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Abstract

Parabolic troughs are concentrating solar collectors that concentrates solar energy onto a single focal line. The usage of parabolic
concentrator for heating up the working fluid by passing it through the focal point of the parabola is focused. Usage of multiple
parabolic troughs and certain modifications in the trough design are made to increase the overall collector efficiency. Different
configurations of the absorber pipes and different types of working fluid that could be used are presented. The effectiveness of
parabolic collector over other conventional collectors are compared analytically and experimentally. Different analytical and
experimental methods for designing the functional parabolic setup is presented. Practical application of parabolic trough collectors
in various areas which were experimented are reviewed.
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I. INTRODUCTION

Solar energy is the most encouraging alternative energy source which will meet a significant part of energy demand. The solar
energy has its own particular favourable circumstances, for example, it is accessible free of cost, unlimited, free from
contamination, accessible in all parts of the world, and it is accessible in plenitude. One of the approaches to gather solar energy
proficiently is by converting it into heat. Solar collectors helps in converting solar energy into heat energy which can be separated
from the working liquid. The diverse sorts of collectors that can be utilised include the flat plate collectors (FP), compound
parabolicconcentrators (CPC), evacuated tube collectors (ETC), and parabolic trough collector (PTC).

A parabolic trough is a type of solar collector that is straight along its length and curved into a parabola along its breadth and
thickness, lined with a polished metal mirror or a highly reflecting surface. The energy of sunlight which enters the mirror parallel
to its plane of symmetry is focused along the focal lines, where the absorber tubes carrying the working fluid are positioned that
are intended to be heated. The heat transfer fluid from the absorber is then utilized to heat steam in a standard turbine generator for
generation of electricity economically.

Il. LITERATURE REVIEW

Bin Zou et al. [1] carried out an experiment on small sized parabolic trough solar collector (PTC) for water heating in cold areas.
PTC was made of reflective mirror of parabolic shape to increase the reflectivity of the collector and the receiver tube was a double
glazing evacuated mirror of aluminium with black coated fins. Heat transfer fluid used is a synthetic thermal oil with freezing point
-30°C. The experiment was carried out for a period of 4 months which included tests by varying the fluid flow, adding solar
tracking mechanism and determining the effect of wind velocity and frosting. It was found that thermal efficiency improved with
larger flow rate, whereas weakened by large wind velocity. He discussed PTC system was found to operate normally in very low
fluid temperature and therefore can be adopted in cold environment conditions.

D. Canavarro et al. [2] worked on new optical designs for large parabolic troughs. Modification in the design is suggested for
potential cost reduction in parabolic trough field. Limiting the usage of number of unnecessary receiver tubes, connecting pipe
length, number of pumps and volume of heat transfer fluid is discussed.Parallel flow configuration of the absorber pipe is
considered. Application of solar tracking without the movement of receiver tubes by using flexible hosing is proposed. Tubular
receivers without glass envelops (hamlet concentrator) to decrease Fresnel losses is discussed. Providing gap in the trough by
modifying the trough design to avoid shading losses is presented.

David Rodriguez et al. [3] carried out an experiment to improve the concentration ratio of parabolic trough using a second-
stage flat mirror. A flat secondary reflector is used to increase the concentration ratio of existing parabolic trough collectors which
is practical and cost effective. The secondary flat plate reflector helps to distribute the energy flux around tube more evenly
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contradicting to that of a classic parabolic trough collector where heat flux is received only on one side of receiver tube. The
secondary reflector is placed on the focus and the absorber tube is placed below it. The secondary reflector is perpendicular to
symmetry axis of parabola and hence the shadow projected from it is considered when concentration ratio is calculated. Ray tracing
with Zemax software was done to prove the validity of equations obtained in the experiment. It is observed that inclusion of
secondary reflector increases the concentration ratio but the total amount of energy received in absorber is decreased due to shadow
projection.

