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Abstract

A Shell and Tube Heat Exchanger (STHE) exchanges heat between two fluids flowing at different
temperatures. More than 60% of the market is occupied by STHE’s out of all the different kinds of heat
exchangers. Maldistribution is the uneven fluid flow distribution in the tubes of the STHE. The aim of
this study is to provide a detailed review on the various methods used by researchers for reducing the
maldistribution on tube side of STHE’s. With a view to lessen the non-uniformity in the tube side of a
STHE, several researchers have employed various strategies. These include the use of baffles placed in
the header, nozzle and orifices paced in the tube inlets etc. and a significant amount of reduction in the
maldistribution has been observed with the use of these methods. Another way of improving the heat
exchanger efficiency is making use of polymeric and composite materials. Some of these material have
very high thermal conductivity resulting in drastic improvements of the heat transfer. The problem of
maldistribution persist in heat exchangers whether the materials used are conventional or polymers
and composites. This study can be further extended to check the feasibility of the various methods used
by researchers to reduce the maldistribution at different inlet Reynolds number and different
geometrical cases like the nozzle position and the area ratios in sync with high thermal conductivity
material usage like the polymer and composites due to their different viscosity compared to
conventional materials.
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INTRODUCTION

A heat exchanger is an instrument designed to
transfer energy, in this case heat, between two or
more different fluids, or even between a solid and a
fluid. They are used in refrigerators, air
conditioners, automobile radiators, and chemical
industries for operations like fractionation and
distillation.

The STHE (Figure 1) is the most adaptable type
of heat exchanger. Major chemical process, oil
refineries implement this sort of heat exchanger the
most.

With reference to its name, this energy exchanger
possesses a collection of passages called tubes
enclosed in it.
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Figure 1. STHE Model.

Fluids two in number with different initial temperatures are circulated via this heat exchanger one
through the shell while the other through the tubes. The heat transfer between the two fluids takes place
across the tube walls. The fluids on either the shell or tube side may be liquids or gases. For effective
heat transfer to take place a larger area is recommended, which implies for the use of many tubes.

The typical shell and tube geometries employ a parallel channel arrangement to fit a lot of heat
transmission into a small amount of space. Large capacity equipment can be constructed in a
manageable size because to this, however it also causes issues with flow maldistribution.

Since the word mal signifies "defective" or "bad," the definition of "maldistribution" is contingent
upon one's definition of distribution. Variability in fluid flow is amongst the major causes of subpar
heat exchanger output. Inadequate input outlet port design, header arrangement, distributor orientation,
and plate corrugations can all be blamed for this. It seriously impairs and damages the STHE’s
functionality.

LITERATURE REVIEW
Heat exchangers find many industrial applications like the pharmaceutical, petrochemical, chemical,
power plants as stated by B.I. Master et al. and R. Brogan [1, 2].

Peters MS and Timmerhaus KD [3] state that the improvisation in the heat transfer in the STHE is a
crucial domain of research as they are amongst the 60% heat exchanger application globally.

The standard design of the STHE as laid down by Tubular Exchanger Manufacturers Association
(TEMA) [4] or the Verein Deutscher Ingenieure heat atlas (VDI) [5], are based on the assumption that
there is no maldistribution in the tubes of the STHE but practically that is not the case.

There are many causes of maldistribution in exchangers as suggested by Mueller and Chiou (1988)
[6] (1) mechanical causes due to the design of headers and inlet ducts influencing the flow distribution,
or the effect of manufacturing tolerances affecting the size of the flow passages in compact-type
exchangers; (ii) self-induced maldistribution due to the heat transfer process itself as the "freezing"
effect in viscous flow coolers or the various types of thermoacoustic oscillations; (iii) two phase (gas-
liquid) flows are very difficult to distribute uniformly through the tubes in a tube bundle; (iv) fouling
and/or corrosion can affect the flow distribution; (v) increasing inlet velocity or Reynolds number at
the inlet nozzle. The velocity distribution near the tube bundle or regenerator core face is greatly
influenced by the header and intake duct designs. For heat exchangers with a high NTU (number of
transfer units), gross flow maldistribution results in a considerable decrease in efficiency of around 25%
for heat exchangers which are cross flow in nature and roughly 7% for applications like condensers.
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The flow non uniformity leads to the poor performance of the heat exchanger. There are many
geometrical parameters which may lead to the non-uniformity in the flow like the improper design of
the inlet or otlet port, configuration of the header and distribution construction as suggested by K.
Grijspeerdt, B. Hazarika and D. Vucinic [7].

