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In recent years, solar parabolic trough collectors (PTCs) have gained significant attention as a
promising solution in the field of renewable energy. They continue to be a subject of active
research and development due to their potential for efficient solar energy utilization. Given the
growing importance of this technology, the present study reviews various academic
contributions related to PTCs. It aims to identify key research trends, highlight existing gaps in
the literature, and outline the objectives of the proposed research based on these findings.
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1. Introduction

Parabolic Trough Collectors (PTCs) are among the most widely adopted and reliable
technologies in the field of concentrated solar power (CSP), accounting for over 80% of CSP
installations worldwide. (Hamada et al., 2022; Wang et al., 2021). One of the major advantages
of PTCs is their ability to achieve high operating temperatures—reaching up to 400°C with
thermal oils and up to 600°C when using molten salts. These high temperatures significantly
improve the efficiency of converting solar energy into usable power (Bellos & Tzivanidis,
2018; Bellos et al., 2018). To maintain consistent energy capture throughout the day, PTC
systems typically track the sun along a single axis, allowing for efficient performance across
various geographic locations (Wang et al., 2016; Ghazzani et al., 2017).

Beyond electricity generation, Parabolic Trough Collectors (PTCs) are increasingly being
explored for a variety of industrial applications. These include water desalination, process
heating in factories, and other thermal energy needs (Ghazzani et al., 2017; Tagle-Salazar et
al., 2020). Their adaptability, combined with ongoing technological advancements, makes
PTCs especially promising for deployment in sun-rich regions. As the systems become more
efficient and cost-effective to manufacture and install, industries are finding it more feasible
to integrate them into their operations (Bravo et al., 2018; Tagle-Salazar et al., 2020). Overall,
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PTCs are emerging as a key player in addressing global energy challenges while contributing
to a more sustainable and environmentally friendly future.

Research has shown that several factors—such as the reflectivity of the mirrors, the precision
of their alignment, and the choice of heat transfer fluid—play a critical role in determining
system efficiency (Natraj et al., 2022; Lotake & Wagh, 2019). To address these challenges,
researchers are exploring advanced materials like nanofluids, which offer improved thermal
conductivity and heat absorption properties (Kasaeian et al., 2019; Amin et al., 2022).
Additionally, innovative design improvements—such as incorporating spiral-shaped receiver
tubes (helical pipes)—have been introduced to enhance heat distribution and reduce
mechanical stress on components (Arun et al., 2023; Allam et al., 2022). These technological
advancements are making PTC systems more efficient, durable, and dependable, reinforcing
their role in the global transition to clean and sustainable energy sources.

Considering these facts, the present research work focuses on different academic aspects solar
parabolic trough collectors, and concludes with gaps in the research, and objectives of a novel
research.

2. Overview of PTCs and Alternate Technologies

A solar parabolic trough collector is basically a curved mirror that follows the sun and focuses
its light onto a pipe. The concentrated sunlight heats up fluid flowing through the pipe to
around 400°C. This hot fluid can then be used to make electricity or provide heat for industrial
uses. The system has three main parts: the curved mirror, the heated pipe, and a motor that
turns everything to track the sun throughout the day. It's a simple but effective way to capture
solar energy and turn it into useful heat. (Hamada et al., 2022; Bellos et al., 2018; Bellos &
Tzivanidis, 2017). PTC technology plays a dominant role in the concentrated solar power
(CSP) sector, accounting for more than 80% of global CSP installations, highlighting its
critical role in advancing renewable energy solutions (Wang et al., 2021; Kumar, 2013). A
schematic diagram of a PTC system is presented in Figure 2.1.
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Figure 2.1: Schematic Arrangement of PTC (Singh and Chandra, 2023)

Table 2.1 shows the timeline of PTC.

Table 2.1: Timeline of PTC

Year/Period

Milestone/Development

Key Details

1870s-1880s

Early Concepts & First
PTC

Auguste Mouchout and John Ericsson
experimented with solar concentrators for steam
generation.

1912-1913

First Large-Scale PTC
Plant

Frank Shuman built a 55 HP solar-powered
steam engine in Egypt using parabolic troughs.

1950s-1960s

Renewed Interest in
Solar Energy

Research on concentrated solar power (CSP)
resurged due to the energy crisis and
advancements in materials.

