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The performance of thermal systems, like heating and cooling systems, depends on a number of factors such as the
geometrical shape, the working fluid used to transfer or store heat, and the operating conditions. Accordingly, many studies
concentrated on improving the thermal performance of such systems and raising their thermal efficiency by modifying their
geometry or using phase-changing materials. Therefore, this work is reviewing the previous studies that dealt with modifying
the geometry, by adding annular or longitudinal fins on the main tube of the heat exchanger, and employing different types of
phase change materials. This article also presents the previous scientific articles that investigated the effects of changing the
location and the orientation of the fins. For the reviewed studies in this article, it is worth mentioning that the numerical
investigations outnumbered the experimental ones as the authors focused on finding the optimal design of the studied thermal
systems. Furthermore, the previous studies employed phase-change materials, e.g. fatty acids, waxes, and salts, due to their
ability to store energy and reuse it in a wide range of applications.
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1. Introduction

From the point of view of solving global
environmental problems and improving energy
efficiency, the thermal energy storage systems,
especially Thermal Energy Potential Energy Storage
(LHTES) in Phase Changing Materials (PCMS),
have gained considerable attention. Phase variables
as thermally active materials are utilized
increasingly in various engineering applications
such as thermal storage, building thermal insulation,
outdoor air conditioning, heat recovery, cooling,
solar thermal collector, and systems
thermoregulation. However, the challenge is storing
thermal energy for later use simply and efficiently.
Basically, there are three basic types of thermal
energy storage systems, as shown in Figure 1, i.e.
thermochemical energy storage units, perceptible
thermal energy storage units, and potential thermal
energy storage units [1].
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Figure 1: Classification of different types of energy
storage
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group of finned tubes with longitudinal fins and
distributed axiotally to the variable material inside
a unit for charging and discharging heat. The effects
of coolant temperature, mass flow rate, fin
diameter and thickness, solidifying mass and time
required for complete solidification were studied .
The method of the finite volume was adopted and
also a diagram with the equations of the specific
differences was adopted for the numerical solution.
The researchers concluded that increasing the fin
length or number improves the hardening process
and reduces the time required to change the phase
of the material. Also, increasing half the distribution
of the fin tubes inside the loading and unloading
unit leads to an increase in the full hardening time,
while the results showed that increasing the fin
thickness gives little effect on the hardening
process.

2.2Addition of annular fins

Ismail, K.A.R. et al. [5] conducted a theoretical
study to develop a model for the hardening of a
phase variable material (PCM) around a tube with a
ring fin and the results of the study were verified
through experimental work .The study revealed that
increasing the diameter of the fin will increase the
speed of phase change on the outside of the tube and
fin and reduce the overall hardening time of the
phase variable. Reducing the temperature of the
liquid used for cooling enhances the rapid formation
of hardening on the interface and reduces the full
hardening time .It was also found that the thickness
of the fin has little effect on the time of the hardening
process on the facade. The researchers suggested
that despite the high thermal performance, the cost
of manufacturing pipes is relatively high due to the
welding process, so it was suggested that the
alternative would be to use plastic pipes mixed with
metal powder to improve effective thermal
conductivity.

Nesrine Boulaktout et al.[1] conducted a numerical
and practical study to improve the heat transfer of
annular tube heat exchangers using fins to accelerate
the melting rate of nicosan, which was examined in
practice. The thermal potential energy of the porous
material in nicosan was calculated and the phase
type was changed, and it was found that the melting
process of the material when changing the phase
needs additional time .She also explained that the
use of metal fins improves heat transfer and that
changing their direction horizontally and vertically
has an impact on thermal performance. The effect of
the melting process, the heat transferred and the heat
transfer coefficient were studied. The experimental
results of the melting process have shown that heat
transfer by conduction is predominant .Also, the
increasing melting motion of a phase variable
material significantly affected the upper half of the
model, so these results indicate that the progress of

The depletion of the ozone layer and the rise in fuel
costs have encouraged researchers to improve the
efficiency of systems based on sustainable energy
sources such as energy storage devices. Using this
technology, the energy is stored inside suitable tanks
by changing it to the desired form which is a
challenge nowadays. In general, energy storage is
the capture of excess energy at a certain time to
utilize when needed which helps in reducing energy
waste and the cost of capital.

