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The water heating with parabolic trough solar collectors (PTC) is a very widespread and at
the same time quite promising solar technology. However, PTC presents several problems in
terms of the profitability of water heating. For this reason, our study of water heating with
PTC collectors consists of two main parts. In the first part, we investigate the effect of direct
normal irradiation in the absorber tube using the TRNSYS software of the Errachidia city.
In the second part, the study is entirely focused on the heat balance of the absorber tube in
order to estimate the fluid outlet temperature. Besides, a mathematical model is developed
to simulate and control the fluid outlet temperature circulating through the absorber tube
of the collector. The water outlet temperature prediction was carried out by a thermal
performance study of the PTC in weather conditions of Errachidia city (Morocco) using
TRNSYS software and Matlab Code in the year’s typical days.

1 Introduction

A great deal of effort has been made, especially in the last decade to
improve systems for converting solar energy into heat and particu-
larly for electricity production. Parabolic trough reflector technol-
ogy is the most common and is currently used by the most powerful
solar power plants in the world and improving the efficiency of
these concentrators is the concern of several researchers. The PTC
offers the possibility to produce electricity and hot water from solar
energy. The temperature of the fluid can be raised up to 500 ◦ C. The
operating principle of this technology is based on the concentration
of the sun’s rays on a horizontal tube, where a heat transfer fluid
circulates that will be used to transport the heat to the power plant
itself. The parabolic-cylindrical collector is composed of a long
mirror (usually with silver or polished aluminum plating), rectangu-
lar, parabolic cylinder shape and completed by a tube with a double
vacuum envelope that runs along the entire length of the focal length
line. The sun’s rays are reflected by the mirror to converge on the
tube. The absorber tube is the essential part of the concentrator,
it is often made of copper covered with a selective layer, and it is

surrounded by a transparent glass envelope. The parabolic shape
of the mirrors allows the sun’s rays to be concentrated throughout
the tube. By circulating the heat-transfer fluid in the center of this
tube, the fluid is heated and conducts the heat to the container with a
determined flow rate. As with any concentrating collector, parabolic
troughs need to follow the sun in order to concentrate direct solar
radiation. As a line concentration collector, the parabolic cylinder
has a single axis tracking system. Schematic of the solar PTC sys-
tem with receiver is presented in Figure 1. Several studies have
been conducted by researchers to improve the energy efficiency
of parabolic trough systems. Cheng et al [1] examined the tem-
perature distribution at the outer surface of the absorber tube of a
CCP as a function of the surface radiation flux distribution using
the Monte Carlo MCRT method. The authors have combined the
MCRT method and the finite volume method via the Fluent ANSYS
calculation code, elaborating a multitude of simulations and taking
into account the dependence of the physical properties of the heat
transfer fluid (Sylitherm 800 oil) with temperature. The results
obtained were compared with previous experimental data [2] and
it was noticed that there was a 2% difference in the temperature
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of the heat transfer fluid (HTF) at the absorber outlet. In addition,
Kaloudiset al [3] performed a numerical study on the collector of
a parabolic-cylinder concentrator system with nano heat transfer
fluid, in order to simulate the SEGS LS2 type collector. The authors
used four cases of boundary conditions for numerical simulation
involving all heat transfer modes at the different tube interfaces.

Figure 1: Schematic of the PTC system with receiver [4]

Besides, In [5], the authors have investigated the energy per-
formance of a PTC solar in the climatic conditions of the Algerian
Sahara. The authors performed a simple numerical simulation of
the one-dimensional implicit finite difference method applied to the
energy balance of solar collectors by dividing the absorber tube, the
glass cover and the fluid in many segments. Both fluids were used,
water and synthetic oil TherminolVP-1 in the simulation. However,
simulation results showed that the thermal efficiency is approxi-
mately 69.73 and 72.24%, which decreases at higher temperatures
of synthetic oil-based fluids but increases by 2% at lower water
temperatures. Bellos et al [6] have studied three different types of
parabolic cylindrical collectors (vacuum tube receptor, non-vacuum
tube receptor and bare tube without cover) to improve the thermal
margin with the implementation (Syltherm 800/Cu) in a systematic
manner. The use of nanofluids improved performance in the bare
tube with 7.16%, 4.87% for the non-evacuated receptor and 4.06%
for the evacuated receptor at a flow-rate of 25 L/min. Zhao et al
[7] have examinated the global performance of the PTC solar using
three different tubes (one smooth and two internally finned tubes),
the authors characterized the solar collector performance by energy
efficiency, exergy efficiency and thermo-hydraulic efficiency. The
results obtained showed that the output temperature of the solar
air collectors depends on the solar irradiation, the air flow rate and
the geometry parameters of the spindle fin. IPF#2 tubes have the
highest collector efficiency and air temperature, while the STube
without using pin fins has the lowest values.

