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presented in this project. Numerical analysis is conducted to examine the brief
solidification process of a pure liquid phase-change material within a rectangular
enclosure when natural convection is present. The horizontal boundaries are both
taken to be adiabatic, with one vertical barrier maintained at a temperature below the
material's melting point and the other above. In this work, a numerical investigation of
the melting of wax (namely N-octadecane) is presented. The numerical simulations of
the experiments were carried out using STAR CCM+, and the results were compared
with the results of other numerical simulations (FLOW 3D). The numerical simulations
of gallium melting were carried out with a commercial code, STAR CCM+, which
captures the solid-liquid interface with a fixed grid. This software captures the solid-
liquid interface for phase change simulations in complex geometries with the enthalpy
formulation technique. In addition, it demonstrates that computational fluid
mechanics has reached a state of development where it permits reliable flow
computations with solidification and melting. Casting with metal melts can be studied
to provide information to engineers during the design process of new casting tools.
The available simulation tools can also be used to predict existing casting processes
and determine the origins of defects. The key findings are as follows: The interface
shape during the solidification of gallium from above is always determined in large part

Keywords: by anisotropy in heat conductivity and interface growth morphology. Natural
STARCCM+; N-octadecane; Convection; convection in the liquid slows down the rate of melting and adds more complexity to
melting the morphology and transport mechanisms at the interface.

1. Introduction

There are numerous engineering applications for improving heat transfer and fluid properties,
including the use of nanotechnology [1-4], jet impingement technique [5-7], and phase change
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materials [8-10], which play a significant part in increasing the effectiveness of electronic equipment
and cutting down on consumption. Enhancing heat transfer and fluid flow characteristic is one of the
most promising strategies to maximize heat recovery in engineering and industrial applications [11-
16] and to optimize heat transfer equipment.

A thermoeconomic- environmental model was studied by Yan et al., [17] in order to optimize the
energy efficiency of a waste heat recovery system with integrated phase change materials (PCM) in
greenhouses. For heating systems fitted with PCM HRS and HRSs, the 2nd law efficiency rose by 127%
and 263%, respectively, while the mean energy efficiency increased by 40% and 33%. The
temperature of the exhaust gas and inside air changed by -8.2% and +17%, respectively, using PCM
HRS. With investment return periods of three and four months, the fuel savings achieved by
implementing HRS with and without integrated PCM are 19% and 48%, respectively.

Sadr and associates [18] Simulate the mixed convection of water and nano-encapsulated phase-
changing material into a square cavity using a rotating, heated cylinder. Phase change material (PCM)
in the core is encased in a solid shell to improve base fluids' thermal properties. The latent heat of
the NEPCM core causes a significant increase in the heat content and heat transfer rate of the
nanofluid. A particular temperature range is also where a phase transition occurs. In this work, n-
nonadecane and polyurethane, accordingly, represent the core and shell of NEPCM. According to
the findings, adding NEPCM can increase the Nusselt number by over 13%.

Miansari et al., [19] investigation looks into how phase-change materials' thermophysical
characteristics affect melting. Using phase-change materials (PCMs) to investigate thermal energy
storage inside a double-wall tank, the melting of PCMs was reduced from 60% to 80% in about 8
hours after adding fins. In the water zone, raising the inlet temperature from 340 to 360 K greatly
shortens the phase-change material's melting time; after around 8 hours, the percentage of melted
material increased from 67 to 87%; the Reynolds number has no discernible impact on this process.
The results show that employing materials with lower specific heat and melting temperatures
reduces melting time.

Using the enthalpy-based lattice Boltzmann method (LBM), Jourabian et al., [20] investigated the
NePCM melting in the inclined oval ring. It is necessary to determine the efficacy of heat transfer
optimization approaches such as the incorporation of copper nanoparticles and a porous metal
matrix into this heat storage system. Due to improved conduction heat transfer, it was discovered
that inserting nanoparticles is the most effective way for increasing the liquid percentage in the
oblate annulus. For prolate and inclined layouts, a porous matrix is recommended. As a thermal
storage unit, it eliminates a relatively stable stratification at the bottom of the elliptical annulus.

Bayat et al., [21] investigated numerically the performance of finned heat sinks with nano
enhanced phase change material (NePCM). The effects of adding copper oxide and aluminum oxide
nanoparticles to paraffin PCMs on low thermal conductivity were explored. The results suggest that
adding a low fraction of nanoparticles (2%), improves heat sink performance. However, raising the
volume percentage of nanoparticles to 6% not only does not improve, but substantially degrades
heatsink performance.

Acoustics, electrochemistry, and electromagnetic, fluid dynamics, heat transfer, particle fluxes,
rheology, multi phase flows and solid mechanics, reactive flows can all be modeled with Star-CCM. A
package of multidisciplinary engineering simulations is called STAR-CCM+. It was developed by
Siemens [22-24]. Complex system design and analysis are increasingly being driven by computer
simulations. With its approach to modeling fluid flow phenomena, computational simulations are
now acknowledged as a part of the spectrum of computer-aided engineering (CAE) Widely used
instruments in today's industries. This gives technical analysts and equipment designers the power
of a virtual wind tunnel on their desktop computer. Software for computational simulation has
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advanced well beyond the dreams of Navier, Stokes, and Da Vinci. Numerical simulation is known to
provide an advantage over experimental. Despite these advancements, some of the main problems
with fluid dynamic simulations remain, such as accuracy [25,26].

