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The vital elements of solar thermal technology are solar collectors, which collect solar
radiation and produce heat energy. They can be broadly divided into two categories:
focused and non-focused. Parabolic trough collectors belong to the type of focused
systems that accommodates reflected radiation into a centrally located receiver.
Parabolic collectors are commonly employed to fulfill process heat requirements. This
paper presents an experimental analysis of a parabolic solar concentrator using both flat
and parabolic reflectors. This study investigates the practical performance of a standard
and novel flat reflector integrated parabolic trough solar collector while maintaining
identical operational conditions. The novel collector's maximum thermal efficiency is
recorded as 55%, which is competitive with the standard parabolic trough collector's
performance. The average temperature difference of working fluid is 6.85°C, indicating
a 1.14°C increase compared to the standard parabolic trough collector that was
examined. The findings of this work provides vital information to researchers and
scientists working in this field.

1. Introduction

sourced from resources that can be regenerated
naturally [4-7]. Solar energy is the leading and

Global warming poses a significant and pressing
challenge for developing countries, demanding
urgent and effective solutions[1, 2]. One such
solution that has gathered considerable attention is
using renewable energy sources [1, 3]. An energy
source that is considered renewable has nearly zero
greenhouse gas and pollution emissions and is

readily available renewable source on earth for
generating heat energy[8, 9]. Solar radiation can be
absorbed by the solar collectors, which then convey
the energy to the working fluid in the form of heat
[10]. There are several kinds of solar concentrators,
including parabolic, flat-plate, and linear Fresnel
concentrators [10, 11]. A parabolic trough

“Corresponding Author Email: gunjan.kumar@upluniversity.ac.in

Cite this article: Kumar, G. , Galphade, A., Solanki, A., BN, S. and Vasava, K. (2025). A Comparative Analysis
of Standard and Flat Reflector Integrated Parabolic Trough Solar Collectors for Hot Water Generation. Journal
of Solar Energy Research, 10(Emerging Trends in Photothermal Conversion for Solar Energy Harvesting), 1-11.

doi: 10.22059/jser.2025.379565.1440

DOI: 10.22059/jser.2025.379565.1440


https://doi.org/10.22059/jser.2025.379565.1440

Kumar et al./ Journal of Solar Energy Research, Volume 10 (2025), 1-11

concentrator (PTC) is a collector that consists of
highly reflective reflectors. It exhibits linearity in one
dimension and takes on a parabolic shape along the
other two dimensions. [12-15]. The receiver is
positioned along the focus line of PTC to receive the
reflected radiations. [16, 17]. The PTC schematic
diagram is displayed in Figure 1.

y

Glass cover Receiver

PTC

Table 1.Characteristics of PTC

Parameters Remarks Sources

Collector Highest in line focus [24]

efficiency technology

Operating Cost is high due to [25,26]
cost tracking of reflector-

receiver assembly
Absorber is integrated [27]
with reflector and
participate in tracking
HTF Rotating absorber causes [28]
choice the leakage of HTF and
makes the choice |
limited

Absorber

Figure 1. Diagram of PTC [18]

Parabolic solar technology can be divided into two
main categories, each having its own uses and
implications [19]. Large-scale PTC falls under the
first type and is usually employed for energy
generation. Temperatures as high as 400°C can be
attained with this technology [20, 21]. Its importance
in electricity production cannot be overemphasized
because it supports in lowering the utilization of fossil
fuels and the release of greenhouse gas emissions.
Researchers and inventors around the world,
however, are particularly interested in the second
kind of PTC. This area encompasses applications
such as water distillation, food processing, air
conditioning and refrigeration, process heating, and
more [20]. Scientists and engineers have been
working hard to investigate the many opportunities in
this area for a variety of sustainable energy
applications. The core components of a PTC include
the reflector, receiver, supporting structure, tracking
system, and energy storage system [21]. Researchers
have optimized these components to enhance
collector efficiency and application adaptability. The
global effort to combat climate change and shift
towards cleaner, more sustainable energy sources is
aided by the advancement of heat transfer fluids, mass
flow rate control, intercept factor optimization,
reflectivity enhancements, and a variety of
applications of this technology in different sectors.
[22, 23]. The evolution and ongoing research in this
field are crucial steps towards mitigating the adverse
effects of global warming and building a more
sustainable future. The usual characteristics of
existing PTCs are illustrated in Table 1.

