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ABSTRACT

Solar-based technology started flourishing more than 70 years. Among the various available
renewable energy sources such as wind, geothermal, tidal, bio mass, etc., harnessing of solar
energy has become quite popular in most of the countries. Solar energy plays a major role
because it is safe and inexpensive at all times. Among various solar collectors, the parabolic
trough collector (PTC) is considered to be the best option for medium temperature (150—400
°C) heat requirements. The parabolic trough collector has diversified applications like heat
generation, power generation anddesalinization. In the present study an attempt is made for
the performance improvement of parabolic trough collector (PTC) by modifying the absorber
tube. Theabsorber tube, also called the receiver tube or heat collection element, is one of the
main functional units of a solar PTC in addition to other elements. The absorber tube is
fabricated with copper tubes inside a metal housing. The copper tubes are then punched to
create heat vortex or heat zones for more effectively heating the HTF flowing through the
copper tubes which is surrounded by pcm. Parabolic mirrors reflect to a focal point and
concentrate falling sun rays onto an absorber tube. Enhancing theheat transfer in the absorber
tube improves effectively both the thermal efficiency andthe structural safety of the parabolic
trough receiver (PTR). In parabolic trough collector, evacuated or non-evacuated glass tubes
are more valuable for medium and high-temperature applications to reduce the heat losses

from the absorber tube.
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CHAPTER 1
INTRODUCTION

The demand for energy is increasing quickly, and the available energy resources cannot
keep up. Furthermore, burning fossil fuels harms the environment and fastens the depletion
of their finite resources. As a result, alternative energy that comes from sources that are
renewable is becoming more and more common. PTCis one of the most suitable massive
solar power technologies now accessible, and it is also one of the most tested and
affordable solar power technologies available. Enhancement of heat transfer in a solar
collector with a parabolic trough. The numerous methods used to improve the transmission
of heat in the solar PTC's receiver tube are the main subject of this section. The receiver
tube's HTF needs toabsorb all of the heat produced by the collector. This section is mostly
concerned with the numerous methods used to improve the transfer of heat in the solar
PTC'sreceiver tube. The receiver tube's HTF needs to absorb all of the heat produced bythe
collector. Therefore, the HTF should be able to absorb all of the heat that is supplied to the
system by the source. All of the literature that is currently available is divided into various
methods or techniques for improving heat transfer on the tubethat receives electricity of the
solar PTC, including (a) reducing heat loss, (b) installing turbulators inside the receiver, ()
utilising nanofluids, and (d) applying selective coatings to the receiver tube. One of the
most well-known and promising methods used to convert solar energy into usable heat for
processing or steam thatcan be used for the generation of electricity through a Rankin cycle
is the parabolictrough collector. The absorber tube located at the focus plane of the troughs
collector receives the electromagnetic energy affecting on the reflecting surface in
reflection. The PTC system's major component that affects the thermal endurance of the
system is an absorber tube. Therefore, in order to improve the absorber tube's thermal
performance, researchers made a number of modifications. A Heat TransferFluid is pumped
or blown through the heated receiver. Depending on the application, the HTF can achieve
temperatures of up to 400°C as it circulates around the receiver while absorbing thermal
energy from the tube in the form of water, thermal fluid, molten salt, or gas. Within the
receiver tube, the fluid that transfers heat circulates and gains energy through forced

convection for use in a variety of



thermal applications. To stop the tubes from bending under the weight of the fluid, the
wind load, and one's own weight, intermediary support attached to the PTC pressure tube
are used to hold the absorber tube. To reduce convection and radiation losses, the tube is
enclosed with a glass jacket that is either evacuated ornot. Contrarily, numerous studies
have concentrated on enhancing the absorber's geometrical properties in order to speed up
the rate at which heat is transferred to the fluid. More specifically, the fundamental
principle is to enhance the degree of turbulence within the flow, which raises the coefficient
of heat transfer and promotesgreater mixing within the flow. Numerous methods have been
investigated, including introducing in the flow and changes to the absorber surface that
create passive vortices. The primary effect of the parabola collector is increased in this
work by enhancing the absorber tube and increasing PCM. Copper tubes are used insidea
rectangular metal enclosure. The PCM s likewise housed inside the metal enclosure made
up of two tubes made of copper. In order to properly heat the HTFfluid flowing through the
copper tubes, numerous holes are bored into the copper tube's surface. Additionally, local
overheating due to the highest temperature on some areas of the surface of the absorber

may endanger the stability and shorten the lifespan of the heated oil and coating.
1.1.  HEAT TRANSFER FLUID

