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Abstract  Flat mirrors are used in Fresnel collectors. Mirrors arranged on the right and left
reflect the sun‘s rays from a distance to the absorber. Meanwhile, parabolic transition-type
collectors feature a reflective mirrored parabolic surface and are manufactured as a single unit. 
In this system, mirrors cut into 11 cm dimensions are placed on a parabolic surface. By 
incorporating flat mirrors onto the parabolic surface, a hybrib system combining parabolic and 
Fresnel collector types is created. The parabolic collector has an area of 15 m2 with dimensions 
of 3.35 m × 4.5 m. This system tracks the sun in an east-west direction. Heat transfer oil is 
used as the heat transfer fluid of the system. In the experiment, the temperatures at the inlet 
and outlet, the glass tube in the absorber, and ambient temperatures were recorded. 
Theoretical thermal power and thermal efficiency results were compared with those obtained 
from experimental measurements. Findings indicate that the thermal efficiency of this system
with a thermal power of 4 kW is around 30 %–39 %. 

 
1. Introduction   

Solar energy, as one of the renewable energy sources, has become an important energy 
source that can be freely harnessed without causing pollution. In the last decade, solar energy 
technology has attracted considerable attention due to its efficient and cost-effective production 
[1]. Parabolic trough collectors (PTCs) are widely used in various industries to achieve high 
temperatures using solar energy. Solar energy is increasingly employed for heating, cooling, 
and electricity generation. Solar concentrators play an important role in harnessing high tem-
peratures from solar radiation [2]. PTCs are one of the most widely used technologies for con-
verting solar energy into usable power because of their broad operating temperature range [3, 
4]. These systems can achieve temperatures of 400–500 °C without requiring extensive para-
bolic surface areas [5-7]. In this technology, the sun’s rays are focused on the absorber using 
reflectors. With parabolic solar collectors, the thermal energy collected in the absorber is trans-
ferred to a circulating heat transfer fluid (HTF) [8, 9]. Solar collectors are available in a variety of 
designs, typically classified into two categories: linear focus (Fresnel and parabolic collector 
types) and point focus (dish and tower types) [10, 11]. Parabolic collectors operate effectively 
with direct solar radiation and are particularly efficient in areas with abundant sunshine 
throughout the year.  

Studies aimed at improving parabolic collectors, reducing their costs, and developing produc-
tion technology are widespread. Begdouri [12] identified the 34 different PTC models available 
in the global solar market and summarized the key developments in the main PTC technolo-
gies, including exergy, exergy efficiency, and optical and thermal performance since the incep-
tion of the first PTC power plant. In a separate study, Kumar [13] comprehensively reviewed the 
evolution of DSG technology and the challenges in its commercialization. He experimentally 
and numerically investigated the sizing and design of the solar field, as well as the control sys-
tem required to maintain the desired operating characteristics. Al-Rabeeah [14] discussed the 
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enhancement of thermal efficiency in the parabolic slotted 
solar collector system through the use of four different vacuum 
absorbers in the experiment: copper, single tube, ring, and 
double absorber tube. He presented the results of his experi-
mental work. Uzair [15] performed a probabilistic modeling to 
establish the correlation between the HTF temperature ob-
tained at the outlet of a linear parabolic collector. For this pur-
pose, he developed a physical analytical model and compared 
the results with published values. In another study [16], Uzair 
claimed that the concentration ratio used in the parabolic slot-
ted collector is valid only up to a certain receiver width. In 
cases where the receiver exceeds this width, the optical con-
centration ratio should be used. Ongoing research in this field 
includes efforts to improve parabolic collectors and enhance 
their thermal and optical performance [17, 18]. 