The aim of the current work is to present a general
overview of the methods employed to improve the
heat transfer performance of the melting process on
the finned tubes. Different aspects were considered
to enhance the thermal performance of the finned
tubes such as adding longitudinal or annular fins,
changing the location and direction of the fins, or
using different types of phase-change materials.

2. Technologies for improving the thermal
performance of the heat exchanger

Improving the performance of thermal systems in
general and heat exchangers, in particular, has been
the focus for many research groups. Different
methods were used for this purpose and the most
popular of them are given below.

2.1 Addition of longitudinal fins

Mohammad M. Hosseini and Asghar B. Rahimi [2]
conducted a theoretical study on improving the heat
transfer of a triple heat exchanger with rectangular
fins attached to the solidification process of the
phase changing material . The main objective of this
study was to arrange and select rectangular fins and
this may maintain the balance in heat transfer in the
longitudinal and angular directions of the fin and
also the phase variable material (PCM) turns from
liquid state to solid simultaneously throughout the
cross-section of the fin and the solidification process
is in the shortest possible time when using other
arrangement and lengths of fins (with the fin section
area remaining constant). This study enabled the
researchers to design more efficient thermal storage
systems.

Mohammed Shahid Afridi et al.[3] presented a
practical study comparing the use of a longitudinal
and annular fin using paraffin as an experimental
and numerical phase variable. One of the properties
of paraffin wax is that it melts at a temperature of
55°C to 60°C .The heat transfer fluid, which is in the
liquid state, passes between the tubes to transfer heat
from the liquid to the paraffin of the longitudinal and
annular fins. The experimental results showed that
the use of longitudinal fin and annular fin has a
different heat transfer rate, as heat transfer using
longitudinal fins increases the efficiency of the
exchanger by 6% compared to the use of annular
fins.

Kamal A. R. Ismail et al.[4] also presented a
numerical study to improve heat transfer from a
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positively affect the improvement of system
performance.

Hassan M.S. et al. [9] presented a numerical
simulation of water freezing around submerged and
non-submerged horizontal tubes and fins. The effect
of natural convection as well as the reflection of
water density with temperature were taken into
account. Partial differential equations were solved
with dynamic grid generation technology and for
validation the results were compared using non-
perforated tubes with some experimental studies .
The results showed that the similarity of flow
patterns in both tubes with one major vortex in the
liquid region when there is no reflection in the
density of water. The presence of fins complicated
the distribution of the local Nusselt number along
the solid and liquid interface compared to the
unfilled tube. The results also showed improved
freezing when using fins.

2.4 Change the location or direction of the fins

S. Khaldi et al.[10] conducted a numerical study of
the process of melting a phase variable substance
(PCM) based on eccentric horizontal cylinders. The
simulation of the symmetrical melting of phase
changing materials between the two cylinders was
performed using the finite volume method .In this
study, the researchers relied on an inner cylinder,
which is a finned tube to improve heat transfer
between the inner cylinder and the phase changing
material. The inner cylindrical wall was considered
a hot wall while the outer cylinder was insulated and
therefore this simulation shows the melting process
from start to finish. The researchers concluded that
the use of fins on the inner tube increases the melting
process by reducing the melting time by 72.72%.
Sohif Mat et al.[11] conducted a numerical study in
the process of melting in a three-tube heat exchanger
with a variable phase material. The study included a
two-dimensional model using Fluent 6.3.26. Three
methods of heating process were used to melt the
phase variable material from the inner tube, the outer
tube and both tubes .The heat transfer of the phase
variable material is improved by placing internal and
external fins. A comparison was made when the tube
was heated from the inside and heated from the
outside and the effect of the fin length on the
improvement process was studied using a triple heat
exchanger with internal - external fins, the results
indicated a reduction in the melting time to 43.3% in
the triangular tube without fins, and experiments
were conducted to verify the validity of the proposed
model and it was found that the simulation results
are consistent with the experimental results.