The objective of this research is to explore the dynamic melting behavior of paraffin and gallium
by comparing the outcomes of numerical simulations using STAR CCM+ and Flow 3D.. The following
is how the paper is structured: Section 1 introduces Melting and solidification, Problem Formulation,
Gallium melting, and wax (a paraffin) melting. Section 2 presents the mathematical formulation, and
the governing equations. The numerical system is presented in Section 3. Section 4 depicts the results
and discussions with thorough analysis for the different cases; Section 5 depicts the conclusions; and
Section 6 is devoted to the future perspective (future recommendations).

1.1 Melting and Solidification

The previously described current numerical techniques were generally used to simulate individual
melting or solidification problems, and only recently were they used to simulate alternating melting
and solidification cycles by Wang et al., [27]. On the other hand, cyclic or periodic melting and
solidification matters have drawn a lot of attention in the literature. Numerically periodic melting in
a square enclosure was studied by Voller and Ho and Chu [28,29]. Recently, Hosseini and others. A
previous study [30] reported experimental research on the melting and solidification of a cylindrical
PCM during the charging and discharging process by Gosselin and chabot [31] conducted an analytical
study on the impact of periodic boundary conditions and alternating cooling and heating in a
cylindrical PCM.

A high accuracy numerical model was utilized by Rakotondrandisa et al., [32] to simulate a phase-
change material's (PCM) alternate cycle of melting and solidification to solve a single-domain model
based on the Navier-Stokes-Boussinesq equations. The first study case covers total melting of the
PCM (95%) and lastly, total solidification. In the second scenario, solidification occurs after a partial
melting (liquid component of 50%). During the melting-solidification process, different regimes are
found and explained through scaling correlation analysis.

Solutal phase transition is an isothermal diffusion-controlled process that will result in either
solidification of the liquid or melting of the solid under specific process conditions. The direction and
pace of the liquid-solid interface's evolution are determined by maintaining equilibrium. Phase
change of metals and alloys numerical modeling is still one of the hardest challenges in materials
science. This is because it's necessary to solve a coupled, highly non-linear free boundary issue at the
same time as predicting the future location of the unknown liquid-solid interface [33]. In
manufacturing processes like crystal growth, surface alloying, dip forming, spray coating, casting,
welding and printed circuit electronics fabrication, solidification and melting are crucial steps.

Heat transmission to and from both phases on either side of the interface is what causes phase
shifts in the material in all of these processes. These result in solidification when the net heat is
subtracted and melting when the net heat is added to the solid portion of the interface. The total
heat transport problem is commonly known as the Stefan problem [34]. The observable additional
heat that is involved in the phase transition is known as the latent heat. Shabgard et al., [35] created
a thermal network model to mimic the charging (melting) and discharging (solidification) of a high
temperature system LHTES (Latent heat thermal energy storage) [36], driven by applications utilizing
concentrated solar power.

As a result, partial melting is not optimum. When a shorter discharge period is required, external
cooling measures must be used to provide a cooler discharge temperature. the inability of thePCM
systems to entirely discharge during night-time. However, if the PCM does not completely harden,
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the system's effectiveness may be significantly decreased. It is not recommended in this scenario to
completely melt the PCM in order to have a shorter cooling period. However, for solar energy storage
applications, the PCM must be completely melted in order to use its latent heat storage capability.

1.2 Problem Formulation

The authors studied two sections in order to validate the solidification and melting processes with
STAR CCM+. The first problem simulated with STAR CCM+ is gallium melting, and the thermophysical
characteristics and boundary conditions were explored numerically in this study. The quantitative
validation of applicable models and numerical approaches of STAR CCM+ for melting wax (N-
octadecane) (paraffin) is described in the second part of the research. The growth of the solid-liquid
interface during melting in a rectangular chamber is essentially three-dimensional and is converted
to a two-dimensional shape, hence the numerical simulation using STAR CCM+ is carried out using a
two-dimensional assumption with symmetry boundary conditions in the Y-direction. Figure 1 depicts
the general configurations of both issues [37,38]. Table 1.

‘ Insulated boundary
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Fig. 1. A schematic view of the test cases [37]
Tablel
Dimensions of the rectangular chamber of aspect ratio 1.0 [37]
Property Symbol Value Units
Length X 168 mm
Width Y 80 mm
Height YA 80 mm

1.3 Gallium Melting

The challenge at hand concerns the melting of pure gallium. The Prandtl number (Pr = v/), global
aspect ratio (A = H/L), and temperature gradient in the cavity characterize this challenge. At a
homogeneous temperature TO = Tl = 28.3C, a two-dimensional cavity is initially filled with a solid
material. At time t = 0, the temperature of one of the vertical walls (the left wall in the instance of
gallium melting in the Figure 1 above is raised to T1 = 38.0C > Tl, while the temperature of the other
vertical wall remains constant at TO. It is assumed that the horizontal walls are adiabatic and have no
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slide. Table 2 shows the thermophysical characteristics of gallium employed in the melting
simulation.