1970s First Modern PTC U.S. Department of Energy (DOE) initiated
System studies on CSP technology, leading to prototype
PTC designs.
1980s SEGS (Solar Energy The world’s first commercial PTC-based power
Generating Systems) in | plant (SEGS-I) was installed in the Mojave
California Desert. Subsequent SEGS plants (II-IX) were
built, reaching a total capacity of 354 MW.
1990s Technological Improved receiver coatings, better tracking
Refinements systems, and more efficient heat transfer fluids
enhanced PTC efficiency.
2000s Global Expansion & Countries like Spain, India, and China adopted

New Materials

PTC technology for large-scale solar thermal
power projects. Innovations in selective
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coatings and vacuum-insulated receivers
improved performance.
2010s Integration of Development of molten salt-based PTC for
Advanced Fluids & improved thermal storage and nanofluids for
Storage better heat absorption. Hybrid CSP-PV plants
were also introduced.
2020s- AI-Optimized Artificial intelligence and loT-enabled tracking
Present Tracking & Hybrid systems enhance efficiency. Hybrid solar-
Systems biomass and solar-thermal storage systems
improve reliability. Research continues on
improving nanofluids, coatings, and mirror
reflectivity.

The efficiency of a Parabolic Trough Collector (PTC) is significantly influenced by the
precision of the reflector's design and alignment. Even minor deviations in the curvature or
orientation of the reflector can lead to substantial optical and thermal losses, emphasizing the
need for highly accurate manufacturing and assembly techniques (Natraj et al., 2022; Arun et
al.,2023). The choice of materials used in constructing the collector is also critical to its overall
performance. Recent studies have demonstrated that the use of hybrid nanofluids as heat
transfer fluids (HTFs) can offer improved thermal efficiency compared to traditional fluids
(Khalil et al., 2020; Garcia-Valladares & Velazquez, 2009). Furthermore, advancements in
receiver technology—such as the integration of composite materials and innovative features
like cylindrical inserts within the receiver tube—have been developed to enhance heat
absorption and reduce thermal losses (Bellos & Tzivanidis, 2017; Bellos et al., 2018).

Ongoing research efforts continue to focus on optimizing Parabolic Trough Collector (PTC)
systems to enhance their overall performance and efficiency. Geometric parameters of the
trough—such as the aspect ratio and the diameter of the receiver tube—have been shown to
significantly influence thermal efficiency (Wang et al., 2016; Pathak & Mohan, 2019). In
addition, advancements in tracking mechanisms contribute to more accurate solar alignment,
ensuring consistent energy capture throughout the day. Emerging technologies, including self-
regulating spectral coatings and next-generation heat exchangers integrated into the receiver,
are showing considerable promise in improving energy absorption and conversion efficiency
(Wang et al., 2021; Bader et al., 2015). With ongoing design enhancements and material
innovations, PTCs are poised to become even more efficient and cost-effective, reinforcing
their role in the global shift toward sustainable energy. Table 2.2 provides a comparative
overview of advancements across various components of PTC systems.

