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In this paper, the physical parameters of the absorber pipe of a linear parabolic collector have been investigated. The types of solar
collectors, specifically the linear parabolic collector, have been comprehensively studied. Then, the mathematical model of heat
transfer in the absorber pipe of the collector has been presented based on valid references. Numerical solutions of the
equations related to the absorber pipe were performed by MATLAB software, and the effects of the physical parameters of the
absorber pipe on its efficiency were investigated. The results show that increasing the length of the absorber pipe causes a
nonlinear decrease in the efficiency of the absorber pipe. One of the important results is the increase in fluid temperature due
to the increase in the diameter of the adsorbent tube, which increases the diameter of the fluid temperature by 60 K, in which
the parameter increases the efficiency by 0.38%.

1. Introduction

At present, solar power plant technology using a linear par-
abolic concentrator is the most significant method among
thermal-electric methods for renewable energy production
[1, 2]. Figure 1 shows a linear parabolic power plant that
was first used in 1984 in a desert close to California, USA.
Later, this technology (both solar and hybrid) was used in
countries such as Spain, Egypt, Morocco, and the UAE.
These power plants, which operate on the basis of daily
weather characteristics, generate about 14 to 80MW of elec-
tricity [3–5]. In Iran, researches and studies have been con-
ducted in the field of these power plants, and a power plant
with a capacity of 350 kW for research purposes has been

built in Shiraz by the Renewable Energy and Energy Effi-
ciency Organization of Iran [6, 7].

The technical and scientific developments gained as a
result of the implementation of the Shiraz solar power plant
project makes Iran one of the few countries producing solar
power plants of the linear parabolic concentrator type
[8–10].

These plants include parallel and long rows of collectors.
Due to the geometric structure of the collectors of this power
plant, direct sunlight should be reflected in its linear center.
With a concentration coefficient of solar radiation between 2
and 40, the temperature can reach 400°C in the center of the
collectors [11–13]. Each set of linear parabolic collectors
may be 5 to 6m wide, 1 to 2m high, and more than 150m
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long. A large number of these complexes are needed to sup-
ply the energy of the power plant. For example, a power
plant in California with a capacity of 30MW uses 490 collec-
tors. These collectors occupy a large part of the power plant
space and their cost of repair and maintenance has a great
impact on the economic aspects of the power plant [14–16].

Most parts of concentrators consist of parabolic reflective
surfaces made of glass mirrors mounted on a retaining struc-
ture and aligned north-south. These surfaces reflect and focus
sunlight in their focal line. The first generations of linear par-
abolic surfaces were made of 4mm glass which was heavy and
expensive. Recently, new advances have been made to reduce
costs and weight and use new methods and materials such as
polished aluminum instead of glass mirrors [17–19].

The receiver used in this power plant consists of absorber
pipes, which are usually made of black-coated metal and a
protective layer of glass. They are placed along the focal line
to be able to absorb the most energy and withstand high tem-
peratures. To increase the efficiency of the absorber pipe, its
surface is covered with a metal oxide, which has a high coeffi-
cient, and also, the glass pipe is covered with a wrapper to pre-
vent heat loss and radiation loss [20–22].

Black chrome, black nickel, and cermets are common
coatings. Cermet coatings have good stability at high tem-
peratures. Black nickel has a higher absorption coefficient
and lower price than cermet but is limited to operating tem-
peratures below 300°C [23, 24].

Previous research in this area includes the following: Cao
et al. [25] conducted a study on thermal/frictional perfor-
mance of a spiral pipe with a ring-shaped depression used
as an in-pond heat exchanger. In 20212, Liu et al. [26] con-
ducted a CFD-based irreversibility analysis of avant-garde
semi-O/O-shape grooving fashions of a solar pond heat
trade-off unit. In 2021, Jafary et al. [27] published an article
titled “A Complete Energetic and Exergetic Analysis of a
Solar Powered Trigeneration System with Two Novel
Organic Rankine Cycle (ORC) Configurations.”

In this research, the exergy analysis of solar concentrat-
ing power plants is performed. The optimization of the solar
concentrator system of linear parabolic type has been done
by considering the physical parameters of the absorber pipe.

2. Methods and Materials

A linear parabolic collector is a simple parabolic mirror that
diverts the sun’s rays from its natural axis to its own axis.

The curvature radius of these mirrors is about 1 to 4 times
the focal length, and the typical focus ratio is about 80, but
with larger scales, this value can be even greater. This para-
bolic mirror is placed along the axis, which is, in fact, the
parabolic focal line. A collector called an absorber pipe is
installed at the location of the axis. Mirrors and pipes are
mounted on a steel structure to hold them firmly in place
(see Figure 2). This structure follows the sun from east to
west every day to ensure that the sun’s rays reach the linear
receiver.

