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Abstract

Reduced dependence on fossil fuels is important for environmental and economic reasons, and this is
why energy storage technologies are so vitally important. “Phase change materials" (PCM) are ideal
choices due to their high latent heat storage capacity. When building a system to store energy, it is
crucial to think about factors including the materials used, the operating conditions, and the geometrical
arrangements. The primary goal of this research is to evaluate the melting time and heat transmission
processes for the rectangular enclosures containing the same volume of polyethylene glycol 1500 as the
PCM and completely isothermal walls via the use of a computer simulation. The fins attached to the
enclosure are meant to decrease melting time and increase heat transmission to the PCM. Some
industrial applications (heating-cooling systems & air conditioning, wall panels, the automotive
industry, & the textile industry, to name a few) require full contact of the enclosure's walls with the
surrounding fluids like air, oil, and so on. The findings showed that natural convection was more
influential in melting PCM in rectangular enclosures with 14 fins because of the greater contact area
between the heated wall and fins' wall. Case 4 had a greater amount of liquid fraction at any given
moment, as shown by the data.

Keyword: Fins, Enclosure, Liquid fraction, Polyethylene glycol 1500, Thermal energy storage, PCM.
l. INTRODUCTION

One method of storing power is via "thermal energy storage” (TES). As the
temperature of a substance rises, it absorbs energy, and as it falls, it releases it.
Taking use of this feature enables the use of a wide range of materials, each with its
own unique thermal characteristics and a range of potential outcomes for thermal
energy storage (including heating and cooling).[1] When used to thermal systems,
TES may assist maintain a stable daily, monthly, or seasonal energy supply
& demand. In addition to lowering peak demand, energy consumption, carbon
dioxide emissions, and associated costs, TES may improve energy system
efficiency altogether.[2]

"Solar thermal systems" are the most prevalent use of the "thermal energy
storage". As a result of its many advantages, TES is also used in a wide variety of
other contexts, including those found in CELSIUS demonstrators, where it is
employed for purposes like storing heat in buildings, coupling waste heat and
district heating systems, and coupling heat pumps and "combined heat and
power" (CHP) generators in the district heating networks.[3]
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Research and development of the energy storage systems
has become more important in the recent two decades due to
the rise in the renewable energy utilization. The pace at
which intermittent energy sources like wind, sun, and tidal
may provide energy is not necessarily commensurate with
the rate at which energy is used in urban areas.[4] The
transition from fossil fuel-based to renewable energy-based
energy systems causes supply & demand mismatches,
known as load imbalances.[5]

1.1. Basic Principle

All TES implementations have the same core idea. A
storage system receives energy for later retrieval and use.
The primary distinctions are in the amount and kind of
storage space provided. There are three stages to a cycle that
characterize the process of thermal energy storage.[6]
Charging, storing, & discharging are the three stages
involved. Sensible, latent, and chemical storage all use the
same storage cycle; the material, operating temperature, and
a few other factors are the key distinctions between the three.
The most common medium for the sensible storage is water,
however this varies greatly across uses.[7]

The duration of energy storage is another crucial
component of TES systems. Short-term energy storage
(TES) and long-term energy storage (sometimes called
seasonal storage) are the two most common types of TES.[8]
The peak output of the heat generators in the DHC systems
may be decreased by using a buffer tank on a regular basis.
The thermal output of the gas boilers or CHP plants may be
reduced by using the heat or cold held in buffer tanks to meet
a portion of thermal demand typically provided in mornings
and evenings by the thermal systems.[9] While thermal
energy storage is often employed for shorter time periods
(days or weeks), it may be used for much longer
durations.[10] To deal with temperature swings throughout
the year, heat may be stored in huge water ponds (for
instance, 60,000 m3) during the summer using the "solar
thermal collectors". Then, in the winter, it may be released
to homes after being stored. In contrast, a cold storage unit
may be charged throughout the winter and put to use during
the summer to offer cooling.[11]

1.2. Basic Principle

Energy storage in TES applications may make advantage
of a wide variety of material features. Water and rock are
examples of sensible TES; ice and salt hydrates are examples
of latent TES; & chemical reactions and the sorption
processes are examples of thermo-chemical reactions.[12]
Latent storage occurs when phase of a substance is changed

