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Abstract

The separation of solid particles from the liquid or gas
phase is commonly done using mechanical devices, the
most important of which are cyclones. The simple
structure and low production and maintenance costs have
increased the use of cyclone separators in the electricity,
petrochemical, cement, wood, etc. industries. The results
demonstrate that the applied voltage, in addition to
increasing the tangential and axial velocities, which causes
an increase in the centrifugal force in the cyclone,
stabilizes the flow and brings purer air into the vortex. The
increase in efficiency and decrease in pressure drop due to
the application of the electric field indicates an
improvement in the performance of the studied cyclone.
Keywords: Particle separation, Square cyclone, Electric
field, Separation efficiency, Pressure drop.

1. Introduction

Cyclones are used in various industries such as cement,
plaster, steel, sugar, food, and pharmaceutical industries,
and in the industries that somehow deal with dust particles
known as one of the main and the lowest consumption of
industrial ventilation system equipment [1-3]. Hoffman et
al. [4] stated that the length of the natural vortex is strongly
related to the process of particle separation and erosion that
is observed at the base of conventional cyclone separators.
In addition to cyclones with a cylindrical body, there is
another type of cyclone called a square cyclone. In the
present work, an electromagnetic force is applied to the
cyclone body. The electric field is applied to the square
cyclone by using a lithium-ion battery and the effect of the
electric field on tangential velocity, axial velocity, and
pressure distribution is investigated.

2- Governing equations

Since the fluid is Newtonian and the gas flow in the
cyclone is assumed to be incompressible, the continuity
and three-dimensional Reynolds averaged Navier-Stokes

equations, ignoring the gravity force, are expressed as
follows [5]:

ou;

=0 1)
i

ou; _ 0u; 1 9P azﬁi a

- = —t _ — R.. 2

at + Y oxj p Ox; Ox;0xj  Ox; Y ( )

Here, u; is the average velocity vector, x; is the
position vector, P is the average pressure, p is the gas
density, v is the gas kinematic viscosity, and R;; is the
Reynolds stress tensor. Previous studies have shown that
the Reynolds stress model can be used to calculate the
strain-stress rate for complex flow in cyclones [1]. Hence,
this model is chosen for the present work.

Also, since the volume fraction of particles is less than
10%, one-way coupling is used to track solid particles [1].
According to the Eulerian-Lagrangian approach, Newton's
second law for particle motion is as follows:

du 3
—r= Fp(uy —up)y
_ 18p, CpRep 4)
DT ppd?2 24
CZ 63 (5)
Ch=C+—+—
p=City B + Re}?
_ padplup — uyl (6)
Ha

Here, uy is air velocity, up is particle velocity, u, is air
viscosity, p, is air density, pp is solid particle density, dp
is particle diameter and Re, is particle Reynolds number.
Cp is the drag coefficient and C;, C,, and C5 coefficients
depend on Rep. Fig. 1 shows cyclone geometry and Table
1 presents the dimensional characteristics.

3- Results

Tangential velocity

Tangential velocity is the most important velocity
component in cyclone separators, which affects both
pressure drop and separation efficiency. Separation of
solid particles takes place due to centrifugal force and this
force is directly related to the size of the tangential
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velocity. The tangential velocity profile consists of two
internal and external regions. In the inner region, which is
almost rotating, it acts like the rotation of a solid body,
which is called a forced vortex. Fig. 2 shows the effect of
electric field on tangential velocity. In this figure, the input
velocity is 25 m/s and the voltage value is variable from
zero to 25 kV.

o

z=0 .

Fig. 1. Schematic of a square cyclone (D is the size of the
side of the square body).

Table 1. Square cyclone dimensions (in millimeters).

D De a b S h H B

Dimension
100 | 460 | 750 | 380 | 1000 | 2000 | 4000 | 250

Axial velocity

Another important component of wvelocity that is
responsible for transporting solid particles is axial
velocity. The axial velocity increases near the center line
in the region of the forced vortex. This velocity component
reaches the lowest possible value in the free vortex region.
Also, taking into account the reflective effects of the wall,
the axial velocity of the inner core area decreases. Near the
wall of the cyclone, the axial velocity moves the particles
downwards (conical part and then the collection place). In
the area near the wall, the flow is downward, which carries
the particles with it. In the inner vortex area, the fluid flow
without particles or with small particles is directed
upwards towards the vortex detector. The increase in
voltage causes a significant increase in the axial velocity

(Fig. 3).

