Journal of New Materials for Electrochemical Systems

Vol. 26, No.3, July 2023, pp.196-205

International Information and
Engineering Teehnology Association

e

Journal homepage: http:/iieta.org/journals/jnmes

Experimental and Numerical Analysis of Variable Tube Diameter Circular Central Solar
Receiver

Kaustubh G. Kulkarni®, Sanjay N. Havaldar

School of Mechanical Engineering, Dr. Vishwanath Karad MIT World Peace University, Kothrud, Pune,
Mabharashtra, India- 411038.

Corresponding Author Email: “kaustubh.kulkarni@mitwpu.edu.in

https://doi.org/10.14447/inmes.v26i3.a07 ABSTRACT

Received: 23/8/2022
Accepted: 9/7/2023

In a solar power plant, the circular central solar receiver aids in the segregation
of electricity output. Because the geometry of the receiver has different
diameters in existing approaches, which determines the exact reaction of the
fluid on a whole is quite challenging. The mathematical design and modeling of
a solar central receiver with a variable diameter header are discussed in this
research paper. Hence, a novel Thermo-Mechanical Joint Behavior Analyzing
CFD model is employed to solve large-scale transient fluctuation activities
directly, while a sub-grid-scale model is used to compute small-scale motions
implicitly using Navier-Stokes equations. Moreover, the joints are very vital
influences for losses and creation of pressure so there is a high need to analyze
the joint efficiently. Consequently, the joints are an essential part of the header
which influences more to the performance of the solar receiver, thereby the
experimentation is carried out for measurement of pressure difference,
turbulence, velocity distribution due to the movement of a Nano-fluid medium
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in the solar convergent-divergent header configuration precisely.

1. INTRODUCTION

CSP (concentrated solar power) is a cutting-edge renewable
energy conservation approach. Solar energy has been
recognized a one of the providential renewable energy
technologies. CSP (long wave range) or PV (short wave range)
technologies [1]. At the present time the solar energy the most
reliable alternative energy source; however, it cannot be used
to create electricity directly owing to its low intensity. By
constructing the suitable concentrating systems, it may be used
for a far reaching of energy input devices, from domestic to
industrial use [2]. Solar energy can be converted directly from
the Photovoltaic systems into electricity, which can then be
stored in batteries for later use. Both technologies have
progressed in diverse ways since a solar energy first arrived in
the renewable energy market in the 1970s. PV plants have
discovered a way to cut down the costs by seeking more
energy-efficient and cost-effective solar cells, allowing for
quicker plant- drive times and installation [3].

Another type of solar system gathers solar energy and
transmits it to a working fluid by sensible heating of a fluid
that continuously passes through tubes. Solar collectors, also
known as central solar receivers, are a renewable technology
that collects solar radiation and converts it into high-
temperature thermal energy for chemical processing and
electricity production. Flat plate solar collectors (FPSCs) are
the most basic form of collector because they are simple to
build, affordable, and low-maintenance [4].
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There are several parameters that have a functional link with
the thermal efficiency of a solar collector. Collection plate
position, coating substance, collector plate coating, glazing
material quality, riser tube diameter spacing, flow velocity,
incoming radiation intensity, and bottom and side insulation
thickness are all factors to consider. Working fluid improves
the performance of solar collectors [5]. Nano fluids are
cutting-edge working fluids that are attracting a lot of attention
from researchers across the world as a method to increase the
efficiency of energy absorption and transport systems. To
ensure system compatibility, design change is a thorough
strategy that influences a wide variety of other properties. The
continual and systematic contributions of researchers from all
around the world have enabled engineering and technological
breakthroughs in FPSC [6]. A solar central receiver (SCR),
also known as a solar power tower, powers a traditional steam
Rankine cycle and is one of the most common designs for CSP
systems. There have been various studies on this design, with
several design focusing on economic assessments and
thermodynamic [7]. Consequently, to make the key
components worthy of their allotted job, modifications in
design are always followed by changes in new mechanics,
techniques, and even changes in working fluid. In terms of
spiral tube collectors, the one used in (S.K. Verma et al) study
is novel [8]. Computational Fluid Dynamics (CFD) is a
subfield of fluid dynamics that is abbreviated as CFD. The
development of high-performance computer hardware, as well
as the advent of user-friendly interfaces, has prepared the way
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for widespread use of CFD in a variety of sectors [9] [10].
Aerodynamics of aircraft and vehicles (improving the mixing
capability of a static mixer for use in wastewater treatment or
refineries in the oil and gas market), chemical process
engineering (improving the mixing capability of a static mixer
for use in wastewater treatment or refineries in the oil and gas
market), biomedical engineering, and drying technology are
examples of such fields [11-14].