PTC has more than 130 years of history. In the
1880s, John Ericsson invented the PTC, which was
used to run a steam engine [29]. This concept was
applied for irrigation in the Nile river basin by
Shumand and Boys in 1912 [30]. Researchers were
attracted to the PTC system because of its versatility,
but the production of electricity remained the most
important usage because of the system's capacity to
generate temperatures as high as 400°C [31]. PTC
offers several benefits, including a large power
capacity, modularity, high efficiency, adaptability,
extended lifespan, and resistance to moisture. There
are also drawbacks, such as the need for a large
amount of land, the tracking system's high
maintenance  costs, the receiver's gradual
deformation, and the use of moving elements [32]. It
has been discovered that combining PTC systems as
backup support with traditional gas-based power
plants can boost plant output and lower the cost of
producing electricity [33]. Global CSP-based power
plant capacity was close to 1 GW as of 2010; this
amount is expected to rise by 7% and 25%,
respectively, by 2030 and 2050 [34]. In 2012, Ready
et al. [35] carried out an analysis of the generation of
electric power using water and oil as heat transfer
fluids (HTFs). Nanofluids are becoming more
popular for solar applications due to their superior
thermophysical characteristics[36]. Techno-
economic feasibility studies are conducted for 58
different solar thermal power plant locations in India
[35].

Researchers have shown interest in various
aspects of PTCs to unlock the full potential of this
technology for sustainable energy solutions [37-39].
Eleazar et al. [40] have exhibited a noteworthy design
innovation on PTC constructions. This innovation
lowered production costs and speeded up installation
by combining innovative manufacturing techniques
with well-chosen materials. It also improved
structural integrity. This particular PTC configuration
finds application in solar thermal systems that
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produce process heat. Additionally, this PTC design
has a novel tracking system that makes use of a
traction wheel mechanism. During testing, the PTC
reached a peak temperature of 80°C and a flow rate
of 0.5 litres per second, but with a slightly lower
efficiency of 60%. [40]. These developments
underscore the ongoing efforts to refine PTC
technology, making it more efficient, accessible, and
adaptable in pursuing sustainable energy solutions.

The reflector is the key component of PTC
technology, having a significant impact on collector
performance. In fact, the reflector's condition has a
major impact on the PTC's optical efficiency.
Reflectors come in many different shapes and sizes,
and common materials used are acrylic mirrors,
stainless steel sheets, aluminum foil, and aluminium
sheets. Testing was done on a prototype of PTC
composed of fiberglass-reinforced plastic and coated
in aluminium foil, which had a reflectivity of 0.86
[41]. A mild steel receiver covered in black proxy
material was also investigated, both with and without
a glass cover. The notable findings from these
investigations revealed an efficiency of 51% and 39%
when both with and without the glass cover were
considered. [41]. Sagade et al. [42] reported on test
results employing a different prototype PTC in a
separate study. In this case, a 10-micron-thick
aluminium foil was applied to the PTC's surface to
serve as a reflector. They carried out thorough
evaluations of many receivers and succeeded in
raising the temperature to 81.70°C by applying a
selective coating of silver chrome to the copper
receiver [42]. These results demonstrate the ongoing
progress in this sector by highlighting the importance
of reflector selection and its direct impact on PTCs'
performance and heat output.

