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Geometrical Analysis of Parabolic Trough Solar
Collector

Mohamed Salim Djenane, Seddik Hadji, and Omar Touhami

Abstract—The geometric of the parabolic trough collector (PTC) is a field that should be paid special attention, knowing
that a better geometry induces a better efficiency and lower costs. Nowadays, many types of geometry exist, such as LS-2,
LS-3, Euro trough, ENEA, SGX-2, Sener trough, Helio trough, Sky trough, Ultimate trough. This paper deals with a
geometrical analysis of PTC. The analysis is based on the coefficient of deviation angle to highlight the effect of PTC (LS-2)
parameters on the optical efficiency. The effects of focal length, tube diameter, and collector width on the coefficient of
deviation angle have been considered using a two-dimensional problem, and the simulation has been done employing
MATLAB software. The derived results confirm that the tube diameter is the parameter most influencing compared to the
other parameters. In addition, the width and length of the Euro trough, Helio trough, and Ultimate trough were considered
to simulate thermal efficiency. The best observed performance is that of the Ultimiate trough, which presents a 2% higher
difference in efficiency and also represents a better size, which allows reducing the number of units to be assembled in the
solar field. That leads to reducing the count of motors, sensors, connection joints, foundations, controllers, pylons.
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NOMENCLATURE
B: Deviation angle (degree).
d: Tube diameter (m). I. INTRODUCTION
S+ Focal length (m).
B: Collector’s width (m). Nowadays, the main primary sources used in power plants are
Aq: Aperture Area of the mirror (m?). fossil fuels. Unfortunately, these raise major ecological con-
Ay, Receiver outer area (m?). cerns. They represent exhaustible sources of energy and consti-
A,it Receiver inner area (m?). tute reservoirs of toxic wastes. There is also the risk linked to
L: Collector length (m). radioactivity in nuclear power plants. The world is then moving
D,;: Receiver inner diameter (m). towards the solution of exploiting renewables energies to remedy
D,,: Receiver outer diameter (m). these problems [1]. Among renewable energies, solar energy
D,;: Cover inner diameter (m). is the most used source for producing electricity, especially
D.,: Cover outer diameter (m). through CSP (Concentrated Solar Power) systems. Among CSP
T Temperature (K). systems is found the parabolic trough system, which is the most
C,: Specific heat capacity ( Jkg'K1). successful worldwide [2], as many parabolic trough solar power
T,m: Ambient temperature (K). plants are built in many countries such as the USA, Spain, Mo-
u: Dynamic viscosity. rocco, Algeria.

k: Thermal conductivity (Wm~'K~1).
p: Density (kg/m?)..

m: Mass flow rate (kg/s).

Re: Reynolds number. Central
Pr: Prandtl number. Hodt Ppe
Nu: Nusselt number. \
h: Heat transfer coefficient fluid/absorber (w/m?K).
hou: Heat transfer coefficient cover/environment (w/m?K). Reflective Coating
o: Stefan Boltzmann constant. or Mirrors
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performance such as the circular-trapezoidal absorber tube [6],
sinusoidal absorber tube [7], and helecoidal absorber tube [8].
Also, a modification is introduced inside the absorber tube, as
seen in Single-sided spiral ribbed absorber tube [9], and in
absorber tube with pin fin array insertion [10]. In addition,
geometrical analyses have been done on PTC, among which the
geometric optimization based on the local concentration ratio
using the Monte Carlo method [11], and also on the optical
performance employing particle swarm optimization algorithm
[12]. An optics and thermodynamics analysis have been carried
out on several configurations, considering the concentrating
ration and cost factor [13]. However, changes are simultaneously
made in the internal and external geometry of the receiving tube
in [14].

In this paper, the variation of the coefficient of deviation angle is
considered in view of simulating the effect of focal length, tube
diameter and collector’s width on the optical efficiency of PTC
(LS-2). These effects are determined as a function of deviation
angle. Then an interpretation is performed showing that the
tube diameter influences the optical efficiency more than the
focal length and collector’s width. Moreover, Euro trough, Helio
trough, Ultimate trough are examined to highlight the effects of
aperture area and tube diameter length. The Ultimate Trough is
the most efficient type regarding the thermal efficiency.

This paper is organized in six sections: The parabolic trough col-
lector is presented in section II. Then the coefficient of deviation
angle is studied in section III, showing the effects of focal length,
tube diameter, and collector’s width (Section IV). Section V is
devoted to thermal efficiency considering Euro trough, Helio
trough, and Ultimate trough types. Finally, the conclusions of
this work are presented in section VI.

ITI. PARABOLIC TROUGH COLLECTOR

Parabolic trough collector is conceived by a long mirror in
parabolic shape, an absorber tube placed at the focal line of the
collector, in which a heat transfer fluid flows (Fig. 1). Glasses to
reduce heat losses by convection cover the absorber tube. The
PTC is attached to a support and a system assuring the tracking
of the sun.