Birlie Fekadu and Mebratu Assaye [12] conducted a
study to improve the rate of dissolution of phase
variables in a rectangular space by changing the
slope of the fins. A number of fins under a fixed
length and width of the space and a fixed fin
thickness of 4 mm were relied upon to maintain a

dissolution at the top of the fin is faster than at the
bottom. In the case of horizontal fins, since the
material is variable phase, the faster the melting
process is at the bottom, the lower the finned tube,
the greater the melting process and the better the heat
transfer process. The researcher also concluded that
placing the fins in the vertical form reduced the
melting time compared to the horizontal fins by
2.5% .

Kamal A. R. Ismail ET AL. [6] Conducted A
Numerical Study using axial finned tubes to improve
heat charging and discharging processes in thermal
storage units, where they relied on abstract
conduction in the solid and liquid phases. The finite
size technique was relied upon in the numerical
study and the associated initial and boundary
conditions. The numerical results were compared
with the experimental results where good agreement
was observed .It was also found that increasing the
length or number of fins improves the hardening
process and reduces the time of total phase change.
It has been concluded that increasing the fin radius
increases the total hardening time while increasing
the fin thickness has little effect on the hardening
process.

2.3 Change the direction of the fins

Yanping Yuan et al.[7] conducted a numerical
simulation of the effect of heat transfer on a number
of annular fins mounted on a wall at different angles
and illustrated the fusion properties of the phase
variable. The study was also validated by conducting
a pilot study. The melting process of PCM around
the annular fins was simulated at five different
angles with a fixed wall temperature change of three
different degrees (60,70,80) °C .Numerical results
were compared with the presence and absence of
fins. The results showed that although fins weaken
the natural heat load, when added they can lead to an
increase in the melting rate and a decrease in melting
time due to the increase in the total area of heat
exchange. When looking at the entire melting
process, it was observed that the rate of melting of
the phase material is greatest when the fins are fixed
at an angle of 0° and until the angle reaches 45° and
that any further increase in the angle value has no
noticeable effect on the rate of melting .
Mohammad Javad Zarei et al.[8] conducted a
numerical study using phase variable materials
around a copper-fused tube. The best finning design
was studied to achieve the least solidification time
and the best improvement of the performance of the
thermal energy storage system specified in this
numerical study .The results showed that the best
performance of the fins is with a connecting angle of
90 degrees and a length and width of 28 mm and 1
mm respectively. Using this condition in this mode
can reduce the total hardening time by about 42%
compared to a finless system. In addition, it has been
concluded that increasing the fin length can
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with an error rate of 5.58% and the researchers
showed that the use of the ANN method was
important for practical applications in thermal
energy storage .

Figure 2: Practical device used

Daniel Bacellar and others [15] conducted a
numerical study using a copper tube with circular
copper fins installed in the vertical direction as
shown in Figure (3) based on computational fluid
dynamics (CFD) technique. A phase variable
material was used with a melting point of 35 ° C and
heat transfer depends on convection heat transfer .
The researchers were interested in changing the
dimensions of the fin from the length and thickness
as well as the distances between the fins. The
researcher concluded that increasing the fin length
leads to a decrease in the dissolution time of the
phase variable. Also, note that there is a difference
in the numerical method used compared to the finite
volume method in terms of the speed of program
implementation.
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Figure 3 Schematic representation of an inline fin
tube heat exchanger

Junting Wu et al.[16] conducted a numerical
simulation of the effect of the location and length of
a single fin in the Thermal Latent Heat Energy
Storage Unit (LHTESU) on the melting and
solidification of a phase variable material (PCM)
through temperature distribution, solvent transfer
velocity, phase change rate, melting and properties
of PCM and heat transfer by changing the fin length
to height ratio .The results obtained by the
researchers showed that the total melting time was
significantly reduced when the fin length increased
and decreased by simultaneously changing the fin
location. On the other hand, lowering the position of
the fin causes the temperature to not be distributed
uniformly during the hardening process.