Among the solar concentrators used to harness solar en-
ergy, linear Fresnel collectors (LFCs) are an alternative to 
technologies like PTCs. These collectors are often chosen for 
their cost-effectiveness despite somewhat lower efficiency [19]. 
LFC-focused solar collector technology is an attractive option 
for supplying thermal energy to processes that require heat in 
the mid-temperature range and is widely used in various in-
dustrial applications [20]. LFCs concentrate solar radiation 
using a series of straight, long, and parallel mirrors. The rays 
reflected from these flat mirrors are transferred to a liquid cir-
culating in the absorber located at the focal point of the sys-
tem. The receiver at the focal point in Fresnel collectors can 
be a flat or composite absorber that reflects the radiation a 
second time [21, 22]. LFC arrays offer several advantages 
solar concentration due to their simplicity. The absorber con-
struction for LFCs can be either single or double layered 
[maria]. Worldwide efforts have been made to achieve high 
temperatures using LFC technology, including the develop-
ment of LFC prototypes, such as the one produced in Belgium 
by Solarmundo [23]. The Plataforma Solar de Almeria has 
worked on prototype projects to reach temperatures of 400 °C 
with LFCs in Spain and Italy. Noteworthy contributions to the 
development of linear Fresnel technology have been made by 
companies such as Novatec Solar, Areva Solar, and SkyFuel 
[24, 25]. Numerous studies have focused on improving the 
performance of LFC through using flat collectors and com-
pound absorbers [26, 27]. The optical efficiency of LFC is 
lower than that of parabolic and dish collector types, primarily 
due to that not all reflected rays are perfectly focused on the 
absorber [28]. Nevertheless, focusing losses are less pro-
nounced in parabolic corrugated collectors and dish-type col-
lectors. In the study by Kincad, annual optical efficiency fig-
ures were reported as 60 % for the selected PTC, 52 % for the 
selected central receiver technology, and 40 % for the se-
lected LFCs [29]. With regard to solar energy concentrators, 
thermal efficiency varies depending on the characteristics of 
the absorber and reflector. However, thermal efficiency is 
generally around 60 %–70 % [30, 31] for paraboloid bowl-type 
collectors, 45 %–50 % [32] for parabolic collectors, and 35 %–
45 % [33, 34] for Fresnel and cylindrical collectors [35]. 

Numerous studies have explored the optics, thermal effi-
ciency, production, and costs associated with parabolic collec-
tors and LFCs. Ramasamy experimentally investigated a hy-
brid collector that combines features of PTC and LFC by using 
an optical ray tracing model on a parabolic LFC. Optical and 
thermal modeling revealed that high-performance LFC 
achieves an average optical efficiency of 49 % [36]. In a sepa-
rate study, Morin compared the electricity generation costs 
between LFC and PTC. His findings suggested that the total 
cost of installing LFC systems could be approximately 20 % 
lower [37]. Maria investigated the losses due to shading and 
reflected rays reaching the absorber by characterizing the opti-
cal analysis of rays entering the mirror area of Fresnel collec-
tors with hourly assumptions throughout the year [38]. 

In the case of parabolic collectors, the reflective mirror sur-
face takes the form of a monolithic parabola. In this study, a 
parabolic surface was initially constructed using steel. Then, 
small flat mirrors were mounted on this parabolic surface. 
Unlike the single-piece parabolic mirror face used in some 
collectors, multiple flat mirrors were used, which resembles 
the configuration found in Fresnel collectors. The use of flat 
mirrors in this parabolic collector results in focusing losses in 
the absorber, which lead to lower thermal efficiency and 
optical efficiency than those for collectors with solid mirrors. 
However, due to the difficult of obtaining monolithic parabolic 
mirrors in the market, the use of this design is preferred for 
its ease of manufacture. In this collector with an area of 15 
m2, the theoretical thermal power is estimated to be 5 kW, 
while the experimental thermal power is around 4 kW. The 
results show that the theoretical thermal efficiency is ap-
proximately 55 %, while the experimental thermal efficiency 
is nearly 40 %. 

 
2. Material and method 
2.1 Manufacturing and working principle of the 

parabolic collector 

Considering factors such as the reflection rate of the reflector, 
the absorption rate of the absorber, transmittance density, and 
average regional radiation values, the dimensions of this para-
bolic collector were chosen to theoretically reach a thermal 
power of 5 kW. The parabolic collector measures 4500 mm in 
length and 3500 mm in width. It is equipped with a sun sensor, 
as shown in Fig. 1, which enables it to track the sun’s move-
ment in an east-west direction. The collector automatically 
adjusts its position using the electronic card in the control unit 
shown in Fig. 2 to respond to input from the sun sensor. Man-
ual control allows the collector to be oriented east or west as 
needed. Incoming solar radiation is reflected from the PTC 
surface and concentrated on the absorber. An electric motor 
rotating at 900 rpm was selected to facilitate low-speed rotation 
of the system. Two gearboxes (Fig. 1), one with a ratio of 1/50 
and the other with a ratio of 1/60, are connected to this electric 
motor to achieve lower rotational speed. In addition, a re-
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duction relay is used in the control unit to reduce the speed. 
The fluid circulated in the system is HTF, which can with-