In solar thermal power plant (STPP) applications, the Heat Transfer Fluid (HTF) hasthe job
of gathering the thermal energy absorbed by the receiver and transferring itto the storage
system or straight to the power block. The selection of the right HTFis application-specific
and is based on the installation's unique design characteristics as well as its operational
circumstances. HTFs should ideally have strong thermal stability, be able to operate safely
across the target temperature range, have acceptable chemical compatibility with the
materials used to make the tubing wall, and be inexpensive and ecologically safe.
Additionally, a high thermal conductivity, high heat capacity, and large heat transfer
coefficient are normally desired to maximize the heat transfer effectiveness, together with a
low viscosity and a small thermal expansion coefficient to reduce pumping power and

thermal expansion concern



1.2.  PCMIN SOLAR THERMAL SYSTEM

Solar energy is currently the most popular renewable energy source in terms of bothcosts and
benefits. However, the main issue is that solar energy is not available forvery long. As a
result of their application of latent heat, PCMs are used as a mediumto store the solar energy.
The substance in the PCMs absorbs and stores heat when it is exposed to solar thermal
energy. The PCM can be used in a variety of solar applications. The research that has been
done in the field of PCM combined with solar thermal systems is reviewed in this article.

A phase change material (PCM) is a component that releases or absorbs enough energy
during a phase transformation to deliver usable heat or cooling. During the phase
transition, it was found that phase change materials have a large capacity to store and
release latent heat. PCMs can be classified as solid-solid, solid-liquid, solid-gas, or liquid-
gas. Out of these four options, solid-liquid PCMs are the most effective at storing thermal
energy. Phase changes frequently produce or absorb less energy than fusion heat. When a
phase change material melts and solidifies at the temperature required for the phase
transition, heat can be stored and released. Every time a substance undergoes a state
change—from solid to liquid, or vice versa—or when its structural makeup changes, heat is
either absorbed or released.For final application, the solid liquid phase change materials are
encapsulated and maintained in the liquid state. Phase change materials may be micro-
encapsulatedin some applications. The ability of the material to remain solid after the PCM
core has melted is due to micro-encapsulation in the form of small bubbles. PCMs can be
categorized into three groups: eutectic, inorganic, and organic. The main differences,

advantages, and disadvantages are briefly covered in this section.

The phase change materials used in the experiment in this investigation are a mixture of
sodium nitrate (NaNO3) and potassium nitrate (KNO3). The melting pointof sodium nitrate
is between 275 and 325 °C, and its latent heat content is significant(178 kJ.kg-1). As PCM,
potassium nitrate (KNO3) has been chosen. It has a meltingpoint of approximately 334 °C
and a calorimetric fusion energy of KNO3 of 116 kJekgl. The mixture has a melting point

of 224.30°C, and it varies depending on how much of each component is present.



CHAPTER 2
LITERATURE SURVEY

An extensive review of various technologies for enhancing the thermal and optical
performances of parabolic trough collectors- Nabeel Abed/Imran Afgan

A wide variety of engineering industrial applications demand that the system's thermal and
optical efficiency be maximized with a tolerable low friction factor penalty and
consequently low-pressure losses. A wide variety of engineering industrial applications
demand that the system's thermal and optical efficiency be maximized with a tolerable low
friction factor penalty and consequently low-pressure losses. Parabolic trough collectors
(PTCs), a member of the family of concentrated solar power systems, suffer comparable
difficulties despite receiving a lot of recentattention. The current paper provides a thorough
analysis of PTC systems, contrasting modern and historical advancements that are
frequently employed to boost thermal and optical efficiency. In-depth discussions have
also been had regarding the methods utilized for modelling single- and two-phase flow in
numericalsimulations, design factors, and experimental procedures. The study also offers
various numerical and analytical implementation strategies for nonuniform solar
distributions with various design characteristics. Changing the working heat transfer fluids,
replacing the working fluids with nanofluids (single and hybrid), inserting different
tabulators with various design configurations, and finally combining the benefits of
nanofluids and swirl generators in the same application are the four maintechnologies that
are comprehensively addressed to effectively improve the thermalperformance of the PTCs.
The paper also provides a critical summary of the studies looking into improving thermal
performance through the usage of PTCs with unique designs and passive heat transfer

augmentation methods.

