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Abstract

Using the sun's radiation seems to be a potential way to meet a range of modern current societal energy demands inside the
future. The concentrator collectors, the most well-known sunlight focusing device, are presented in this analysis, and it's been
shown that work effectively in extreme temps. ANSYS CFX is indeed a commercially available simulation tool that streamlines
the process for simulating complicated problems to use the finite volume investigation. Using a parabolic trough collector model,
varying operating circumstances may be modeled. Predicting the efficiency of the model and analyzing heat transport processes
are also objectives of such a work. One-dimensional prediction simulations are being used to validate the performance gradient.
Aside from that, the thermal fluxes concentration on the outer face of the absorbers is being shown, so too is the temperature
profile inside the absorbing within the tubes. As a result, the tube's overall heat transfer factor was computed, as well as the
comparison is made to simulation values. Angle effectiveness modifiers are used to forecast the improvement the thermal
performance under different operational circumstances. These concluding results demonstrated that the PTC model operates well
and all predictions have been confirmed by the PTC system.
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Introduction

As a renewable energy source, energy from the sun comprises heated water preparations, conditioning, chemical products
as well as heating systems. Mostly on market, there is a lot of use of concentrator catchers (PTC). It's true that there are various
alternative models, such as Generators for parabolic solar concentrator’s expense and partially capture solar radiations, also were
addressed. As the earliest source of energy known to man, the solar system is primarily applied for a wide range of purposes,
especially commercial heating water for power generation [1-4], particularly in areas with high solar irradiance levels, such as
Italy. As a result of their ability to generate hot temperatures (above 400 °C) and excellent thermal efficiency. Achieving this is
just what made these viable and attractive technologies within areas such as Water desalination; Sunlight chemistry; Solar
cooling; solar hydrogen generation; and Concentrating Solar Power (CSP) [5-7]. Hyperbolic dishes paired with such a
Combustion engine is the most typical solar technology for power generation [8-9], followed by linear Fresnel collector, parabola
dishes, and sunny towers (central receivers systems). 90 percent of the overall CSP systems employ Parabolic Dish Collectors
(PTC) since this innovation is perhaps the most developed across concentrated collectors; that results in light improving the
strength and has been used for periods [11]. These technologies are currently functioning in several positions of great renewable
energy possible, such in the United States [12], Algeria [13, 14], and Spain [15]. Evacuated tubes and straight parabolic reflectors
are the essential components of a PTC. An evacuated pipe be situated in the line of focus for mirror, which is created by curving
reflective strips into a paraboloid. To heat the heated water, a parabolic reflector reflects sun energy onto an outer tube. To
continue the growth of CSP systems across the world, generally increased efficiency, as well as efficiency improvements, are
required [9,16]. To this end, several types of research have been conducted in this sector, experimenting with new concepts and
enhancing the current collector. According to the publications, mathematical simulations, as well as modeling techniques, were
also used to study a large number of aspects that impact the PTC's effectiveness. Several studies are studying the enhanced
optically assessment of focusing collectors, while Cheng et al. using the Monte Carlo of tracing for ray simulate optically a PTC
[20] and Binotti and colleagues [10] using the First optical technique for the visual examination of an investigated model. It was
completed by Ouagued et al. [16] by using the Euler technique to solve a set of energy and exergy partial differential equations.
Refs. [18-21] used conventional oil nanofluids as the fluid results in greater thermal efficiency between both the absorption and
mass flow rate due to the usage of nanoparticles. Number crunching is commonly used in thermal efficiency analyses since it is
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the easiest numerical approach [22-25]. Liquid water outperforms synthetic oil (TherminolVP-1TM) according to Marie et al.
[26]. One-dimensional and three-dimensional heat transport analyses were performed by Gong et al. Three-dimensional
investigations have also been published [27, 28]. They constructed a dynamical model to assess the effectiveness of a PTC trendy
temporary processes and validated by using results from experiments indicated in literature [31]. With the use of Engineering
Equations Solver (EES), several more models were successfully developed against previous data. As an alternative, models
utilizing programs abound within literary canon too. A PTC collector's thermal performance was maximized by Tsai and Lin [35]
by simulating several types of mirrors in Autodesk [36]. It was concluded that greater thermal conductivity absorbing substances
reduce the greatest circumferential temperature gradient and hence enhance thermal performance by Akbarimoosavi and
Yaghoubi [36]. On top of all that, FLUENT is a very powerful simulation software that has spawned several publications [37-39].
They are interested in a recent model by Mwesigye et al., [40], which shows that such insertion of valve plate plugs within tubes
enhances thermal performance by 1.2 percent while decreasing the absorbing temperature by a substantial amount. Numerous
experiments with mathematical verification may be reported in earliest researchs [41-46].