The contribution of this paper,

. Thermo-Mechanical Joint Behavior Analyzing CFD
model is used to directly solve large-scale transient fluctuation
activities, whereas a sub grid scale model is employed to
implicitly estimate small-scale movements using Navier-
Stokes equations.

. To measure the pressure difference, the joints are
evaluated at five separate segments: maximum diameter
junction, minimum diameter junction, average diameter
junction, and both inlet and outflow, thereby ensuring thermal
behavior of the panel.

The reminder of the paper has been ordered as follows:
section 2 presents the recent literatures; section 3 depicts the
detail description of the anticipated methodology; section 4
discusses the implementation results; finally, section 5
concludes the paper.

2. LITERATURE REVIEW

Wang et al [15] The fluid, thermal and mechanical
properties of the S-CO2 tubular receiver panel under non-
uniform solar light distribution are quantitatively investigated
utilizing S-CO2 as the heat transfer fluid. Also discussed is the
effect of solar flux distribution and flow patterns on thermal
and mechanical performance. The findings show that the non-
uniform solar flux of the receiver panel increases thermal loss
and stress. Laporte et al [16] The influence of design and time
resolution on the predicted lifetime of a solar power tower's
molten-salt external tubular receiver, one of the most spoiled
components of these facilities, is examined in this research,
which considers operation under clear circumstances. Where,
the heliostat field targeting technique is determined first, and
operating limits of the receiver are adjusted to maintain a
insufficient film temperature and prevent the stress reset. The
former stops the tubes from corroding too quickly, while the
latter ensures global stress relaxation, which greatly minimizes
the risk of damage during receiver cycle operation.

Fang et al [17] the solar cavity receiver's thermal and
mechanical performance as the physical model for this
research A superheated water/steam solar cavity receiver with
three boiling panels served as the physical model. An
integrated simulation method which combines the Monte-
Carlo ray tracing (MCRT) method, the finite volume method
(FVM), the appropriate heat transfer correlations, and the
finite element method was used to provoke the complicated
heat transfer process inside the receiver and the thermal stress
investigation for the absorber panels (FEM) conducted.

Garbrecht et al [18], The thermal efficiency of a molten salt
solar central receiver was examined. The novel receiver for a
heliostat field around it, is made up of several hexagonal
pyramid-shaped parts grouped alveolar with their apexes
pointing at the heliostats. On the outside, concentrated solar
energy is absorbed, while on the inside, a molten salt flow
cools the components. The arrangement can nearly be termed
a radiation trap because most of the radiative losses are re-
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absorbed by the nearby pyramids. As a result, the efficiency of
the novel receiver was examined using coupled CFD-
simulations for radiation and heat transmission into the molten
salt flow. Assuming a focused incident power of 1 MW/m2
attained 91.2 percent thermal efficiency. Therefore, loss
caused by reflection could be compact to 1.3% of incoming
radiation, while it losses by emission accounted for 2.8%.

Craig et al [19], A Computational Fluid Dynamics (CFD)
model is created of the solar receiver cavity. The innovative
receiver is made up of multiple hexagonal pyramid-shaped
components clustered alveolar with their apexes pointing at
the heliostats and is designed to receive a heliostat field
surrounding it. Concentrated solar energy is absorbed on the
exterior, while a molten salt flow cools the components on the
inside. Because most of the radiative losses are re-absorbed by
the neighboring pyramids, the configuration is almost a
radiation trap. As a consequence, utilizing coupled CFD-
simulations for radiation and heat transmission into the molten
salt flow, the efficiency of the new receiver was investigated.
A 91.2 percent thermal efficiency was achieved using a
focused incident power of 1 MW/m2. As a result, losses due
to reflection could be limited to 1.3 percent of incoming
radiation, while losses due to emission accounted for the
remainder.

Baretto et al [20], addressed the Computational Fluid
Dynamics (CFD) modelling and thermal performance analysis
of porous volumetric receivers accompanied to solar
concentration systems. The heat transfers and fluid flow
processes in porous media are also modelled using volume
averaged mass, and energy conservation equations and
momentum, with the local thermal non-equilibrium (LTNE)
approach, thermal radiation transfer is described using the P1
spherical harmonics method, with open-source software (Open
FOAM). To describe the transmission and absorption of solar
light, an in-house algorithm based on the Monte Carlo Ray
Tracing (MCRT) approach was created and connected to the
CFD mesh. This reference configuration's thermal power
output, mean fluid temperature at outlet, thermal efficiency,
mean fluid temperature at outlet, and pressure drop are 628.92
W, 85.46 percent, 474.22 K, and 103.10 Pa respectively. As a
result, using receivers with large porosity and pores reduces
pressure while increasing thermal efficiency marginally.