Numerical Study and Optimization of Parabolic Trough Solar Collector Receiver Tube -
Anissa Ghomrassi [Hatem Mhiri|Philippe Bournot

The performance of the parabolic trough collector (PTC) is examined in this study. The
adopted approach consists of two primary steps to accomplish this purpose. The
SOLTRACE software calculates the concentrated solar heat flux densities in the solar
concentrator focal zone in the first stage. To assess and improve the thermal performance

of the tube receiver, computational fluid dynamics (CFD)



simulations are run in the second step. As wall heat flux boundary conditions for the
receiving tube, the SOLTRACE software's predicted heat flux densities are employed.
Study is done on how variations in receiver tube diameter affect PTC thermal performance.
An experimental receiver tube is used. This latter has a metallic layer covering it. For
various diameters, the performance of a tube receiver covered in a metallic layer is
compared to that of a tube receiver with the same diameter but no metallic thickness. In
comparison to tubes with the same diameter and flow rates, it has been discovered that
increasing tube metallic thickness improves PTC system performance.

Design, development and techno economic analysis of novel parabolic trough collector for
low-temperature water heating applications- Bhargav H, Hitesh Panchal, F.A. Essa

The fundamental goal of this study is to create and test indigenous PTC capable of
providing hot water for low-temperature applications. It is created a novel parabolictrough
collector that is simple to collect and move. It enables simple receiver pipe, reflector sheet,
and heat transfer fluid replacement. The contemporary design also permits modifying the
geometrical specifications of the trough. A glass cover and anautomatic tracking system can
be attached according to the design. Three various attachments, including manual tracking
without a glass cover, manual tracking witha glass clover, and automatic tracking without a
glass cover, are tried with this novelPTC. For all three PTC systems, experimental, optical,
and theoretical efficiencies were computed. Average PTC with manual tracking
experimental efficiency. The payback period for a PTC system for manual tracking is
found to be equivalent to 4years for all, while it is determined to be equivalent to 5 years
for PTC systems for manual tracking with a glass cover and automatic tracking. The

experiment was carried out in March 2020 at the designated site in Godhra, Gujarat, India.

Enhancing the optical and thermal efficiency of a parabolic trough collector — A review -
G.K. Manikandana, S. Iniyanb, Ranko Goic

Among the different accessible renewable energy sources such as wind, geothermal, tidal,
bio mass, and so on, harnessing solar energy has grown rather popular in most nations.
Different collectors have been modeled, designed, built, and tested to function in a variety
of temperature ranges, including low temperaturecollectors (flat plate 30-80 °C, evacuated

tube 50-200 °C, and compound parabolic



collector 60-240 °C), medium temperature collectors (linear Fresnel reflector 60-250

°C, cylindrical trough 60-300 °C, parabolic trough 60-400 °C), and high temperature
collectors ( The parabolic trough collector is discovered to be the most popular oneamong
the other collectors in applications like the delivery of process heat and steam production.
For nearly three decades, numerous theoretical and experimentalstudy investigations have
been conducted to improve the system's optical and thermal efficiency. The overall loss
coefficient, which accounts for conduction, convection, and radiation losses, determines
the thermal efficiency. Metal glass evacuated tubes and certain surface coatings on the
receiver have reduced convection and radiation losses. Conduction losses are ongoing and
are influenced by the structure's substance. Investigations have shown that a number of
issues contribute to heat loss, including vacuum failure, hydrogen buildup in the receiver,
and tube fracture at the receiver's end.