Parabolic collector technology has grown
primarily because of receiver design innovations. A
rhombus-shaped receiver for PTCs was introduced by
Donga and Kumar [43], who showed a noteworthy
31.5% gain in performance over traditional circular
receivers with a comparable concentration ratio at a
90° rim angle. The rhombus-shaped receiver is
efficient at rim angles between 75° and 90°,
according to numerical simulations, and it maximizes
space utilization by having a 13.8% smaller footprint
than a circular receiver. Peng et al. [44] made a
significant contribution to this innovation by creating
a PTC single-pass absorber made entirely of glass. In
order to optimize the bellows that hold the absorber
tube, they performed numerical simulations. Their
efforts resulted in a temperature range of 540 K to 330
K, with a thermal efficiency range of 62% to 72%
[45]. Jafar et al. [45] examined the impact of conical
inserts inside the receiver tube. The conical strip
inserts improved the PTCs' thermal characteristics by

creating swirls, which raised the rates of heat transfer
and friction. Their findings demonstrated how
important it is to consider insert configuration and
receiver shape when designing PTC systems in order
to maximize system performance and thermal
efficiency. In an attempt to innovate, Upadhyay et al.
[46] have presented a unique PTC design that makes
it easier to assemble and transport while enabling the
simple replacement of important parts such as the
working fluid, reflector facet, and receiver pipe. A
notable feature of this design was its elimination of
flexible joints, addressing the issue of leakage often
associated with traditional receiver configurations. A
prototype PTC was rigorously examined during their
investigation to assess its practical, optical, and
thermal efficiencies. The study was carried out on
three different reflector materials (acrylic mirror,
aluminium sticker foil, and chrome sticker) and three
distinct receiver materials (copper, aluminium, and
G.l.), each tested with and without black graphite
paint coating. Notably, no glass cover was employed
on any receivers, reflecting a unique approach to PTC
design and its potential to meet specific energy needs
[46].

The literature study underlines how PTCs are
suitable for multiple domains due to their diversity in
terms of size, design, and temperature range. The aim
of this study is to examine the PTC's experimental
performance when integrated with flat reflectors. The
current work's novelty lies in its incorporation of flat
reflectors with a conventional parabolic reflector. The
development of a flat reflector combined parabolic
concentrator makes the concept unigue. The outcome
could encourage the relevant industries to meet their
industrial demands. The paper is arranged such that
Section 2 provides an illustration of the experimental
setup and process of the experimentation. Section 3
presents the results and discussion, and the remainder
of 4 concludes the work.

2. Materials and Methods
2.1. Experimental Set up

A testing setup was installed at an engineering
college located in Ankleshwar (21.6°N, 72.7°E),
India. The setup consists of a single parabolic trough
where a single fixed receiver is placed along the focal
line of a parabola. The parabolic trough is surrounded
by four flat reflectors that are carefully positioned to
focus sunlight onto the receiver. The parabolic trough
is kept stationary to keep the receiver steady.
Additionally, the fixed receiver removes the
restriction on the variety of heat transfer fluids
(HTFs). Components of the setup are depicted in
Figure 2. Flat reflectors are given a tracking facility
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to maximize the radiation on the receiver. Every flat
reflector includes a solar-powered tracking device
that operates independently under a controller's
direction. The schematic representation of the setup,
including the instrument locations, is illustrated in
Figure 3.

== ‘-.fiua:'g.‘t:v;:l;)h}ﬁhﬁ]‘ A ]
(©
Figure 2. (a) Flat reflector (b) Parabolic trough
(c) Absorber

Storage Flat plate reflector
with tracking

I | Outlet
Flat plate reflector Tank
with tracking

Anemometer
Solar power meter

Figure 3.Experimental setup schematic with
instrument location

The receiver is cylindrical and enclosed under a
protective glass cover to maximize solar energy
absorption. Figure 4 shows an actual photograph of
the experimental setup. Table 2 presents the
geometrical specifications of the components used in
the setup.