Table 2.2: Advancements in different parts of a PTC

Key Advantag | Disadvantag | Applicatio
Features es es ns

Category Variant
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Based on | Conventional Standard Proven Higher Large-scale
Collector Parabolic continuous design, manufacturin | CSP plants,
Geometry Trough parabolic widely g and industrial
reflector used transport heating
costs
Compact/Seg Uses Easier to Slightly Medium-
mented PTC modular manufactu | lower optical | scale solar
mirror re and efficiency thermal
segments transport applications
V-Shaped Split Improved Complex High-
Parabolic reflector optical assembly efficiency
Trough with two efficiency, solar
angled simpler heating
mirrors tracking systems
Based on | Vacuum Tube Glass Minimal Expensive Power
Receiver Receiver envelope heat loss, fabrication generation,
Design with high high-temp
vacuum temperatur CSp
insulation e
capability
Non-Vacuum Uses Lower Higher heat Medium-
Insulated ceramic or cost, loss temp
Receiver air simpler industrial
insulation | manufactu heating
ring
Direct Absorbs Enhanced Fluid Nanofluid-
Absorption sunlight heat selection based solar
Receiver directly into | transfer, challenges thermal
working higher systems
fluid efficiency
Based on Single-Axis Tracks the Simple, Limited sun | Most CSP
Tracking Tracking sun in one cost- exposure at power
Mechanis PTC direction effective | certain angles plants,
m industrial
heat
Dual-Axis Tracks both | Maximizes High High-
Tracking horizontal solar mechanical precision
PTC & vertical | absorption | complexity, solar
angles expensive applications
Fixed Focus Static Reduces | Less efficient | Industrial
PTC receiver, wear on than full heating,
moving tracking tracking small-scale
mirrors system systems CSp
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Based on Water-Based | Uses water Simple Limited to Solar water
Working PTC as heat and cost- | low-medium heating,
Fluid transfer effective | temperatures | process heat
fluid
Oil-Based Uses High Requires CSP plants,
PTC thermal oil thermal secondary industrial
for heat stability, heat heating
transfer better exchanger for
storage power gen
Molten Salt | Uses molten | Enables High initial CSP with
PTC salt for heat long- cost, salt thermal
storage duration freezing risk storage,
energy hybrid
storage plants
Nanofluid- Uses Improves Complex Advanced
Based PTC | nanoparticle | thermal fluid solar
s to enhance | conductivit | preparation thermal
heat Y, and stability | applications
absorption | increases issues
efficiency
Table 2.3 shows the technologies alternate to PTCs.
Table 2.3: Alternatives to PTCs
Technology W(.)rk.ing Efficienc | Advantage Disadvantages Applicatio
Principle y s ns
Solar Heliostats | High (up Higher High land Large-scale
Power focus to 50%) | temperature usage, power
Tower sunlight , better expensive generation
onto a thermal
central storage
tower
Linear Flat mirrors | Medium | Lower cost Lower Industrial
Fresnel focus light (30- than PTC, efficiency, heat, steam
Reflector onto a 40%) simple optical losses generation
(LFR) linear design
receiver
Parabolic | Dish mirror Very High Complex Small-scale
Dish focuses High concentrati | tracking, high power,
Collector light on a (50- on, efficient cost hybrid
single point 60%) solar
systems

Nanotechnology Perceptions 20 No. S13 (2024) 2629-2641




State-Of-The-Art Review On Solar ... Nitesh Rane, et al. 2635

Photovoltai | Converts Variable | No moving | Energy storage | Residential
c (PV) sunlight (15- parts, easy required, &
Panels directly into 25%) installation weather- commercial

electricity dependent power
supply

Compound | Uses non- Low- Works Lower Water

Parabolic imaging Medium without efficiency heating,
Collector optics for (10- tracking, compared to desalinatio
(CPO) light 30%) cost- PTC n, low-

concentrati effective temp heat
on
Solar Uses solar- | Low (5- Simple Requires large Power
Chimney heated air 15%) design, low | structures, low | generation
Power to drive maintenanc efficiency in hot
Plant turbines e climates
Solar Pond Utilizes Low (5- Cost- Large area Industrial
salt- 15%) effective, required, slow heating,
gradient to passive heat | heat transfer desalinatio
trap heat in storage n
water
Thermoph Converts Medium High Expensive High-
otovoltaic infrared (20- energy materials, temperature
(TPV) radiation 40%) density, emerging heat-to-
Systems into direct technology electricity
electricity conversion conversion
Molten Uses High Efficient High Large-scale
Salt Solar | molten salt (40- energy installation cost | CSP plants,
System for heat 50%) storage, grid power
storage and long- supply
transfer duration
power
supply

3. Scenario of Research in the Field of PTCs

Figure 3.1 illustrates research contributions over the past five years (2019-2023) on Solar
Parabolic Trough Collectors, comparing global publications with those from Indian
researchers. The dark color represents worldwide contributions, while the light color
highlights contributions from India.
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Figure 3.1: Research Publications showing contributions of researchers in last five
years for the keywords Solar Parabolic Trough Collectors

The radar graph shows a steady increase in research activity, with global contributions peaking
around 5000 publications in 2023, whereas Indian contributions remain significantly lower in
comparison. Despite this disparity, Indian research output has shown gradual growth over the
years.

The five-year trend indicates that while Indian researchers are making progress in this domain,
their contributions are still a small fraction of global research. This suggests a need for more
focused efforts in India to enhance research output on Solar Parabolic Trough Collectors,
possibly through increased funding, collaborations, and policy support. The figure effectively
highlights the gap between global and Indian research contributions, emphasizing the scope
for further development in this field.