Performance analysis of internally helically v-grooved absorber tubes using nanofluid-
Suresh Biswakarmaa, Sujit Roya, Biplab Dasa,b, Biplab Kumar Debnath In the current
study, a modification to the absorber tube with an internal helically groove is produced in
an effort to increase the performance of the parabolic trough collector (PTC). The PTC
system’'s major component that affects the thermal performance of the system is an
absorber tube. Therefore, in order to improve the absorber tube's thermal performance,
researchers made numerous changes to it. The thermal properties of the collector can be
improved by using nanofluids as the working fluid. For improved thermal performance,
aluminum oxide (Al20s) nanofluid(3-8% by volume) is used in place of water as the basis
working fluid. Tests are conducted with heat fluxes of 600, 800, and 1000 W/m? at the
tube's outer surface. The issue is simulated using ANSYS Fluent 14.0 while taking into
account two different Reynolds numbers (Re) of 4000 and 6000. The results show that the
pressure drop increases by 14.5% when Al203 concentration rises from 3% to 8%. When
operating with a heat flow of 1000 W/m? and Re = 4000, the nanofluid's heat transfer
coefficient can be increased by as much as 13.8% when compared to base fluid.
Furthermore, the heat transfer coefficient with nanofluid increases by up to 41.3% from a
value of Re of 4000 to 6000.



CHAPTER 3
AIM AND SCOPE OF THE PROJECT

3.1. AIM
o To study the performance of parabolic trough collector with modified absorberdesign
o To study the performance of the best absorber design using PCM materials

experimentally

o To study the performance of modified absorber design experimentally usingPCM

material.

The aim of solar thermal storage using Phase Change Materials (PCM) is to store the
thermal energy generated by solar collectors during periods of high solar radiation, so that

it can be used during periods of low or no solar radiation.

3.2. SCOPE

The scope of solar thermal storage using PCM includes the design, development, and
implementation of thermal energy storage systems that use PCM to store heat. The scope
also includes the investigation and optimization of various parameters such as the type of
PCM used, the melting temperature of the PCM, the design of the storage container, and
the operating conditions of the system. The use of PCMin solar thermal storage systems
offers several advantages such as high energy density, low heat losses, and the ability to
maintain the stored energy for extended periods of time. These advantages make PCM-
based thermal storage systems a promising technology for the efficient use of solar energy,
particularly in applicationssuch as space heating, domestic hot water, and industrial process

heating.

Therefore, the aim and scope of present investigation is to enable the efficient use of solar
energy, by developing and implementing thermal storage systems that canstore and deliver

the energy as needed.



CHAPTER 4
EXPERIMENTAL DESIGN

4.1, MATERIALS AND METHODS

Two distinct types of PTC receiver tubes are used in the experiment, which is run attwo
different mass flow rates. It uses a conventional receiver (Type-A), which is a round tube
made of mild steel. The upgraded receiver (Type-B), which consists ofa rectangular
channel filled with PCM, is constructed using circular copper tubes that are equally spaced
apart. The inner diameter of the 1.4 m long, circular receivertube is 25 mm. The 60 mm
wide by 25 mm tall rectangular channel receiving tube is 1.4 metres long. The copper tubes
are welded shut after being lined with 1 mm thick circular copper tubes. To allow for fluid
flow and surface contact with the PCMin the rectangular channel, the tubes are welded at
equal intervals of 25 mm along their entire length. The positioning of copper tubes in a

PCM is a crucial factor that affects the outlet temperature and improves heat transmission.

A water storage tank, pump, valves, a water flow metre, a reflector surface, and a receiver
make up the experimental setup. Temperatures are recorded with Pt100 RTD
thermocouples and an Agilent data recorder (Model 34970A). Solar radiation, wind speed,
and outside temperature are all measured using a solar weather station (AT Delta-T Make,
WS-GP2 Model). The observations are made at intervals of 30 minutes. The experiment is
carried out at two different flow rates of 0.05 and 0.2 kg/s, both of which are controlled by
a water flow metre and a valve. Table 4.1 provides information on the instruments'
uncertainty. The experiment is carried oututilising a traditional circular receiver tube and a
new rectangular channel receiver tube from 9 AM to 4 PM for a number of days at two

distinct mass flow rates.