Digole et al [21], To study the change of heat transfer
characteristics of fluid and temperature within the receiver an
external receiver was designed, manufactured and
experimentally evaluated by the concentrated central receiver
system. The exit temperature of the water was determined
using steady-state numerical simulation using ANSYS Fluent.
The experimental data were used to demonstrate the CFD
results. As a result, the fluid temperature changed according to
the number of heliostats and the mass flow rate. At solar noon,
nine heliostats with a mass flow rate of 0.0016 kg/sec achieved
a maximum temperature of 92.4°C, with an average
temperature of 84.4°C for the whole day. As a result, the spiral
coil tube's heat transfer coefficient and pressure drop were
1.44 and 1.97 times greater than the straight tube's.

Nidhul et al [22], Computational fluid dynamics (CFD) and
energy analysis are displayed to investigate the impact of
secondary flow produced by V-ribs on the overall performance
of a triangular solar air heater (SAH) duct. The influence of rib
inclination is deliberated using CFD approach for various
Reynolds number (5000 Re 20000) with a given relative rib
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height (Rh = 0.05) and relative rib pitch (Rp=10). Empirical
correlations is capable of predicting Nu and f with an absolute
variance of 8.7% and 4.7 percent, respectively. It is created
based on the CFD simulation findings. As a result of the
exergy study, the ribbed triangular duct generates less entropy
than the smooth duct, with a maximum increase in energetic
efficiency (ex) of 23 percent for = 45°. Comprehensive study
to compare the performance of the rectangular duct to that of
the ribbed triangle duct SAH is equal to 45°. The results
demonstrate that the ribbed triangle duct SAH (= 45°) is better
to other ribbed rectangular duct configurations. Said et al [23],
Endothermic reactions, namely methane reforming, can be
obsessed using parabolic trough solar collectors and molten
salts as heat transfer fluid. On the other hand, Linear focus
concentrators can only offer temperatures below 600 C,
resulting in CH4 conversions much below 50%. The
equilibrium can be altered toward significantly higher
conversations, if H2 is continuously withdrawn from the
reaction mixture using an H2-selective membrane while
simultaneously generating a higher purity of H2 stream. A
molten salt and tube heated packed bed membrane reformer is
numerically evaluated in this study utilizing computational
fluid dynamics and non-isothermal formulation.

From Survey, [15] The thermal, fluid, and mechanical
properties of the S-CO2 tubular receiver panel are investigated
using S-CO2 as the heat transfer fluid. [16] Also the design
day on the estimated lifetime and the impact of time resolution
of a solar power tower's molten-salt external tubular receiver,
which is one of these facilities' most damaged components.
[17] The radiative losses are absorbed by the neighboring
pyramids in a thermal stress analysis [18], and the geometry is
parameterized to allow the selection of design variables in a
formal design optimization formulation [19]. [20] Using
receivers with low porosity and pore size reduces thermal
efficiency somewhat while significantly increasing pressure
loss. [21] The fluid temperature was precise by the number of
heliostats and the mass flow rate. The exergy analysis
presented by [22] demonstrates that the entropy created by the
ribbed triangular duct with least efficiency is lower. [23]
Linear focus concentrators, on the other hand, can only
provide temperatures below 600 C. As a result, a unique
topology must be implemented to address the aforementioned
concerns.

3. EXPERIMENTAL AND NUMERICAL ANALYSIS OF
SCR WITH THERMO-MECHANICAL JOINT
BEHAVIOR ANALYZING CFD MODEL

Renewable energy conservation technology is critical for
preserving renewable energy and converting it to a usable form
where the CFD program is used to model the flow of fluid at
the header receiver's gradual convergence and gradual
divergence junctions using reported flow parameters at the
junctions and to examine the thermal stress concentration
caused by fluid flow. Because the design of the receiver has
different diameters, determining the exact response of the fluid
as a whole is quite challenging. To overcome the above-
mentioned issue a novel Thermomechanical joint behavior
analyzing CFD model has been proposed in which the Navier-
Stokes equations are employed directly to solve large-scale
transient fluctuation movements, while a sub-grid-scale model
is used implicitly to compute small-scale motions.
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Furthermore, the joints are an important component of the
header that has a greater impact on the functioning of the solar
receiver and hence, the joints are examined at five different
sections: maximum diameter junction, minimum diameter
junction, average diameter junction, and inlet and outflow. The
velocity distribution is computed using Bernoulli's theorem,
Turbulence with k-epsilon model, wall-adapting local eddy-
viscosity model, and the transition from laminar to turbulence.
The most important component in determining the behavior of
the solar receiver is thermal behavior of the panel.
Additionally, the temperature is altered to various values, and
the thermal concentration is determined at the five joints.