4. Contributions of Researchers in the field of PTCs

As these technological developments continue, PTCs are becoming an increasingly vital
component in the global transition toward sustainable and renewable energy production. The
design of parabolic trough collectors (PTCs) leverages parabolic-shaped reflectors to
concentrate solar radiation onto an absorptive receiver, thereby enhancing thermal efficiency
and overall cost-effectiveness. Recent studies by Hamada et al. (2022) demonstrate that the
use of mono and hybrid nanofluids as heat transfer fluids can significantly improve the thermal
performance of PTC systems, suggesting valuable directions for future collector designs.
Additionally, research by Natraj et al. (2022) underscores the critical role of maintaining high
shape accuracy in reflectors; even slight deviations can lead to notable reductions in efficiency,
highlighting the need for precision in PTC fabrication and alignment. Continuous efforts to
optimize the optical properties and geometrical configurations of PTCs are essential for
maximizing energy output, and remain a central focus of ongoing research (Bellos &
Tzivanidis, 2018).
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Recent studies, such as those by Arun et al., have explored various receiver designs—including
configurations using stainless steel and glass-coated copper tubes—with the goal of enhancing
thermal absorption and overall system efficiency (Singh & Chandra, 2023). In parallel, Bellos
and Tzivanidis have evaluated a range of thermal enhancement strategies, emphasizing the
importance of advanced working fluids and innovative receiver designs in achieving optimal
thermal performance at temperatures reaching up to 400 °C (Arun et al., 2023). Furthermore,
research by Abdel-Hady et al. underscores the ongoing search for sustainable and cost-
effective materials, reinforcing the dynamic evolution of PTC technology within the broader
context of solar energy innovation (Bellos & Tzivanidis, 2017).

Furthermore, the integration of advanced technologies—such as dynamic modeling and
simulation—has significantly enhanced the understanding of Parabolic Trough Collector
(PTC) system performance, operational efficiency, and scalability. For example, Luo et al.
highlighted the importance of dynamic modeling techniques to evaluate thermal behavior and
optimize PTC performance across varying operating conditions (Abdel-Hady et al., 2016).
This approach reflects a broader trend of employing computational methods for detailed
performance analysis, ensuring that future solar energy systems are both efficient and cost-
effective (Luo et al., 2015). The economic aspect of PTC technology is equally critical. Tian
et al. examined the thermo-economic optimization of hybrid solar district heating plants
incorporating PTCs, underscoring the necessity of integrating economic considerations
alongside technical design to promote sustainable development (Tagle-Salazar et al., 2020).

S. Gaps in the Research and Objectives of Proposed Research

During the survey of available research, the following research gaps were found:

a) There were very less papers found which focused on the analysis of PTCs for long
durations; and

b) There were very few research papers which focused on changes receiver pipe materials,
reflector sheet materials, and heat transfer fluids, simultaneously.

Based on the investigated gaps, following are the objectives of proposed research:

a) Determination of performance parameters for long runs; and

b) Investigations on performance parameters with different combinations of receive pipe
materials, reflector sheet materials and heat transfer fluids.

6. Concluding Remarks

The present research work was devoted to the academic contributions in the field of solar
PTCs, which highlighted different unique characteristics as well as research aspects about
PTCs, which are necessary for researchers and practicing engineers for making baseline
assessment of upcoming research in the field. Considering the dire need of the time, the
research may be considered as one of the smaller steps in the field of green energy.

References and Web Resources

Nanotechnology Perceptions 20 No. S13 (2024) 2629-2641



2638 State-Of-The-Art Review On Solar ... Nitesh Rane et. al.

10.

11.

12.

13.

14.

15.

Abdel-Hady, F., Shakil, S., Hamed, M., Al-Zahrani, A., & Mazher, A. (2016). Design, simulation
and manufacturing of an integrated composite material parabolic trough solar collector.
International Journal of  Engineering and Technology, 8(5), 2333-2345.
https://doi.org/10.21817/ijet/2016/v8i5/160805005

Alamr, M. and Gomaa, M. (2022). A review of parabolic trough collector (ptc): application and
performance comparison. International Journal of Applied Sciences & Development, 1, 24-34.
https://doi.org/10.37394/232029.2022.1.4

Allam, M., Tawfik, M., Bekheit, M., & El-Negiry, E. (2022). Experimental investigation on
performance enhancement of parabolic trough concentrator with helical rotating shaft insert.
Sustainability, 14(22), 14667. https://doi.org/10.3390/su142214667

Amin, M., Umar, H., Amir, F., Ginting, S., Sudarsana, P., & Septiadi, W. (2022). Experimental
study of a tubular solar distillation system with heat exchanger using a parabolic trough collector.
Sustainability, 14(21), 13831. https://doi.org/10.3390/su142113831