The liquid inside the absorber pipe (usually combined
oil) heats up, so the stored energy is discharged to the heat
exchanger through the circulation of this liquid. The dis-
charged energy is given to the water in a typical steam cycle
(Rankin), a process called indirect steam generation, which
is in two stages. There is another method, which is a one-
stage method, in which water is used directly.

2.1. Modeling Parabolic Concentrator. The cross-section per-
pendicular to the concentrator axis is in the form of a parab-
ola. Considering Figure 1, which shows the concentrator
cross section in x-y coordinates, the parabolic equation is
[18–20]

y = x2

4a
: ð1Þ

a is the focal length of the parabola and the distance
from the focal point to the parabolic axis which is the origin
of the coordinates. φr is the angle of the parabolic circumfer-
ence and is the angle between the vertical and linear axis that
connects the focal point to the edge. If a line is drawn from
the center of the parabola to any point of it, the angle
between the vertical axis and this line is denoted by φ and
varies from zero to φr . The width of the aperture of the con-
centrator is w, so the coordinates of the edge of the concen-
trator are obtained according to the following equation:

x∣φ=φr =
w
2
,

y∣φ=φr
=

w2

16a
:

8>><
>>: ð2Þ

By knowing φr and w, we can always get the focal length
of the parabola and the parabola equation is determined
according to Figure 2:

tan φr =
x

a − y
: ð3Þ

By placing the values of y and x from equation (2) into
equation (3), finally, the focal length of the parabola is
obtained as follows [9–20]:

a =
w 1 ±

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 + tan2φr

p� �
8 tan φr

: ð4Þ

In the above equation, the positive sign for φr ≤ 90° and

Figure 1: Linear parabolic power plant [6].
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the negative sign for φr > 90° are used. Another geometric
parameter that is important in the equations of the concen-
trators is the concentration ratio. This parameter is denoted
by c and is the area of the surface of the concentrator aper-
ture to the area of the surface of the absorber pipe. Given
that the width of the concentrator is w, its length is L, and
the outer diameter of the absorber tube is D, the concentra-
tion ratio is as follows:

C =
W −DOð Þ
πDO

: ð5Þ

The total area of the parabolic concentrator is the area of
the collector aperture from which the sunlight enters the
concentrator and is obtained by multiplying the length by
the width of the collector [9]:

AC =W · L: ð6Þ

2.2. Radiation Flux Absorbed by the Absorber Pipe. To calcu-
late the flux absorbed by the outer surface of the metal pipe,
the radiative properties of the surfaces as well as the coeffi-
cient of radiation received by the absorber pipe due to the
optical losses of the concentrator must be known. The length
of the element is dx and the fluid enters with temperature T
and leaves with temperature T + dT . The average tempera-
ture of the outer surface of the absorber pipe is assumed to
be TP and the average temperature of its glass coating is
assumed to be TC , and Ta is the ambient temperature.

The solar flux, denoted by Ib, enters the collector perpen-
dicular to the surface of the concentrator. Part of this radia-
tive flux is lost due to optical losses as well as the radiative

properties of the surfaces, and the rest is absorbed by the
outer surface of the absorber pipe.

When the flux Ib enters the surface of the collector aper-
ture, a small part of it is absorbed by the metal pipe when
hitting the absorber pipe. A large amount of it after passing
the aperture of the concentrator hits the parabolic mirror
and, after reflecting from the mirror reflection, concentrates
on the absorber pipe. The amount of radiation absorbed to
the outer surface of the absorber pipe after reflection in the
mirror is as follows [18]:

d _Qin,1 = Ibρ γ τað Þb W −DOð Þdx: ð7Þ

In the equation above, ρ is mirror reflection, γ is concen-
trator gain coefficient due to concentrator optical losses, Tτ
is radiation transmission coefficient of glass coating, and a
is the absorption coefficient of the outer surface of the pipe.

ðτaÞb is the product of the transmittance and absorption
coefficients of the receiving set (metal pipe and glass coat-
ing), and the index bmeans the corresponding value of these
coefficients for the black body. The value of all the intro-
duced coefficients is between zero and one.