The parabolic trough types considered in this study are: LS-2,
Euro trough, Helio trough and Ultimate trough, focusing on the
geometrical analysis.
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Fig. 2: Small deviation of incidence angle of sun beam at
parabolic trough collector [16]
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III. COEFFICIENT OF DEVIATION ANGLE

The coefficient of deviation angle depends on the deviation angle
(np), it takes into account the decrease in thermal performance
due to small deviation angle between the solar beam and focal
plane. The small deviation of incidence angle of sun beam at
parabolic trough collector is shown in Fig. 2.

Figure 2 shows a cross section of parabolic trough collector on
which can be seen the effect of small deviation angle, the rays
coming onto the collector at the point with the coordinate —x»
can not reach the absorber tube and is lost. Also the rays with
coordinates (—x;;i > 2) can not reach the absorber tube neither.
It can be observed that at each point of collector there is a defined
interval of the deviation angle [Byin; Bmax] Where the rays reach
the absorber tube. After analyzing this two dimensional problem,
the coefficient of deviation angle T can be defined as, [16, 17]:

l, B S Bmin
=4 ¥ ﬁl(ﬁ)—l, Brin < B < Pmax (1)
0, ﬁ S ﬁmax
with By, and By being determined as, [5]:
. 8fd
Bnin = arcsm(m) 2
Binax = arcsin(;) 3)

Figure 3 shows the variation of the coefficient of deviation angle
versus deviation angle (B, radians), obtained for B = 2.75m;
f=0.81mand d = 0.04m.
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Fig. 3: variation of the coefficient of deviation angle versus the
deviation angle

It is to be noted that, actually, the interval of deviation angle
(B) referred to above represents the concentrator’s operating
margin, i.e. it exhibits a significant efficiency within this margin,
particularly when approaching f,,;,. So, the concentrator should
be better operated from 0 to B,4x-
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IV. EFFECT OF PARABOLIC TROUGH PARAMETERS
ON THE COEFFECIENT OF DEVIATION ANGLE

A. Effect of focal lenght

To evaluate the influence of the focal length on the coefficient
of deviation angle, the collector’s width and tube diameter are
fixed and the focal length is varied. The shape of the collector
evoles as shows Fig. 3, and the variation of the coefficient of
deviation angle is shown in Fig. 4. The equation of the parabola
is given by Eq. (4).
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Fig. 4: variation of the collector shape versus coordinate x with
the focal length as a parameter.
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Figure 4 is obtained by varying the focal length for the following
values: 2m,4m,6m and 8m. It can be observed that the more the
focal length is increased the more the width decreases and con-
sequently the collector’s area decreases and the costs decrease
as well.
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Fig. 5: Variation of the coefficient of deviation versus deviation
angle with the focal length as a parameter.
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Fig. 6: Shadow effect with variation of tube diameter

The plot relative to the evolution of the coefficient of deviation
angle versus the deviation angle with the focal length as a pa-
rameter is shown in Fig. 5. From this latter, it can be seen that
the operating margin of the concentrator (within which the solar
rays reach the absorber tube) goes larger as the focal length
becomes smaller. And when the margin is large it means that the
angle of incidence has a large margin of variation, For example,
comparing for f; = 0.81m and f, = 1.1m, gives for: f, = 1.1m,
B = 1 degree, and ng =29.95%, and for f; = 0.81m, § = 1.314,
and ng = 29.95%, i.e. the same value of the coefficient of de-
viation angle 1y for both the focal length values. Note that the
margin [1.314; B, s, | is higher compared to [1; B — f2]. In
other words, 0.101degrees > 0.042degrees.

Now assume the effect of wind or an inaccuracy in the track-
ing system exists. Then at a given moment the concentrator
changes its position which causes a change in the angle of in-
cidence of 0.042 degrees implying that 1g_s, = 0% against
Np—p, = 22.58%. So, it is beneficial to work adopting a large
margin. However, lowering the focal point involves increasing
the aperture area and, subsequently, incresing the costs.

B. Effect of tube diameter

To see the influence of the tube diameter on the coefficient of
deviation angle, the collector’s width and focal length are fixed
and the tube diameter is varied.

Figure 6 shows the shadow effect due to the increase of the tube
diameter.

It can be seen that if the diameter of the absorber tube is in-
creased, the shadow area at the surface of the collector increases
and then the corresponding materials do not contribute to the
reflection process thus causing an increase in the costs. On the
other hand, it is advantageous to increase the tube diameter, as
shown in Fig. 7. This latter shows the variations of the coeffi-
cient of deviation angle with the tube diameter (d) as a parameter
for the following values of (d = 0.04m;d = 0.06m;d = 0.08m
and d = 0.1m).

It can be seen that the increase in diameter of the receiver (d)
increases the margin within which the rays reach the absorber
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Fig. 7: Variation of the coefficient of deviation angle versus
deviation angle with the tube diameter as a parameter.
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Fig. 8: Variation of collector’s width

tube.
C. Effect of collector’s width

Proceeding the same way, to see the influence of the collector’s
width on the coefficient of deviation angle, the tube diameter
and focal length are fixed and the collector’s width is varied.
Figure 8 is obtained for the following values of the collector’s
width: 2m, 4m and 6m.