Arun, C., Abhimannue, A., & Sukumaran, S. (2023). Comparative performance analysis of
stainless-steel tube and glass coated copper tube receiver in parabolic trough collectors for
enhanced thermal efficiency. Current Journal of Applied Science and Technology, 42(48), 52-62.
https://doi.org/10.9734/cjast/2023/v421484330

Arun, C., Abhimannue, A., & Sukumaran, S. (2023). Comparative performance analysis of
stainless-steel tube and glass coated copper tube receiver in parabolic trough collectors for
enhanced thermal efficiency. Current Journal of Applied Science and Technology, 42(48), 52-62.
https://doi.org/10.9734/cjast/2023/v421484330

Arun, C., Abhimannue, A., & Sukumaran, S. (2023). Comparative performance analysis of
stainless-steel tube and glass coated copper tube receiver in parabolic trough collectors for
enhanced thermal efficiency. Current Journal of Applied Science and Technology, 42(48), 52-62.
https://doi.org/10.9734/cjast/2023/v421484330

Arun, C., Abhimannue, A., & Sukumaran, S. (2023). Comparative performance analysis of
stainless-steel tube and glass coated copper tube receiver in parabolic trough collectors for
enhanced thermal efficiency. Current Journal of Applied Science and Technology, 42(48), 52-62.
https://doi.org/10.9734/cjast/2023/v421484330

Bader, R., Pedretti, A., Barbato, M., & Steinfeld, A. (2015). An air-based corrugated cavity-
receiver for solar parabolic trough concentrators. Applied Energy, 138, 337-345.
https://doi.org/10.1016/j.apenergy.2014.10.050

Bellos, E. and Tzivanidis, C. (2017). Assessment of the thermal enhancement methods in parabolic
trough collectors. International Journal of Energy and Environmental Engineering, 9(1), 59-70.
https://doi.org/10.1007/s40095-017-0255-3

Bellos, E. and Tzivanidis, C. (2017). Assessment of the thermal enhancement methods in parabolic
trough collectors. International Journal of Energy and Environmental Engineering, 9(1), 59-70.
https://doi.org/10.1007/s40095-017-0255-3

Bellos, E. and Tzivanidis, C. (2018). Analytical expression of parabolic trough solar collector
performance. Designs, 2(1), 9. https://doi.org/10.3390/designs2010009

Bellos, E., & Tzivanidis, C. (2018). Analytical expression derivation for thermal performance.
Thermal Science and Engineering Progress, 6, 322-329.

Bellos, E., & Tzivanidis, C. (2018). Analytical performance modeling of parabolic trough
collectors. Energy Conversion and Management, 168, 206-221.

Bellos, E., Daniil, 1., & Tzivanidis, C. (2018). A cylindrical insert for parabolic trough solar
collector. International Journal of Numerical Methods for Heat & Fluid Flow, 29(5), 1846-1876.
https://doi.org/10.1108/hff-05-2018-0190

Nanotechnology Perceptions 20 No. S13 (2024) 2629-2641



State-Of-The-Art Review On Solar ... Nitesh Rane, et al. 2639

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Bellos, E., Daniil, 1., & Tzivanidis, C. (2018). A cylindrical insert for parabolic trough solar
collector. International Journal of Numerical Methods for Heat & Fluid Flow, 29(5), 1846-1876.
https://doi.org/10.1108/hff-05-2018-0190

Bellos, E., Daniil, 1., & Tzivanidis, C. (2018). Energetic and financial optimization of solar heat
industry process with parabolic trough collectors. Designs, 2(3), 24.
https://doi.org/10.3390/designs2030024

Bellos, E., Tzivanidis, C., & Antonopoulos, K. A. (2017). Daily performance analysis of parabolic
trough collectors. Renewable Energy, 114, 1201-1215.

Bellos, E., Tzivanidis, C., & Antonopoulos, K. A. (2017). Daily performance metrics of solar PTCs.
Renewable Energy, 114, 1201-1215.