4. Conclusion

The purpose of this study is was numerically investigate
the effect of an electric field on improving the efficiency
of a square cyclone. The simulations were carried out
using the Eulerian-Lagrangian method and one-way
coupling, and the effect of voltage on two components of
velocity, i.e., tangential velocity and axial velocity, as well
as pressure drop, was investigated. The results showed that
increasing the applied voltage increases the tangential
velocity. The increase in centrifugal force resulting from
the increase in tangential velocity moves the particle

toward the cone wall and increases the concentration of

particles in these areas.
40

Tangential velocity (m/s)

‘ 1
z (m)

Fig. 2. The effect of the electric field on the size of the
tangential velocity

50

Axial velocity (m/s)

— —<—- 20kV
- (> - 25kV

1 0.5 0 0.5 1
z (m)
Fig. 3. The effect of the electric field on the size of the axial
velocity
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Abstract

To assess the ultimate strength of polymeric composite
laminates, various criteria have been proposed, however
the response of composite laminates depends on
characteristics of the specimens such as the type of
material, dimensions of the specimens and the fabrication
type. In this paper, the composite laminates, made of UD
glass fibers and vinylester resin were examined under 3PB
condition. Additionally, the FE models were used to
simulate the mechanical behavior of specimens under 3PB.
The degradation of stiffness and the ultimate brittle failure
of the laminates were modeled using the Hashin damage
in the matrix and the bundle failure model related to
breakage of the fibers. The algorithm determined for the
FE model, could predict the ultimate strength of the
composite laminates accurately. A comparison between
the experimental and the simulation results indicated the
reliability of the modeling technique to assess both
progressive and brittle failures in the composite laminates.
Keywords: Composite laminates; Crack band model;
Hashin criteria; Energy absorption; Progressive damage.

1. Introduction

The load carrying and failure behavior of fiber reinforced
polymeric composite materials has been observed
differently under various loading conditions, while various
amounts of this difference have been reported for various
materials. Mujika et al. [1] and Moreno et al. [2] observed
smaller elastic modulus for graphite/epoxy laminates
under a bending load in comparison to this parameter,
measured under tensile load, however an inverse
occurrence has been observed by Nazari et al. [3] for the
glass/vinylester laminates. On the other hand, in contrary
to the dramatic progressive failure behavior of
graphite/epoxy laminated beams observed by Huang [4],
Moreno et al. [2] reported a brittle failure for a group of
graphite/epoxy laminates under bending load. So it is
obvious that the predictions of a unique failure theory for
these different results would not be accurate. The present

research aimed to assess failure of the glass/vinylester
composite laminates by taking into account a progressive
damage to the matrix and a brittle failure, related to bundle
of fibers, located under tensile stress in comparison to
experimental observations.

2. Experimental program

The glass/vinylester composite laminated specimens were
provided for tensile and bending tests. Figure 1 shows a
three-point-bending test on a composite beam specimen
using Zwick loading machine. The failure mechanism was
probed for the specimens, fabricated from the parallel and
perpendicular directions to the fibers. There was a sudden
and brittle failure observed for the specimens under tensile
load, but the flexural failure of the laminates took place
sequentially, related to rupture of the layers, located under
tension.

3. Simulation of progressive damage in matrix and
crack band for fibers

The progressive damage of matrix due to propagation of
micro cracks and rupture of fibers were simulated
according to Hashin criteria and the maximum absorbed
energy, respectively. The energy level, required for rupture
of the layers was determined using the results of the tensile
tests. Figure 2 shows the critical region of the specimens
under tension and bending load to be involved with a crack
band. The critical energy density, required for occurrence
of the crack was measured by the tensile tests. Based on
this theory, for rupture of the layers, it was enough that the
energy density on the tensile area of the beams reach the
critical level.
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Figure 1. Test setup for three-point-bending test of FS1

specimen.
[
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Figure 2. Critical region of the specimens, exposed to a
crack band under (a) tension, (b) bending.
4. Results
In the four-layer bending specimens parallel to the fibers
direction, the falling point of the maximum load carrying

capacity was corresponding to the rupture of two tensile
layers, located at the bottom. At the falling point of the
second round of load carrying, the third layer from the
bottom was ruptured. Figure 3 shows the ruptured layers
of the bending specimen parallel to the fibers direction
after test. Inspection of the rupture area for the beams
indicated that there was a delamination between the intact
and ruptured layers, however there was not such an
influence prior to the rupture. Figure 4(a) shows the load-
deflection graph for this specimen, obtained by the
experiment and FE simulation. Each falling point of this
graph indicated rupture of the tensile layers. The FE model
showed the maximum tensile stress in this specimen, in the
ultimate state, 16% higher than the tensile strength,
measured by tensile test. The residual strength of the
composite beam after the test was provided by the
remained intact layer after rupture of the three bottom
layers. For the bending specimen, perpendicular to the
fibers orientation, the FE model predicted a sequential
cracking, while in the experimental specimen, the
maximum load carrying capacity interrupted by a diffusing
mid-span crack from the tensile part to the compressive
part of the section, located at the above which reduced
suddenly about 90% of the load carrying capacity.