Table 2

Properties of gallium used in the melting simulation

Property Symbol Value Units
Melting temperature Ti 29.78 °C

Thermal conductivity A 3.2 x10%* dyn cmtK?
Density p 6.093 gmcm3
Dynamic viscosity u 1.81x 1072 dyn s cm™
Thermal expansion 8 1.2x10% K1
coefficient

Specific heat Co 3.81x10%* dyn gmtK?
Latent heat of fusion AH 8.02 x 10%8 dyn gm?
Prandtl number Pr 0.02 -

1.4 Wax (a Paraffin) Melting

The challenge at hand concerns the melting of a pure material, specifically (N-octadecane).
Melting difficulties are often dominated by conduction in the early stages of the melting process and
spontaneous convection later in the process. At a constant temperature TO = Tl = 20 C, a two-
dimensional cavity is initially filled with a solid substance. At time t = 0, transient heat flow is given
as boundary conditions at one of the rectangular chamber's vertical walls (left wall in the case of
melting in Figure 1 above, while the other vertical surface is kept insulated. The horizontal surfaces
are also examined to ensure that they are near to being insulated. Table 3 shows the thermophysical
characteristics of paraffin employed in the melting simulation.

Table 3

Thermo-physical properties of N-octadecane [31]

Property Symbol  Value Units
Melting temperature Tm 28 °C
Density at 20 °C P20 778 kg m3
Density at 50 °C Pso 762.4 kg m3
Dynamic viscosity u 3.813x 103 Nsm?
Thermal expansion coefficient 8 0.001 K1
Thermal conductivity A 0.1493 W mtK?
Specific heat G 1.6498 Jkgtk?
Latent heat of fusion AH 355.32 J kg
Surface tension at 30 °C O30 27.59 x 103 N /m
Surface tension at 50 °C Os0 25.92 x 103 N /m

2. Mathematical Formulation

The researchers take into consideration, as illustrated in Figure 1, a rectangular enclosure with
width W and height H that initially holds liquid at temperature Thot. The liquid then begins to solidify
when the temperature at x = 0 is lowered to Tcod, Where Teold is the solid material's melting
temperature. The horizontal walls at y = 0 H are adiabatic, but the wall at x = W is kept at Thot
temperature throughout. Over time, it is expected that a solid layer and a natural convection flow
pattern will form; x = s(y, t) determines the location of the solid—liquid interface.
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2.1 Governing Equation

Regarding the area, we have :

2 2:
psCsﬁﬂs 6T5+8T5
* ot ox* oy

0<x<s(y,t)

(1)

that is, the transient heat conduction equation. Applying the Boussinesq approximation to the
transient mass, heat transfer equations and momentum for the liquid area, s(y, t) < x < W, gives us.
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In Eqg. (4), we have applied the expression p1, to the liquid density.
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We made the assumption that all other physical attributes were temperature-independent for
simplicity's sake. Eq. (1) — Eq. (5) transform into;
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where the Rayleigh number (Ra), the Prandtl number (Pr) and the Stefan number (St) are given as

follow:
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_ pzl.meltﬂgcpl (Thot _Tmelt) . luCpI

Ra

1k, K,
St — Cps (Tmelt _Tcold )
AH, ’
And

A= s{ﬁJ
K,

where the liquid and solid thermal diffusivity, ks and kl, are given respectively by [35]

ks = ks /pscps’ kl = k1/IOI,meIthI

3. Numerical Simulation

The employed numerical mesh consisted of 160 cells for Gallium, a paraffin. The details of the
applied numerical methods within STAR CCM+ are as follows:

i.  The gravity is in the z direction.
ii.  The initial time step is 0.01 sec.
iii. The time step during computation is adjusted automatically taking the minimum time step
from the viscous time step, convective time step and the Courant time step.

4. Result and Discussion

The primary goal of this comparison is to contrast the outcomes of STAR CCM+'s complete
numerical simulation with the simulation of FLOW 3D. The authors begin by presenting some
outcomes from the comprehensive numerical simulation of Gallium melting. Figure 2 shows Solid-
liguid interface during gallium melting at different times.
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(i) FASTEST3D computation at time = 15min (j) FLOW3D validation at time = 15 min
Fig. 2. Solid-liquid interface during gallium melting at different times

Figure 3 shows Solid-liquid interface during gallium melting at different times. Gallium
computation times were significantly longer, owing to its substantially smaller Prandtl number than
paraffin. Vertical stratification between the heated wall on the right and the front's thermal boundary
layers during solidificatio. Although Figure 4 appear to be identical, there is a difference in melting
time.

This point, as we will see in later figures, decides when a steady-state is finally reached. Second,
for the paraffin melting, we show some results from the whole numerical simulation.
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Fig. 4. Temperature and velocity vector field during paraffin melting at different times

Optimizing the process and the end product microstructure requires careful consideration of
process factors like temperature, time, and solute concentration. Consequently, it is not unexpected
that numerical modeling plays a crucial role in determining how procedure parameters affect the
interfacial dynamics during phase transformation. Numerical analysis is particularly difficult because
of the intricate topological evolution of the interface and the treatment of interfacial dynamics like
splitting and merging [34]. Low heat conductivity is a characteristic shared by several of the phase
change materials (PCMs) that are typically taken into consideration, including paraffins, hydrated
salts, and salt mixes.