Table 4.1 Dimensions and materials of selected PTC

Parameters Value

Material of the reflector Stainless steel with mirror film
Dimension of new receiver tube (m) 0.06 x 0.025

Length of the receiver 1.4




Emissivity of mild steel 0.31
Emissivity of glass cover 0.85
Receiver material Mild steel
Thickness of insulation (m) 0.024
Insulation material Glass wool
Area of the collector (m?) 2.096

4.2. DESIGN AND DEVELOPMENT OF PTC

A PTC design must take into account the trough length, focal length, aperture width,and rim
angle. Designing a trough collector is a challenging task. In addition to important qualities,
other influencing factors like average wind speed, HTF, application, number of loops,
storage device, etc. are also taken into consideration while building a system. After
considering all the above restrictions, an innovative absorber tube/receiver tube for PTC is
produced. This absorber tube is simple to collect and send. This tube adds the specific
ability to focus the maximum radiation on to the absorber tube as it has more area of
contact, and good accompany goodflow of HTF. Table 1 contains the measurement details
of PTC and circular receivertube.

Y=1X2
4f

The distance between the parabola vertex and the focal point is called focal length (f).

Where X and Y are the axes, it is used to find the shape of a parabola.

Rim angle, focal length, and aperture width are the three main parameters that govern the
completeness of the cross-section of a parabolic trough, i.e., its size and shape. Figure 1
illustrates the PTC experimental configuration. Any two known parameters can be used to
calculate the third parameter. As a function of the rim angle, the ratio of the aperture width
to the focal length can be expressed.

a-_ 4 L 15 416
f tanys tany?




The aperture area is given by the product of the length (I) and aperture width (a) ofthe
trough.

Aa=axl




Convection

(d) | -

loss
Absorber Radiation
loss

Envelope Annular

R Yt

B Support
P brackets lo:

Condaction

fe

Absorbed
solar emergy

|
]
i
W |
|
|
i

Figure 4.1 a) Experimental setup of the parabolic trough collector. B) Pyranometer. c) Focal point on the
receiver tube on the PTC. d) Schematic setup of the PTC.
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4.3. ABSORBER TUBE

The solar receiver converts the incident solar radiation it has absorbed into thermalenergy
and transports it through the absorber using the heat transfer fluid (HTF). The most
important PTC system component, often referred to as a heat collection element (HCE) or
receiver, is frequently constructed from a steel tube to provide excellent optical properties,
low thermal emissivity, and strong solar absorptivity. The air pressure in the annular gap
between the absorber tube and the glass envelope is typically kept at 0.013 Pa in order to
further reduce heat losses. Two copper tubes inserted inside a rectangular chamber are also
taken into account. Thedesign is fabricated and the measurements of the receiver tube are
mentioned in table 4.2;

Table 4.2 Dimensions of the Absorber tube

Parameter Value

Length Of rectangular cavity (m) 0.06

Breadth of Rectangular Cavity (m) 0.035

Cavity protruding inside the rectangle (m) 0.01

Diameter of the copper tubes (m) 0.014
60

35

10

Modified solar receiver with heat storage Circular solar receiver

All dimensions are in mm
Figure 4.2 Dimensions of the modified solar receiver tube and conventional receiver tube.

12



4.4, PERFORMANCE PARAMETERS

4.4.1. Energy analysis
The useful heat absorbed by water (Qu) is calculated with
Qu=hx(A) X (Tr —Twn) Equation 1

Tm is the mean temperature of water. Tr is the receiver temperature and A is the area. The
heat transfer area of a rectangular channel is calculated from its hydraulicdiameter.

A= nmnXDpX L Equation 2
Dy = — Equation 3

In order to determine the receiver's CHTC, the amount of convective heat transfer is

multiplied by the heat absorption from the temperature difference of water is calculated

__ mCp(To=TD

(DX L)X (Tr—Tm) Equation 4
Nusselt number (Nu):
Nu = h X% Equation 5
The thermal efficiency of the PTC can be determined by
pth = méale=12 Equation 6

AaXGa

13



CHAPTER 5
RESULTS AND DISCUSSION

The absorber tube was made exceptionally well, as was its design. It is can be
transferred from one place to another. It can correct significant problems that haverisen in
the receiver joint. In this configuration, the receiver is stationary. Utilizing aglass cover
helps reducing heat losses caused by wind. It can also reduce dustaccumulated on the
reflector. Under nearly equal radiation and temperaturesettings, experimental
investigation on the rectangular modified and classicreceivers is carried out. Specifically
for Chennai, Tamil Nadu, India (12° 590 N and79° 580 E, respectively). The experiments
continued uninterrupted for several days.For the computation of the thermal performance
parameters at each flow rate forthe two configurations, the recorded measurements of
comparable solar weatherconditions are used. During the calculation, the average of two
values is taken intoaccount for 30 minutes. The outcomes are displayed at an average
interval of 30minutes. The ambient temperature and solar radiation ranged from 30 to 41
°C and 600 to 980 W/m?, respectively. The CHTC, Nusselt number, thermal efficiency
are computed based on the measurements, and the findings areexplained. Variations in
solar radiation and the surrounding temperature for Type-Aand Type-B designs with mass
flow rates of 0.05 and 0.2 kg/s. The instrument