Figure 4. Photograph of the developed prototype

Table 2. Specifications of experimental setup

Name of Nos. Dimensions Materials
components
Parabolic 1 Length, L=  Acrylic
trough 1.23 m, Sheet
Width, W =
1m,
Aperture
area = 0.8m?
Flat 4 Length, Acrylic
reflector L=2m, Sheet
Width,
W=0.5m
Receiver 1 Diameter, Galvanized

D=1.25cm, Iron with
Length, L= glass
1.23m envelope

2.2. Experimentation Process

An appropriate testing protocol has been followed
to conduct the experimentation [47, 48]. Figure 5
depicts the experimental process flow chart based on
the chosen protocol. The temperature of the water,
solar radiation, wind speed, and surrounding air were
measured every ten minutes. Each experiment was
conducted twice to ensure the results could be
replicated across 5 hours (10:00 AM to 4:00 PM). The
collector was tested in the dynamic climatic
conditions of Ankleshwar, Gujarat, India, during the
month of April 2023.
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| Flushing of receiver pipes and connection |

v

| Cleaning of the reflector’s surface |

'

| Fixing the orientation of reflectors concerning the receiver |

'

Let the water flow in the receiver and fix the inlet valve
position for the desired flow rate

Reflectors are manually tracked throughout the experiment

!

Data such as inlet temp, outlet temp,
ambient temp, wind velocity and solar
radiation are recorded in 10 min interval till
the experimentation

Y
Recorded data imported from data loggers after the execution

Imported datais checked to confirm
1. Whether data loggers stopped
recording data at any point of time?
2. Whether any shade condition
experienced by system?

Repeat the experiment

Figure 5. Flow chart of the testing process

The system's performance is tested under clear-sky
conditions and over its operational temperature range.
Quasi-steady-state  conditions are wused for the
measurements. For the thermal evaluation, tap water is
the heat transfer fluid (HTF), with a low mass flow rate
maintained at 0.033 kg/s [49]. The flow rate is measured
using a simple but reliable technique that involves
precisely timed stopwatch readings and marked beakers.
A regulating valve is positioned to help regulate the flow
rate properly and maintain a constant flow rate during the
testing procedure. Precised and calibrated instruments
were used to take periodic measurements of variables,
including water inlet temperature (T;), exit temperature
(To), wind velocity (V), and solar insolation (I). Table 3
lists the instruments used to measure variables during the
experiment.

The following assumptions are made during the
experiment[48].

e System is in quasi
observation.

e Specific heat of water remains constant during
operation.

e All  measuring
parameters.

e Total solar energy reflected is fully utilized for
water heating.

e The mass flow rate of water during a set of
experiment remains constant.

steady-state  during

instruments show actual

Table 3.List of Instruments for the measurement of

parameters
Instruments Parameters
Pyrheliometer Solar
Range:2000W/m? radiation
Uncertainty = 0.58%
Temperature Sensor 100 Q PLT 4 Temperature
wire RTD /J Type Thermocouple
Accuracy: = 1°C, Range: 0-1200 °C
Anemometer Air velocity

Accuracy within £ 5%, Air velocity
Range 0.4 — 30 m/s
Uncertainty = 0.17

The performance of the collector is assessed based on
temperature difference, heat generation, and thermal
efficiency [47, 48]. The temperature difference, AT
has been computed by subtracting the exit
temperature of hot water from the inlet temperature
of water.

Qe = me Cp AT (1) [50]
1 1 Do Dulng—‘z

T () [49]
T 3) [49]
Q- = (FR) Aully — (F2) Ui(T, = T (4) [49]
en = oo (5) [51]

Equation (1) is used to evaluate the useful heat energy
gained by water Q.. Equation (2) describes the overall
heat transfer coefficients from the liquid to the
surrounding in  association with conduction,
convection, and radiation. The overall heat loss is
linked to the overall heat transfer coefficient. Overall
heat loss is calculated using the available solar energy
at the receiver and the exit temperature of water or
steam. U, and U; stand for overall heat transfer and
inside heat transfer coefficients, respectively. The
outside and inside diameters of the receiver are
designated as D, and Dj, respectively. The thermal
conductivity and convective heat transfer coefficient
are denoted by K and h;, respectively. The effects of
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convection and radiation are considered in equation
(3). The coefficients of wind heat transfer and surface
heat transfer are hy, and h, respectively. Equation (4)
represents the heat received by receiver, Q; using the
energy balance equation across the absorber pipe,
accounting for all forms of losses and governing
parameters. FR stands for heat removal factor,
whereas Ap and Aa represent receiver and effective
reflector area, respectively. I, represents the beam
radiation, while T, and T, denote the receiver and
ambient  temperature,  respectively.  Collector
efficiency can be determined using equation (5) [51].