As a result, various tactics are taken into consideration to raise the rate of heat transfer of devices
that use PCMs. Capturing PCM in capsules to get a high surface-to-volume ratio is one of the most
researched methods for thermal improvement. The evolution of the solid-liquid interface's form and
melting rate has been observed to be significantly influenced by natural convection effects during
the melting of PCMs encased in various mesh types and time steps. In addition to the fluid phase
dynamics and heat transfer phenomena involved [39,40].

The impact of two different fins and hybrid nanoparticles (MoS,-TiO3) on solidification in a triplex
latent heat thermal energy storage system has been investigated by Hosseinzadeh et al., [41]. The
findings show that, although the use of both tree-like fins and nanoparticles reduces the solidification
time by 78% when compared to bare tube, tree-like fins claim the best performance, taking 1700 s,
followed by rectangular fins with 3500 s in the absence of nanoparticles. also, Hosseinzadeh et al.,
[42,43] have simulate the influence of hybrid nanoparticles and internal fins on the solid process in a
triplex latent heat thermal energy storage system shaped like a star. The results show that utilizing
each strategy independently results in a significant improvement, while combining both techniques
lead in the lowest solidification rate. Furthermore, the comparisons made in this paper show that
when compared to the results of HNPs alone, fins perform better. Furthermore, According to the
findings, the total solidification time can be lowered by up to 12% when fins and HNPs are used, and
the total solidification time can be lowered by up to 4% more when lamina-shaped HNPs are used
than brick-shaped HNPs.

The outcomes were contrasted with Song et al., [44] solid melting computational approach in
their validation of the method for reactor vessel ablation under external reactor vessel cooling
conditions. An experiment that already exists for gallium melting in a two-dimensional cavity was
used to validate the computational method of solid melting. The findings show that the present
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computation of melt front advancement agrees well with experimental data and current simulations.
In addition, when compared to Racotondrandisa et al., [45] numerical technique, Numerical
simulation of a phase-change material's melting-solidification cycle with complete or partial melting
to simulate the alternating melting and solidification cycles of a phase-change material (PCM), a high-
accuracy numerical model is used. The fundamental structure of a differentially heated square cavity
filled with octadecane paraffin was explored, and the numerical system was validated using
experimental and numerical results from the literature. The instances are thoroughly examined, with
the time evolution of the solid-liquid interface, liquid fraction, Nusselt number, and accumulated
heat input provided. Using scaling correlation analysis, different regimes are detected and explained
during the melting-solidification process. In comparison to the previous two experiments [44,45],
anisotropy in heat conductivity and interface growth morphology are consistently important in
determining the interface shape during gallium solidification from above. Natural convection in the
liguid lowers the melting rate and complicates the transport processes and interface morphology in
defining interface shape even more. As can be seen, the results are in good agreement.

5. Conclusions

The authors of this study examined the melting of a phase-change material (PCM) in a rectangular
enclosure with natural convection numerically. The methodology described here can be used to
understand melting via time-dependent heating as well, even though the numerical results presented
here were for melting that resulted from heating at a vertical boundary held at a constant
temperature. Numerical research has been done on the impact of natural convection on solid-liquid
phase-change heat transfer in gravitationally unstable conditions (melting from the left and
solidification from the right). It is permitted to use pure metals (paraffin and gallium). The study's
conclusions are based on the data that were collected. During the solidification of gallium from
above, anisotropy in the thermal conductivity and the interface growth morphology are always
important in controlling the interface shape. The liquid's natural convection slows the melting rate
and increases the intricacy of the transport and interface morphology processes. The researchers
evaluated numerous past studies relating to the issue of the current study. The authors compared
the results with others, and as can be seen, the results are pretty consistent.

6. Future Perspectives

This study was based on Simulation of solidification and melting processes of Phase change
materials for paraffin and Gallium by using star CCM+. The review of earlier research in this field
raises a number of intriguing unanswered questions, such as (i) determining the best design
parameters to maximize heat transfer during charging and discharging cycles, (ii) using simulations
to forecast PCM thermal performance under various operating conditions, and (iv) the practical and
financial implications of the suggested methods. A rising trend in recent years has been to look at
how PCMs and heat sources might enhance heat transmission for a variety of industrial applications.
Numerous studies have been published in this area that examine the use of various improvement
techniques.