2.5 Quality of phase variable materials

constant mass of phase changing material within the
space. The length of the fins has been reduced as the
number of fins within the space has increased and
the space has been maintained at a constant
temperature of 333.5 K from the underside .
Aluminum fins were used for this study and the
optimal number of fins used was two fins. The study
was conducted during three cases of finning
inclination (60, 45, 35 degrees). Using just two fins
would have reduced melting time by 43%. In
addition, a melting time reduction of 31%, 5.12%
can be obtained by setting two improved fins at an
angle of 1450 = and an angle of 1600 =
respectively. Finally ,The results of the melting time
ratio compared to those obtained through the use of
fin-tilt states with the state of non-fins appeared. The
melting time of approximately (14501 is 1800
seconds, which is shorter than the melting time of a
fin at an angle of inclination of 09(1. These results
show that if fins can be optimized in terms of the
number and inclination specified in a given
operational design, the efficiency of the system can
be increased by reducing the melting time of the
desired phase variables .

Mohammed Bechiri [13] conducted a numerical
study of the melting of a phase variable substance
(PCM) in a vertically placed cylinder. The upper
space of the cylinder is filled with air to take into
account the volumetric expansion of the phase
variable. The finite volume method was adopted
based on the equations of conservation of mass,
momentum, and energy .The mathematical model is
based on the transfer of heat of the phase variable
material to the outer surface of the cylinder, which
has a constant temperature on its outer surface. The
results obtained were analyzed and compared with
previous works and showed good agreement. After
that, another study was carried out to determine the
total melting time and find some dimensionless
parameters such as the number of Krachov and the
ratio of the diameter of the wall to the pipe.

Kemal Ermis et al.[14] conducted a numerical study
of heat transfer using a finned tube and a phase
changing material to store heat based on an artificial
neural network (AAN) algorithm. The researchers
also added a practical study using the device shown
in Figure .(2) To validate the numerical results based
on a phase variable material around a finned tube.
The effect of some parameters of the fin and the
phase variable material, including experiments in
different types of finned tubes, different numbers of
Reynolds number and different inlet temperatures,
were studied by solving some equations governing
the transfer of heat from the liquid to the tube and to
the phase changeable material .The amount of heat
transferred to variable-shaped finned tubes at
variable flows was calculated by calculating the
number of Reynolds and also different temperatures.
The results showed that the compatibility between
numerical analysis and the practical study was good
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performance of the thermal storage unit using fatty
acid as a means of heat storage. The unit consists
mainly of an electric heating rod placed inside an
external pipe ,The heat transfer properties of fatty
acid melting processes with different degrees of
temperature were studied to determine the effect of
heat on melting processes. A new type of finned is
designed and installed on the electric heating rod to
enhance the thermal response of fatty acid.
Experimental results show that the fin can improve
heat transfer for the melting process of the thermal
volume .The equivalent thermal conductivity of
PCM can be increased by a factor of up to 3-fold.
Analysis of experimental results shows that the fin-
enhancing mechanism is due to its ability to improve
both thermal conductivity and natural convection
very effectively .
George Dogkas et al.[21] conducted an experimental
study of a thermal energy storage system using a
phase variable material (PCM) based on solar and
geothermal energy. The system consists of a
rectangular tank filled with PCM and a fin tube as a
heat exchanger .The system is designed to obtain hot
household water. The properties studied are the
amount of energy stored for the system, the rate of
heat transfer during charging and discharging
processes, the amount of hot water produced and the
storage efficiency of the tank .The system was
charged with heat based on solar energy for two
hours The results of the experiments confirmed that
the system can meet many basic requirements to
produce hot domestic water with a temperature of up
to 40 degrees Celsius for a quantity ranging from
106 liters to 164 liters. In addition to conducting the
operation of the solar collector and geothermal
pump with high efficiency.
Zhaoyang Niu et al.[22] conducted an experimental
study of the performance of thermal energy storage
of a casing-tube-type thermal unit using a
superimposed phase variable material (paraffin). An
open cylindrical heat storage tank filled with copper
foam was proposed to study the characteristics of the
melting process .A real-time temperature recording
system for paraffin material was established and the
results when compared with conventional smooth-
tube heat exchangers showed that paraffin dissolves
rapidly at the underside over time. Also,
temperatures have become more homogeneous with
time, and therefore, due to the expansion of the heat
transfer area, the heat transfer coefficient has
improved
3. Conclusion
The present work reviewed the experimental and
numerical previous studies that focused on the
techniques for improving the thermal performance
of the heat exchanger and the following conclusions
were drawn:

1. The studies showed that the longitudinal

fins are better than the ring fins in terms of
the efficiency of the heat exchanger.

Jingjing Shao et al. [17] presented a numerical study
to improve the thermal performance of a phase
variable-phase emulsion in a tube-fin heat
exchanger, where the study focused on the
theoretical work of thermal performance using a
new PCE-10 phase variable phase material inside a
finned tube heat exchanger .Which is characterized
by the fact that its thermal capacity is twice the heat
capacity of water and works within different ranges
of temperatures, which range between (4-11)
degrees Celsius, which is the temperature range of
the chilled water air conditioning system and is
characterized by a good level of stability of storage
and for a long period of time up to (9) months and
also with a viscosity much higher than water, which
contributes to a decrease in high pressure in the
pumping system ,The heat transfer process and flow
behavior of finned tube type heat exchangers were
analyzed. The results showed that PCE-10 has
several performance advantages as a cold storage
medium that provide a basic base for designing a
new type of practical cooling for storage devices.
X.Q. Zhai et al.[18] designed and applied a cold
storage unit based on a PCM type composed of
capric acid and lauric acid with a phase change
temperature of 14.97 °C .The charging performance
of the cold storage unit was experimentally
investigated, and after performing a modulation
construction analysis on the charging performance,
it was shown that the charging process for the entire
optimal scheme is 26.3% faster than the
experimental unit  operation. In  practical
applications.

Fatima A. M. Lino and Kamal A.R. Ismail [19]
conducted a practical study of the formation of ice
around finned tubes. The process was done by
freezing the water around a tube with annular fins to
illustrate the effect of the fin and the working
conditions of the cold liquid on the cohesion of the
ice as shown in Figure (4). The experimental results
revealed that increasing the diameter of the fin
increases the speed of snow hardening. Lowering the
temperature of the coolant and increasing its flow
rate promotes increased solid mass formation.

by -

Figure (4) Picture of the fused tube showing PCM
hardening

Zhongliang Liu et al.[20] conducted an experimental
study in which a device was created to study the
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a finned tube: modeling and experimental
validation,” p.15, 2016.

[7] Y. Yuan, X. Cao, B. Xiang, and Y. Du,
“Effect of installation angle of fins on
melting characteristics of annular unit for
latent heat thermal energy storage,” Sol.
Energy, vol. 136, pp. 365-378, Oct. 2016,
doi: 10.1016/j.solener.2016.07.014.

[8] M. J. Zarei, H. Bazai, M. Sharifpur, O.
Mahian, and B. Shabani, “The Effects of
Fin Parameters on the Solidification of
PCMs in a Fin-Enhanced Thermal Energy
Storage System,” Energies, vol. 13, no. 1,
p. 198, Jan. 2020, doi:
10.3390/en13010198.

[9] Hassan M. S., Ghalib Y. K. and Mohamed
A. S. ,” modeling coupled conduction—
convection ice formation on horizontal
axially finned and unfinned tubes”, J.
Fluids Eng. Dec 2017, 139 (12): 121101.

[10]S. Khaldi, A. Nabil Korti, and S. Abboudi,
“Effect of Finned-Tube on the
Enhancement of Melting Process of PCM
in Eccentric Cylinders,” Mech. Mech. Eng.,
vol. 22, no. 4, pp. 975-982, Dec. 2018, doi:
10.2478/mme-2018-0077.