("solid to liquid or liquid to vapor") without a change in

temperature, while sensible storage occurs when temperature
of the material is increased or dropped. Both processes are
possible simultaneously in the same substance. The third
mechanism involves something happening on the surface of
a substance, either via the chemical reaction or the sorption
process. Heat may be absorbed or dissipated by any
substance.[13]

1.2. Phase Change Material

The significant latent heat with the relatively moderate
temperature or volume change makes "solid-liquid phase
change materials” (PCMs) attractive for use in thermal
management and energy storage.[14] The increasing
popularity of the "high-power-density electronic devices and
machineries", electrification (photovoltaics and
wind), energy conversion, electrified transportation, and
building air conditioning, as well as the corresponding
developments and problems in each of these areas, have
rekindled interest in the PCM thermal storage.[15] Buffering
fluctuating heat demands, balancing renewable energy
supply and demand, storing energy at the grid scale,
recovering waste heat, and moving toward carbon neutrality
are all made possible by thermal storage employing a phase
change material (PCM).[16] PCMs are appealing because of
their cheap cost and the simplicity with which they may be
integrated with widely accessible energy supplies like solar
electricity, in comparison to other energy storage systems
like electrochemical batteries.[17]

. Methodology
Design

In this study the selected 2d domain is a close rectangle
whose length and width are 0.16 m and 0.06 m respectively.
The surface area of the rectangle domain in all design is
9.6 x 1073 m2. In case 1 rectangular enclosure is without
fins. The PCM wias filled inside the enclosure. In the case 2
there is fins present inside the enclosure to enhance the
melting time of the PCM. 10 numbers of fins attached to the
enclosure and arranged in a 2 row, 1%t in the base wall and 2™
in the upper wall. Both walls have an equal number of fins.
Distance between each fin is 24 mm and fins area are
1 x 5 (5 mm?). Fins are starting from the left wall at 29.5
mm distance. Both rows are identical and design of case 2
show in figure below.
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(@)

(b)

Figure 1 (a) — Design of case 1, (b) Dimension of
geometry in mm

(b)

Figure 2 (a) — Design of case 2, (b) Dimension of

geometry in mm

In the case 3, 12 number of fins are attaching in the
rectangle encloser. Fins arranged in the 2 rows, 1% row
consisting of 6 fins are in the bottom wall and 2" row also
consisting 6 fins are in upper wall of the rectangle encloser.
Fins area is same as use in the case 2 and distance between
each fin are 19 mm. Both row of the fins is stating 29.5 mm
from the left wall. In the case 4, 14 numbers of fins attached
in the encloser. 12 fins are arranged in the 2 rows similar to
the case 3. Remanning 2 fins are attach in the middle of the
both the side walls. In this case 2 type of the fins considered,
1% is in the upper and bottom walls whose area is
1 X 10 (10 mm?) and 2" are in both side walls whose area
is 2 x 10 (20 mm?). Design of all case with dimensions are
show in the figure below.
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Figure 3 (a) — Design of case 3, (b) Dimension of
geometry in mm
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Case 2 12424 12042
Case 3 12300 11893
Case 4 12292 11712
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Figure 4 (a) — Design of case 4, (b) Dimension of
geometry in mm

All cases name and respective design are mention in
below table,

Table 1 Overview of all cases

Case 1 Rectangle without fins

Case 2 Rectangle with 10 fins

Case 3 Rectangle with 12 fins

Case 4 Rectangle with 14 fins
Meshing

The mesh was generated in the ANSYS Fluent
workbench. For all the cases element shape is quadrilateral
and element order is linear. In the meshing process nodes and
elements re generated. For all cases nodes and elements are
not same numbers which is mention in table below.