As far as the writers are aware, no thorough review has been done to emphasize how PCMs and
nano-enhanced PCMs (NEPCMs) perform in terms of thermal storage at different container
geometries. The literature lacks comprehensive analyses of the numerous conclusions from diverse
experimental and numerical studies pertaining to the impact of these methods. This research seeks
to evaluate the emerging trends in improving the rate of heat transfer and reducing the
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melting/solidification time of PCMs/NEPCMs for various industrial applications, given their notable
contribution to improved heat transfer [46, 47]. Additionally, a number of concerns have been raised
by previous studies [48, 49] regarding the PCM systems' inability to fully discharge at night. However,
if the PCM does not fully harden, the system's effectiveness could be significantly diminished. It is
not recommended to fully melt the PCM in this situation in order to shorten the cooling time. To use
the PCM's latent heat storage capacity, however, complete melting is required for solar energy
storage applications. A partial melting is therefore not ideal. In other cases, external cooling methods
must be used to maintain a lower discharge temperature when a shorter discharge duration is
required [50].

References

(1]

(2]

3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

(11]

(12]

(13]

Wang, Lu, Xiangfei Kong, Jianlin Ren, Man Fan, and Han Li. "Novel hybrid composite phase change materials with
high thermal performance based on aluminium nitride and nanocapsules." Energy 238 (2022): 121775.
https://doi.org/10.1016/j.energy.2021.121775

Angi, Ali E., Changhe Li, Hayder A. Dhahad, Kamal Sharma, El-Awady Attia, Anas Abdelrahman, Azheen Ghafour
Mohammed, Sagr Alamri, and Ali A. Rajhi. "Effect of combined air cooling and nano enhanced phase change
materials on thermal management of lithium-ion batteries." Journal of Energy Storage 52 (2022): 104906.
https://doi.org/10.1016/].est.2022.104906

Abdullah, Mahir Faris, Rozli Zulkifli, Zambri Harun, Shahrir Abdullah, and W. A. Wan Ghopa. "Discussion paper:
Effect of the Nanosolution Concentration on a Heated Surface of the Heat Transfer Enhancement using Twin
Impingement Jet Mechanism." Int. J. Eng. Technol 7 (2020): 6200-6206.

Faris Abdullah, Mahir, Rozli Zulkifli, Hazim Moria, Asmaa Soheil Najm, Zambri Harun, Shahrir Abdullah, Wan Aizon
Wan Ghopa, and Noor Humam Sulaiman. "Assessment of TiO2 Nanoconcentration and Twin Impingement Jet of
Heat Transfer Enhancement—A Statistical Approach Using Response Surface Methodology." Energies 14, no. 3
(2021): 595. https://doi.org/10.3390/en14030595

Tyagi, V. V., K. Chopra, R. K. Sharma, A. K. Pandey, S. K. Tyagi, Muhammad Shakeel Ahmad, Ahmet Sari, and Richa
Kothari. "A comprehensive review on phase change materials for heat storage applications: Development,
characterization, thermal and chemical stability." Solar Energy Materials and Solar Cells 234 (2022): 111392.
https://doi.org/10.1016/j.solmat.2021.111392

Alam, Tabish, and Man-Hoe Kim. "A comprehensive review on single phase heat transfer enhancement techniques
in heat exchanger applications." Renewable and Sustainable Energy Reviews 81 (2018): 813-839.
https://doi.org/10.1016/].rser.2017.08.060

Abdullah, Mahir Faris, Humam Kareem, Rozli Zulkifli, Zambri Harun, Shahrir Abdullah, Wan Aizon, and W. Ghopa
Ghopa. "Heat transfer and flow structure of multiple jet impingement mechanisms on a flat plate for turbulent
flow." International Journal of Mechanical & Mechatronics Engineering IJMMEIJENS 19, no. 03 (2020).

Abdullah, Mahir Faris, Rozli Zulkifli, Zambri Harun, Shahrir Abdullah, Wan Aizon W. Ghopa, and Ashraf Amer Abbas.
"Heat transfer augmentation based on twin impingement jet mechanism." Int. J. Eng. Technol 7, no. 3.17 (2018):
209-214. 209-214.

Faris Abdullah, Mahir, Rozli Zulkifli, Zambri Harun, Shahrir Abdullah, and Wan Aizon Wan Ghopa. "Experimental
and numerical simulation of the heat transfer enhancement on the twin impingement jet mechanism." Energies 11,
no. 4 (2018): 927. https://doi.org/10.3390/en11040927

Abdullah, Mahir Faris, Rozli Zulkifli, Zambri Harun, Shahrir Abdullah, and Wan Aizon W. Ghopa. "Studying of
convective heat transfer over an aluminum flat plate based on twin jets impingement mechanism for different
Reynolds number." Int. J. Mech. Mechatron. Eng 17, no. 6 (2017): 16. https://doi.org/10.3390/mi10030176

Faris Abdullah, Mahir, Rozli Zulkifli, Zambri Harun, Shahrir Abdullah, Wan Aizon Wan Ghopa, Asmaa Soheil Najm,
and Noor Humam Sulaiman. "Impact of the TiO2 nanosolution concentration on heat transfer enhancement of the
twin impingement jet of a heated aluminum plate." Micromachines 10, no. 3 (2019): 176.
https://doi.org/10.17576/jkukm-2019-31(1)-17

Zambri Harun. Suang N, J. M. Faizal W. Mahmood, M, F, Abdullah. Eslam Reda. Computational Fluid Dynamics
Simulation on the Heat Sink of the Graphics Processing Unit Thermal Management. Jurnul kejuretraan. (2017):
31(1) 139147.