3. Results and Discussion

The experimental outcomes and thermal analysis
of the collector are covered in this section. The setup
was installed and tested at the testing site's open
location. During the entire experimentation period, an
average beam radiation of 536.42 W/m? was
recorded. The observed average wind speed and
ambient temperature are 2.3 m/s and 33.95 °C,
respectively. The measurement and assessment of
crucial performance parameters are presented in
Table 4.

Table 4.Experimental outcomes of a novel
collector in April 2023

Time T, To AT V | Qr Qa

Hrs. °C °C °C m/s W/m? Watt Watt

10:00 257 291 33 22 681 1942 473

11:00 262 332 71 22 902 2571 974

12:.00 271 377 105 17 1012 2893 1476

13:00 291 413 123 14 1104 3141 1726

14:00 291 373 81 26 963 2745 1113

15:00 283 326 44 29 795 2279 627

16:00 282 302 21 25 487 1396 278

In parallel, experimental data were also collected
for a conventional PTC during these same test
conditions. The thermal efficiency (nm) and
temperature difference (AT) were calculated and are
presented in Table 5 for varying time durations.
Notably, the novel collector consistently exhibited
higher temperature differences due to flat reflector
tracking. However, it was found that the novel
collector's efficiency was somewhat lower, which

was caused by the smaller temperature differential
ratio to the aperture area. These results provide
important new information about the benefits and
drawbacks of changing the collector design in a
search for more sustainable and effective solar energy
systems. Figure 6 shows the variation in solar
radiation during the experiment. The sun's position
and associated solar angles determine how radiation
varies. It has been shown that radiation rises, peaks,
and then starts to fall during the execution period. It
is noteworthy that the solar radiation peaks at 13:00
hours, reaching a remarkable 1100 W/m?, and then
begins to decrease.

Table 5. Performance comparison of collectors,
April, 2023

Conventional Novel PTC (Flat

Time reflector
PTC integrated)
Hrs.  AT(°C) (’;/‘:) AT(°C)  nn (%)

10:00 2.5 25.2 3.41 24.35
11:00 5.8 38.2 7.0 37.80

12:00 8.7 52.3 10.5 50.98
13:00 11.0 56.1 12.4 54,93
14:00 6.5 41.7 8.1 40.57
15:00 3.7 28.3 4.5 27.47
16:00 1.2 20.8 2.1 19.92
1200 T

«~ 1000

E

E 800 -

-.g 600 -

2 a0

§ 200 +

0 t t : : : t i

10:00 11:00 12:00 13:00 14:00 15:00 16:00
Time(Hrs)

Figure 6. Variation of solar radiation, April 2023

Hot water has been produced at the receiver's outlet.
During the testing, the water temperatures at the
collectors' input and exit are continuously monitored.
The monthly average temperature difference of
working fluid are shown in Figure 7. It is noteworthy
that, although the mean temperature difference is
claimed to be 6.85°C, the largest differential between
the two collectors was just 1.8°C. Maximum
temperatures are typically recorded between 12:00
p.m. and 1:00 p.m. because of the sun's overhead
position. The substantial heat flux available at the
receiver that arises from tracking flat reflectors leads
to higher exit temperature values for novel collectors.
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14
—4—Flat reflector
integrated PTC

= Conventional
PTC

12 +

10 T

AT(°C)
(4]

t t t t t t |
10:00 11:00 12:00 13:00 14:00 15:00 16:00
Time(Hrs)

Figure 7. Variation of temperature difference, April
2023

Using equation (5), the thermal efficiency of each
collector was determined. Figure 8 displays the
thermal efficiency of both collectors under the same
environmental conditions. It is clear that both
collectors' performance patterns are almost exactly
the same, with very slight variations seen over time.
The integrated area of the reflecting surface results in
a slightly decreased thermal efficiency for the flat
reflector integrated collector. The highest recorded
thermal efficiency was 54.94% at 13:00 hours, while
the lowest recorded thermal efficiency was 19.93% at
16:00 hours.