Table 2 number of element and nodes in all cases

Cases Nodes Element

Case 1 12169 11924

(a) Case 1 — without (b) Case 2 -10 fins

fins
]

(c) Case 3-12fins

(d) Case 4 - 14 fins
Figure 5 Meshing of all cases
Governing equation

We assumed incompressible, laminar, and the two-
dimensional flow in our melting & solidification
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simulations. It was assumed that PCM & solid walls were
both isotropic and homogenous. Formulas were discretized
using the finite volume technique, and solidification and
melting were modeled using enthalpy-porosity methodology
in order to run simulations. In order to maintain
conservation, the following equations must be met;

Continuity;
dp
% + V.(pV)=0
Momentum;
a(pV
%Jt )+ V.(pV) = =V.(P) + uVv?V + pg +S§
Energy;

d(pH)
at

+ V.(pVH) = kV?T

where g and k stand for density & thermal conductivity.
Fluid velocity (V), pressure (P), temperature (T), and
dynamic viscosity (I) are the variables in this equation.
Latent heat (DH) & sensible enthalpy (h) are added together
to get specific enthalpy (H), with g standing for acceleration
due to gravity.

Boundary condition

In this study, a closed rectangle enclosure is use as a heat
transfer and inside the enclosure PCM was filled at initially
solid state. “Polyethylene glycol” 1500 (PEG 1500) use as a
PCM and physical properties of PCM are described in Table
below. Stage-1 included simulating a model to verify the
prior simulation results, and Stage-Il involved expanding
geometry domain to examine melting process of "PEG
1500" in 2D rectangular, enclosed approaches. It was
determined that the aforementioned rectangular enclosure
having a surface area of 9.6 *10- m2.

Within PCM, the natural convection was implemented
using the Boussinesq approximation. The momentum
& energy equations are solved using "QUICK spatial
discretization™ technique. For pressure correction equation,
we utilize PRESTO scheme, and for pressure-velocity
coupling, we use semi-implicit technique for the "pressure-
linked equations (SIMPLE) algorithm". In every scenario,
we used the same mesh element size. The "melting
processes" were assumed to be isothermal, with temperature
of the whole wall and all the fins set to 353 K and the starting
melting temperature of PCM set to 298 K. Heat loss and

environmental convention were not taken into account in any
of the models. We utilized physical parameters that are not
affected by temperature in order to keep the model simple.
However, the simulation findings matched up well with the
ones from before.

[A] pern

[B] fins

Figure 6 Domain representation in all design

Table 3 Polyethylene glycol 1500 (PCM) properties

Properties Value (PEG 1500)
Thermal  conductivity 0.234
(W/m.K)
Melting temperature (K) 317
Specific Heat (J/kg.K) 1920
Latent heat of the fusion 196,000
(J/kg)
Density (kg/m?®) 1270
Viscosity (kg/m.s) 0.018

1. Validation results

Figure below represent the simulation liquid fraction vs.
time in this study and is compared with previous simulation
result by (Soodmand et al., 2022) [22]. In the previous
simulation a rectangular enclosure which is filled with PEG
1500 (PCM) and the hot walls of the enclosure considered
isothermal at 353 K. In Figure, simulated and the previous
simulation results by (Soodmand et al., 2022) are compared.
Excellent agreement between predicted and experimental
CFD findings validates and verifies our model for future
study.
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Validation

0.3
0.25
0.2
0.15
0.1

Liquid fraction

0.05

0 44 111 141 200 260 327 394 446

time (s)

=@-=—Dbase ==@==present

Figure 7 Validation result
1.006e-01

. . 7.031e-04
V. Result and discussion

Liquid fraction (a) 100s (b) 2100s

Case 1 — without fins

In this case there is no fins attach with enclosures. So, all
sides of the rectangular enclosure were treated as hot wall
which is transfer the heat to the PCM. When the simulation
was started after some time PCM start melting. All the time
of melting process PCM melt linear with all of the side and
increase with respect to time. Before 300s PCM 20% melt.
50% of the PCM melt at 2100s simulation time. In the 5000
s, an elliptical interface appeared, which was because of an
accumulation of the “small circulations building” in both
side (left and right) into one small circulation. After 3000s
the melting process get slow and 13,420s PCM complete
melt.

(a) 7000s (b) 13420s

Figure 8 Liquid fraction of the Case 1
Case 2 — 10 fins

In this case there is 10 fins attach with enclosures. So, all
sides of the rectangular enclosure and fins wall was treated
as hot wall which is transfer the heat to the PCM. When the
simulation was started after some time PCM start melting.
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All the time of melting process PCM melt linear with all of
the side and increase with respect to time. In 220s PCM 20%
melt. 50% of the PCM melt at 1800s simulation time. When
PCM melt 50% after that melting process get slow. In the
completion of 4000s simulation, an elliptical interface
appeared, which was because of an accumulation of the
“small circulations building” in both the side (left and right)
into one small circulation. PCM is complete melt at 12018s
which is earlier that the case 1.