Maldistribution of flow, which can take place in the header, can cause a change of local heat flow
and directly affect the performance of total heat transfer as stated by Choi and Lee [8].

The most common assumption is that that fluid can be evenly dispersed throughout the core and at
the exchanger's input on either fluid side. J. K. Lee and S.Y. Lee discovered that the channels' flow rates
are generally irregular and, in severe situations, scarcely flow at all, resulting in subpar heat exchange
performance [9].

Maldistribution is a function of number of tubes, flow rate and the tube size as found by Mohan et al
[10].

Maldistribution and the fouling that frequently occurs in these STHE result to lower production
throughput and greater energy utilization. An increase in average wall shear stress is expected to lead
to less fouling than in the maldistributed condition inside the tubes. This can be achieved via an even
dispersion into the tubes, according to Schab et al. [11].

According to Bejan and Kraus [12], standard heat exchanger design assumes that the flow in a tube
bundle of shell and tube heat exchangers is uniformly distributed. However, as Kitto Jr., J.B., and
Robertson [13] have noted, flow maldistribution is an inevitable incident in practice that can have
serious consequences for the mechanical and thermal performance of heat exchangers.

The header must be designed to produce 1) the same mass flux in each tube and ii) little pressure loss
in the header because it does not transfer heat. One important source of gross flow maldistribution is
the header. In the majority of situations in reality, it is challenging to attain an optimal state in which
the flow distribution exhibits minor velocity variation. Shah, R.K., Sekulic, and Hewitt therefore came
to the conclusion that, in nearly all of cases, £5% of the mean flow would be considered to be a uniform
distribution. [14, 15].

According to DQ Kern [16], tube-side pressure drop (APtotal) is the total of pressure losses from
friction inside the tubes (APt) and pressure losses from rapid expansion and contraction of the tubes
(APr), which are accounted for by four velocity heads per pass.

4fLNppU?m

APt = 2 di
N 2
Apr=2TPPU M
2
_ 4fLNp, pU?m
Thus, AP total (di+4Np) 5

Where,
L — Tube length
Np - Number of passes
di — Tube inner diameter
f — friction factor, p — Fluid density
Um — fluid average velocity in tubes
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Because of the unequal flow distribution, the secondary side fluid's internal temperature field is not
uniform. This will seriously affect the overall heat transfer characteristic and stable operation, especially
for the small and compact STHXs as stated by Stanistaw Lopata, and Pawel Octon [17]. Uneven
temperature fields will also contribute to thermal stress and tube-sheet cracks.

Schab et al. [11] studied tubeside maldistribution in shell-and-tube heat exchangers numerically.
Using computational fluid dynamics (CFD), a parametric STHE model was examined to look into
tubeside flow maldistribution. To determine whether SST may produce better simulation results, a
comparison between the new standard SST (Shear Stress Transport) model and the conventional k-—¢
model was first conducted. However, the simulation results for the current application were not
significantly improved by the higher numerical effort of SST in comparison to k-g. The fluid flow
velocity in a single tube is was found using three models transient SST, mean transient SST and the k-
¢ model and is resented with blue, red and yellow color respectively in Figure 2.

Numerous investigations were carried out by S. A. Marzouk et al. [18] in an effort to decrease the
size and expense of STHE and boost the rate of heat transfer.

A thorough, current, and methodical assessment of the many approaches (active, passive and
compound) for improving heat or energy transmission in STHE’s was given by the paper. The study is
a vital resource for the topic of heat transfer because its conclusions have applications for engineers,
researchers, and companies. Heat transfer increase via active, passive, and compound approaches is
depicted in Figure 3.

Based on the concept of a maldistribution reduction manifold, Mingkan Zhang et al. [19] created an
advanced maldistribution reduction manifold. In order to regulate the fluid flow in every tube for
uniform distribution in the manifold, spiral baffles were utilized to reduce non uniformity advancely by
creating vortices in the tubes. The sophisticated maldistribution reduction manifold's design is too
complex to be manufactured using conventional methods. As demonstrated in Figure 4, CFD models
have been created to analyze flow and temperature distributions using the reference, maldistribution
reduction, and advanced maldistribution reduction designs. The advanced maldistribution reduction
design enabled an important boost in minimizing maldistribution in the manifold.