Delamination between th
ruptured and continuous layers

Figure 3. Rupture of the tensile layers in FS3 specimen after bending test.
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Figure 4. Load-deflection graphs, obtained for bending specimens, (a) FS1, (b) FS2.

The influence of progressive damage in the matrix was
obvious for the bending specimen perpendicular to the
fibers direction, through softening prior to the ultimate
rupture state. Initiation of matrix damage was assessed
according to Hashin criteria, while the progressive
softening rule was implemented according to the amount
of complementary energy, determined by Camanho and
Davila [5]. In order to compare the results of the crack
band theory, suggested for simulation of rupture, with the
results obtained by the maximum strain criterion (Max.
Str. Crit.), the load-deflection graphs of the beams were
also obtained by both theories. The Max. Str. Crit.
predicted a premature failure of the beams rather than the
energy criterion.

5. Conclusion
The accuracy of the predictions for flexural failure of the
bending specimens based on the crack band theory was

promising. The results obtained by the suggested energy
criterion were in convergence with the experimental
observations, while the maximum stress/strain criteria
predicted a premature failure for the composite beams. The
future studies may be involved with examination of the
rupture of specimens with various stacking sequence of the
composite laminates and prediction of the failure loads
based on the crack band theory.
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Abstract
In recent years, increasing usage of fossil fuels has caused

many environmental problems. So, exploitation of clean
and renewable sources of energies such as solar energy is
considered more seriously among the scientific
communities and valuable research has been done about
the possibility of this energy as source of different power,
cooling and heating generation systems. In this research at
first the cogeneration system comprises the cascade steam
Rankine cycle, absorption cycle and vapor compression
cycle with parabolic trough solar collector as heat source
are simulated from energy, exergy, economic and
exergoeconomic point of view. The simulation proceeds as
follows: first, the mass, energy, and exergy conservation
equations are written, and then, using the cost balance
equation for each system component, the investment cost
and exergy destruction cost rate are calculated. The result
in basic input mode shows that total work output, total
exergy destruction and net exergy efficiency are 35.21
KW, 356.8 KW and 12.5% respectively. The
exergoeconomic results show that total cost rate is 56.86
$/hr and total exergoeconomic factor is 45.02 % that shows
a good balance between initial and exergy destruction cost
rates. Also solar collector and steam turbine should be
further considered from the exergoeconomic viewpoint
since these components have the highest value of cost rate.
At the end, a parametric analysis is done in order to the
investigation of the effect of change steam evaporator
temperature, pinch point temperature different, steam
condenser temperature and generator temperature on
system performance from energy, exergy and
exergoeconomic point of view.

Key Words Solar energy, Steam Rankine cycle,
Absorption refrigeration cycle, Vapor compression cycle

with ejector, Energy, Exergoeconomic.

1. Introduction

In the past years, studies have been carried out using the
steam Rankine cycle, cascade cycle, and refrigeration
cycle. In this research, the thermodynamic characteristics
of cycles have been investigated and their performance
optimized. However, the research on the possibility of
combining the above three cycles for the simultaneous
production of power and cooling has not been done, which
is the main case for this research. A new combination
method of exergy loss and primary equipment price is
introduced to improve the economic optimization of the
system. This method claims that exergy loss and not
energy loss is a suitable concept that can be combined
economically and thereby improve system performance. In
the research, the performance of a new cascade system
consisting of a steam Rankine cycle, absorption
refrigeration cycle, and compression-ejection cycle with
solar energy drive is introduced and studied in terms of
energy and exergy economics. The performance of the
system is that solar energy is used as the driver of the steam
cycle, the heat rejection in the steam cycle is used as the
driver of the absorption cycle, and the absorption
evaporator acts as the condenser of the condensation cycle.
The proposed design of the current research is in the
structure that has been examined and analyzed. The
conducted research includes models for energy and exergy
and economic analysis of these cycles, as well as
innovations about the tools inside it, which are mentioned
below. Bellos et al.[1] investigated the performance of the
single-effect absorption cycle of lithium bromide water
with solar energy drive from the perspective of energy and
exergy. The results indicated that by choosing the solar
exergy efficiency as the target, the linear parabolic
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collector has the highest solar efficiency and the minimum
required collector areca. Nazeri et al.[2], studied and
investigated the performance of the combined Rankine
steam and organic system with waste gases as a propellant
in terms of energy, exergy, and exergy-economics. The
results indicated that using R124 fluid has the highest
exergy efficiency value of 57.62%. Also, to determine the
effect of increasing the inlet pressure of the steam and
organic turbine, the pinch difference and the analysis of the
organic buffer were carried out on the output boundaries.
Finally, two-objective optimization was done by genetic
algorithm and the results indicated that the best result can
be achieved with R152a fluid. Also, Kardegar[3], in a
research, presented an integrated solar-geothermal energy
system. This energy system consists of a one-stage
geothermal evaporation chamber, a single-effect
absorption refrigeration cycle, a heat pump cycle for
drying operations, a solar energy storage system, two
steam turbines for power generation, cooling production
for domestic use, and a heating system. It is made for use.
The results show that the energy and exergy efficiency of
this system is 92% and 57%, respectively.