stand temperatures up to 325 °C, and it is driven by an oil 
pump. Data logger recorded the inlet and outlet temperatures 
of the HTF, the outer surface temperature of the glass tube, 
and the ambient temperature. The absorber size of the collec-
tor was intentionally chosen to be slightly larger than the col-
lector size itself, considering the variation in the sun’s rays 
between summer and winter. The copper pipe, which has a 
diameter of 76 mm, has a wall thickness of 2 mm. The inlet 
and outlet ends are tapered to allow ½ inch diameter connect-
ing hoses. The absorber copper tube is situated in a glass 
tube with an outer diameter of 100 mm and a thickness of 2 
mm. The head parts of the glass pipe are connected to the 
system with a specially manufactured metal construction, 
while the middle part is supported to protect it from vibrations 
[35]. 

The dimensions of the reflective parabolic collector surface 
are determined using Eq. (1). Flat mirrors were cut in 11 cm 
and mounted on this surface. Then, the theoretical thermal 
power and thermal efficiency results were compared with the 
thermal power and thermal efficiency obtained from the ex-

perimental measurements. 

 
2.2 Calculations for collector manufacturing 

The dimensions of the parabolic adder were determined from 
the parabola Eq. (1). The characteristic dimensions of the PTC 
are given in Table 1. 

 
4y fx= . (1) 

 
The parabolic aperture 2y = 3.35 m, with a height of x = 0.76 

m and a focal length f = 0.92 m (Fig. 3). 
As shown in Fig. 4, the plane mirrors in this collector are ar-

ranged tangent to the parabolic profile. The edges of the mir-
rors are aligned with the parabolic profile, as shown in Fig. 4. In 
this design, the small space that exists between the mirrors is 
an important factor in reduced collector performance. This gap 
can be minimized by smoothing the mirror edges. 

 
2.3 Thermal analysis of the parabolic collector 

While some of the radiation reaching the absorber from the 
concentrator is lost to the low-temperature environment, an-
other portion is absorbed by the fluid and converted into useful 
energy. To calculate the useful energy transferred to the ab-
sorber in parabolic collectors, the thermal energy transferred to 
the fluid as described by the Hottel–Willer–Bliss equation can 
be used, as described below [39]. 

 

( )y
u a R d T in a

a

A
Q A F I U T T

A
αργτ

⎡ ⎤
= − −⎢ ⎥

⎣ ⎦
. (2) 

 
In this equation, Qu is the useful heat energy, Aa is the aper-

Table 1. Lengths of the parabola in the x and y directions. 
 

Y (cm) 20.94 41.88 62.81 83.75 104.69 125.63 146.56 167.5 

X (cm) 1.19 4.75 10.69 19.0 29.69 42.75 58.19 76 

 

 
 
Fig. 1. Construction dimensions of the parabolic collector. 

 

 
Fig. 2. Reflection of the sun’s rays on the pipe at the focal point of the para-
bolic collector. 
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ture area, Ay is the absorber area, FR is the heat gain factor, 
and (Id) represents the amount of direct radiation falling on the 
unit aperture area. α is the absorption rate of the absorber 
material, γ is the intercept factor, ρ is the reflectance rate of the 
reflective material, and τ is the transmittance coefficient of the 
transparent cover. UT is the total heat transfer coefficient from 
the absorber to the environment, and Tin is indicated by the 
fluid inlet temperature and the ambient temperature (Ta). 

The thermal efficiency of the concentrator and the useful 
thermal power of the collector are determined based on the 
aperture area of the parabolic collector and the rate of incident 
direct radiation. Accordingly, the theoretical thermal efficiency 
is calculated as follows [40]: 

 

( ) ( )y in au
0 R R T

a d a d

A T TQη F αρτ F U
A I A I

−
= = − . (3) 

 
When the inlet and temperatures of the fluid and the experi-

mental values such as the flow rate are known, the experimen-
tal thermal power can be calculated using the equation given 

below: 
 

( ) p out inQ m c T T= − . (4) 
 
Here, m is the mass flow rate (kg/sn), and Tout is the exit 

temperature of the fluid from the absorber. Thermal efficiency 
is defined as the ratio of the amount of HTF to the direct solar 
energy received by the total reflective surface. Accordingly, the 
experimental thermal efficiency is calculated as follows: 

 

a d

Q
A I

η = . (5) 

 
3. Calculation of total heat transfer coeffi-

cient 
For the heat gain and loss in the parabolic collector, the total 

heat transfer coefficient in the pipe must be calculated. The 
total heat transfer coefficient UT, which includes conduction 
from the absorber to the environment, convection, radiation, 
and heat losses, can be determined using Eq. (6) below [40]. 