In Morocco, the solar plan is part of the national energy strategy
which aims at quantitatively assessing the level of security of a
secure and sustainable, clean, green and accessible energy provi-
sion [8]. The idea is, therefore, to study the energy efficiency of
a parabolic trough solar collector and the thermal behavior of an
absorber tube to improve their efficiency. The simulation is divided
into two steps, the first part includes the simulation using the TRN-
SYS software [9], on the entire cylindro-parabolic system whose
aim is to control this system and especially its operation in Saharan

environment, in order to provide hot water in collective buildings
[10], and taking into account the specific climatic effects in the
Errachidia city (South of Morocco). In the second part, we numer-
ically investigate using a developed Matlab code the geometrical
effect of absorber tubes in order to improve the energy efficiency of
a parabolic trough solar collector.

2 Theoretical study

2.1 Optical performance of PTC

2.1.1 Concentration rate

The concentration rate is defined as the ratio of the opening surface
to the receiver surface[11, 12].

C =
S O

S r
(1)

Figure 2: Concentration rate as function of the receiver temperature[11]

Figure 2 shows the variation in concentration rate as a function
of absorber temperature.

• Low concentration:

1 < C < 10 involved TC ≈ 150 ◦C

• Average concentration:

10 < C < 100 involved TC ≈ 1000 ◦C

• High concentration:

C > 100 involved TC > 1000 ◦C

2.1.2 Radiation absorption

The radiation absorption is defined as follows [12]:

E = Eb.ρ.(γ.τ).C (2)
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2.2 Thermal performance study of PTC

The thermal performance of PTC can be determined from different
methods. The power received of PTC (Qu) is determined from the
quantities (FR) and (UL)[12].

2.2.1 Overall heat loss factor UL (covered tube)

In the event that the tube receiver is covered by a glass selective sur-
face (S C), the irradiation coefficient in the glass to absorber region
is dissimilar from the irradiation coefficient in the absorber to glass
region, this coefficient is usually negligible [10]. The coefficient of
heat loss is expressed by relationship:

F′ =

1
UL

1
UL

+ De

h f iDi(
De
2λ ln De

Di
)

+ 1
UL

(3)

FR =
m f .Cp

S r.UL
.

[
1 − e

(
S r .UL .F

′

m f .Cp

)]
(4)

UL =

[
S r

(hv + hr,c−a).S r
+

1
hr,a−c

]
(5)

hr,c−a =
σ(T 2

r − T 2
c ).(Tr − Tc)

1−εr
εr

+ 1
Frc

+
(1−εc).S r
εc.S c

(6)

hr,a−c = 4.σ.ε.T̄ 3 (7)

2.2.2 Useful heat (Qu)

The useful heat is determined from the power recovered by the PTC
at the focal line and it is expressed by the following relationship:

QU = FR.[E.ρ.τ.α.γ.S o − UL.S r(Tout − Tinl)] (8)

2.2.3 The outlet temperature Tout of HTF

The output temperature of HTF is determined from the following
equation [13]:

Tout = Tinl +
QU

m f .Cp
(9)

2.2.4 Solar concentrator efficiency η

The efficiency of the PTC is given by the following relationship
[14].

η =
QU

E.γ.S o
(10)

3 Numerical simulation

3.1 TRNSYS model

To evaluate the thermal efficiency of a solar PTC, we used the TRN-
SYS software. It allows users to specify the system components
and to connect these components together. Each component (type)
contains input and output parameters.

In the present study, a new numerical model is developed us-
ing the Matlab language to simulate the temperature evolution in
the fluid, absorber and glass cover. Concerning the simulation by
TRNSYS software, we used the different components such as a
parabolic cylindrical collector (type 536) and a pump (type 3d).
Other components used: weather (type 109), regulation (type 2b)
ON/OFF differential controller, storage tank (type 4c) and online
plotter (type 65a). The schematic of the TRNSYS model of the PTC
system takes into account water as HTF in the weather conditions
of Errachidia city, it is presented in Figure 3.

Figure 3: TRNSYS model of a solar PTC with Thermocline- Tank

3.2 Weather data of Errachidia city

Morocco’s energy efficiency agency has proposed a new classi-
fication of climatic zones, each having different meteorological
properties. In addition, the wind speed, ambient temperature, and
total radiation on the inclined surface of the city under study are gen-
erated by the METEONORM software. According to this study’s
aims, which focuses on the thermal efficiency of a PTC tube for
the Errachidia site. Geographical localization of Errachidia city
(semi-arid climate) offers the ideal climatic conditions such as in-
tense sunshine all year round, low humidity and precipitation. The
ambient temperature variation all year round in the selected zone
is shown in Figure 4. Besides, the estimation of the direct normal
irradiation (DNI) throughout the year is shown in Figure 5. The
evolution of the annual inlet and outlet temperature of the water is
illustrated in Figure 6.