2. Performance of the combined system
The schematic diagram of the combined system can be

seen in Figure 1 and the schematic diagram of the
temperature-heat transfer rate of the evaporator in the
steam cycle to obtain the temperatures of different parts of
the heat exchanger can be seen in Figure 2. As can be seen
in the figure, the solar driving oil at point 1 acts as the
driver of the combined system, and after reducing the
temperature in the organic evaporator, it returns to the
linear parabolic collector to increase the temperature
again. The steam Rankine cycle is also a simple four-
component cycle that produces power in the turbine and
removes heat in the condenser. The heat rejection of the
steam condenser is a suitable heat source for low-
temperature thermodynamic cycles, and in this research,
increasing the temperature of the steam condenser to 22
degrees Celsius is used as the stimulus for the lithium
bromide-water single-stage absorption cycle. Also, as can
be seen in the figure, a cascade converter is used as a
relationship between the absorption and ejection
compression cycle, and the desired cooling output is
produced in the evaporator of the ejection compression
cycle with fluid as a refrigerant. In the ejector compression
cycle, instead of the common pressure relief valve of the
compression cycle, the ejector is used to reduce the fluid
pressure. The two-phase fluid coming out of the ejector is
also converted into liquid and saturated vapor by the
separator. After passing through the compressor and
increasing the pressure, the saturated vapor goes to the
cascade heat exchanger, and the saturated liquid after
passing through the pressure relief valve and reducing the
pressure goes to the evaporator and produces refrigerant.
It should be mentioned that alcohol solution in water is
considered.
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Figure 1: Schematic design of the combined system

3. Discussion and review

Also, relationships related to exergy-economic analysis in
different components of the combined system are
simulated by EES software. This software has a subset of
properties of different fluids, which will be useful for
simulating the combined system due to the use of different
fluids in different parts. In this part, first, to verify the
results obtained, the output values related to the lithium
bromide-water single-stage absorption chiller with
reference results [4] with completely identical input items
according to Figure 3, in Table 4 related to the ejector
compression cycle with the results Reference [5] is
compared with completely identical input cases according
to Table 5 in Table 6. As can be seen, there is a good
agreement between the obtained results and the reference
results.

4- Results

The output values related to the energy rate and exergies
of different cycle components as well as the exergy
efficiency of different cycle components are listed in Table
7. As can be seen, the highest amount of exergy destruction
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occurs in the solar collector and steam evaporator. Also,
the highest exergy efficiency is related to the absorption
evaporator/condensation condenser, and the lowest value
of exergy efficiency is related to the absorption absorber
and solar collector. Also, in the basic input mode, the total
work base is 21.33 kW, the total irreversibility is 333.8
kW, and the overall exergy efficiency is 12.53%. Finally,
Table 8 shows the exergy-economic results for the
combined cycle. From the table, it is clear that the solar
collector and steam turbine should be considered more
than other components from an exergy-economic point of
view because almost the largest amount belongs to these
components. Also, as can be seen from the table, the
absorption condenser has the lowest value of the exergy-
economic factor. The value obtained for the mentioned
component means that the price of exergy destruction
prevails over the initial price, which reduces the exergy-
economic factor. In the case of such components in the
initial price increase cycle, it is recommended to reduce the
amount of exergy degradation. This is achieved in heat
exchangers by increasing the area of the heat exchanger
(which leads to an increase in its initial price) and on the
other hand, reducing the temperature difference in the heat
exchanger (which leads to a decrease in irreversibility in
the heat exchanger). Also, the unit cost of electrical energy
produced by the turbine in the steam Rankine cycle is
31.43 dollars per gigajoule. In the end, it should be
mentioned that the total value of the exergy-economic
factor for the combined cycle is 43.52%. This value
indicates that there is a relatively good balance between
the cost rate of exergy destruction and the initial cost rate
of the combined cycle.