 

( )

1

y
T

a bc rc w

A 1U
A h h h

−
⎡ ⎤

= +⎢ ⎥+⎢ ⎥⎣ ⎦
. (6) 

 
Absorber losses occur due to radiation and convection emit-

ted from the outer surface of the pipe to the environment. The 
radiation resistances in the pipe in terms of convection need to 
be calculated, as shown in the total heat transfer equation. 
Forced convection occurs on the outer surface of the glass 
tube due to ambient wind. Reynolds and Nusselt values need 
to be determined to meet the conditions of forced convection. A 
Nusselt value suitable for a horizontal glass pipe can be found 
in Ref. [41]. 

 
0.6 0.38cρ VDNu 0.25Re Pr

μ
= = . (7) 

 
After obtaining Nu from the equation, the forced (hbc) value is 

determined. 
The rate of heat transfer between surfaces due to radiation is 

influenced by the difference in surface temperatures raised to 
the fourth power. However, in many engineering applications, 
mathematical operations are performed to calculate the radia-
tion exchange between the glass tube and the environment, as 
shown in the equation below [42]. 

 
( )( )2 2

rc r c a c cevh T T T T= ε σ + + . (8) 

 
The radiation coefficient between the copper tube and the 

glass tube is determined using Eq. (8), where Tc is the trans-
parent cover temperature, σ is the Stefan–Boltzman constant, 

Table 2. Characteristics of PTC. 
 

Aperture of the collector  w 3350 mm  

Length of the collector L 4500 mm 

Aperture area of the collector  Aa 15 m2 

Depth of the collector  Ip 760 mm  
Focus of the parabola  f 920 mm 

Concentration ratio  c 14 

Rim angle  rrim 92° 
Outer diameter of glass tube  dc 100 mm 

Outer diameter of copper tube  db 76 mm 

 

 
Fig. 3. Aperture, height, and focal distance of the parabola. 

 

 
Fig. 4. Mirror edges aligned with the parabolic profile. 
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and εc is the radiation emission coefficient of the surface. The 
radiation between the copper tube and the glass tube is the 
radiation between two parallel plates and is calculated in terms 
of convection using Eq. (9) below. 

 
( )( )2 2

c cev c cev
w

r

r a c

σ T T T T
h

1 A 1 1
ε A ε

+ +
=

⎛ ⎞
+ −⎜ ⎟

⎝ ⎠

. (9) 

 
From Eqs. (7)-(9) above, the total heat loss coefficient for the 

absorber is calculated by substituting Eq. (6). 
The heat gain factor FR for the collector used in the useful 

power equation is found in the following Eq. (10). 
 

p y T
R

r T p

mc A U F
F 1 exp

A U mc

⎡ ⎤⎛
= − −⎢ ⎥⎜⎜⎢ ⎥⎝⎣ ⎦

.  (10) 

 
In this context, the collector efficiency factor F is not influ-

enced by the operating conditions but rather depends on the 
design of the collector. This value can be calculated using the 
equation below. 

 

T

d
d

id

T w i

1
UF

dd ln
d1 d

U h d 2k

=
⎛ ⎞
⎜ ⎟
⎝ ⎠+ +

. (11) 

 
When the values in Eqs. (10) and (11) are placed in their re-

spective positions, the heat gain factor FR is determined to be 
0.98. 