Jalghaf, Humam Kareem, Ali Habeeb Askar, and Mahir Faris Abdullah. "Improvement of heat transfer by nanofluid
and magnetic field at constant heat flux on tube." Int. J. Mech. Mechatron. Eng 20 (2020): 110-120.

52


https://doi.org/10.1016/j.energy.2021.121775
https://doi.org/10.1016/j.est.2022.104906
https://doi.org/10.3390/en14030595
https://doi.org/10.1016/j.solmat.2021.111392
https://doi.org/10.1016/j.rser.2017.08.060
https://doi.org/10.3390/en11040927
https://doi.org/10.3390/mi10030176
https://doi.org/10.17576/jkukm-2019-31(1)-17

CFD Letters
Volume 16, Issue 3 (2024) 37-54

(14]

(15]

(16]

(17]

(18]

(19]

(20]

[21]

[22]

(23]

[24]

[25]

(26]

(27]

(28]

[29]

(30]

(31]

Abdullah, Mahir Faris, Rozli Zulkifli, Zambri Harun, Shahrir Abdullah, Wan Aizon W. Ghopa, and Ashraf Amer Abbas.
"Experimental investigation on comparison of local nusselt number using twin jet impingement mechanism." Int. J.
Mech. Mechatron. Eng. IMME-IJENS 17 (2017): 60-75.

Abdullah, Mahir Faris, Humam Kareem Jalghaf, and Rozli Zulkifli. "A Critical Review of Multiple Impingement Jet
Mechanisms for Flow Characteristics and Heat Transfer Augmentation." Vehicle and Automotive
Engineering (2022): 374-393. https://doi.org/10.1007/978-3-031-15211-5 32

Jasim, Rasha Abdulrazzak, Wajdi Qasim Hussen, Mabhir Faris Abdullah, and Rozli Zulkifli. "Numerical Simulation of
Characterization of Hydraulic Jump Over an Obstacle in an Open Channel Flow." Journal of Advanced Research in
Fluid Mechanics and Thermal Sciences 106, no. 1 (2023): 1-15.https://doi.org/10.37934/arfmts.106.1.115

Yan, Shu-Rong, Mohammad Ali Fazilati, Navid Samani, Hamid Reza Ghasemi, Davood Toghraie, Quyen Nguyen, and
Arash Karimipour. "Energy efficiency optimization of the waste heat recovery system with embedded phase change
materials in greenhouses: a thermo-economic-environmental study." Journal of Energy Storage 30 (2020): 101445.
https://doi.org/10.1016/j.est.2020.101445.

Sadr, Arsalan Nasiri, Masih Shekaramiz, Meysam Zarinfar, Amin Esmaily, Hamidreza Khoshtarash, and Davood
Toghraie. "Simulation of mixed-convection of water and nano-encapsulated phase change material inside a square
cavity  with a rotating  hot  cylinder." Journal of Energy  Storage 47  (2022): 103606.
https://doi.org/10.1016/].est.2021.103606.

Miansari, Mehdi, Mohsen Nazari, Davood Toghraie, and Omid Ali Akbari. "Investigating the thermal energy storage
inside a double-wall tank utilizing phase-change materials (PCMs)." Journal of Thermal Analysis and
Calorimetry 139 (2020): 2283-2294. https://doi.org/10.1007/s10973-019-08573-2.

Jourabian, Mahmoud, A. Ali Rabienataj Darzi, Omid Ali Akbari, and Davood Toghraie. "The enthalpy-based lattice
Boltzmann method (LBM) for simulation of NePCM melting in inclined elliptical annulus." Physica A: Statistical
Mechanics and its Applications 548 (2020): 123887. https://doi.org/10.1016/j.physa.2019.123887

Bayat, Milad, Mohammad Reza Faridzadeh, and Davood Toghraie. "Investigation of finned heat sink performance
with nano enhanced phase change material (NePCM)." Thermal Science and Engineering Progress 5 (2018): 50-59.
https://doi.org/10.1016/].tsep.2017.10.021

Piasecka, Magdalena, Artur Piasecki, and Norbert Dadas. "Experimental study and CFD modeling of fluid flow and
heat transfer characteristics in a mini-channel heat sink using simcenter STAR-CCM+ software." Energies 15, no. 2
(2022): 536. https://doi.org/10.3390/en15020536

Prakash, S. Arun, C. Hariharan, R. Arivazhagan, R. Sheeja, V. Antony Aroul Raj, and R. Velraj. "Review on numerical
algorithms for melting and solidification studies and their implementation in general purpose computational fluid
dynamic software." Journal of Energy Storage 36 (2021): 102341. https://doi.org/10.1016/j.est.2021.102341
Cinosi, N., S. P. Walker, M. J. Bluck, and R. Issa. "CFD simulation of turbulent flow in a rod bundle with spacer grids
(MATIS-H) using STAR-CCM+." Nuclear Engineering and Design 279 (2014): 37-49.
https://doi.org/10.1016/j.nucengdes.2014.06.019

Huang, Xinpeng, Cheng Sun, Zhengian Chen, and Yunsong Han. "Experimental and numerical studies on melting
process of phase change materials (PCMs) embedded in open-cells metal foams." International Journal of Thermal
Sciences 170 (2021): 107151. https://doi.org/10.1016/].ijthermalsci.2021.107151