Bravo, I., Pérez-Aparicio, E., Sancho-Caparrini, N., & Silva, M. (2018). Benefits of medium
temperature solar concentration technologies as thermal energy source of industrial processes in
spain. Energies, 11(11), 2950. https://doi.org/10.3390/en11112950

Freedman, J., Wang, H., & Prasher, R. (2018). Analysis of nanofluid-based parabolic trough
collectors for solar thermal applications. Journal of Solar Energy Engineering, 140(5).
https://doi.org/10.1115/1.4039988

Garcia-Valladares, O. and Velazquez, N. (2009). Numerical simulation of parabolic trough solar
collector: improvement using counter flow concentric circular heat exchangers. International
Journal of Heat and Mass Transfer, 52(3-4), 597-609.
https://doi.org/10.1016/j.ijjheatmasstransfer.2008.08.004

Ghazzani, B., Plaza, D., Cadi, R., Ihlal, A., Abnay, B., & Bouabid, K. (2017). Thermal plant based
on parabolic trough collectors for industrial process heat generation in morocco. Renewable
Energy, 113, 1261-1275. https://doi.org/10.1016/j.renene.2017.06.063

Ghazzani, B., Plaza, D., Cadi, R., Ihlal, A., Abnay, B., & Bouabid, K. (2017). Thermal plant based
on parabolic trough collectors for industrial process heat generation in morocco. Renewable
Energy, 113, 1261-1275. https://doi.org/10.1016/j.renene.2017.06.063

Gowda, A. and Dassappa, S. (2020). Thermal performance on parabolic solar trough collector by
using rgo/water nanofluid. International Journal of Recent Technology and Engineering, 8(6),
1406-1411. https://doi.org/10.35940/ijrte.f7462.038620

Hachicha, A. A., Rodriguez, 1., & Belghith, A. (2013). Heat transfer analysis and modeling in
parabolic trough solar collectors. Applied Energy, 109, 633—-646.

Hachicha, A. A., Rodriguez, 1., & Belghith, A. (2013). Numerical heat transfer modeling for
parabolic troughs. Renewable Energy, 57, 652—-660.

Hachicha, A. A., Rodriguez, 1., & Belghith, A. (2019). Modeling for high-temperature parabolic
trough collectors. Renewable and Sustainable Energy Reviews, 100, 325-336.

Hamada, H. M., Almuhayya, A. A., & Alquraishi, A. A. (2022). Performance enhancement of PTCs
using mono and hybrid nanofluids. Journal of Thermal Analysis and Calorimetry, 147(5), 2987—
3002.

Hamada, M., Ehab, A., Khalil, H., Al-Sood, M., Kandeal, A., & Sharshir, S. (2022). Factors
affecting the performance enhancement of a parabolic trough collector utilizing mono and
hybrid nanofluids: a mini review of recent progress and prospects. Journal of Contemporary
Technology and Applied Engineering, 1(1), 49-61.
https://doi.org/10.21608/jctae.2022.152256.1007

Hamada, M., Ehab, A., Khalil, H., Al-Sood, M., Kandeal, A., & Sharshir, S. (2022). Factors
affecting the performance enhancement of a parabolic trough collector utilizing mono and
hybrid nanofluids: a mini review of recent progress and prospects. Journal of Contemporary
Technology and Applied Engineering, 1(1), 49-61.
https://doi.org/10.21608/jctae.2022.152256.1007

Nanotechnology Perceptions 20 No. S13 (2024) 2629-2641



2640 State-Of-The-Art Review On Solar ... Nitesh Rane et. al.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Hamada, M., Ehab, A., Khalil, H., Al-Sood, M., Kandeal, A., & Sharshir, S. (2022). Factors
affecting the performance enhancement of a parabolic trough collector utilizing mono and
hybrid nanofluids: a mini review of recent progress and prospects. Journal of Contemporary
Technology and Applied Engineering, 1(1), 49-61.
https://doi.org/10.21608/jctae.2022.152256.1007

Hamzat, A., Olawale, B., & Asafa, T. (2022). Numerical investigation of the performance of
parabolic trough solar collector utilizing nanofluids as working fluids. STNANOMAT, 4(1), 46-
56. https://doi.org/10.48187/stnanomat.2022.4.006

Kasaeian, A., Daneshazarian, R., Pourfayaz, F., Babaei, S., Sheikhpour, M., & Nakhjavani, S.
(2019). Evaluation of mwcent/ethylene glycol nanofluid flow in a parabolic trough collector with
glass-glass absorber tube. International Journal of Numerical Methods for Heat & Fluid Flow,
30(1), 176-205. https://doi.org/10.1108/hff-11-2018-0693