Another part of the sunlight that is directly absorbed by
the absorber pipe itself is calculated as follows:

d _Qin,2 = Ib τað ÞbDOdx: ð8Þ

On the other hand, due to the difference between the
temperature of the outer surface of the absorber pipe and
the ambient temperature, part of the absorbed heat is trans-
ferred from the outer surface of the pipe to the environment
in the form of radiation, convection, and heat conduction,
which is considered as collector heat loss. This heat loss
occurs with the calcite coefficient of heat transfer UI . There-
fore, the heat released from the above control volume is as
follows:

d _Qout =UI πDO TP − Tað Þdx: ð9Þ

Therefore, the useful heat absorbed by the receiver is
obtained by writing the energy balance equation:

d _Qu = d _Qin,1 + d _Qin,2 − d _Qout: ð10Þ

The optical efficiency of the collector is always the ratio
of the radiation flux absorbed by the receiver to the radiation
flux entering the collector. Therefore, the optical efficiency of
the collector can be calculated as follows [20]:

η =
S
Ib
: ð11Þ

2.3. Useful Absorbed Heat. The temperature at which the
fluid enters the collector and the ambient temperature are
used to obtain the useful absorbed heat.

F ′ = 1
UI 1/UI + 1/UC½ � : ð12Þ

Parabolic shaped
reflective trough

Reflective coating
or mirrors

Central
heat pipe

Rotational
axis

Collector
supports

Fluid out

Fluid IN

Figure 2: Sunlight and its reflection [9].

Table 1: Model validation with thermal efficiency.

Length of absorber
pipe (m)

ηtotal (%) [9] ηtotal (%) Deviation (%)

3 50 65 9

4 55.6 50 11

5 40.2 40 0.5
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T is the local temperature of the fluid, and F ′ is the
collector efficiency coefficient. The UI and UC heat trans-
fer coefficients are both defined based on the outer surface
of the receiver pipe. On the other hand, due to the fact
that the temperature of the fluid increases by dT , then
[18–20]

d _Qu = _mCPdT: ð13Þ

So the total useful heat absorbed by the fluid is
obtained as follows:

_Qu = _mCP
CS
UI

+ Ta − T in

� �
1 − exp −

F ÚI πDOx
_mCP

Þ�:
��

ð14Þ

According to the useful absorbed heat and the total
radiant energy that entered into the concentrator, the

instantaneous thermal efficiency of the collector can be
obtained:

ηI =
_Qu

IbAC
: ð15Þ

2.4. Exergy Balance for Solar Collector. Input exergies
include solar radiation exergy and fluid flow exergy. Part
of the sun’s radiation exergy is transferred to the moving
fluid; thus, the output flow exergy increases.

Input exergy: collector input exergy consists of two parts.
One is the radiant exergy of the sun, and the other is the
exergy of the incoming fluid, represented by Eði,thÞ′ and Eði,f Þ′
, respectively.

Input radiative exergy: input radiative exergy is obtained
from the sun due to the optical efficiency of concentrator
and the temperature difference between the sun and the
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Figure 3: Changes in the efficiency of the absorber pipe by the outer diameter.
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Figure 4: Changes in the efficiency of the absorber pipe by the temperature of its receiver.

4 International Journal of Photoenergy



environment. Tb is the intensity of sunlight, ηo is the optical
efficiency of the concentrator, and all the radiation absorbed
to the outer surface of the absorber pipe is IbAcηo, so this
exergy can be obtained as follows [9]:

_Ei,th = IbAcηo 1 −
Ta

Ts

� �
: ð16Þ

In another equation, the input radiative exergy can be
written as follows:

_Ei,th = _Q 1 −
4
3

Ta

Ts

� �
+
1
3

Ta

Ts

� �4
" #

: ð17Þ

Ts is the temperature of the sun, equal to 5762 degrees

Kelvin. The phrase inside the bracket is known as the Petela
efficiency and is denoted by ηp. Therefore, the exergy of the
solar input radiation exergy is obtained as follows:

_Ei,th = IbAcηoηp: ð18Þ

Inlet fluid flow exergy: to obtain the inlet fluid flow
exergy, exergy must first be obtained per unit mass of the
material, which for an incompressible material is as follows:

e = h − hoð Þ − Ta s − sað Þ = Cp T − Ta − Ta ln
T
Ta

� �
+
ΔP
ρ

:

ð19Þ

In this equation, ΔP is the difference between the
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Figure 5: Changes in the efficiency of the absorber pipe by its emissivity coefficient.
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pressure the fluid and the environment. Using Equation (19)
and ignoring the velocity and height of the fluid, the inlet
fluid flow exergy is obtained as follows:

_Ei,f = Cp _m T in − Ta − Ta ln
T in
Ta

� �
+

_mΔPin
ρ

: ð20Þ

ΔPin is the difference between the fluid pressure at the
inlet and the ambient pressure. The sum of the radiative
and the fluid flow exergies gives the total input exergy
[9–20]:

_EI = _Ei,f + _Ei,th: ð21Þ

Stored exergy: the stored exergy for steady state is zero, so

_EI = 0: ð22Þ

Output exergy: the output exergy from the collector only
includes the exergy of the fluid flow out of the collector and
is similar to the input exergy of the flow [9–18]:

_EO = −Cp _m Tout − Ta − Ta ln
Tout
Ta

� �
−

_mΔPout
ρ

: ð23Þ

Leakage exergy: collector leakage is thermal only. The
amount of leakage is the amount of heat loss from the collec-
tor that occurs between the surface temperature of the
receiver and the ambient temperature:

_EI = −UIAI TP − Tað Þ 1 −
Ta

Tp

 !
: ð24Þ

AI is the outer surface of the absorber pipe.
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Figure 7: Changes in the efficiency of the absorber pipe by the intensity of radiation.
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Destroyed exergy: destroyed exergy in the collector con-
sists of three parts: first, destroyed exergy due to fluid pres-
sure drop in the pipe; second, destroyed exergy due to the
difference between the temperature of the sun and the sur-
face of the receiver pipe; and third, destroyed exergy due to
the difference in the receiver surface temperature with fluid
temperature, each of which is described as follows.

Destroyed exergy due to pressure drop: to calculate this
destroyed exergy, the difference in entropy produced due
to pressure drop must be determined. The difference in
entropy produced due to pressure drop can be written
[9–20]:

_Ed,ΔP = −Ta
_mΔP
ρ

Ln Tout/T inð Þ
Tout − T in

: ð25Þ

In the above equation, ΔP is the pressure difference
between the inlet and outlet of the fluid. It should be noted
that exergy due to pressure drop is very small and is often
omitted in exergy analysis.

Destroyed exergy due to absorption of solar radiation: this
destroyed exergy is due to the difference between the tem-
perature of the sun and the surface of the receiver. Since
the amount of heat absorbed to the surface of the receiver
is IbAcηo, its value is as follows [18]:

_Ed,abs = −TaIbAcηo
1
TP

−
1
Ts

� �
: ð26Þ

Destroyed exergy due to thermal conductivity: this
destroyed exergy is due to the difference between the tem-
perature of the receiver surface and the temperature of the
fluid. Given that the heat transfer takes place between the
temperature of outer surface of the receiver, i.e., TP , and
the fluid with the local temperature T , so [9–20]

_Ed,cond = −CP _mTa Ln
Tout
T in

−
Tout − T in

TP

� �
: ð27Þ

The exergy efficiency for a solar collector is gained
exergy to the input radiative exergy. Therefore, the exergy
efficiency is obtained as follows [18–20]:

ηE = 1 − 1 − ηoð Þ + ηoTa

ηp

1
TP

−
1
Ts

� �
+ UIAI TP − Tað Þ

IbAcηp

"

� 1 −
Ta

Tp

 !
+
CP _mTa

IbAcηp
Ln

Tout
T in

−
Tout − T in

TP

� �

+
Ta

IbAcηp

_mΔP
ρ

Ln Tout/T inð Þ
Tout − T in

�
:

ð28Þ

3. Results

3.1. Validation. In order to better benefit from the results
obtained in the research, first, a validation has been per-
formed. For this purpose, Reference [9] is used, which can
be seen in Table 1.

Figure 3 shows the changes in the efficiency of the
absorber pipe by its outer diameter. The outer diameter
simulation was performed in the range of 2 cm to 10 cm.
According to the chart, with increase of the outer diameter
of the absorber pipe, its efficiency decreases almost line-
arly. According to the diagram, if the outer diameter
increases by 8 cm, the efficiency decreases by about 0.2.
This indicates that the outer diameter affects the efficiency
strongly.

Figure 4 shows the changes in the efficiency of the
absorber pipe by the temperature of its receiver. In this sim-
ulation, the temperature is changed from 320K to 380K. As
shown in the chart below, as the temperature changes, the
efficiency increases first nonlinearly and then linearly.
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Figure 9: Changes of optimal loss of exergy by absorber pipe receiver temperature.
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According to the chart, for temperature changes of 18.75%,
it increases to 0.38. However, reaching a temperature of
380K is not easy and in many cases will be uneconomical,
but in general, the temperature parameter also changes the
efficiency significantly.

Figure 5 shows the efficiency changes by the emissivity
coefficient of the absorber pipe. In this simulation, the emis-
sivity coefficient increases from 0.2 to 0.4. As shown in the
following figure, with an increasing emissivity coefficient,
the efficiency increases linearly. In fact, by increasing the
emissivity coefficient, the ability of the absorber pipes to
transfer heat and reduce the temperature of the system
increases, and therefore, the efficiency increases. However,
increasing the emissivity coefficient is very difficult because
it depends on the structural properties of the material, and
it takes years for the emissivity coefficient of a material to
increase by 0.01.