Li, W. Q., Z. G. Qu, YalLing He, and WenQuan Tao. "Experimental and numerical studies on melting phase change
heat transfer in open-cell metallic foams filled with paraffin." Applied Thermal Engineering 37 (2012): 1-9.
https://doi.org/10.1016/].applthermaleng.2011.11.001

Wang, Shimin, Amir Faghri, and Theodore L. Bergman. "Numerical modeling of alternate melting and
solidification." Numerical =~ Heat Transfer, Part B: Fundamentals58, no. 6 (2010): 393-418.
https://doi.org/10.1080/10407790.2010.529024

Ho, C. J., and C. H. Chu. "Periodic melting within a square enclosure with an oscillatory surface
temperature." International  journal of heat and mass transfer36, no. 3 (1993): 725-733.
https://doi.org/10.1016/0017-9310(93)80048-Y

Voller, Vaughan R., P. Felix, and C. R. Swaminathan. "Cyclic phase change with fluid flow." International Journal of
Numerical Methods for Heat & Fluid Flow 6, no. 4 (1996): 57-64. https://doi.org/10.1108/09615539610123450
Hosseini, M. J., M. Rahimi, and R. Bahrampoury. "Experimental and computational evolution of a shell and tube
heat exchanger as a PCM thermal storage system." International Communications in Heat and Mass Transfer 50
(2014): 128-136. https://doi.org/10.1016/j.icheatmasstransfer.2013.11.008

Chabot, Christian, and Louis Gosselin. "Solid-liquid phase change around a tube with periodic heating and cooling:
Scale analysis, numerical simulations and correlations." International Journal of Thermal Sciences 112 (2017): 345-
357. https://doi.org/10.1016/j.ijthermalsci.2016.10.017

53


https://doi.org/10.1007/978-3-031-15211-5_32
https://doi.org/10.37934/arfmts.106.1.115
https://doi.org/10.1016/j.est.2020.101445
https://doi.org/10.1016/j.est.2021.103606
https://doi.org/10.1007/s10973-019-08573-2
https://doi.org/10.1016/j.physa.2019.123887
https://doi.org/10.1016/j.tsep.2017.10.021
https://doi.org/10.3390/en15020536
https://doi.org/10.1016/j.est.2021.102341
https://doi.org/10.1016/j.nucengdes.2014.06.019
https://doi.org/10.1016/j.ijthermalsci.2021.107151
https://doi.org/10.1016/j.applthermaleng.2011.11.001
https://doi.org/10.1080/10407790.2010.529024
https://doi.org/10.1016/0017-9310(93)80048-Y
https://doi.org/10.1108/09615539610123450
https://doi.org/10.1016/j.icheatmasstransfer.2013.11.008
https://doi.org/10.1016/j.ijthermalsci.2016.10.017

CFD Letters
Volume 16, Issue 3 (2024) 37-54

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

[41]

(42]

[43]

[44]

(45]

[46]
[47]

(48]

(49]

(50]

Rakotondrandisa, Aina, lonut Danaila, and Luminita Danaila. "Numerical modelling of a melting-solidification cycle
of a phase-change material with complete or partial melting." International Journal of Heat and Fluid Flow 76
(2019): 57-71.https://doi.org/10.1016/].ijheatfluidflow.

Ghoneim, A. "A meshfree interface-finite element method for modelling isothermal solutal melting and
solidification in binary systems." Finite Elements in Analysis and Design 95 (2015): 20-41.
https://doi.org/10.1016/j.finel.2014.10.002

Vynnycky, Michael, and Shigeo Kimura. "An analytical and numerical study of coupled transient natural convection
and solidification in a rectangular enclosure." International Journal of Heat and Mass Transfer 50, no. 25-26 (2007):
5204-5214. https://doi.org/10.1016/j.ijheatmasstransfer.2007.06.036

Shabgard, Hamidreza, Theodore L. Bergman, and Amir Faghri. "Exergy analysis of latent heat thermal energy
storage for solar power generation accounting for constraints imposed by long-term operation and the solar
day." Energy 60 (2013): 474-484. https://doi.org/10.1016/j.energy.2013.08.020

Saleel, C. A., A. Shaija, and S. Jayaraj. "On simulation of backward facing step flow using immersed boundary
method." Am. J. Fluid Dyn 3, no. 2 (2013): 9-19. https://doi.org/10.1260/1759-3093.2.2-3.129

Sharifi, Nourouddin, Theodore L. Bergman, Michael J. Allen, and Amir Faghri. "Melting and solidification
enhancement using a combined heat pipe, foil approach." International Journal of Heat and Mass Transfer 78
(2014): 930-941. https://doi.org/10.1016/j.ijheatmasstransfer.2014.07.054

Banerjee. S, Kumar. V, Paramasivam. |, Ertun,c. O, Durst. F, Validation of FLOW 3D with benchmark cases of
Solidification and Melting Processes, First Technical Report LSTM (2019): 681/1 21.02.05 Prepared for Sachs GiRerei
GmbH,