60 1 =4—Flat reflector
integrated PTC

== Conventional

PTC

50 T

40 1

30 T

20 T

Thermal efficiency(%)

10 +

0 + + t t + t {
10:00 11:00 12:00 13:00 14:00 15:00 16:00
Time(Hrs)

Figure 8. Variation of thermal efficiency, April 2023

These results highlight the superior performance and
potential thermal efficiency of the novel collector. In
an attempt to conduct a comparison analysis, Figure
9 compares and displays the performance of the
collectors under similar climatic condition. Table 6
illustrates the salient features of a developed
collector.

Table 6. Features of Novel PTC

Parameters Remarks

Receiver position
HTF’S Choice

Tracking cost

Thermal efficiency  Almost same due to higher

temperature difference
Fixed as trough is stationary

Not limited to water as receiver
position is stationary

Less due to tracking of only flat
reflectors

Temperature

difference flat reflectors

High due to continuous tracking of

M Average AT(°C) ™ Average nth (%)

40 37.5 36.6

g 572 6.85

Flat reflector integrated PTC

Performance parameters

Conventional PTC

Collectors

Figure 9. Performance comparison of conventional
PTC and flat reflector integrated PTC

4. Conclusions

. Parabolic concentrators are noted for their
remarkable optical behaviour, making them a
popular choice for heating applications.
However, PTC is difficult to operate and deploy
due to factors such as receiver mobility,
tracking costs, the selection of appropriate heat
transfer fluids, manufacturing complexity, and
SO on.

. In this work, the objective is to leverage on the
combined advantages of parabolic trough and
flat linear reflectors, successfully reducing the
drawbacks. Tracking devices are carefully
implemented  for the flat  reflectors,
considerably ~ decreasing  tracking-related
expenses.

. A combination of parabolic troughs and flat
linear reflectors creates novel configurations.
While flat reflectors expand the aperture, the
parabolic trough adds optical performance
characteristics. The parabolic trough is kept in a
constant position to ensure that the receiver
remains stationary.

Experimental testing is done on the prototype.
Measured output parameters under the same
circumstances are compared to the conventional
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PTC. The graphs are plotted to notice and
contrast the patterns of parameter variations
throughout the day. Water has an average
temperature difference of 6.85 °C, which is 1.14
°C higher than conventional PTC. It has been
noticed that the novel prototype has a thermal
efficiency of up to 54.94%, which is little lower
than the standard PTC. Novel collector presents
a strong possibility for solar energy systems that
are both efficient and sustainable.

Future Work

It is expected that altering the receiver surface
geometry will improve the performance of the
tested novel collector. Furthermore, the
application of solar selective coatings can
greatly improve performance. The
improvement of heat transfer can be
significantly impacted by the use of nano fluids.
It is required to accompany the collector with a
system to store the sensible and latent heat.

Nomenclature

Aa Effective reflector area (m?)

Ap Receiver area (m?)

Cp Specific heat capacity (kJ/kg K)

D Diameter (m)

Di Inside diameter of the receiver (m)

Do Outside diameter of the receiver (m)
FR Heat removal factor

hi Convective  heat transfer  coefficient
(W/m2K)

hr Coefficients of surface heat transfer
(W/m2K)

hw Coefficients of wind heat transfer (W/m?K)
I Solar insolation (W/m?)
Io Beam radiation (W/m?)
Thermal conductivity (W/mK)
L Length (m)

mt Mass flow rate (kg/s)

Qa Useful heat gain by water (W)

Qr Heat available at receiver (W)

Ta Ambient temperature (° C)

Ti Water inlet temperature (° C)

To Water exit temperature (° C)

Tp Receiver temperature (° C)

Ui Inside heat transfer coefficients (W/m2K)

Uo Overall heat transfer coefficients (W/m?K)
\Y Wind velocity (m/s)
Width (m)
7th Thermal efficiency (%)
AT Temperature difference (°C)
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