Kasaeian, A., Daneshazarian, R., Pourfayaz, F., Babaei, S., Sheikhpour, M., & Nakhjavani, S.
(2019). Evaluation of mwcent/ethylene glycol nanofluid flow in a parabolic trough collector with
glass-glass absorber tube. International Journal of Numerical Methods for Heat & Fluid Flow,
30(1), 176-205. https://doi.org/10.1108/hff-11-2018-0693

Khalil, A., Amjad, M., Noor, F., Hussain, A., Nawaz, S., Filho, E., ... & Du, X. (2020).
Performance analysis of direct absorption-based parabolic trough solar collector using hybrid
nanofluids. Journal of the Brazilian Society of Mechanical Sciences and Engineering, 42(11).
https://doi.org/10.1007/s40430-020-02654-2

Khalil, A., Amjad, M., Noor, F., Hussain, A., Nawaz, S., Filho, E., ... & Du, X. (2020).
Performance analysis of direct absorption-based parabolic trough solar collector using hybrid
nanofluids. Journal of the Brazilian Society of Mechanical Sciences and Engineering, 42(11).
https://doi.org/10.1007/s40430-020-02654-2

Khosravi, A., Malekan, M., & Assad, M. (2019). Numerical analysis of magnetic field effects on
the heat transfer enhancement in ferrofluids for a parabolic trough solar collector. Renewable
Energy, 134, 54-63. https://doi.org/10.1016/j.renene.2018.11.015

Kumar, A. (2013). Improvements in efficiency of solar parabolic trough. Iosr Journal of
Mechanical and Civil Engineering, 7(6), 63-75. https://doi.org/10.9790/1684-0766375

Kumar, P., Babu, N., & Prasad, K. (2022). Computational comparison and experimental
performance analysis on heat pipes using concentrating solar parabolic trough collector.
Proceedings of the Institution of Mechanical Engineers Part a Journal of Power and Energy,
236(5), 875-892. https://doi.org/10.1177/09576509211070118

Lotake, S. and Wagh, M. (2019). Performance evaluation of multiple helical tubes as a receiver
for solar parabolic trough collector. Asia Pacific Journal of Energy and Environment, 6(2), 115-
122. https://doi.org/10.18034/apjee.v6i2.272

Luo, N., Yu, G., Hou, H., & Yang, Y. (2015). Dynamic modeling and simulation of parabolic
trough solar system. Energy Procedia, 69, 1344-1348.
https://doi.org/10.1016/j.egypro.2015.03.137

Mistri, P., Pathak, K., Satankar, R., & Gamit, J. (2023). Experimental analysis of solar parabolic
trough collector for novel solar cooking system in gujarat, india. Iop Conference Series Earth and
Environmental Science, 1279(1), 012002. https://doi.org/10.1088/1755-1315/1279/1/012002
Olia, H., Toghraie, D., & Mahian, O. (2019). Application of nanofluids in parabolic trough systems.
Renewable and Sustainable Energy Reviews, 101, 121-138.

Pathak, K. and Mohan, R. (2019). To maximize heating performance of solar parabolic trough
collector by geometrical variation using cfd analysis. Smart Moves Journal Ijoscience, 5(2), 16.
https://doi.org/10.24113/ijoscience.v5i2.184

Nanotechnology Perceptions 20 No. S13 (2024) 2629-2641



State-Of-The-Art Review On Solar ... Nitesh Rane, et al. 2641

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Qin, C., Kim, J., & Lee, B. (2019). Performance analysis of a direct-absorption parabolic-trough
solar collector using plasmonic nanofluids. Renewable Energy, 143, 24-33.
https://doi.org/10.1016/j.renene.2019.04.146

Reddy, K. and Rao, B. (2022). Investigation of variable wind loads and shape accuracy of
reflectors in parabolic trough collector. Asps Conference Proceedings, 1(1), 1495-1504.
https://doi.org/10.38208/acp.v1.681

Reddy, K. and Rao, B. (2022). Investigation of variable wind loads and shape accuracy of
reflectors in parabolic trough collector. Asps Conference Proceedings, 1(1), 1495-1504.
https://doi.org/10.38208/acp.v1.681

Reddy, K. and Rao, B. (2022). Investigation of variable wind loads and shape accuracy of
reflectors in parabolic trough collector. Asps Conference Proceedings, 1(1), 1495-1504.
https://doi.org/10.38208/acp.v1.681

Reddy, K. and Rao, B. (2022). Investigation of variable wind loads and shape accuracy of
reflectors in parabolic trough collector. Asps Conference Proceedings, 1(1), 1495-1504.
https://doi.org/10.38208/acp.v1.681

Reddy, V. S., & Kumar, K. S. (2012). Design and viability of solar parabolic trough plants in India.
Energy Policy, 45, 531-541.