5- Conclusion
In this research, the cogeneration cascade cycle consisting
of the Steam Rankine Cycle, Absorption Refrigeration
Cycle, and Thermal Cycle with a linear parabolic solar
collector driver was simulated from the perspective of
energy, exergy, economy, and exergy-economic. After
checking the results in the basic input mode, bank analysis
was done to check different effects on energy, exergy,
economic and exergy-economic results. The results of this
research indicated that:

* In the basic input mode, the total work is 21.35 kW, and
the total irreversibility is 365.8 kW, and the overall
exergy efficiency is 12.05%.

* The highest amount of exergy destruction occurs in the
solar collector and steam cycle evaporator.

e The results of the analytical analysis indicate that
increasing the steam evaporator creates a maximum for
the overall work, increasing the exergy efficiency and
reducing the costs, and has a positive effect on the
performance of the combined system.

* Increasing the high-temperature difference decreases the
work output, exergy efficiency, and overall rate.

* Increasing the steam condenser reduces the work output,
exergy efficiency, and overall cost rate.

* Increasing the absorption generator increases work
output, exergy efficiency, and overall cost rate.
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Abstract

The plastic injection process is useful for the mass
production of complex parts due to its low cost and high
efficiency. In this process, burn mark and short shot in the
produced part are the first effective factors in rejecting or
accepting it from the operator's point of view. In this
research, bushing 63 piece made of UPVC has been
investigated. Validated simulation is a low-cost
alternative to experimentally performing the process to
determine optimal values. Process parameters that can be
changed on the injection machine are considered as input
parameters. From the data screening method, the
parameters affecting the process are identified. By the
response surface method and variance analysis,
respectively, to fix the considered defects with the
minimum amount of clamping force required. Finally, the
predicted output values from the CCD method, when
compared with the simulation results, showed an average
error of 6.03%, and as a result, it confirms the accuracy of
the conducted research.

Keywords: Simulation of plastic injection process, Burn
mark defect, Short shot defect, Clamping force, Statistical
analysis.

1- Introduction

Injection molding is a suitable and widely used method to
produce polymer parts, constituting 32% of plastic part
production. Several notable advantages of plastic products
over metals are high corrosion resistance, high strength-to-
weight ratio, and ease of processing [1]. Clamping force is
one of the key factors influencing the selection of an
injection molding machine, as it is necessary to prevent
two halves of the mold from closing and withstand
pressure during injection. A lower clamping force results

in higher productivity and lower cost. The tie bars of the
structure are deformed elastically to generate this force [2].

Elimination of various defects in the manufactured part,
such as warpage, low weld line strength, and sink marks,
is necessary to increase efficiency and maintain consistent
product quality. However, the most common defects in
UPVC fittings are short shot and burn mark defects.
Evaluating these defects in the injection molding process
is complex. Within the authors' search scope, no research
was found that simultaneously examined these three
influential outputs on production efficiency. Improper
adjustment of input parameters on the injection machine
can easily lead to the emergence of these defects in the
process [3, 4].

The aim of this article is to find the values of process
parameters to eliminate short shot and burn mark defects
while minimizing the clamping force with Moldflow
software simulation and statistical analysis. The problem
inputs consist of six process parameters that can be
adjusted on the injection machine: melt temperature,
cooling time, packing time, holding pressure, injection
pressure, and injection time. The value of the last heating
element at the injection nozzle tip is the melt temperature.
The problem outputs are maximum mold clamping force,
short shot defect, and maximum melt flow front
temperature inside the mold.

These defects were first found in the workshop and
simulated using Moldflow software to see if the intended
defects were also present. Therefore, the simulation model
was validated and accurate. Using a validated simulation
as the first step in the optimization process eliminates the
need for trial and error to find optimal input parameter
values through experimental processes. A design of
experiment using the Plackett-Burman method was
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subsequently conducted to determine the effect of input
parameters on the output. After identifying the significant
factors, a response surface method (RSM) based on the
central composite design (CCD) type was carried out.
Subsequently, polynomial equations for each response
were derived using the Analysis of Variance (ANOVA)
method. Finally, a simulation with optimal input values
was conducted to evaluate the accuracy of the employed
method, demonstrating appropriate and acceptable results.