In Figure 6, the effect of the length of the absorber pipe
on the efficiency is shown. In this simulation, the length of
the absorber pipe changes from 2 to 5m. According to the
diagram below, the efficiency of the absorber pipe decreases
nonlinearly with increasing length. The reason is the longer
the pipe length, the more drops due to the friction as well as
the energy loss which all lead to the lower efficiency. How-
ever, the length of the pipe is determined by the amount of
energy required, and therefore, the efficiency does not reach
high values.

In Figure 7, the effect of solar radiation intensity on
efficiency is investigated. In the simulation, the intensity
of solar radiation has changed from 500 to 1000W/m2.
The reason is that with increasing radiation intensity
due to the emissivity coefficient, more energy is lost,
and as a result, the efficiency decreases. As in the follow-
ing figure, the efficiency at a radiation intensity of
500W/m2 is very high. This amount of radiation occurs
at the first and last hours in the day. However, the inten-
sity of 500W/m2 cannot handle a solar cooling or heat-
ing system in any way. Therefore, higher levels of
radiation intensity should be considered by accepting a
reduction in efficiency.

3.2. Exergy Analysis Results. The following figures show the
results of the exergy analysis section. Figure 8 shows the
chart of the changes of optimal loss of exergy by the length
of the absorber pipe. According to the diagram below, with
increasing length of the absorber pipe, the loss exergy
increases exponentially. Considering the trend of the graph,
the amount of exergy will probably converge to a constant
value. In this chart, the length of the pipe has changed from
2 to 5m.

As seen in Figure 8, the more the length of the absorber
increases, the energy efficiency increases so that for the
absorber length of 5m, efficiency will be 15%; the relation-
ship between temperature of absorber tube and efficiency is
seen in Figure 9.

As seen in Figure 9, as the length of the absorber
tube increases, the exergy efficiency will increase so that
for a temperature of 380°C, the exergy efficiency will be
20%.

4. Conclusion

The use of solar energy is one of the common ways to gen-
erate electricity combined with thermal energy, which makes
use of this energy. Due to the heat exchange to the environ-
ment from the fluid and the increase in solar collector losses,
the efficiency of this technology decreases. Utilization of
renewable energies is increasing daily, and the most com-
mon type of renewable energy is solar energy which is avail-
able in all areas of Earth. Thermal generation by solar
absorbers is one of the most common techniques of utiliza-
tion of solar energy. A high amount of energy for thermal
generation in residential buildings is used. Therefore, ther-
mal energy through the sun is an appropriate solution to
decrease dependency of the building section on fossil energy;
hence, in this research, modeling of a linear parabolic collec-
tor is conducted with the aim of investigating the exergy effi-
ciency considering physical factors. Among those significant
results, the following cases could be mentioned:

(1) Increasing the length of the absorber pipe has an
adverse effect on the efficiency of the absorber pipe.
With increasing length of the absorber pipe, its effi-
ciency decreases nonlinearly

(2) As the emissivity coefficient increases, the efficiency
increases due to increased heat transfer. This param-
eter cannot be a suitable parameter to increase effi-
ciency because it depends on the material and its
molecular structure

(3) As the diameter of the pipe increases, the amount of
energy loss due to increased friction increases and
the efficiency decreases

(4) As the intensity of the radiation increases, the
amount of energy loss increases and the efficiency
decreases. Because the solar energy is a renewable
source and always available during the day, high
levels of radiation intensity should be considered to
increase energy, and the issue of efficiency for this
parameter is the next priority

(5) Increasing the temperature of the absorber pipe
receiver increases the efficiency. However increasing
the temperature itself requires energy, and the tem-
perature cannot be increased too much

(6) As the length and diameter of the pipe increase, the
optimal loss of exergy increases

Nomenclature

a: Length (m)
φ: Angle (°)
L: Length (m)
D: Diameter (m)
c: Area (m2)
W: Width (m)
T : Temperature (K)
I: Radiation(W/m2)
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ρ: Reflection
γ: Concentrator gain coefficient
F ′: Collector efficiency coefficient
M: Mass flow
U : Heat transfer (W/m2·K)
E: exergy
P: Pressure (kPa).

Subscripts

out: Outlet
in: Inlet
th: Thermal
f: Fluid
aux: Auxiliary.

Data Availability

The data used to support the findings of this study are
included within the article.
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