details are mentioned in table 5.1

Table 5.1 Measurement instruments details

Instrument Range of measurement Uncertainty
Flow meter 0-0.055 kg/s +0.0012 kg/s
K-type thermocouple -200-1000°C +2.2°C
Pyranometer 0-4000 W/m? * 22 W/m?
Anemometer 0-25 m/s +0.04 m/s

5.1. WATER OUTLET TEMPERATURE

Calculations of thermal performance are based on output water temperaturereadings that

are taken every 10 minutes for an average of 30 minutes. Water is

14



made accessible to the receiver using a water pump and collector at the storagetank.
Occasionally, the water in the storage tank is drained and then filled again inpreparation
for the test the next day. The receiver connects to the pump and thetank at opposite ends.
The observation shows that the Type-A receiver tube has ahigher outlet temperature than
the Type-B receiver tube. Circular receivers allowwater to flow without disturbing the
tank. As a result, following each pass, thereceiver gives water a brief heating phase. As
a result, the water's exit temperatureis lower. The heat exchange rate increases when the
HTF comes into closer contactwith the surface of the absorber. The PCM integrated
rectangular cavity improvesheat transfer between the receiver and the water running
through the copper tube. The outlet temperatures observed for PTC with the conventional
circular receiverare 56.8 °C and 57.5 °C, respectively, at mass flow rates of 0.05 kg/s and
0.2 kg/s.The rectangular channel receiver has 58.6 °C and 61.0 °C at 0.05 kg/s and 0.2 kg/s,
respectively. Additionally, the reduction in temperature disparities is a result of the
increased mass flow rate. Because of the reduced mass flow rate, the water movesmore
slowly, giving it more time to absorb heat and reach the bigger temperaturedifference.
But at higher flow rates, water moves faster, so it takes in less heat fromthe receiver in a
shorter period of time. The heat loss is primarily caused by thereceiver's elevated surface
temperature. By absorbing more heat from the receiver,the temperature of the receiver can
be lowered, which also lowers heat loss to theenvironment. The heat loss from the
receiver can be decreased by addinginsulation. The top facing of the rectangular channel
receiver is lined with glass woolinsulation to reduce top heat loss and overall heat loss.

Due to a bigger mass of water absorbing more heat, the minimum temperature is seen at
higher flow rates. The receiver temperature is 162.8 °C and 155.4 °C at 0.05kg/s and 0.2

kg/s, respectively for the Type-B modified receiver tube. Because of
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integrated PCM in the receiver tube, the redesigned receiver has a highertemperature,

which suggests that the water's useful heat absorption is higher.
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Figure 5.1.1 Solar Radiation and ambient temperature for Type-A and Type-B respectively at (a)
0.05kg/s and (b) 0.2kg/s. (c) 0.05kg/s. (d) 0.2kg/s respectively.

Outlet water temperature at 0.05kg/s and 0.2kg/s for (e) Type-1. (f) Type-B.
Receiver temperature for (g) Type-A. (h) Type-B.

5.2. CONVECTIVE HEAT TRANSFER COEFFICIENT
Based on water's useable heat absorption and mass flow rates, the CHTC of HTF which is