 
4. Results and discussion 

The experiments for this parabolic collector were conducted 
in Şanlıurfa (e = 37.1°) between 8 am and 5 pm. HTF was 
circulated at a low flow rate in this collector, which had dimen-
sions of 3.35 × 4.5 m. The primary goal was to improve the 
thermal performance of the PTC by enhancing the thermal 
efficiency of the thermal receiver, which is a critical element in 
a PTC system. The thermal performance of PTCs can be im-
proved through working on the internal structure and materials 
of the absorber. Alam et al. summarized key findings from the 
literature on conventional or nanofluidic HTFs by reviewing 
studies aimed at increasing efficiency in PTC absorbers [43]. 
By using Eq. (6) given above for the absorber used in the ex-
periment, the total heat transfer coefficient from the glass pipe 
to the environment was calculated to be around 10.4 W/m2 °C. 
Given that the copper pipe lacked a selective surface, an ab-
sorption rate of 0.82, a transmittance coefficient of 0.88 for the 
glass pipe, and a relatively low reflectivity (0.82) were chosen 
for the reflective surface given that it was not a mirrored sur-
face. An intersection factor of 0.95 was chosen due to frag-

mented nature of the reflective surface [44]. With these values, 
the theoretical thermal efficiency value was calculated to be 
around 54 %–58 % (Fig. 6). The experimental efficiency was 
determined using Eq. (5), which relied on the HTF inlet and 
outlet temperatures and flow rates from the experiment. Fig. 5 
shows that the curve depicting the experimental efficiency 
closely aligns with the theoretical thermal efficiency in the af-
ternoon. Based on the calculations using experimental data, 
the thermal efficiency ranged from 30 % to 39 %. Satpute 
found the thermal efficiency to be around 35 %–39 % for a 
parabolic collector [45]. 

The measured direct radiation value is around 400–
700 W/m2, which was obtained from the radiation measure-
ment center at Harran University’s Engineering Faculty. The 
experimental set was set up at a distance of 30 m from this 
measurement center. Theoretically, the parabolic collector (Fig. 
7) can generate approximately 5200 W of thermal power. The 
selected values for reflection rate, transmittance, and absorp-
tion coefficient in the theoretical calculation are effective. The 
experimental values closely align with the expected useful 
power value at noon. However, due to lower solar radiation 
intensity in the morning and evening, the thermal power values 
decrease accordingly. Calculations based on experimental 
values indicate that the experimental thermal power varies 
between 2000 and 3900 W (Fig. 6). 

Although the glass pipe temperature varies slightly in the ex-
perimental measurements in the collector, a noticeable align-
ment is observed among the ambient, glass pipe, and HTF 
inlet and outlet temperatures (Fig. 7). Considering the relatively 

 
 
Fig. 5. Theoretical and experimental thermal efficiency. 

 

 
 
Fig. 6. Theoretical and experimental thermal power and direct radiation 
values. 
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small size of the parabolic collector, the difference between the 
HTF inlet and outlet temperatures remains minimal. 

Fig. 8 shows the graph obtained by dividing the thermal data 
by the direct radiation and the inlet and ambient temperature 
values of the HTF. In this graph, the line equation for thermal 
efficiency exhibits a decreasing slope. Although the efficiency 
of the system is relatively low, it complies with the ASHRAE 93-
863 standard for thermal applications [46-49]. 

 
5. Conclusion 

In this collector with a compact area of 15 m2, temperatures 
of around 120–140 °C were obtained (Fig. 5). The theoretical 
thermal power is around 5 kW, and the experimental thermal 
power is around 4 kW (Fig. 7).  

Flat mirrors, which are similar to those used in Fresnel col-
lectors, were employed in this experimental set. These 11 cm-
wide flat mirrors were mounted on a parabolic surface, which 
resembles the configuration in Fresnel collectors. Considering 
that flat mirrors were placed on the parabolic surface, some of 
the rays escape from the focal center. Consequently, the ther-
mal and optical efficiency of this collector is lower than that of 
collectors using one-piece mirrors [36]. However, given the 
difficulty in acquiring parabolic monolithic mirrors in the market, 
they remain a favorable choice due to their ease of manufac-
ture. The heights and gaps between the mirrors should be 
minimized to enhance thermal efficiency. Similar to other stud-
ies, Arun worked on a hybrid system by placing flat mirrors on 
a parabolic surface as in Fresnel collectors. He found that the 
overall thermal efficiency in this hybrid system reached 39 % 

[34]. In the current experimental study, the theoretical thermal 
efficiency of the system was found to be around 55 %, and the 
experimental thermal efficiency during the day was found to be 
approximately 30 %–39 % (Fig. 6). 
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