Sangotayo, E. and Waheed, M. (2019). Thermal evaluation of a parabolic trough solar
concentrator using three different receivers. JETP. https://doi.org/10.7176/jetp/9-5-03

Sharma, M. and lJilte, R. (2020). A review on passive methods for thermal performance
enhancement in parabolic trough solar collectors. International Journal of Energy Research, 45(4),
4932-4966. https://doi.org/10.1002/er.6212

Singh, R. and Chandra, P. (2023). Parabolic trough solar collector: a review on geometrical
interpretation, mathematical model, and thermal performance augmentation. Engineering
Research Express, 5(1), 012003. https://doi.org/10.1088/2631-8695/acc00a

Singh, R. K., & Chandra, P. (2023). Parabolic trough solar collector: A review on geometrical
interpretation, mathematical model, and thermal performance augmentation. Engineering Research
Express, 5(1), 012003.

Tagle-Salazar, R., & Martinez, D. (2020). Overview of parabolic trough collector technology.
Renewable and Sustainable Energy Reviews, 134, 110309.

Tian, Z., Perers, B., Furbo, S., & Fan, J. (2018). Thermo-economic optimization of a hybrid
solar district heating plant with flat plate collectors and parabolic trough collectors in series.
Energy Conversion and Management, 165, 92-101.
https://doi.org/10.1016/j.enconman.2018.03.034

Wang, J., Wang, J., Bi, X., & Wang, X. (2016). Performance simulation comparison for parabolic
trough solar collectors in china. International Journal of Photoenergy, 2016, 1-16.
https://doi.org/10.1155/2016/9260943

Wang, J., Wang, J., Bi, X., & Wang, X. (2016). Performance simulation comparison for parabolic
trough solar collectors in china. International Journal of Photoenergy, 2016, 1-16.
https://doi.org/10.1155/2016/9260943

Wang, Q., Shen, B., Huang, J., Yang, H., Pei, G., & Yang, H. (2021). A spectral self-regulating
parabolic trough solar receiver integrated with vanadium dioxide-based thermochromic coating.
Applied Energy, 285, 116453. https://doi.org/10.1016/j.apenergy.2021.116453

Wang, Q., Shen, B., Huang, J., Yang, H., Pei, G., & Yang, H. (2021). A spectral self-regulating
parabolic trough solar receiver integrated with vanadium dioxide-based thermochromic coating.
Applied Energy, 285, 116453. https://doi.org/10.1016/j.apenergy.2021.116453

Nanotechnology Perceptions 20 No. S13 (2024) 2629-2641


https://doi.org/10.1088/2631-8695/acc00a
https://doi.org/10.1155/2016/9260943
https://doi.org/10.1016/j.apenergy.2021.116453
https://doi.org/10.1016/j.apenergy.2021.116453

2642 State-Of-The-Art Review On Solar ... Nitesh Rane et. al.

62. Wang, Q., Shen, B., Huang, J., Yang, H., Pei, G., & Yang, H. (2021). A spectral self-regulating
parabolic trough solar receiver integrated with vanadium dioxide-based thermochromic coating.
Applied Energy, 285, 116453. https://doi.org/10.1016/j.apenergy.2021.116453

63. Wang, Z., Zhao, X., & Wang, Y. (2021). Spectral self-regulating receivers using thermochromic
coatings. Solar Energy Materials and Solar Cells, 230, 111240.

64. Xu, G., Chen, W., Deng, S., Zhang, X., & Zhao, S. (2015). Performance evaluation of a nanofluid-
based direct absorption solar collector with parabolic trough concentrator. Nanomaterials, 5(4),
2131-2147. https://doi.org/10.3390/nano5042131

65. Zhai, R., Yang, L., Qin, Y., & Yong, Z. (2013). Modeling and characteristic analysis of a solar
parabolic trough system: thermal oil as the heat transfer fluid. Journal of Renewable Energy, 2013,
1-8. https://doi.org/10.1155/2013/389514

Nanotechnology Perceptions 20 No. S13 (2024) 2629-2641


https://doi.org/10.3390/nano5042131
https://doi.org/10.1155/2013/389514