(a) 100s (b) 1800s

(a) 7000s

(b) 12018s

Figure 9 Liquid fraction of the Case 2

Case 3 — 12 fins

In this case there is 12 fins attach with enclosures. So, all
sides of the rectangular enclosure and fins wall was treated
as hot wall which is transfer the heat to the PCM. When the
simulation was started after some time PCM start melting.
All the time of melting process PCM melt linear with all of
the side and increase with respect to time. In 200s PCM 20%
melt. 50% of the PCM melt at 1650s simulation time. When
PCM melt 50% after that melting process get slow. In the
completion of 4000s simulation, an elliptical interface
appeared, which was because of an accumulation of “small
circulations building” in both side (left and right) into one
small circulation. PCM is complete melt at 11736s which is
earlier that the case 1, 2.

(b) 1650s

(c) 7000s

(d) 117365

Figure 10 Liquid fraction of the Case 3
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Case 4 — 14 fins

In this case there is 14 fins attach with enclosures. So, all
sides of the rectangular enclosure and fins wall was treated
as hot wall which is transfer the heat to the PCM. When the
simulation was started after some time PCM start melting.
All the time of melting process PCM melt linear with all of
the side and increase with respect to time. In 120s PCM 20%
melt. 50% of the PCM melt at before 1000s simulation time.
When PCM melt 50% after that melting process get slow. In
the completion of 4000s simulation, an elliptical interface
appeared, which was because of an accumulation of the
“small circulations building” in both side (left and right) into
one small circulation. PCM is complete melt at 8630 which
is earlier that the case 1, 2and 3.

(a) 5000s

(b) 8630s

Figure 11 Liquid fraction of the Case 4

Comparison of all cases

Result of the simulation show that PCM melt fast up to
2000s in all the cases. In that time PCM melt 50% of the total
volume than melting process get slow. Case 1 is the simple
geometry of the rectangle enclosure, because of that melting
time is higher than remaining cases. Reducing the melting
time of selected PCM, attach the fins in rectangle enclosure.
In case 2, and 3, rectangle enclosure attaches with 10 fins and
12 fins due to this melting time reduce at 10 % and 12.55%
respectively. After that investigate the effect in PCM of
increasing the fins quantity and length of fins in the
geometry. In case 4, enclosure attach with 14 fins and length
of the fins is just double as compare to fins use in the case 2,
and 3. In case 4, the melting time is reduced 35.5% from case
1. In 8600s PCM get complete melt in case 4.

Liquid fraction

o =
o = [N}

Ligiod fraction
o
[e)]

0.4
0.2
0

O O O O O O O O O O © o« o

O O O O O O O m ©o O «H «
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e=@==Case ] e=@==case? e=@==Ccase3 e==@==cased

Figure 12 Liquid fraction comparison of all cases
Conclusion

In this work, we apply computational fluid dynamics
(CFD) simulation to learn more about melting process of
the PEG 1500, one of the most popular commercial PCMs
with the "fully isothermal walls conditions". Before
considering the impacts of affixing fins inside the enclosure,
we first verified the model using earlier simulation results in
the rectangular form enclosure. Four case considered in
which 1% is without fin, 2" is 10 fins, 3" is 12 fins, and 4" is
14 fins. In 2" and 3" case, fins width and height are same
but in the case 4 fins height is increase.

http://ijisem.com

69



IJISEM

INTERNATIONAL JOURNAL OF
INNOVATIONS IN SCIENCT
ENGINEERING AND MANAGEMENT

International Journal of Innovations In Science Engineering And Management

Some conclusions can be drawn as follows:

e Rectangle with fins showed the fastest melting
process due to fin, they are assumed to have a key
role in driving natural convection.

e The PCM temperature increases by transmitting the
heat from a hot wall to PCM in the melting process
and eventually achieves a melting temperature.

e Melting time is decreasing of case 2, 3, and 4 as
compared to case 1 is 10%, 12.55%, and 35.5 %.

e Result of the melting Process showed that case 4 is
the most suitable geometry for transferring the heat
to the PCM.
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