Fig.1 schematic diagram for PTC and absorber tube

When Autodesk had been used to visualize collector of parabolic trough is studied using, in the present research, its utilization
effectiveness in various operational circumstances as compared to that of conventional collectors. Many factors go into simulating
the functioning of a solar collector. The method takes into consideration all of the observable phenomena such as solar beam
reflection and sunny thermal radiation transfer. In addition, a basic 1-D thermal model was built to verify their modeling findings
using Autodesk.

Analyses and models of simulation

That research aims to simulate a parabolic trough collector. A tiny methodology was built and evaluated in the Ansys
workbench to decrease the calculation time in reducing the computational costs. These results can be extrapolated to a larger
model with a comparable concentration ratio, if necessary.

problem description

The parabolic trough collector was developed in Ansys workbench but then just evaluated in Simulation Model Software
before it was built and installed. This is shown in Fig. 1a and Fig. 1b. Table 1 lists the major characteristics of this model, as well
as the most essential modeling variables, in order of importance. For such heat transfer characteristics, standard values were taken
into account to mimic aspects of reality. The simulated requirements are given inside the left column of Table 1, while the
fundamental features of the design are listed in the right column. All of these variables have the same levels in all the examples
that were studied. Two important parameters must be changed to mimic different working situations: inflow temperature and sun
inclination angle in latitude orientation. Throughout this study, the working fluid is pressured water, which is always in a liquid
state. Maintaining the liquid phase requires pressure greater than 20 bar and saturation temperatures near 200 °C. Since there are
S0 many instances to investigate, the temperature of the water is varied from 10°C up to 180°C.
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Mathematical model

It will find in this section the mathematical concepts formulae of this study. Eq. 1 and solar irradiance in the troughs apertures
may be estimated using Eq 2. Note that a PTC relies just on the sunrays to operate.

Table 1
Model dimensions and simulation parameters.

Simulation Value Model Value (m)
parameters dimensions
£y 01 w 0.840
£c 0.88 L 1.000
plra) 0.8015 f 0.300
Gp 500 W/m? Dy 0.020
m 0.02 kg/s Dio 0.022
Tam 10 °C Dqi 0.032
Hea 10 W/m?K D, 0.034
Qu=m-cp- (Tout — Tin) 1
Qs =4, -Gy 2
Qu
= Xu 3
n Qs
Qloss = UL : Aro ' (Tr - Tam)' 4

_ 0-Aro(TA-TE) 5
Qloss — 1 1-gc Apo
Z 41"t lro
&r & Agi

Quoss = Aco " hea (Te = Tam) + &c* Ao+ 0+ (T — Taim) 6
the tube surface, or the surface of the cover tube,

Aj=m-D; L 7
Where i = D.,, D, Do, Dy

Nusselt number for laminar flow can be calculated by using [47],

0.0668-Re-Pr-Dy;/L

Nuy, = 3.66 + 1+0.04:(Re-Pr-D,i/L)2/3 8
and for turbulent flow,
Nu,, = 0.023 - Re%8 . pr/3 9
Convection heat transfer coefficient can be calculated from simulation by,

— Qu 10

W T (-Dyi L) (Tr=T pm)

The localized concentration ratio is also another expression that is quite important in computations. As a more precise measure,
this is the ratio of the theoretically received irradiance for uniformly distributed in every section of the absorbers. According to,

_ dQgps
CL - p-(ta)G-dA 1

Therefore, the optical effectiveness modification was calculated as follows:

_ Nopt(8)
K(Q) B Nopt(0=0°) 12

6 was any transverse angular deviation.