Muhammad, M. D., O. Badr, and H. Yeung. "Validation of a CFD melting and solidification model for phase change
in vertical cylinders." Numerical Heat Transfer, Part A: Applications 68, no. 5 (2015): 501-511.
https://doi.org/10.1080/10407782.2014.994432

Galione, P. A., O. Lehmkuhl, J. Rigola, and A. Oliva. "Fixed-grid numerical modeling of melting and solidification
using variable thermo-physical properties—Application to the melting of n-Octadecane inside a spherical
capsule." International Journal of Heat and Mass Transfer 86 (2015): 721-743.
https://doi.org/10.1016/].ijheatmasstransfer.2015.03.033

Hosseinzadeh, Kh, MA Erfani Moghaddam, A. Asadi, A. R. Mogharrebi, B. Jafari, M. R. Hasani, and D. D. Ganji. "Effect
of two different fins (longitudinal-tree like) and hybrid nano-particles (MoS2-TiO2) on solidification process in
triplex latent heat thermal energy storage system." Alexandria Engineering Journal 60, no. 1 (2021): 1967-1979.
https://doi.org/10.1016/].ae{.2020.12.001

Hosseinzadeh, Kh, MA Erfani Moghaddam, A. Asadi, A. R. Mogharrebi, and D. D. Ganji. "Effect of internal fins along
with hybrid nano-particles on solid process in star shape triplex latent heat thermal energy storage system by
numerical simulation." Renewable Energy 154 (2020): 497-507. https://doi.org/10.1016/j.renene.2020.03.054
Hosseinzadeh, Kh, A. R. Mogharrebi, A. Asadi, M. Paikar, and D. D. Ganji. "Effect of fin and hybrid nano-particles on
solid process in hexagonal triplex latent heat thermal energy storage system." Journal of Molecular Liquids 300
(2020): 112347. https://doi.org/10.1016/j.molliq.2019.112347.

Song, Hyuk-Jin, and Jong-Woon Park. "Validation of Melting Computation Method for Reactor Vessel Ablation
under External Reactor Vessel Cooling Conditions." (2015).

Rakotondrandisa, Aina, lonut Danaila, and Luminita Danaila. "Numerical modelling of a melting-solidification cycle
of a phase-change material with complete or partial melting." International Journal of Heat and Fluid Flow 76
(2019): 57-71. https://doi.org/10.1016/].ijheatfluidflow.2018.11.004

Bergles, Arthur E. "Recent developments in enhanced heat transfer." Heat and mass transfer 47, no. 8 (2011): 1001-
1008. https://doi.org/10.1007/s00231-011-0872-y

Sharma, S. Dutt, and Kazunobu Sagara. "Latent heat storage materials and systems: a review." International journal
of green energy 2, no. 1 (2005): 1-56. https://doi.org/10.1081/GE-200051299

Ascione, Fabrizio, Nicola Bianco, Rosa Francesca De Masi, Filippo de’Rossi, and Giuseppe Peter Vanoli. "Energy
refurbishment of existing buildings through the use of phase change materials: Energy savings and indoor comfort
in the cooling season." Applied Energy 113 (2014): 990-1007. https://doi.org/10.1016/j.apenergy.2013.08.045
Rakotondrandisa, Aina, lonut Danaila, and Luminita Danaila. "Numerical modelling of a melting-solidification cycle
of a phase-change material with complete or partial melting." International Journal of Heat and Fluid Flow 76
(2019): 57-71. https://doi.org/10.1016/].ijheatfluidflow.2018.11.004

Rashid, Farhan Lafta, Alireza Rahbari, Raed Khalid Ibrahem, Pouyan Talebizadehsardari, Ali Basem, Amr Kaood,
Hayder I. Mohammed, Mohammed H. Abbas, and Mudhar A. Al-Obaidi. "Review of solidification and melting
performance of phase change materials in the presence of magnetic field, rotation, tilt angle, and
vibration." Journal of Energy Storage 67 (2023): 107501. https://doi.org/10.1016/j.est.2023.107501.

54


https://doi.org/10.1016/j.ijheatfluidflow
https://doi.org/10.1016/j.finel.2014.10.002
https://doi.org/10.1016/j.ijheatmasstransfer.2007.06.036
https://doi.org/10.1016/j.energy.2013.08.020
https://doi.org/10.1260/1759-3093.2.2-3.129
https://doi.org/10.1016/j.ijheatmasstransfer.2014.07.054
https://doi.org/10.1080/10407782.2014.994432
https://doi.org/10.1016/j.ijheatmasstransfer.2015.03.033
https://doi.org/10.1016/j.aej.2020.12.001
https://doi.org/10.1016/j.renene.2020.03.054
https://doi.org/10.1016/j.molliq.2019.112347
https://doi.org/10.1016/j.ijheatfluidflow.2018.11.004
https://doi.org/10.1007/s00231-011-0872-y
https://doi.org/10.1081/GE-200051299
https://doi.org/10.1016/j.apenergy.2013.08.045
https://doi.org/10.1016/j.ijheatfluidflow.2018.11.004
https://doi.org/10.1016/j.est.2023.107501