[11]S. Mat, A. A. Al-Abidi, K. Sopian, M. Y.
Sulaiman, and A. T. Mohammad,
“Enhance heat transfer for PCM melting in
triplex tube with internal-external fins,”
Energy Convers. Manag., vol. 74, pp. 223—
236, Oct. 2013, doi:
10.1016/j.enconman.2013.05.003.

[12] B. Fekadu and M. Assaye, “Enhancement
of phase change materials melting
performance in a rectangular enclosure
under different inclination angle of fins,”
Case Stud. Therm. Eng., vol. 25, p. 100968,
Jun. 2021, doi:
10.1016/j.csite.2021.100968.

[13] M. Bechiri and K. Mansouri, “Study of heat
and fluid flow during melting of PCM
inside vertical cylindrical tube,” Int. J.
Therm. Sci., vol. 135, pp. 235-246, Jan.
2019,
doi:10.1016/j.ijthermalsci.2018.09.017.

[14]1K. Ermis, A. Erek, and 1. Dincer, “Heat
transfer analysis of phase change process in
a finned-tube thermal energy storage
system using artificial neural network,” Int.
J. Heat Mass Transfer., vol. 50, no. 15-16,
pp. 3163-3175, Jul. 2007,
doi:10.1016/j.ijheatmasstransfer.2006.12.0
17.

[15]D. Bacellar, T. Alam, J. Ling, and V. Aute,
“A Study on Computational Cost
Reduction of Simulations of Phase-Change
Material (PCM)  Embedded  Heat
Exchangers,” p. 10, 2021.

2. The investigations also demonstrated that
although the presence of fins impairs the
natural convection, adding fins increases
the melting rate and decreases the melting
time due to the increase in the total area of
heat exchange.

3. The previous studies also proved that the
angle of the fins affects the performance of
the heat exchanger by reducing the time of
completing the melting process of the
phase-change material.

4. Inaddition, a number of studies proved that
the use of different types of phase variable
materials in some applications increases
the efficiency of the heat exchanger due to
the high heat capacity for these materials.

List of symbols and terms

(Latent Heat Thermal Energy LHTESU
Storage Unit)

(Phase Change Materials) PCMS

(Computational Fluid Dynamics) | CFD

(Artificial Neural Network) ANN

REFERENCES:

[1] N. Boulaktout, E. H. Mezaache, and A.
Laouer, "Study of Thermal Behavior of a
Horizontal Two Fins Annular Tube Heat
Exchanger with Melting Phase Change
Material: Fins Orientation Effects" pp.
141-151, Apr. 2021. (accessed Jan. 18,
2022).

[2] M. M. Hosseini and A. B. Rahimi, “Heat
transfer enhancement in solidification
process by change of fins arrangements in
a heat exchanger containing phase-change
materials,” Int. J. Numer. Methods Heat
Fluid Flow, vol. 29, no. 5, pp. 1741-1755,
May 2019, doi: 10.1108/HFF-06-2018-
0333.

[3] M. Shahid Afridi, A. Anthony, P.
Sundaram, and S. Babu, “Experimental
comparison of longitudinal and annular
fins using PCM for Thermal energy
storage,” IOP Conf. Ser. Mater. Sci. Eng.,
vol. 402, p. 012179, Sep. 2018, doi:
10.1088/1757-899X/402/1/012179.

[4] Kamal Abdel Radi Ismail, Antonio Ba,
“modeling and solution of the solidification
problem of pcm around a cold cylinder,”
Numer. Heat Transfer. Part Appl., vol. 36,
no. 1, pp. 95-114, Jul. 1999, doi:
10.1080/104077899274912.

[5] Ismail, K.A.R., Silva, P.D., Lino, F.A.M.,
and Lago, T.G.S. “Enhancement of
Solidification of PCM Around Finned
Tubes,” p.6. Postal Code 13083-860,
Campinas, SP, Brazil.