2- Finite Element Method

The part under examination is a 63 mm bushing made of
UPVC. Fig. 1 shows the part modeled using SolidWorks
software. Experimental tests were conducted using an
injection machine with a 220-ton clamping force. The
plastic injection process for the part with a two-cavity
mold was simulated using Moldflow software. The UPVC
material used within the software was selected with the
trade name Benvic IR705. The overall mesh size and mesh
around the gate were set to 4.5 mm and 2 mm, respectively.
The process simulation type within the software was
selected as Cool+Fill+Pack. The mold material in the
experimental process is DIN 1.2312, for which the
equivalent P20 tool steel was selected in the software.
Water at 25°C was considered as the mold cooling fluid at

its inlet. In the experimental injection process, the
clamping force is typically set to the maximum possible
value on the machine. Experimental and simulation results
indicate that a melt flow front temperature above 202°C
inside the mold causes polymer burning. Figures 2 and 3
show the simulation and experimental results of the first
and second tests, demonstrating similar outcomes and thus
confirming the accuracy of the simulation model for the
intended defects.

Fig. 1: Three-dimensional model of the 63 mm bushing
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Fig. 2: Short shot defect in Experiment 1
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Fig. 3: Burn mark defect in Experiment 2
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Fig. 4: Defect-free part Conclusion

3- Statistical Analysis

In this research initially conducted a two-level
experimental design using the Plackett-Burman method
with a 1/2 ratio to identify the significant parameters
among the six input parameters. Consequently, 36
experiments were specified for simulation. The parameter
ranges are presented in Table 1. After identifying the
significant parameters, one insignificant factor was
determined. For a more in-depth examination of the

significant parameters, an experimental design using the
response surface method of the central composite design
type was performed with 32 experiments and an alpha
value of 2.828. The value of the insignificant factor,
holding pressure, was considered constant at 64.7.
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Table 1: Input parameter ranges in design of experiment

Parameter Lower limit Upper limit
A 191.2 194.8
B 19.85 25.15
C 4.56 8.44
D 64.70 75.30
E 126.46 133.54
F 7.3 8.7

4- Optimization

The optimal input values were determined as follows: melt
temperature 188.0 (°C), cooling cycle time 29.99
(seconds), packing time 1.01 (seconds), holding pressure
64.70 (MPa), injection pressure 127.47 (MPa), and
injection time 6.15 (seconds). The optimal output values,
including complete mold filling, were predicted with a
clamping force of 128 (tons) and a maximum melt flow
front temperature of 194.6 (°C). A simulation was finally
performed using the optimal values obtained from the
statistical analysis, with an average error of 6.03%
compared to the output values predicted from the statistical
analysis. The optimal results of the statistical analysis are
shown in Fig. 4 in simulated and experimental forms,
which are identical.

5- Conclusion

The results of this research can be summarized as follows:

1- As injection pressure increases, a higher clamping
force is required, while low injection pressure leads to
short-shot defects. With increased injection pressure,
material viscosity decreases, consequently reducing
the feasibility of short-shot defects.

2- Excessive clamping force results in poor air ventilation
and short shot defects; this finding is consistent with
the results of study [1].

3- Increasing melt temperature and injection time raises
the probability of burn mark defect.

4- By identifying the critical point of polymer degradation
during mold injection using the finite element method,
this study eliminates the need for experimental
procedures—unlike previous studies [2-4], which
relied on empirical approaches to investigate and
resolve such defects..
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Abstract

This study investigates mixed convection heat transfer in
laminar non-Newtonian flows within helical coil heat
exchangers using nanofluids. The research examines
nanoparticle volumetric concentrations ranging from 0%
to 2% and power-law indices of 0.81, 0.85, and 0.91. The
momentum and energy equations were solved using the
finite volume method with the SIMPLE algorithm. We
analyzed the effects of power-law index, Richardson
number, helical coil pitch, and nanoparticle concentration
on the Nusselt number. Results indicate that the heat
transfer  coefficient increases with  nanoparticle
concentration from 0% to 2%. The Nusselt number shows
an inverse relationship with both the power-law index and
friction coefficient. Additionally, increasing the coil pitch
and nanoparticle concentration enhances the heat transfer
coefficient, with a 7% increase in Nusselt number
observed when the coil pitch varies from 0.05 to 0.1.
Buoyancy forces significantly influence temperature
distribution patterns and flow velocity in helical coils,
leading to more uniform temperature distributions at
higher buoyancy forces.

Keywords: Nano fluids, Non-Newtonian, heat exchangers
helical coils, mix convection, Numerical study.

1- Introduction:

Column buckling, traditionally considered a failure mode,
has recently emerged as a fundamental mechanism for
designing mechanically functional metamaterials. This
phenomenon  enables  tunable  Poisson's  ratios,
programmable nonlinear responses, shape morphing, and
multistability[1]. The buckling and post-buckling behavior
of columns critically determines the performance of these
metamaterials. Unlike simplified 1D joist models, our
bifurcation analysis employs 2D continuum mechanics,
incorporating both geometric and material nonlinearities,

to accurately predict column behavior under axial
compression [2].