Wil
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Figure 2. I1lustration of difference in tube flow velocity within a single tube using Transient SST (Blue),
averaged transient SST (red), and steady-state k — € (yellow) [11].
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Figure 3. Active, passive and compound methods used [18].
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Figure 4. [llustration of the maldistribution reduction design [19].

Grzegorz Ligus et al. [20] researched and presented the liquid flow non uniformity in STHE. This
phenomenon negatively impacts drop in pressure and transfer of heat and is the cause of the velocity
reduction area. Two visualization techniques were applied to shower knowledge about the liquid
distribution in STHE. Particle image velocimetry (PIV) was the first method used in sync with the k- €
model. Both approaches' viability for detecting and evaluating fluid flow abnormalities in STHE was
validated by the investigations that were carried out. When compared to experimental approaches, the
CFD method's highest inaccuracy in terms of pressure drops and maximum velocities was no more than
7% and 11%, respectively.

According to Richard Schab et al. [21], there are notable differences in the degree of flow
maldistribution among the various STHE designs. Consequently, a parametric research was carried out
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to look at the causes of uneven distribution. For example, the orientation, type, and diameter of the
nozzles were determined to be important factors. They came to the conclusion that using a bigger intake
nozzle diameter to achieve an area ratio near one is the most effective and straightforward method of
continuously reducing tube side flow maldistribution. By increasing average tube velocities, a larger
mass flowrate—which is frequently dictated by the entire process—may lessen fouling. However,
because there is a greater disparity between the highest and minimum flow velocity values, high mass
flowrates reduce flow homogeneity. Inlet flow velocity should only be increased only when flow
uniformity is met. Thus far, there has been no discernible relationship between the uniformity index and
the inlet angle o Nozze.

Subsequently, further simulations can be performed, and additional parameters affecting
maldistribution can be investigated.

The fluid flow distribution in the 1170 tubes of the heat exchanger with an inlet mass flux of 220 kg/s
is shown in Figure 5.

Figure 6 shows the parameter study's findings. In a scatter plot, the most important parameters are
displayed. Every single point denotes a distinct combination of parameters (one simulation setting for
a heat exchanger). To illustrate the impact of the shown parameter on the uniformity index, a regression
line is added in each plot.

Marwa Ben Slimene et al. [22], numerically investigated the heat transfer between glucol and water
in a STHE with one shell and six tube passes. The mode of heat transfer between the fluids was
conduction and convection. Glycol flowed through the tube as it was the refrigerant while water passed
through the shell. It was found that the system of equations closed using the k-@ SST model.

Tubes with different cross section i.e. circular and elliptical with an attack angle of 90° and 0° and
their combinations were studied by Mohammad Reza Saffarian et al. [23]. A model of a STHE was
shown, using tubes with circular cross section STHE-CT&ET90° and tubes with a 90° attack angle
elliptical in shape.
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Figure 5. % Deviation for 1170 tubes as compared to mean tube velocity [21].
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Figure 6. Variation of Uniformity Index with Geometric Parameters [21].

/\4(} Cg

N L
N

A B C

Figure 7. Tubes with: a) elliptical 0° angle attack; b) elliptical 90° angle attack; c) circular cross section
[23].

The heat exchanger with ellipsoidal tubes around the shell and circular shaped tubes in the middle of
the shell exhibited the greatest degree of heat transfer while STHEs with circular and elliptical shaped
tubes with degrees of attack of 90° and 0° were examined. The various tube configuration and cross-
section is as shown in Figure 7. Tubes in the vicinity of the shell surface had a larger impact on heat
transfer than those at the center. The velocity contours for the setups used is displayed in Figure 8.

A. Ravinthiran et al. [24] found that this maldistribution of flow in conventional heat exchangers can
be rectified by changing the shape of the headers of the heat exchanger. Figure 9. indicates the models
of various tubes used. A layer of boundaries with different thicknesses appears across the cross-section
when the header's cross-sectional shape is altered to a polygon. This results in a more uniform
distribution of flow compared to the header's circular cross-section. Figure shows the models of various
setups.

In the study it was shown that when a polygon-shaped header was used it lowered the maximum flow
velocity, thereby reducing the maximum heat transmission.
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Figure 9. Models of various tubes [24].