water is calculated for two types of receivers. Based on the hydraulic diameters, the heat
transfer area can be calculated. The hydraulic diameters of both
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receivers are nearly identical. The CHTC range of the Type-A receiver is less than the
Type-B receivers at all mass flow rates because of the low heat transfer to water.The PCM
that is injected into the channel of Type-A receivers acts as an additionalsource of heat and
enhances the fluid's ability to absorb heat through the receiver. The tank may be filled with
water immediately. The water may flow based on how the tubes are arranged in the
channel. The CHTC of Type-B is enhanced by the receiver's surface area in contact with
water. Water continues to be in contact with the PCM-filled tube, which still gets focused
solar energy from the reflector but at areduced rate. The convective heat transmission may
be enhanced if there is more water in contact with the receiver channel. The CHTC is
enhanced by the tubes, which also increase the water's surface area for heat transmission.
The increase inwater mass flow rate resulted in an improvement in the CHTC for both
receiver types. At 0.2 kg/s and 0.05 kg/s, respectively, the Type-B receiver's maximum
CHTCwas 211.8 W/m2K and 133.6 W/m2K. At the corresponding mass flow rates, Type-
A receivers have 165.9 W/m2K and 104.5 W/m2K, respectively. At 0.2 kg/s and 0.05kg/s,
respectively, the CHTC of the modified absorber tube is higher than the circularreceiver.
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Figure 5.2.1. CHTC at different mass flowrates with respect to time with and without PCM for different
flowrates
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5.3. NUSSELT NUMBER

The Nusselt number is calculated for the whole day, based on CHTC at noon. Maximum
Nusselt number values for Type-B are reached at two mass flow rates higher than Type-A.
For Type-A and Type-B, respectively, maximum Nusselt numbers of 43.7 and 31.9 for
Type-B and 39 and 24.6 for Type-A were observed at

0.2 kg/s and 0.05 kg/s. The Nusselt number's highest value shows that the internal CHTC to
the HTF is enhanced as a result of PCM integration in the absorber tube. The rectangular
receiver form gets more concentrated solar radiation at bottom side when compared to a
circular receiver tube. The positioning of the copper tubes causes water to flow in the
channel that is in touch with the receiver channel that isfilled with PCM. The CHTC and
Nusselt figures rise by a higher proportion becausethe redesigned receiver has a PCM for

more time for heat exchange.
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Figure 5.3.1 Nusselt Number at different flowrate with respect to time with and without PCM for different

flowrates

5.4. THERMAL EFFICIENCY

The Type-B receiver consistently has a higher thermal efficiency than the Type-A receivers
at both mass flow rates. Type-B receivers with PCM raise the temperatureof HTF inside the
receiver channel as it holds more heat. The improved heat transferwith PCM with the copper

tubes in the rectangular channel resulted in higher thermal

21



efficiency of 72.9% at 0.2 kg/s flowrate, giving the rectangular channel receiver its
maximum practical heat absorption. At the same mass flow rate, Type-A receiver's
maximum thermal efficiency is 61.5%. The improved thermal efficiency was boostedby the
higher mass flow rate of water because of its superior capacity to absorb usable heat.
Compared to higher mass flow rates, thermal efficiency is reduced at lower mass flow
rates. Type-B has the maximum thermal efficiency of 51.3% at mass flow rates of 0.05
ka/s, whereas Type-A has the thermal efficiency of 41.7% at the corresponding flow rates.
At 0.05 kg/s and 0.2 kg/s, the thermal efficiency of Type-B receivers is greater than the
thermal efficiency of Type-A receivers. When the mass flow rate of water is increased,
more heat is absorbed by water from the receiver. Rapid water flow is the result of higher
flow rate, the efficiency of the absorber tube is improved since bigger volumes of water
absorbs more heat with less heat loss. Additionally, the PCM which is in rectangular
receiver absorbs more heat which increases the amount of useable energy that water may

absorb.
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Figure 5.4.1. Thermal efficiency with and without PCM for different flowrates.
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CHAPTER 6
SUMMARY AND CONCLUSION

When compared to the Type-B modified tube, which is consistent, we can see the inconsistency in
the Type-A conventional tube. Although there is a slight difference in the average water outlet
temperature between the two receiver tubes at different flowrates, the outlet temperature of the
PCM-equipped receiver tube has consistently been higher than that of the conventional receiver
tube. The modified receiver tube has higher heat transfer coefficient than standard receiver tube.
Additionally, it has been noted that the flowrate of 0.2kg/s in the modified receiver tube has a higher
CHTC than 0.05 kg/s. Thus, it follows thatthe CHTC and mass flowrate are directly proportional.
The modified receiver tube has a better thermal efficiency than the standard tube. This application

is not suitable during the cloudy/ rainy days.
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