Previous research has primarily focused on initial
buckling behavior through incremental boundary value
problem solutions. Koiter's asymptotic technique, widely
applied to analyze post-buckling in various systems
(including neo-Hookean materials, hyperelastic layers,
and elastic tubes), serves as our methodological
foundation. This study applies Koiter's approach to
examine post-buckling in 2D rectangular blocks with
diverse constitutive rules. Our findings reveal that uncut
columns under controlled compression may exhibit
unstable equilibrium paths characteristic of snapping-back
buckling modes. While existing studies have explored
some buckling behaviors, a comprehensive analysis of all
possible buckling modes across different width-to-length
ratios remains lacking. This work aims to address this
research gap[3].

2- Buckling Mode Changes

We initiated our investigation with finite element analysis
using ABAQUS to identify three distinct buckling modes
in straight hyperelastic columns with varying width-to-
length ratios under axial compression. The analysis
employed the compressible neo-Hookean material model,
with elastic energy density expressed as:

W= g[]%tr(FFT) - 2] +20 -1y

2D plane-stress simulations (CPE8H elements in
ABAQUS) were performed for columns with width w and
length L under axial displacement Al using the static Riks
method, and the compressive response force F was
calculated. Figure 1 shows a schematic of the system, in
which both ends of the column can move in the horizontal
direction while remaining straight. Reflective symmetry
was assumed for axis X1, and thus only half of the column
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was simulated. Imperfections were introduced to the initial
geometry to induce buckling and instability.
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Fig. 1. Schematic of a 2D hyperelastic column under
compressive force F or displacement Al

Figure 1 presents the numerical results, illustrating three
distinct buckling modes of straight hyperelastic columns
with varying width-to-length (w/L) ratios under axial

compressive loading. The strain (o) was defined as Al/L,
where Al represents the displacement between the
column's two ends. The normalized force-strain (F/wu-o)
curves were plotted along the equilibrium paths (see
Figure 2).

3. Continuum Mechanics-Based Asymptotic Analysis
This section presents a continuum mechanics-based
asymptotic analysis to evaluate the buckling and post-
buckling behavior of axially compressed columns. The
analysis was extended to:

1. Determine the initial post-buckling slope.

2. Investigate the transition of buckling modes from

continuous buckling to snapping-back buckling.

3.1. Stability Analysis of Post-Buckling Paths
This study examines the stability of post-buckling paths in
axially compressed columns, with particular focus on:
e The initial post-buckling slope.
e  The mode transition from continuous buckling to
snapping-through buckling.
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Fig. 2. (a) continuous buckling, (b) snapping-through buckling, and (c) snapping-back buckling (the shear modulus/bulk
modulus was assumed to be 0 in the post-buckling analysis)
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Fig. 3. Continuum mechanics-based asymptotic analysis
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Fig. 5. Post-buckling analysis

3.2. Bifurcation analysis
Figure 4 represents the potential energy required for the in-

plane deformation of the half-column.

3.3. Post-buckling analysis

Once the critical strain w,, for the onset of buckling and
the corresponding mode u!' had been found, the
displacement field u and compressive strain were
asymptotically extended near the buckling point in the
buckling equilibrium direction of the column.

4. Conclusion
The buckling of straight columns under axial compressive
loads has been studied extensively in recent decades.

While the buckling behavior of slender columns has been
effectively predicted, the post-buckling behavior of wide
columns with high *w/L* ratios (where geometric and
material nonlinearities are crucial) remains unexplored.
This paper analytically demonstrates that increasing the
*w/L* ratio of a straight hyperelastic column changes its
buckling mode from continuous buckling to snapping-
through and then to snapping-back buckling.
Consequently, the initial positive slope becomes negative
and then positive again as the *w/L* ratio increases.

Using an asymptotic analysis based on continuum
mechanics, the initial post-buckling slope can be expressed
as a function of the *w/L* ratio, allowing determination of
the critical *w/L* ratios for buckling mode transitions.
These analytical results show good agreement with post-
buckling behavior simulations.
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Furthermore, an increase in the ratio of shear modulus
to bulk modulus (representing material compressibility)
raises the critical *w/L* ratio required for the transition
from snapping-through to snapping-back buckling.
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Abstract

One of the most important disadvantages of solar air heaters is
their low thermal performance. The use of porous plates, double-
glazed glass, and geometric changes to the absorber plate is
methods for improving the heat transfer and thermal performance
of solar air heaters. In this numerical study, an attempt is made to
investigate the geometric changes made to the solar air heater
using the computational fluid dynamics method, and the results
are compared with previous research and the optimal state is
selected. The maximum thermal efficiency of 82% is related to
the presence of three baffles in the solar air heater. The most
optimal thickness for the flat plate solar air heater is about 15 to
18 cm thick. The thermal efficiency of double-glazed glass is 20%
higher than that of single-glazed glass. Increasing the number of
baffles by more than 3 leads to an increase in pressure drop.
Keywords: Solar energy, flat plate solar air heater, thermal
efficiency, optimal absorber plate, double glazing, air gap,
computational fluid dynamics.