Figure 4: Ambient temperature evolution during one year at the Errachidia site
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Figure 5: Annual direct normal irradiation in Errachidia city

Figure 6: Variation of water inlet and outlet temperature for one year at Errachidia
city

4 Results and discussion
The estimation of the amount solar radiation captured by the PTC is
based on the method employed by [15]. For modelling the thermal
behavior of PTC components in transient regime, we have taken
into account the following assumptions :

• The sky is assumed to be a blackbody;

• Under climatic conditions, the physical properties of the glass
and the absorber are supposed constant;

• Fluid velocity is supposed to be constant;

• The wind speed is 3.75 m/s;

• The physical properties of the fluid in the absorber are as-
sumed to be temperature dependent;

• The air enclosed between the absorber and the glass is stag-
nant and transparent.

4.1 Geometrical and optical parameters of PTC

The main element of PTC system which allows receiving incident
solar radiation is the absorber, also it allows to convert radiation in
the form of heat and transmit it to the HTF. The incident solar radi-
ation is not entirely absorbed and transmitted to the HTF, but part
is dissipated as heat loss between the absorber and the cover glass.
Figure 7 illustrates heat transfer of the absorber used, taking into
consideration the different shares of energy, which were collected
by the fluid and lost to the environment.

Figure 7: Thermal exchanges between the absorber tube and the other components
of PTC

Tables 1 and 2 present the geometric and optical properties of
the components of our PTC system. The physical properties of HTF
(water) are shown in Table 3. The water temperature and the PTC
components calculated from the energy balance [16], for the typical
days of the year and for a HTF mass flow rate value of 0.0083 kg/s.

Table 1: Geometrical characteristics of the PTC elements

Geometric characteristics Value
External diameter of the absorber, De 1.4 cm
Internal diameter of the glass cover, D(c,i) 4.2 cm
External diameter of the glass cover, D(c,e) 4.35 cm
Effective width of the mirror, We f f 1 m
Element length, ∆z 0.1 m
Collector absorber tube length, Ltube 2 m
Focal distance 0.235m

Table 2: Optical properties of materials used

Properties Value
Absorption coefficient of the absorber tube, α 0.8
Glass transmission coefficient, τ 0.8
Reflectance of the mirror surface, ρm 0.85
Emissivity of the absorber tube, εr 0.12
Emissivity of the glass cover tube , εc 0.9

The thermal modelling of the absorber receiver of PTC is done
by a calculation and programming procedure under Matlab by solv-
ing the energy balance equation. For this purpose, we have de-
veloped a calculation program to simulate the fluid temperature at
the absorber outlet. The thermal model takes into account all heat
transfers: convection in the receiver pipe, in the gap between the
absorber and the glass cover, on the one hand, and between the glass
cover and the ambient air, on the other hand. The thermal balance
equation between the absorber and the HTF can be written :
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πρ1C1D1
∂T1

∂t
(z, t) = −ρ1C1φ

∂T1

∂z
(z, t) + qg(z, t) (11)

The initial conditions and limits are given by following relation-
ships:

T1(z, 0) = Tamb(0) (12)

T1(0, t) = Te(t) (13)

where Te is the inlet temperature and Tamb is the ambient tem-
perature.

Table 3: Properties of heat fluid (water)

Properties Value
Heat capacity, C f 4180 kJ.kg−1.K−1

Volume flow rate, D f 30 l/h

Table 4: Comparison of parameter effects on PTC in the present study with other
similar works.

Dimension of PTC Mass flow rate Kg/s Temperature of water References
1 m x 2 m 0.0083 149 ◦C Present study
1.25 m x 0.8 m 0.0117 - 0.0167 36.5 ◦C [16]

1.49 m x 1.49 m 0.00111 104 ◦C [17]
1.2 m x 1.5 m 0.0017 65 ◦C [18]
1.82 m x 1.03 m 0.00111 50 ◦C [19]
6 m x 2.3 m 0.55 165 ◦C [20]
7.8 m x 5 m 0.345 47.24 ◦C [21]

In order to produce hot water 90◦C, for domestic and industrial
applications. We have choose the right mass flow and the good PTC
dimensions. Table 4 presents a comparison of parameter effects
on PTC in the present study with other similar works. We noticed
that when the mass flow rate and the opening radius of the collector
increases the outlet temperature of the hot water rises. To produce
a sufficient quantity of hot water, it is necessary to select parabolic
cylindrical collector dimensions in relation to the outlet temperature
of the water and the mass flow rate (Table 5).