Numerical analysis
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Validation of the simulation findings had been done using optimizing compilers 1-D analytical simulations. This system
depends just on human metabolism in the absorbers to identify overall usable energy as well as the energy loss to determine the
valuable energy and heat losses. This is a reasonable approximation since the tubes are not long and the temperature profile is near
the average value. Due to a lack of actual heat transmission mechanisms, it's recommended that covering temperature be adjusted
higher than ambient. To calculate water temperature at output section, the energy losses and usable energy are computed and
compared to one another. The temperature of the receiver may be measured by manipulative heat transfer features between tube
and water. may be used temperature for calculating the cover temperature. A large relaxation factor was required for this
technique to be convergent. As a rule of thumb, 20000 iterations were required to accurately estimate the ideal cover temperature.

Grid generation and mesh independent

For the current CFD analysis, Fig. 3(a) depicts the model structure of a standard absorbers. Through establishing a divide
on the lower surface of a pipe outer layer, a concentrated heat flux zone is created on the pipe outer surface of the single tube
absorber. For the current investigation, the heat flow encroaches on a 5 mm-wide concentrated area. Since accessibility to the
lower halfway pipe was restricted, the exact width of the beam that impinges on the bottom mid tube in the tests cannot be
measured. ANSYS fluent 2021 preprocessing is used to create hexahedral components over the whole flow domain as shown
in Fig.3b. The near wall grid function of a preprocessing is being used to build thinner enhanced wall mesh generation, with the
first node at 0.05mm and a preset growth factor of 1.02 for 30 layers. This one is made in order to better reflect the flow behavior
near to the walls. Using the surfaces mean water outlet temperature as a grading criterion, array total independence analyses are
carried on single tube absorbers. There had been three different grid sizes used to create coarse, medium, and fine meshes, each
with an alternative number of elements. Calculations with varying mesh sizes result in variations in flow output temperature, as
shown in Fig. 4. When the mesh size is increased from 0.75 million to 1.25 million, the temperature value rises. There is a very
small change in this number from 0.75 to 1.5 million cells. This means there is little influence of mesh density beyond 1.25
million cells. It's demonstrated in Fig.3 , that there are 1.25 million cells in the computational mesh, coupled with finer cells
towards the interior layer (c).
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Fig. 3. meshing domain for absorber tube
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Convergence

For each model, normalized residuals are used to establish the stability condition. To ensure convergence, all governing
partial differential equations and turbulent parameters have scaling standard errors of 108, Because all the adjusted error terms
have been less than or identical to this desired value, the resolution was said to have been convergent. Once the stability has been
attained, the analyses will be completed. Synchronization also isn't reached in all instances. As a consequence, the outcomes don't
really change however after 12000 rounds, a condition known as recurrent converging.

Results and discussion

There have been no exceptions to this rule. The temperature of the water had manually determined for each situation. As
shown above in Table 1, the solar irradiation and weather conditions both were identical. To begin, the major efficiency and more
effectively were clearly described.

Thermal performance

Fig. 5 shows a collector's effectiveness graph. The minimum incidence angles were achieved by aligning direct sun
irradiance perpendicular to apertures. Therefore in a situation, the optical productivity will be at its highest level. The comparison
of these two curves demonstrates that perhaps the measurement simulation produces results that become near sufficient to those
obtained by the computer simulation. A PTC's performance is quite extreme, proving that it is capable of producing water with
high temperatures. Most precisely, the collector's efficiency is higher than 75% even under working situations, proving its
outstanding performance. In Fig. 6, one can see the absorber's heat loss factor. The radiant loss increased with increasing, so this
variable was affected by something like this. Fig. 6 shows the linear relationship between this factor and the quantity (Tin-Tam)/Ge.
This parameter features minimum concentrations that can be attributed to the protective film and the vacuum between both the
absorbers as well as the covering, respectively. As a result, thermal losses were minimal as well as the loss coefficients were
modest, between 0.58 and 1.25. Considering varied working circumstances, Fig. 7 illustrates the heat transfer characteristics
within the tubes. Water characteristics, notably dynamic viscosity (), oscillate water temperature is changed. There is a
convergent boundary between laminar and turbulent flow due to Eq. 1