1. Introduction

Flat plate solar air heaters have gained considerable
popularity and are being widely used in an increasing
number of installations for energy conservation and
management purposes. These systems are increasingly
recognized for their effectiveness in harnessing solar
energy to reduce energy consumption and improve overall
efficiency in various settings. They have significant appeal
for various low-temperature energy applications that
require air temperatures below 100°C [1]. This temperature
range is handy for several practical purposes. For example,
these applications can efficiently heat indoor spaces,
ensuring optimal comfort levels in residential and
commercial environments. Furthermore, they are useful in
the dehydration processes of industrial products, which is
essential for increasing shelf life and maintaining quality
[2]. Furthermore, drying agricultural products and
medicinal plants is another vital application that helps to
preserve their properties and increase their usability. All
these applications demonstrate the versatility and

importance of these energy applications in various fields.
One of the primary disadvantages associated with solar air
heater systems is their relatively low thermal efficiency,
which can limit their overall performance in converting
solar energy into usable heat. In addition, these systems
often suffer from low thermal storage capacity, meaning
they are not always able to retain heat effectively for later
use. Various methods have been widely researched and
implemented in an attempt to increase the thermal
efficiency of solar air heating systems. These methods
include combining absorber plates with various geometric
designs, introducing holes and obstacles in the airflow path,
and using porous plates, which can facilitate better
interaction between the air and the absorber surface,
thereby increasing the heat transfer rate [3-4].

2. Numerical Modeling

A solar air heater consists of several parts, such as a glass
cover, an air passage channel, and an absorber plate. In the
solar air heater discussed in this section, baffles are used in
the air channel. Fig. 1 shows a flat-plate solar air heater
with absorber plates.

In this study, the K-epsilon Realizable turbulence
model has been used. The K-epsilon Realizable turbulence
model performs very well compared to other models in the
K-epsilon family when the flow has a reverse gradient or
separation. In all experiments, the calculated Reynolds
number is in the range of 3700 to 11000, which indicates a
turbulent flow pattern.

The boundary conditions used for the flat plate solar air
heater are shown in Fig. 3.
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Fig. 1. Solar air heater considered in this research
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Fig. 2. Desired mesh for flat plate solar air heater
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Fig. 3. Boundary conditions selected in this study

3. Analysis of results

Fig. 4 shows the thermal efficiency at different numbers of
baffles. As is clear, the highest efficiency is related to the
3-baffle case because the average glass surface
temperature, the average temperature in the middle plate,
and flow turbulence, in this case, performed better than the
other cases. This graph shows that the efficiency in the 3-
baffle mode is 82.48% and in the 4-baffle mode, it is
82.05%. The efficiency of the air heater decreases with
increasing the number of baffles. The reason for this can
be explained by the increase in temperature on the glass

surface, the increase in flow turbulence, and the pressure
drop.

By examining the contours in Figure 5, it can be seen
that in the 9-baffle state, or state (d), the temperature
uniformity is greater or the so-called flow is uniform, but
in the last baffle, the temperature of the fluid behind the
baffle has increased. This is because the flow is heated
after passing through the baffle and some of this heated
flow is trapped behind the last baffle and starts to rotate,
and its temperature gradually increases.
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Fig. 4. Variations in efficiency versus number of baffles
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Fig. 5. Temperature contours, (a) two baffles, (b) three baffles,
(c) six baffles, (d) eight baffles and (e) nine baffles

4. Conclusion

In this study, a flat plate solar air heater was investigated

using computational fluid dynamics with the aim of

optimizing the energy harvested from the air heater using
different geometric arrangements and finding the most
optimal state. Geometry modeling was done using

SolidWorks software and then this model was imported

into ANSYS software to continue the modeling and

analysis process. The most important results of this
research were summarized as follows:

e As the inlet flow velocity increased, the outlet
temperature and ultimately the efficiency of the air
heater increased.

o Inthe case of an air heater with the presence of baffles,
the highest flow velocity occurs at the inlet and outlet,
and the lowest flow velocity occurs behind the plates
due to the presence of circulating flow.

e Temperature uniformity was higher for the 9-baffle
mode and the flow was uniform in this mode. The
highest overall efficiency was related to the presence
of three baffles in the air heater, which achieved an
efficiency of about 82%.
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