V.K.Jebasingh et al. [4] worked on a review of solar parabolic trough collector. The paper focuses on the need for solar energy
and the application of parabolic trough collectors. Performance analysis and methods to increase thermal efficiency of parabolic
trough collector are discussed. Solar power plants using parabolic trough collectors for electricity generation in world contributes
2828.8MW. The application of solar energy as air heating system, for desalination process, for refrigeration system, for industrial
purpose and for power generation in power plants is presented with statistical data. Improvement in the thermal efficiency of a
parabolic trough collector can be done by optimizing the major parameters such as absorber material, coatings on absorber and
different working fluids.

Devander Kumar et al. [5] worked on year-round performance assessment of solar parabolic trough collector under climatic
condition of Bhiwani, India. The tropical climatic conditions of Bhiwani (28°78°N and 76°13’E) with maximum temperature up
to 45°C is exploited in this experiment. Parabolic trough collector having non-evacuated receiver tube coated with black paint and
covered with glass envelope is used and simulations have been carried out on an hourly base to evaluate the solar insolation. The
thermo-optical performance of serpentine parabolic trough collector for a particular day of every month throughout the year is
determined. The maximum rise in water temperature is observed in April (11.1°C) and lowest in December (2.2°C). Peak value of
instantaneous thermal efficiency is achieved in July (66.78%) and maximum optical efficiency of 72.26% is attained. Higher
performance can be achieved from system during summer season as compared to other seasons of the year.

Wandong Zheng et al. [6] worked on numerical and experimental investigation on a new type of compound parabolic
concentrator solar collector. A new type of parabolic trough collector called serpentine compound parabolic concentrator is used
in which the absorber tube configuration is serpentine in nature, the parabolic troughs are designed such that the focal point
coincides with the base of the parabola. The apparatus is covered by double glazing vacuum plates and an insulation layer. The
compound parabolic collector improves thermal efficiency, reduces heat loss and achieve high freezing resistance. Experiment was
conducted for a day and data was recorded every 10 minutes. Thermal efficiency raised from 55% to 60.5% during testing. A
detailed mathematical model for new collector is developed and solved by Matlab software. On comparison of numerical results
and experimental data, maximum deviation of 8.07% was obtained.

Ahed Hameed Jaaz et al. [7] worked on design and development of compound parabolic concentrating (CPC) for photovoltaic
solar collector. The various types of parabolic trough shapes such as 2D-CPC, wedge-CPC type, V-cone, air gap lese-walled, 3D-
CPC, oblique CPC, asymmetric CPC and asymmetric truncated wedge CPC are provided. The 3D-CPC has shown better
performance than 2D-CPC. The flux distribution of various polygons with different acceptance angles are given and the flux
distribution of circle is shown to be maximum. Application of non-imaging Fresnel lens for large collection of sunlight onto the
parabolic trough is discussed. Tracking mechanism has also shown a positive effect on performance, yet its usage is restricted in
order to decrease the cost. Designing multi CPC’s that enable capturing sun rays without tracking system is suggested due to
technical difficulties.

Erangeles Bellvs et al. [8] carried out an experiment on working fluid investigation for solar parabolic trough collectors. A
commercial parabolic trough collector (Eurotrough ET-150) is used in this experiment. Various working fluids like pressurized
water, therminol VP-1, nitrate molten salt, sodium liquid, air, carbon-di-oxide and helium are examined between the temperature
ranges of 300K to 1300K. Proper working temperature and pressure are considered for various working fluids. The results are run
through a simulator EES (Engineering Equation Solver) for comparison of different working fluids prioritizing thermal efficiency.
Results proved that liquid sodium leads to maximum efficiency (47.48%). Pressurised water is best working medium for
temperature up to 550K.