Overhead Tank

I Solar Simulator I

Figure 1. Block diagram of the proposed Thermo mechanical
joint behavior

The mechanical characteristics that alter as a function of the
thermal behavior are also thoroughly examined. The block
diagram of the proposed methodology is depicted in figure. 1.

3.1 Thermo mechanical joint behavior analyzing CFD
model

Thermo-Mechanical Joint Behavior Analyzing CFD
model is used to analyse the circular header receiver with
varied diameter for its performance under various conditions.
The Navier-Stokes equations are used to solve large-scale
transient fluctuation movements, while a sub grid size model
is used to compute small-scale motions implicitly. As a
result, the parallel plate model is widely practiced to
determine the fracture permeability m, which was derived by
applying the Navier—Stokes equation to laminar
incompressible flow between two parallel smooth plates. The
hydraulic aperture, which is the joint's effective opening to
fluid flow, is also depicted as a function of its permeability.
The hydraulic aperture of the fracture does not match its
mechanical aperture because actual fractures deviate

substantially from ideal parallel plates.
.2
m= - (1

Wheree; — Hydraulic aperture of the joint.

To estimate the hydraulic aperture from the mechanical
aperture, the following empirical connection is shown in eq(2).

en?
€ = rc - (2)

Where, JRC— Joint roughness coefficients.

e; and e, are in ym — Mechanical aperture of the joint.
In addition, a linear link between mechanical apertures and
hydraulic are shown in eq. (3).

e; = ejo + glhe, 3)

Wheree;yis the initial hydraulic aperture, Ae, is the
variation in mechanical aperture owing to the combined
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effects of compression and shear, and g is a proportionality
factor. When, g ranges between 0.5 to 1. The roughness of the
joint surfaces contributes to this component. The limiting ideal
case of parallel smooth plates has a factor g=I1, this
circumstance exists only when the joint is relatively open, with
apertures of the order of mm are shown in eq. (4).In the
majority of other circumstances,g < 1 the shape of the flow
path has a significant influence on g. Where, g is often close
to 0.8 for rectilinear laminar flow.

ud
g = gOexp('fo dgduq)
Where,dgis a production gauge factor. Where, the
additional parameters g, and d,; presented in this section are
extremely likely to be experimentally connected to JRC, JCS,

and g. To get to specific correlations, a detailed experimental
design will be required.
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Figure 2. Design of Thermomechanical joint behaviour using
CFD model

Autodesk CFD was used to simulate the solar central
receiver with thermo-mechanical joint behavior. The diameter
of the upper header inlet and outlet is 15 mm and 50 mm and
the diameter of the bottom header inlet and outlet is 15 mm
and 50 mm, the diameter of the upper header inlet and outlet
is 15 mm and 50 mm, the number of tubes is 15, the area of
the receiver is 0.6 m2, the heat flux is 3500 w/m2, and the
material of the receiver and frame is copper. Also, the
simulation fluid is water, which has a constant density of 997
kg/m3 and a dynamic viscosity of 0.0008 kg/ms are shown in
fig.2. The fluid is assumed to be incompressible, with mass
flow at the input and pressure at the output chosen as the
boundary conditions. Hence, the experimental procedure is
explained in the below subsection.

3.2 Experimental procedure

The joints are an important component of the header that
has a greater impact on the functioning of the solar receiver.
Hence, the joints are examined at five different sections:
maximum diameter junction, minimum diameter junction,
average diameter junction, and inlet and outflow.

Figure 3. Circular solar receiver

199

The following procedures were taken throughout the testing
method to investigate the influence of outlet inclination on the
phase split:

. The outlet branches were angled as required.

. The suitable air inlet control valve was changed to
provide the necessary air inlet flow rate. Therefore, the
necessary air outlet control valves were simultaneously
adjusted to achieve the target junction pressure of 2.0 atm
(abs).

. The water pump was twisted on when the suitable
water inflow rotameter valve was entirely opened where, the
flow rate was set by adjusting the control valve.

. The right test section the pressure of 2.0 atm (abs)
was conserved by continually changing the air control valves.
The water level in the separation tanks was kept constant by
managing the exit water flow rates via valves. The exact test
conditions of test section pressure, correct extraction ratio,
input flow rate and constant water level in the separation tanks
necessitated this repeating technique.