Table 5: Hot water production in 90oC for different theoretical cases [22]

Dimension of PTC Mass flow rate Kg/s Quantity of hot water (L/day)
1.6 m x 1.8 m 0.0074 133.2
1.6 m x 3 m 0.0123 221.4
1.6 m x 6 m 0.0250 450.0
1.6 m x 10 m 0.0411 739.8
1.6 m x 15 m 0.0633 1139.4

Figure 8: Outlet temperature evolution of fluid, absorber and glass for; (a) March 21,
(b) June 21, (c) September 21 and (d) December 21

4.2 Temperature outlet evolution in typical days of year

Figure 8 shows the temperature evolution of the fluid, the absorber
and the glass cover versus the time from March 21, June 21, Septem-
ber 21 and December 21, 2019 for the concentrator whose geometric
properties are given in Table 1. We observed that the temperature
variation depends on the climatic conditions of Errachidia, particu-
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larly on the incident solar energy.

Figure 9: (a) Outlet temperature evolution of the glass, absorber and HTF for; 2 m, 4
m and 6 m of the length tube, (b) PTC temperature - stagnation conditions.

4.3 Absorber tube length effect

The thermal performance of PTC and the water heating require-
ments depend on the geometric properties of PTC solar. In the
modeling we have chosen 3 different absorber lengths 2m, 4m and
6m, respectively. Excluding stagnation, we observe that the risk
of overheating at the PTC level does not exist, the temperature of
the absorber tube stays below 70◦C using water as HTF. The daily
variation of the fluid temperature, the absorber tube and the glass
cover as a function of time is illustrated in Figure 9a. We noticed
that when the receiver pipe length is small the efficiency of the
system increases and the temperature of the absorber also increase.
We observed that, in theory, the stagnation of the temperature of
the absorber and fluid exceeds 158◦C of water as HTF. The risk of
deterioration of the system in the case of water HTF is important.
We also observed that when the absorber tube length is small the
temperature of the absorber also increases (Figure 9b).

4.4 Absorber tube thickness effect

Figure 10 shows the thickness effect of the receiver pipe on the fluid
daily temperature, the receiver pipe and the glass cover versus of
time for 1.5 mm, 2.5 mm and 3.5 mm respectively, for the concen-
trator whose geometric properties are given in Table 1. We observe
that the thickness of the absorber has a small impact on the fluid
temperature evolution and stagnation of the temperature compared
to the tube length.

Figure 10: (a) Outlet temperature evolution of HTF, absorber and glass cover for
different absorber tube thickness 1.5 mm, 2.5 mm and 3.5 mm; (b) PTC temperature
stagnation conditions.

5 Conclusions
In this paper, the study of the water heating circulating in an ab-
sorber tube of a solar PTC is investigated. The heating process
modeling of the fluid is performed. To verify the temperature of
fluid, absorber and glass cover, a mathematical model is elaborated
from the heat exchanges of the glass tube with the environment. The
geometrical dimensions of the parabolic-cylindrical collector have
been taken into account in the modeling. The results obtained in
this study showed that there was a significant temperature difference
between the inlet and the outlet of PTC for the test days considered.
Excluding stagnation, the absorber tube length effect on the fluid
temperature evolution was observed. However, the absorber tube
thickness effect is very small on the temperature evolution. This
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investigation offers multiple perspectives on the use and analysis
of parabolic-cylindrical collector behavior such as the optical per-
formance evaluation of the system or to test other heat transfer
fluids. Finally, an economic study can be envisaged to evaluate the
cost-effectiveness of the system.

Nomenclature

Ta Ambient temperature (◦C)
Tr Absorber temperature
T̄ Average irradiation temperature
TC Concentration temperature
Tc Cover temperature (glass tube)
T1 Heat transfer fluid temperature
Cp Calorific power
C1 Heat-transfer fluid specific heat
D1 Internal diameter of the absorber
Ep Incident radiation on the map opening
E Incident solar radiation (W/m2)
Tinl Fluid inlet temperature
Tout Fluid outlet temperature
Frc Form factor between the receiver and the cover,

which is equal to 1
h f i Heat transfer coefficient at inside the absorber (W/(m2.◦C)
m f Mass flow
S o PTC opening area
S r Receiver surface (m2 )
De,Di Outside and inside diameter of the absorber
qg Amount of the energy gained by the heat transfer fluid

Greek Symbols

γ Optical collector factor
εr Emissivity of the surface of the absorber
λ Thermal conductivity (W/(m.◦C))
τ Transmission factor
ρ Reflection factor of the concentrator mirror
φ Heat transfer fluid mass flow rate
ρ1 Heat transfer fluid density
εc Glass emissivity of the cover
τα Transmission-absorption coefficient

Physical constants
σ Stefan-Boltzmann Constant (5.667.10−8W/m2K4)
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