It can be seen from Fig. 8 that if the collector’s width is in-
creased, a larger sensing section is obtained, but still remains
the disadvantage related to the costs. The variations of the
coefficient of deviation angle against the collector’s width are
shown in Fig. 9. From this latter, it appears that the collector’s
width does not affect f3,,, but influences B, The variation of
the coefficient of deviation angle according collector’s width is
given by Fig. 9. So, the increase of (B) decreases 3, which
increases the margin of variation of 3, and that because of the
increase in the collector’s area.
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Fig. 9: Variation of the coefficient of deviation angle versus
deviation angle with the collector’s width as a parameter.

V. THERMAL ANALYSIS

In this section, three types of parabolic trough collector are
examined, the Euro trough, Helio trough, and Ultimate trough,
to highlight the effect of the geometry of the collector on the
thermal efficiency.

The three types are considered here as concieved with the same
materials, the only one difference being in the collector’s area.

The energy balanced model is used to simulate the thermal
efficiency. The different heat modes are represented in Fig.10
while the Euro trough, Helio trough and Ultimate trough are
represented in Fig. 11.

The solar energy comes onto the collector, then will be reflected
towards the absorber tube, and the heat will be transferd to the

heat transfer fluid with some losses that should be considered.

The heat coming onto the collector can be expressed as, Eq. (5).

Qs :Aa*Gb (5)

The useful heat absorbed by the heat transfer fluid is determined
by Eq. (6).

Ou= me(Taul =T ) (6)

And the heat losses are determined by Eq. (7).
Qloss = h()utAco(TT(- - Tum) +Ac0 GSC(TC4 - Taétn) (7)

The useful heat can then be written as follows :
O.= anop — Qloss ()
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Fig. 10: Heat transfert modes [18]

Which is rewritten as a function of receiver temperature as (Eq.

9):
p =1.2691 %103 — 1.52115 T+

(1.79133 % 1073) % (122,)—

Ou = hA(Ty — Tym) ©) (1.671451076)  (T3,)

Finally, the thermal efficiency is evaluated by Eq. (10).

13)

And the specific heat capacity is expressed by the following

equation :

Nin = g— (10)

Cp = (1.10787 4 (1.70736 % 103) % T, ) * 1000

The fluid used in this study is the Syltherm 800, its parameters
are as defined below : Finally, the mass flow is determined by Eq. (15).

The dynamic viscosity is determined as follows: m=px*xV

(14)

15)

Reynolds number, Prandtl number, and Nusselt number are

u=(5.14887 10*— defined successively by Egs. (16-18).
(9.61656 % 10?) * Tam+
7.50207 * (Tam®)— Re=4xm/(I1xD,;x 1),
(3.12468 % 1072) x (Tam>)+ (11)
(7.32194 % 107°) % (Tam*)—
Pr=puxCp/k,
(9.14636 % 10~8) % (Tam’ )+
(4.75624 % 10~ % (Tam®)) x 1073 and.
While the thermal conductivity is evaluated as follows : Nu=0.023 (R 60.8) «( Pr0'4)

(16)

a7

(18)

k=1.90134%10"" —(1.88053% 10~ ) . (12) The heat transfer coefficient is then determined by Eq. (19).

On ther other hand, the density is expressed as follows : h= (kxNu)/D,;
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Table. I
EURO TROUGH, HELIO TROUGH, AND ULTIMATE TROUGH
PARAMETERS

Parameters Euro trough  Helio trough  Ultimate trough
Aum 69.24 m* 128.82 m* 180.24 m*
Ay 2.487 m? 3.938 m? 4.974 m?
Ao 2.638 m? 4.1762 m* 5.257 m?

And h,,, is the heat coefficient between the annulus and the
ambiant, it is defined by Eq. (20).

Bow = 4% (VO38) 5 (D 04%) (20)

The parameters of simulation that are considered for these types
of collector are shown in Table 1.

The results related to the thermal efficiency are shown in Fig.
12 highlighting the difference between the Euro trough, Helio
trough and Ultimate trough. The most efficient collector is the
Ultimate trough, the less efficient one being the Euro trough, and
that depends on the Aperture area, the larger it is the better the
efficiency is improved, the difference being more than 2% higher
compared to the other ones. The larger aperture area induces
the use of more construction materials, but it is to be noted that,
on the other hand, the number of assembled collectors is lower.
This leads to a reduction in motors, sensors, connection joints,
foundations, controllers, pylons, etc. Which in turn reduces the
costs of the power plant.

VI. CONCLUSIONS

In this paper, we have highlighted the effects of tube diameter,
focal length and collector’s width on the coefficient of deviation
angle. The variation of tube diameter mainly affects mainly the
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Fig. 12: Thermal efficiencies of Euro trough, Helio trough and
Ultimate trough collectors

coefficient of deviation angle. Therefore a compromise must
be found between the parabolic through parameters to reach
its right value and thus a high thermal efficiency value and
appropriate related economic figures.

The width and the length of Euro trough, Helio trough, and
Ultimate trough were examined. The observed best performance
was that related to the Ultimate trough, which presents a 2%
difference in efficiency, and allows reducing the number of units
to be assembled in solar field, i.e. reducing the cost of the power
plant.
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