the thermal efficiency of the studied LFR solar
collector is 37.30 %; these values are substantial for this kind
of solar concentrators.

3. 3 The temperature estimation

Knowing that the average mass flow of steam inside the
absorber tube is 0.045 kg/s. The change in the temperature
gradient between the absorbent tube, the heat transfer fluid and
the glass tube is directly affected by the weather conditions for
each month.

Each of the next four figures (from 7 to 10) contains four
curves. These curves are: the curve of the absorber tube
temperature, the curve of the heat transfer tube temperature at
the exit of the absorber tube, the curve of the glass tube
temperature, and the fourth curve shows the change in direct
solar radiation. The four curves change in terms of time.

Figure (7) shows the change in the temperatures (“Ta, (K)”,
“Te, (K)” and “Ty, (K)”) and direct solar radiation “DNI,
(W/m2)”” on 21/03/2018 in terms of change in time.

For all months, the descending order of the temperatures is
as follows “Ta, (K)”, “Te, (K)” and finally “Tv, (K)”. It is
obvious to show that the variation of the temperatures depends
particularly on the incident solar power and the surrounding
climatic conditions.

Table (3) contains a comparison of the results obtained by
this study in terms of the days chosen to perform this numerical
simulation.
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Fig. 7. Variation of temperatures for the day 21/03/2018.

Figure (8) shows the change in the temperatures (“Ta, (K)”,
“Te, (K)” and “Ty, (K)”) and direct solar radiation “DNI,
(W/m2)” on 21/06/2018 in terms of change in time.
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Fig. 8. Variation of temperatures for the day 21/06/2018.

Figure (9) shows the change in the temperatures (“Ta, (K)”,
“Tr, (K)” and “Ty, (K)”) and direct solar radiation “DNI,
(W/m2)” on 21/09/2018 in terms of change in time.
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Fig. 9. Variation of temperatures for the day 21/09/2018.

Figure (10) shows the change in the temperatures (“Ta,
(K)”, “Tr, (K)” and “Tv, (K)”) and direct solar radiation “DNI,
(W/m2)” on 21/12/2018 in terms of change in time.

Figures (from 7 to 10) show that:

e The steam temperature changes from
500.9913(K) to 538.3489 (K). The steam is in a
superheated phase, where it can be used in the
production of electricity in power plants that use
Linear Fresnel solar concentrators; these stations
are called the steam power plants. This station is
called a concentrating thermodynamic solar
power plant; it is a power plan that concentrates
the direct sun's rays by means of flat mirrors in
order to heat a heat transfer fluid (HTF) that
generally allows the production of electricity.
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Fig. 10. Variation of temperatures for the day 21/12/2018.

e The absorber tube temperature changes from
536.8155 (K) to 620.9281 (K).

e  The glass cover temperature varies from 300.9047
(K) to 364.8831 (K). The glass cover is
transparent to sunlight but opaque to the infrared
rays of the interior, which traps the heat.

3. 4 The overall coefficient of heat loss

The absorber tube is the seat of thermal losses. Generally,
the vacuum between the absorber tube and the glass tube
improves the insulation against convection losses. In addition,
the lower value of the absorber tube emissivity generates an
increase in the thermal efficiency of the solar concentrator.
Thermal loss is known as a very important parameter called the
overall coefficient of heat loss “U., (W/m2.K)”. The thermal
losses depending on the thermal insulation properties of the
solar concentrator. Figure (11) shows the change in the overall
coefficient of heat loss “Uy, (W/m2.K)”.
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Fig. 11. Variation of the overall coefficient of heat loss.

The average values of overall coefficient of heat loss “Uy,
(W/mz.K)” for the four days starting March through December
are as follows: 5.885825 (W/m2.K), 5.98112 (W/m2K),

5.89214 (W/m2.K) and 5.71837 (W/m2.K). For reference only,
the use of a glass tube around the copper absorbent tube can
reduce the overall heat loss coefficient, where it can be said
that the results obtained are very acceptable.

Table (3) gives a comprehensive summary of the results
obtained through this study.

TABLE III. COMPARISON OF LFR SOLAR REFLECTOR EFFICIENCIES.
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The results obtained are very logical, as they are controlled
by seasonal climatic conditions for each of the days chosen for
this study.

IV. CONCLUSION

Linear Fresnel solar thermal concentrators are devices
designed to collect solar energy transmitted by direct solar
radiation and communicate it to a heat transfer fluid in the form
of heat. This heat energy can then be used for the production of
electricity or in various industrial processes.

The optical efficiency of the device was estimated at
53.60%, where the thermal efficiency is equal to 37.30 %. As




for the average values of overall coefficient of heat loss “Uy,
(W/m2K)” was limited between 5.71837 (W/m2K) and
5.98112 (W/mz.K).

With regard to steam, the temperature in December reached

500.9913 (K). This is the lowest value recorded during the
study. It is noted that the steam has exceeded the saturation
phase, as it entered the superheated phase. The direct use of
this superheated steam can produce electricity. This result is
very encouraging to start with such investments.

The results obtained indicate that investment in this

technology for the electricity production is very successful.
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