Wattana Ratismith et al. [9] worked on a non-tracking concentrator collector for solar thermal applications. The purpose of this
paper is to compare the performance of concentrator trough with a non-concentrator collector composed of roughly the same
number of tubes under typical surrounding conditions. Water flow rate is controlled by pump and inlet temperature is controlled
by a heater and both the parameters are varied during the course of the experiment. The water temperature at the outlet is measured
and supplied to a cooling tower. The results showed that there is a potential increase in gain of output temperature and the collector
design promises greater versatility that could be used in low-technology domestic applications in rural areas. In order to increase
the heat transfer of working fluid, the manifold header pipes are immersed directly in the flowing liquid which increases the thermal
efficiency by 20%.

Nishith.B.Desai et al, [10] worked on optimisation of concentrating solar thermal power plant based on parabolic trough
collectors. In this paper, the extensive energy and economic analysis of parabolic trough concentrator plants, without storage are
discussed. Effects of design radiation, turbine inlet temperature, Rankine cycle, plant size and its various modifications affecting
the overall efficiency and cost are reported. It is seen that in a IMW plant with a turbine inlet pressure of 3.5MPa to 7.5MPa
increases the overall efficiency of the plant by 18%. With increase in design radiation, the power output increases. There exists an
optimal direct normal irradiance (DNI) for a concentrator plant at which levelised cost of energy is minimum and it is to be lowest
at 600W/m?. Designing a trough to capture the optimal DNI is suggested.
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Jin J et al. [11] worked on similarity analysis of parabolic trough solar collector. Using similarity principle and dimensional
analysis, different types of parabolic trough collectors are studied via single scaled model. Monte-Carlo ray tracing method and
finite element analysis modelling are used in analysis of parabolic trough collectors. Effect of DNI on efficiency of parabolic
trough collectors is analysed using a scaled model. It is seen that with augmentation of DNI, collector efficiency increases.
Governing variables such as heat conduction of receiver tubes, fluid flow rate, heat conduction of inner metal tube, solar flux on
receiver and calibration required are analysed. It is seen that the predicted results are in good agreement with the experimental data
from literature with error of 0.75%. Hence, using a scaled model, the performance of parabolic trough collectors can be studied
effectively.

Jonathan Pandolfini et al. [12] worked on thermodynamic modelling of multiple parabolic reflector flat panel collector. An array
of parabolic trough reflectors are used as concentrators and tubular receivers of serpentine configuration is passed through the focal
point. Aim is to obtain 150°C at lower cost. The thermal output of the system is calculated from the first law of thermodynamics
which includes all modes of heat transfer. The receiver tube is enveloped by glass layer to reduce energy loss to the environment.
Optical gain is calculated through ray tracing and it is estimated that the multiple parabolic trough collector can collect 10% of
yearly direct beam radiation compared to a flat plate collector with 5% collection capacity of yearly beam radiation.

I11. CONCLUSION

With the increase in demand for the non-renewable sources of energy, extraction of energy through solar is found to be economical
and viable. The usage of parabolic troughs in situ of flat plate collector tested to be advantageous since there's increase in heat
concentration and dealing fluid gets heated over the tube length. The incorporation of multiple parabolic troughs not only helps in
concentrating solar radiation but also improves the efficiency of the system. The usage of reflective mirror enhances the reflectivity
of the system. Though different receiver tubes materials and complex parabolic shapes are suggested, its effectiveness in the
experiment is debatable. Usage of circular cross section absorber tubes ensures that maximum heat flux distribution is in existence
for the fluid flowing through it. Incorporation of tracking mechanism ensures maximum DNI is collected onto the collector with
the movement of sun. Usage of serpentine configuration over parallel configuration of the absorber tube is rendered effective. The
usage of secondary flat plate mirror on top of the absorber tube can be effective in distributing the heat flux uniformly through the
absorber tube but it leads to shadow loss on the collector. Shadow loss can be avoided by designing a complex parabolic trough
with a gap. Therefore, hybridization of a secondary flat plate mirror with a complex parabolic trough can prove to be advantageous
and effective in increasing the overall efficiency.
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