. The mass split ratio (W3/W1) was evaluated with the
appropriate test section pressure, intended intake flow rate,
and a stable level of liquid in the separation tanks. If it differed
from the required value, the air control valves downstream
from the separation tanks were used to correct it. Also, the
mass split ratio was adjusted in such a way that the right intake
mass flow rate and pressure were maintained. Iterative
procedures were used until the required operational conditions
were totally met.

The quantity of period required to alter the flow variables in
the loop was resolute by the intake flow conditions and the
value of the mass split ratio (W3/W1). Before capturing any
phase distribution data during the steady-state period, the
following parameters required to remain fixed:

. The pressure at the intersection (Ps).

. The water and air mass flow rates at the inlet and
outlet.

. The water level in the filter tanks.

. The air and water pressures and temperatures

throughout the system. By, using the required parameters of
WGI1, WL1, WG2, WL2, WG3, and WL3, the following
criteria were calculated.

VVJZWH]+WM] j=1,2,...n

The inlet and the outlet qualities were calculated by,

— WHj
7=y

Where, W be the mass flow rate(Kgs™1)

H be the gravitational acceleration

M be the liquid

j be the superficial velocity (ms™1)

y be the quality

Therefore, the fraction of total inlet liquid entering outlet
and the fraction of total inlet gas entering outlet were
calculated using above equations.

A beam problem may be reduced to a simple harmonic
oscillator differential equation retaining linear material
features hypothesis and eigenvalues solution because of
structural dynamic theory. Hence, bending deformations are
examined when the Euler-Bernoulli hypothesis is used. All of
these hypotheses lead to a set of equations corresponding to an
equivalent damped harmonic oscillator solution for each Eigen
mode.

~~(5)

j=12...n

Neg=/ NVZdV (6)
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o= TP (GE) v

=[HV AV ,0 =

(7
®)

Assuming statistical independence of the forces at each ring,
the equivalent force term may be defined as square sum. This
model provides an estimate of the supreme movement of the
rods, allowing users to determine whether moving frame
simulations are required are shown in table.1.

eq
Heq

Table.1. Dimensions of proposed experimental setup

S.NO Parameters Dimensions
1 Diameter of Bottom | 50mm and
Header Inlet and 15 mm
Outlet
2 Diameter of Upper 15mm and
Header Inlet and 50mm
Outlet
3 Area of receiver 0.6m>
4 No of Tubes 15
5 Diameter of central 50mm
tube
6 Tube Thickness Imm
7 Mass Flow Rate 0.1LPM
8 Heat Flux 3500w/m2
9 Metal halide lamps 3-4 qty.
(solar simulator) (1000W)
10 Material of Receiver | Copper —
& Frame Receiver

Thus the velocity distribution is determined via wall
adapting eddy viscosity and k-epsilon turbulence model is
explained in the below section.

3.2.1 Turbulence and Velocity distribution model

The K-epsilon (k-¢) turbulence model is the most frequently
used model in computational fluid dynamics (CFD) to
simulate mean flow characteristics under turbulent flow
conditions. It is a two-equation model that uses two transport
equations to provide a broad characterization of turbulence
(partial differential equations, or PDEs). The K-epsilon model
was created to improvise the mixing-length model to provide
an alternative to algebraically dictating turbulent length scales
in moderate to high-complexity flows.

The velocity is parted into a mean flow component and a
fluctuating component with a zero temporal average because
of the Reynolds decomposition. As a consequence, the
Reynolds Stress terms u;u; have a closure issue. For algebraic
models, the w;u; are supposed isotropic, so that all of the
tensor cross components may be attributed to the generation
and dissipation of turbulent kinetic energy. A kinetic
turbulence energy balance equation and a dissipation rate
equation are derived from this assumption. In addition, the
turbulent eddy viscosity y; is the ratio using a simple algebraic
equation the relationship between kinetic turbulent energy and
dissipation rate are shown in eq.(9) and (10).

For turbulent kinetic energy,
a(pl) 6pul _ 6
ot

For dissipation,

ut al
6x] O 0xj

2|+ 2kt~ P2 ©9)

dx;
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(0P¢)
Tt

Where, u;denotes the component of velocity in the relevant
direction.

F;jdenotes a rate of deformation component.

urdenotes the eddy viscosity.

2
= pD, = (11)
0y, 0¢, C1. andC,, are constants. Thus the pressure

difference is mentioned via Bernoulli’s model are explained in
the below subsection.