In order to develop and build a shell and tube heat exchanger for laboratory usage, B. C. Chukwudi
and M. B. Ogunedo [25] conducted a study. To accomplish this, care was given to both mechanical and
thermal factors. The Bell Delaware approach was used to finish the thermal design. When developing
the heat exchanger, it was expected that there would be no phase change.

Myoung Il Kim et al. [26] used numerical analysis to investigate a number of header designs in order
to attain a uniform distribution of gas phase flow in the shell-and-tube heat exchanger header. The
different geometries included length, the quantity of outlet tubes, and the shape and location of the
intake nozzle. Utilizing the k-¢ turbulence model, simulations were conducted. To assess the
consistency of the velocity distribution throughout all of the header's outlets, standard deviation was
employed. Therefore, by analysing the numerical findings, it became possible for demonstrating the
patterns of flow in the header. While it decreased with gas flow rate, the homogeneity of flow dispersion
rose with header length. Additionally, the ideal location and form of the nozzle inlet might be suggested
for a consistent distribution of a header that is 1.3 meters long; this same header is employed for the
heat exchange of the commercially feasible allyl chloride process.
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S.A.M. Said et al. [27] found that the flow maldistribution within the tubes occurs due to the
development of vena-contracta at the inlet to the tubes. In this study, two techniques for decreasing the
flow nonuniformity in the header and tube arrangement were proposed and numerically determined.
The approaches used during the study are displayed in Figure 10. Firstly, an orifice was introduced to
reduce the tube inlet. Figure 11. shows the geometry used in the study.

According to the current study's findings, flow maldistribution can be decreased by about 12 times
when employing the orifice technique. On the other hand, the heat exchanger's pressure loss is 7.8%
more than in the case without orifices. The second method involves adding a nozzle to enhance the
actual tube inlet. According to the study's findings, flow mal-distribution can be avoided by adopting a
nozzle technique by about 7.5 times. However, when compared to the scenario without nozzles, the heat
exchanger's pressure drop drops by 9.8%.

Orifice  \

diameter
(being J Orifice case
”}Pagged) _/ (approach 1)
‘ / N§ K
i — o
D J"‘ L—s mm thick (fixed)
)
Nozzle S
diameter (being 5 e 25 mm (fixed)
changed) / o
7 / Nozzle case
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Origin at the
Geometric centre
of the Header

All Dimensions are in mm

Figure 11. Geometry of the problem [25].
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A. Ravinthiran et al. [28] corrected the heat exchangers' uneven flow distribution that degrades
performance. The distribution of flow between the flow header's branch pipes was examined for two
distinct geometrical flow types (circular and square). CFD software is used for the analysis of the flow
distribution. The values derived from the examination of the square and circular header tubes are
compared with the laboratory experimental results of Osakabae [29]. The results conclude that the
header shape will always impact the boiler's overall performance. By selecting the best shapes, the Heat
Exchanger's performance may be improved while fuel consumption can be decreased.

Kai Wang et al. [30] optimized the porous plate experimentally and numerically to improve the flow
distribution in the tube side. To verify the fact that a baffle which is porous in nature increases the
uniformity in tube side of a STHE, an experimental investigation was conducted initially. Figure 12
shows the layout of the apparatus used.

The findings demonstrated that the baffle can significantly reduce maldistribution. They subsequently
optimized the porous baffle shape numerically. The spread of circular holes in the baffle and the shape
of baffle were decided after the use of numerical methods. Measuring the flow field with the optimized
baffle allowed the numerical optimization to be validated. The results demonstrated that, despite some
discrepancies between the results obtained from experiments and numerically, the flow distribution
utilizing the optimized model was significantly better than that of the proto-type porous baffle.

Air cooled heat exchangers with rectangular shaped headers was evaluated for flow maldistribution
by M.A. Habib et al. [31]. A 3-D computational technique was used to find out how nozzle diameter
and number impacted the flow uniformity within the tubes. The mass flow rate standard deviations are
used to display the results. It was proved from the study that the maldistribution increased with nozzle
diameter. For every 25% decrease in diameter, the standard deviation rises by 25%. Figure 13 shows
the impact of nozzle diameter on the mass flux along with static pressure standard deviations. An
increase in nozzle count modifies the uneven distribution of flow. By adding four nozzles instead of
two, the standard variation of the mass flow rate inside the tubes is reduced by 62.5%. The impact of
nozzle diameter on the static pressure and total pressure loss standard deviations is shown in Table 1.