: (Tin — Tam) (Tin — Tam) z
1 fenermar =0.792 + 00018+ EnTam) g 7587 (Lin—Taml)
0.88 4 o A 2
{ enerma =0.7874+ 0.0532+HinTam) _ g g6 +({Lin—Tan))
(Tin — ) A (Tin — ) 2
1 Nehermar = 0.7913 +0.0323+inTam) g 7036+ ({in_Tam))
_ 0.83 - _ _
g 1 ——Numerical — ANSYS —Solidworks
§ 4
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Fig.5 comparison of the collector’s thermal efficiency for numerical, solidworks and ANSYS models.
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Fig.7 comparison of convective heat transfer coefficient for numerical, solidworks and ANSYS models..

The type of flowing within the pipe has been determined by the Reynolds number within the right axis. Thus long even
as water intake temperature is constant, the Reynolds number will vary. Heat transfer coefficients in turbulence,1000 W/m? K, are
much higher than those in laminar flows (300 W/m? K). It demonstrates that turbulence has higher heat transmission properties.
As shown in Fig. 7, the thermal factor assumes such an approximate state within a transitional zone. For example, the blue line
represents calculations based on Ansys workbench observations, while the red line represents conceptual convective coefficients
based on Eq. 8 for the information from different sources of water inflow. As a consequence of the findings being so near to one
another, Ansys' results were verified. One thing which confirms these Parametric data is that they have been extremely similar.
That demonstrates that turbulence has greater thermal exchange rates.
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Fig.8 Localized solar energy concentrated on the circmeference of the absorber tube.

As a result of the sunbeams being orthogonal to the apertures that shown in Fig. 8, this concentration of this characteristic
also was asymmetrical. Attributed to the reason that no rebounded light reaches small angles, the intensity rate was lower than 1.
Particularly, at 135° the quantity is around 27.7 but drops to 25 at 180°. As a result of such rays being focused at the floor of such
absorbers, the highest value may be found in the sidewalls of the lowest part. That's close to what it would be if the highest and
least localized saturation ratios were averaged out.

According to Fig. 9, the optical efficiency depends on the azimuthal moderator. Whenever the sun rises and sets, the
direction of the sunlight varies, which influences the mirrors of such beams. As a result, standard parameters were altered to
reverse the trajectory of ray emission to replicate this. As shown in Fig. 9, this variable would be used to simulate this collector on
either a daily basis. The optical efficiency decreases as the incidence angle increases, and at angles larger than 68.5°, no beams
reach the receivers after the reflection had occurred. Regarding incidence inclinations up to 21.5°, the optical effectiveness
modification is more than 0.8, resulting in a satisfactory level of accuracy for such application. Consequently, the collectors
require a tracking system to maintain the incidence angle at a minimum.
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Fig. 9 variation of the optical performance with angular angles.
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Heat transfer distribution

Temperature and heat flow dispersion across geometric are seen in this part. It's worth noting that those values below
have 93 °C water just at the entrance. Images were obtained from Autodesk's surroundings, and the outcomes were generated
using an Ansys workbench. As illustrated in Fig. 10, water is distributed as described in the following:

Water in the pipe bottom becomes hotter since sunlight were focused in one area. A heated tube heats the surrounding water,
which then conventionally transfers heat to a tube's middle. Fig. 10 is divided into two halves. The upper portion indicated that the
water temperature distributions at five distinct points within the pipe, while the lower section shows the temperature field along
with the tube's absorber. According to Fig. 10, red indicates hotter sections of a design. the bottom portion of the tube being the
warmest. It's clear from section "b" that now the bottom half of the absorbers was hotter. An increase in temperature is affected by
the increased intensity of solar radiation within that location. At 70 percent of its length,
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Fig. 10 variation of water bulk temperature in the XY -plane along absorder pipe.
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Fig. 11 illustrates the temperature field inside the absorber's face in a cross-section. a tube with a focused radioactive source has
the highest value near its lower edge. the temperature difference between upper and lower bounds is just approximately 3 K. This
variation is symmetric. The heat flux gradient over the solar collector is shown in the accompanying figure. Readings in blue are
higher while those in red were lesser. In the legendary values, there is no physical significance to the opposite sign. On the tube's
lowest section, and specifically on its sides, the sun's rays are focused. It is determined by the model's size how exactly the heat
source is distributed. Flow simulation modeling enables able to replicate straightforwardly focusing solar arrays and offers a wide
range of capabilities to the customers. The improved thermal gradient, incidence angle adjuster of conversion characteristics, and
thermal loss coefficient are all included in this paragraph. Ansys can calculate the distribution for temperature of external surface
for tube and the amount of water in apartment. With the characteristics of the simulation model, also it is possible to determine the
thermal gradient pattern so over receivers at any given point. All of the parameters during every point of something like the model
may be known in this approach.

Copyrights @Kalahari Journals Vol. 7 No. 1(January, 2022)
International Journal of Mechanical Engineering
627



99.8

99.3 A

98.8 A

98.3 A

T (°C)

97.8 A

973 A

96.8

96.3

0 50 100 150 200 250 300 350
B (deg.)

Fig. 11. Profile of surface temperature for the absorber tube.
Conclusions

Ansys is often used to simulate parabolic trough collectors in this analysis. Lab-developed simple numerical simulation validates
the outcomes. The simulation's final findings are quite close to the numerical method. When it comes to calculations, there is an
emphasis placed on working fluid convective rate, which is why a comparison with the theoretical result is included. Furthermore,
Ansys has proven to be a useful tool for users, since it enables users to see these computed numbers at any given point in the
models. Moreover, the mathematical model given is novel and yields reliable findings at a cheap cost of processing, which is a
major advantage. To get the algorithm to convergence, the relaxed parameter is essential.

The collector's efficiency is about 77.8% at extreme temps, which makes this technique useful. The thermal dissipation rate
typically ranges between 0.58 and 1.25 W/mK associated with the input temperature, which is responsible for this high efficiency.
The passive solar effects on the development of an absorber tube would be the next essential characteristic to study since it
influences the temperature profile of the absorbent’s surfaces. Around 45 degrees from the vertical plane, the highest concentration
ratio of renewable radiation may well be noticed upon that lower portion of the absorbers. There is also a large difference between
the highest localized concentration range of 27.7 and the average of 13.15, whereas the top half quantity was approximately
around 1.

Because of the thermal gradient composition and distribution, the warmest section of the absorbers is usually located at the base.
There's roughly a 5 K difference temperature inside a radius all around absorbers. Transverse temperature distributions of water
demonstrate that water is hotter in lower sections due to a higher absorption coefficient.

To maximize the effectiveness of a solar concentrator, the directions of such ultraviolet irradiance is crucial, primarily for
optically component. Larger incidence angles cause higher-end inefficiencies within collectors, reducing efficiency. As long as the
incidence angle is less than 21.5 degrees, the angle efficiency modifier is more than 0.84, and the collector’s efficiency is
excellent. As soon as the absorbers hit 68.5°, the amount of solar radiation that reaches it is insufficient to produce usable energy,
as well as the collection cannot function.

The computation of the thermal performance formula, as well as the optically modification ratio, allows users to understand the
collector's performance under various resources and strategies, which is crucial to note. It is therefore possible to import that
model into yet another predictive algorithm or programming using the formulas from this design.
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