O(Pew) _ 0 |kt
0x; ax] oe ax]

]+D15 2uF u D2£p— (10)

3.2.2 Pressure difference Model

Bernoulli's principle of fluid dynamics circumstances i.e. an
increase in fluid speed occurs simultaneously with a decrease
in static pressure or potential energy. As a consequence, fluid
particles are simply impacted by their own weight and
pressure. If a fluid is flowing horizontally along a section of a
streamline, it can only increase in speed because the fluid has
moved from a higher pressure region to a lower pressure
region and it can only decrease in speed because the fluid has
moved from a lower pressure region to a higher pressure
region.
the quickest speed occurs where the pressure is lowest, and th
e slowest speed occurs
at pressure is highest in a horizontally flowing fluid.

In most cases gases and liquids flowing at low Mach
numbers, the density of a fluid packet may be considered to
remain constant, regardless of pressure variations in the flow.
As a result, the fluid can be termed incompressible, and
incompressible flows are the outcome. The following is a
common variation of Bernoulli's equation that may be used at
any point along a streamline:

2
WT + hz +% = Constant (12)

Where w denotes the velocity of fluid flow at a location on
a streamline.

h be the acceleration due to gravity.

z be the Elevation of a point above a reference plane, with
the positive z-direction pointing upward - that is, in the
opposite direction of gravitational acceleration.

p be the pressure at the particular point.

For this Bernoulli equation to operate, the assumptions are
followed.

The flow is stable, which means that the flow characteristics
(velocity, density, and so on) at any point cannot fluctuate over
time. The flow is incompressible i.e., even if pressure
fluctuates, the density must remain constant along a
streamline. Also, viscous force friction is to be minimal.

Bernoulli's equation may be generalized to conservative
force fields as follows:

2
WT + o+ % = Constant

Where, ¢ be the force potential at the location on the
streamline under consideration. ¢ = hx

Equation (12) may be expressed as follows by multiplying
by the fluid density:

lzpw2 + phx + p = constant ~ ------ (14)
(or) q + phi = py + phx = constant - (15)
Where, q= %pw2 is a dynamic
pressure

i=x+ :;his a hydraulic head
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P, = P + qis a Stagnation pressure
The Bernoulli equation's constant can be normalized. A
typical method is to express total head or energy head H:
p . w? . w2
H:x+p_h+E:l+E ----- (16)
According to the preceding equations, Pressure is zero at a
certain flow speed, while pressure is negative at higher rates.
Bernoulli's equation is plainly no longer valid before zero
pressure reached since gases and liquids seldom achieve
negative absolute pressure, let alone zero pressure. When the
pressure in a liquid drops too low, cavitation occurs. The
equations above take use of a linear relationship between
pressure and flow speed squared. Higher gas flow rates or
sound waves in water liquids, because considerable variations
in mass density, making the premise of constant density
invalid. Consequently, the temperature is varied to different
values and the thermal concentration is defined at the defined
five joints. Also the mechanical characteristic changes based
on the thermal behavior is also analyzed thoroughly. In this,
we have compared our results with CFD software packages
with classical formula and made an attempt to analyze the
geometrical Configuration. Hence, the experiment is carried
out to carefully quantify the pressure differential, turbulence,
and velocity distribution caused by the flow of a micro fluid
medium in a solar convergent divergent header
configuration. The further implementation particulars of the
proposed SCR with thermos mechanical joint behavior have
been presented in the next section.

4. RESULT AND DISCUSSION

This section includes a full discussion of the
implementation outcomes as well as the proposed system's
assessment measures. A comparison has also been made to
show that the suggested models performance outperforms
existing models.

4.1 Experimental Setup

This work has been implemented in the working platform
of Autodesk CFD with the following system specification
and the simulation results are discussed below.

Platform :Autodesk CFD

OS : Windows 10
Processor : 64-bit Intel processor
RAM :8GB

4.2 Simulation Outputs

This section presents the simulation outputs and its
discussion in detail upon Solar Central Receiver with Thermo-
Mechanical Joint Behavior.

Figure 4. Gradual expansion joints in CFD Analysis

The steady expansion and contraction joints are depicted in
different dimensions. Figure.3 show the joint geometries of
progressive expansion and contraction.

Figure 5. Mesh analysis

The geometry and mesh are made up of a multi-dimensional
joint generated by combining the coordinates. For the
aforementioned geometry, boundary conditions such as
velocity intake and pressure outlet, as well as a fixed wall with
no-slip condition, have been implemented are shown in fig.5
and statistically represented in Table.2 and Table.3.