Table 1. The Nozzle Diameter's Impact [31].

Diameter of | Standard Deviation in the mass | Standard Deviation in The | Total Pressure Loss
Nozzle mm flow rates, kg/s Static Pressure, kPa AP, kPa

69 0.0504 221.1 0.836

80.5 0.0448 169.5 0.92

92 0.0407 150.6 0.9

Figure 12. Experimental apparatus's schematic diagram [30].
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The results of the effect of the number of nozzles on the standard deviations of the mass flow rates

in the tubes and the pressure distribution inside the header are shown in Table 2 and Figure 14. It is
evident that the nozzles are dispersed uniformly across the header. The image illustrates how the number
of nozzles has a major effect on the maldistribution. Each nozzle's velocity values decrease as the
number of nozzles rises because the flow rate is dispersed among them. Consequently, the pressure

inside the header and the flow inside the tubes are more constant. Table 2 shows that a 62.5% reduction

in the standard deviation occurs when the number of nozzles is increased from two to four.

Gayatri Kuchi et al. [32] installed a baffle plate in the header portion with a view to improve the
header layout. A discernible reduction in the flow maldistribution in the tubes was seen upon the
implementation of the baffle plate. The uniformity of flow was also examined using the tubes' internal
catalytic bed. This configuration resulted in a notable reduction in flow maldistribution.

Figure 15 displays the STHE’s examined 3-D tube configuration.

Table 2. Effect of number of Nozzle [31].

Number of Standard Deviation in the mass Standard Deviation in The Static Total Pressure Loss
Nozzles flow rates, kg/s Pressure, kPa AP, kPa
2 0.0407 150.6 0.9
3 0.0232 76.8 0.920
4 0.0165 453 0.903
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Figure 13. Effect of nozzle diameter on the mass flow rate and static pressure standard deviations

[31].

The flow distribution in the tubes is highly irregular, according to the baseline design's initial analysis.
It is therefore advised to enhance the inlet manifold arrangement. Utilizing this information, a baffle is
built and placed in the inlet manifold section. A 90 mm diameter and 5 mm thick baffle plate has been
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made from the model. It is mounted in the conventional header to optimize the inlet manifold design
and features three distinct types of holes drilled in it. Midway between the header core and the inflow
tube is the ideal location for the perforated grid, according to studies [33]. In Figure 16, the baffle plate
model is displayed.

The flow homogeneity was successfully improved by the upgraded header with the baffle added.
Optimizing the baffle configuration involves taking into consideration the header configuration and
fluid flow condition, which have an impact on the baffle configuration. Another solution to the problem
of flow maldistribution is the development of a catalytic bed zone inside the tubes along their whole
length, which has culminated in a remarkably uniform flow distribution. This results in uniform flow
and redistribution of the flow in the inlet manifold due to the high resistance of the pebble bed zone.

0.045 160
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+120
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Figure 14. Effect of the nozzle count on the mass flow rate and static pressure standard deviations [31].

Figure 15. Heat exchanger geometry used [32].
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Figure 16. Baffle plate [32].

K. Mohammadi and M.R. Malayeri [34] devised mathematical models to predict the number of tubes
that have been impacted due to maldistribution and their extent. The models were based on maximum
possible velocity deviation. The resulting model's validity has been validated by comparison with
related research that uses computational fluid dynamics (CFD). Additionally, compared to the basic
model, the optimized model's heat transmission per tube row was 7.80% higher. This was primarily
because decreased flow non-uniformity in each tube resulted in a 7.81% increase in the surface heat
transfer coefficient.

The optimization iterations were sufficiently few to be directly applied to the real design process,
which was another significant discovery. It has been verified that the suggested approach can be
incorporated to increase the efficiency of different exchangers with parallel headers.

The many variables affecting the fluid's behavior makes a STHE's internal circulation complex.
Based to studies conducted by O. Labbadlia et al., the flow distribution significantly affects the
operation of fluidic devices like shell and tube heat exchangers [35]. The unequal flow distribution
renders the method less effective. Figure 17 shows the effects of tube designs on the flow distribution
using CFD simulations. Four sorts of designs are looked at in this study. The findings from the literature
and the results that were given agree quite well. The results show that the tube layout has an important
impact on the flow distribution. O. Labbadlia and coworkers found that the 60° flow distribution is 21%
more uniform than the 90° conventional setup. The 45° layout has a more uniform pressure distribution
than the other versions.