Table 2. Automatic Mesh Testing

Parameters Dimensions
Surface 0
Gap refinement 0
Resolution factor 1.0
Edge growth rate 1.1
Minimum points 2
Points on longest 10
Surface limiting 20

Table 3. Mesh Enhancement settings

Parameters Dimensions
Mesh 1
enhancement
Enhancement 0
blending
Number of layers 3
Layer factor 0.45
Layer gradation 1.05

ety 0 m 567319 850978
Aumioum

Figure 6. Joints in a Flow-Through Pipe: CFD Analysis




Experimental and Numerical Analysis of Variable Tube Diameter Circular Central Solar Receiver / J. New Mat. Electrochem. Systems

The distribution of all flow wvariables, primarily flow
velocity, at intake borders must be stated in inlet boundary
conditions. When the inlet flow velocity is known, this form
of boundary condition is commonly employed.Fig.6. is
designed using 386121 number of nodes and 1602420 number
of elements.

Table 4. Outlet 1 flow through pipe

Parameters Dimensions
Mass flow out -0.0157529
Minimum x,y,z of 0.0
Node near minimum 681.0
Outlet bulk pressure 4000000.0
Outlet bulk -0.0 C
Outlet mach number 6.23199¢-12
Outlet residence time | 9.32964 sec
Reynolds number 3.02258
Surface id 299.0
Volume flow out -0.0157813

The distribution of all flow variables, particularly flow
velocity, must be specified in outlet] and outlet 2 boundary
conditions. Consequently, a typical form of boundary
condition is given when the outlet velocity is known. When
the outlet is selected far away from the geometrical
disturbances, the flow reaches a full matured condition with no
change in flow direction. In such a region, an outlet could be
drawn, and the gradient of all variables in the flow direction,
except pressure, could be equal to zero are shown in Table.4
and Table.5.

Table 5. Outlet 2 flow through pipe

Parameters Dimensions
Mass flow out 0.0157557 gfs
Minimum x,y,z of 0.0
opening
Node near minimum 1617.0
X, y, z of opening
Outlet bulk pressure 8000000.0
Outlet bulk 0.0 C
Outlet mach number 6.57776e-12
Outlet residence time 3.40615e-09
Reynolds number 2.97955
Surface id 298.0
Total mass flow out 2.83685¢e-06
Total vol. flow out 2.84196¢-06
Volume flow out 0.0157841
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(1) Velocity Magitude - cmi/s
1312
0
240
160
8
0

Figure 7. Velocity distribution

The velocity of flow in a pipe with an input diameter of 12.5
mm and an output diameter of 25 mm. Whether the flow is
laminar or turbulent determines the form of the velocity curve
(the velocity profile throughout any given piece of pipe). Also,
the entire fluid flows at a single value in turbulent flow
because the velocity distribution is fairly flat across the pipe
segment. Hence, the color contours depict the velocity of an
expanding pipe decreases at the entry edges, resulting in
velocity loss in the pipe are shown in fig.7.
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Figure 8. Residuals graph of Iteration#100

The residual is the basic measures of convergence in an
iterative solution since it directly quantifies the error in the
system of equations solution. Also, the residual measures the
local imbalance of a conserved variable in each control volume
in a CFD analysis at 100" iteration are shown in fig.8.

Reration #130

Figure 9. Residuals graph of Iteration#130

The residual in a CFD analysis represents the local
imbalance of a conserved variable in each control volume.
Also, the residual in an iterative numerical solution will never
be zero. Hence, the solution will be more numerically accurate
if the residual value is lower at Iteration #130 are shown in
fig.9.
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Figure 10. Temperature vs Concentration Ratio at an
Average Beam Solar Radiation at 800 W/m2

The fluctuation of the optimal receiver surface temperature
throughout the geometric concentration ratios is seen in Figure
10. The average beam radiation taken into account is 800
W/m2. The optimal temperature is the nominal for the chosen
test location, and the collector takes the ambient circumstances
into consideration. When a function of concentration ratio is
100, the temperature is 450 degrees Celsius. When the
concentration ratio is 200, the temperature increases to 500
degrees Celsius. When the concentration ratio moves to 400,
the temperature gradually rises to 600 degrees Celsius. The
overall increase in temperature based on concentration factor
at the solar central receiver is calculated as 18% of growth.

4.3 Comparison Analysis

In this section, various performances of the proposed Solar
Central Receiver with Thermo-Mechanical Joint Behavior
Analyzing CFD model have been compared with the existing
models to ensure the performance of the proposed model.
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Figure 11. CFD result (m/sec) vs Inlet Pressure

Pressure intake and outlet conditions are frequently
assigned at the opposite end of the model to a flow rate or a
different pressure in computational fluid dynamic analysis
(CFD). The CFD findings drop when the pressure is increased.
At pressure 10, the computational fluid dynamics is 0.013
m/sec, whereas at pressure 15, it is 0.008m/sec are shown in
fig.10.

Table 6. Comparison of CFD result(m/sec)

Inlet Pressure CFD
result(m/sec)
10 0.013
15 0.01
20 0.008
25 0.006
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Figure 12. Outlet velocity (m/sec) vs Inlet pressure

Inlet pressure are calculated rather than fixed when pressure
gradients are lowered to zero. As a consequence, for
incompressible flows, the temperature characteristics are not
required, but the temperature at the input must be specified.
Because the turbulent flow amounts are matched to the starting
state values, they aren't needed as inputs. In addition, the static
(gauge) pressure will be determined based on the velocity
profile at the exit to achieve the desired value. Also, the
outflow boundary conditions are used to estimate all important
scalar values from the interior, with gradients set to zero.
When a function, as the inlet pressure rises, the output velocity
decreases. Its output velocity is 0.012 m /sec at inlet pressure
15, 0.01 m/s at inlet pressure 20, and 0.008 meters per second
at inlet pressure 25 are shown in fig.11.

Table 7. Comparison of Outlet velocity(m/sec)

Inlet Pressure Outlet
velocity(m/sec)
10 0.015
15 0.012
20 0.01
0.007
25
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Figure 13. Inlet velocity (m/sec) vs Inlet pressure

The inlet velocity reduces as the inlet pressure rises from 10
to 25, where the output pressure will be slightly higher than
the intake pressure in that case (due to flow resistance) are
shown in figure.12. The outlet velocity at intake pressure 10 is
2m/sec, whereas at inlet pressure 20, the outlet velocity is
1.5m/sec. Also, friction in the pipe causes the outlet pressure
to rise when the outlet pipe is tiny in proportion to the flow
rate. When the outlet is directed uphill, the outlet pressure rises
with it.
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Table 8. Comparison of Inlet velocity(m/sec)

Inlet Pressure Inlet velocity(m/sec)
10 0.002
15 0.0018
20 0.0015
25 0.0014
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Figure 14. Discharge (Q) vs Inlet pressure

Inlet pressure, often known as pump intake pressure, is the
pressure available where the suction pipe meets the booster
pump. The inlet pressure is determined by the pressure of the
water supply or the water pressure created by the booster if the
booster draws from a break tank. Consequently, the centrifugal
pump discharge pressure is the total pressure energy after the
liquid has passed through the centrifugal pump. Also, as the
pressure rises from 10 to 25, Fig.13. shows that at pressure 10,
the discharge is 110, and at inlet pressure 20, the discharge is
80.

Table.9. Comparison of Discharge(Q)at different Inlet

pressure
Inlet Pressure Discharge(Q)
10 110
15 95
20 80
25 66
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Figure 15. Error (%) Vs Inlet pressure

Inlet pressure, also known as pump intake pressure, is the
pressure present where the suction pipe meets the booster
pump. In addition, the input pressure is determined by the
pressure of the water supply or the water pressure created by
the booster if the booster draws from a break tank. The
error(percent) diminishes as the intake pressure increases. The
error value at pressure 10 is10 X 1073, and at inlet pressure
25, the error is 5%, as illustrated in fig.14.
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Table 10. Comparison of Error (%) at different Inlet pressure

Inlet Pressure Discharge(Q)
10 110
15 95
20 80
25 66
5. CONCLUSION

This section introduces and investigates the impact of
cylinder computation on the absorber cylinder and gatherer
execution. In this research, we intended a circular central solar
receiver system with a variable diameter header at the top as
well as bottom. Where, solar simulators, circular central solar
receiver, and concentrator were used to model the exact
configuration of the system. Consequently, the thermal storage
technology allows the solar central receiver to function even
when the weather is cloudy. During the summer, the systems
efficiency is at an all-time high. When the results of the
systems accurate modelling are compared to CFD simulations,
encouraging results are found. Additionally, the modelling
should provide a control system for regulating the mass flow
rate of the heat transfer fluid or the number of solar simulators,
which examines the solar incident energy over time and
confirms that the working fluid does not surpass the supreme
temperature of the working fluid. The experimental findings
reveal that the anticipated framework exceeds the others in
terms of velocity distribution of lowest outlet velocity of 0.008
m/sec, lowest input velocity of 1.4 m/sec, discharge of 66, and
error of 0.005 %, respectively and as the temperature
progressively increases to 600 degrees Celsius, the
concentration ratio increases to 400. It is determined that the
whole temperature increase represents an 18% gain at the solar
central receiver.
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