Arun Muley, T.S. Ravigururajan, and Rohitha Paruchuri [36] examined how the headers' velocity
spread and pressure drop impacted the efficacy of heat transfer. According to the study, performance
can be enhanced by reducing maldistribution by header geometry changes. Figure 18 illustrates the two
header types that were taken into consideration. The velocities of their entering flows varied from
0.8373 mm/sec to 2.344 mm/sec. As header length increased, the homogeneity of the flow distribution
improved; but, as flow rate boosted it declined. In the case of a conical header, the flow maldistribution
decreased and the static pressure was approximately identical for all tubes as the header length went to
1500mm. The results revealed that, in comparison to a cylindrical header, a conical header lowers flow
maldistribution.
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Nasir Hayat et al. looked at the application of Computational Fluid Dynamics (CFD) in heat
exchanger applications [37]. The simulations included a variety of turbulence models from general-
purpose commercial CFD applications, comprising standard, realizable, k-g, and others, as well as
velocity-pressure coupling schemes like SIMPLE and SIMPLEC.

The fact that the majority of the solutions from these simulations were within the permitted range
demonstrated that CFD is a useful technique for forecasting the performance and behavior of a broad
range of heat exchangers. They discovered that the CFD was used to several research domains, such as
fluid flow maldistribution. These simulations have produced solutions that are mainly accurate and
hence CFD can be used in a number of heat exchanger applications.

Mayur et al. [38] assessed basic geometrical shapes as headers for consistent distribution of liquid
flow utilizing computational fluid dynamics (CFD) simulations. Different headers like the spherical,
conical, pyramidal, cylindrical and rectangular headers were assessed, as seen in Figure 19. By
contrasting numerical simulation predictions with experimental findings for a cylindrical header, the
study's computational methodology has been verified. It has been investigated how flow distribution is
affected by header volume, flow rate, outlet diameter, and pressure imbalance at outlets.
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Figure 17. Different tubes arrangements [35].
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Figure 18. Velocity Distribution inside the conical header with flow rate of Re = 1500. (a) 700mm
header length, (b) 900mm header length, (¢) 1500mm header length [36].
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The performance of the heads of various geometric shapes does not differ much at low flow rates. The
spherical header is shown to be superior at larger flow rates. It was pointed out that having outlets with
different cross-sectional areas might guarantee an even dispersion of flow. In Figure 20, the various
outlets utilized for this purpose are shown.

X
]
A q._ 7 o
i Lo
’ o
Conical header Cylindrical header Pyramidal header
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i
_autih
Rectangular header Spherical header

Figure 19. Different types of headers [38].
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Figure 20. Changes to the outlets' shapes include (a) the original outlet, (b) an outlet that resembles an
inverted cone's frustum, and (c) an outlet is similar to a cone's frustum [38].

The study's findings offer helpful information pertinent to header design issues. Figure 21 shows the
percentage of flow non — uniformity decreased when cylindrical headers with modified outlet shape
was used as compared to cylindrical header without outlet modification.

The use of polymers and composite materials in the heat exchangers have increased the heat transfer
rate multiple times as compared to conventional materials. The use of PCM (phase change
material)/graphite matrix has a significant effect in the time taken for melting and the phase change heat
transfer. The heat transfer rate increased to about 35 % in using PCM/graphite matrix as compared to
the use of pure paraffin. Also the time taken for melting was found to decrease by 92% as compared to
the conventional case as stated by M.Y. Yazici et al. [39]

CONCLUSION

The methodologies used by various researchers in order to reduce the maldistribution were used and
proven fruitful. The methods used include various geometrical modification like increasing the number
of nozzles, modifying inlet diameter, use of baffle plates, modifying the inlet of the tubes with use of
nozzle and orifices etc.
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Figure 21. The original and modified cylindrical headers' flow distributions [38].

The use of composite and polymeric materials also improves the heat transfer characteristics of heat
exchanger. However it also leads to the opening of the future scope of research as the methods used as
stated above were applicable to a specific geometrical configuration and for specific boundary
conditions and conventional materials like copper and stainless steel. However the use and reliability
of these methods different geometrical, boundary conditions and the effect of the material usage weren’t
done by researchers which is the possible scope of research for future innovators.
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