[6] K. A. R. Ismail, M. M. Gongalves, and F.
A. M. Lino, “solidification of pcm around

Al-Rafidain Engineering Journal (AREJ)

Vol.28, No.1, March 2023, pp. 293-299



299 Noor Jamal Younis : Heat Transfer Analysis of the Melting Process.....

[20]L. Zhongliang , S. Xuan , M. Chongfang ,
"Experimental investigations on the
characteristics of melting processes of
stearic acid in an annulus and its thermal
conductivity enhancement by fins"

[21] G. Dogkas, J. Konstantaras, M. K. Koukou,
V. N. Stathopoulos, L. Coelho, and A.
Rebola, “Evaluating a prototype compact
thermal energy storage tank using paraffin-
based phase change material for domestic
hot water production,” E3S Web Conf.,
vol. 116, p. 00016, 2019, doi:
10.1051/e3sconf/201911600016.

[22] Z. Niu, J. Yu, X. Cui, X. Yang, Y. Sun, and
J. Yan, “Experimental investigations on the
thermal energy storage performance of
shell and tube unit with composite phase
change materials,” Energy Procedia, vol.
158, pp. 4889-4896, Feb. 2019, doi:
10.1016/j.egypro.2019.01.704.

[16]J. Wu, Q. Chen, Y. Zhang, and K. Sun,
“Phase change material heat transfer
enhancement in latent heat thermal energy
storage unit  with single  fin:
Comprehensive effect of position and
length,” J. Energy Storage, vol. 42, p.
103101, Oct.2021, doi:
10.1016/j.est.2021.103101.

[17]J. Shao, J. Darkwa, and X. Zhang,
“Numerical investigations into thermal
performance of phase change emulsion in a
fin-and-tube heat exchanger,” Int. J. Low-
Carbon Technol., vol. 16, no. 3, pp. 998—
1007, Sep. 2021, doi:
10.1093/ijlct/ctab025.

[18] X.Q. Zhai , X.W. Cheng, C. Wang, R.Z.
Wang, "Experimental investigation and
performance analysis of a fin tube phase
change cold storage wunit for high
temperature cooling application™, 2014,

[19]K. A. R. Ismail and F. A. M. Lino,
“Experimental study on ice formation
around finned tubes,” vol. 3, no. 8, p. 5,
2016.

ddic Jal) i) Ao ol sdl) ddaad 3 1 jad) ) Jalas
(51} Gl daa) )

*O9an daaa e
eng.omar.m.hamdoon@uomosul.edu.iq

* s Jaa Lo

noor.20enp36@student.umosul.edu.igq

mohamad.kharseh@aurak.ac.ae

*laa daaa 3l )

ziadalmakhyoul@uomosul.edu.ig

Glall - Jia e - A8l 0al) dutigh) and — Luanigl) A4S - i gall daaln”
Basiall Gy yall <l ey ¢ Al Gl ¢ Aapadl Gl 5 8 4S5 el Aralad) ¢ e liall 5 A0Sl Aigl) and™

2023-1-30:d 580 g8

2023-1-5 :Asiidl 4iasay abil

2022-11-29:225Y 23 )l

-

Aadal)

Loak el il 2l pa gf Lo pliiall aranaai lgia Jof poll o drell o L8 i o) 0y i o) 43805 o phiio CilS] Vo) gus 4y yl g o phiio (51 £ 1] daiey

Glisnilly lilay] o 22 S o Dl pad] lg5e S 24 5 L) padl Sila phaiall e Iof Cpean dail€a) il glii Colo) jall (pa wed] o 5 ) sl S o) i
Ll o o) dgils iile j ilSS o) pus ile I o ddlise g1 gif dilas] lgrin g Ao pliiall 5 shall 5 puiial] of gall alasind o (5 o) padl Jolual) I gLl a1
5 yuiiall o pall yo dilise g 5if alaiinsd ) Ablaca) iile il olai] g 2 o _yasis 5l dilise Ll g o ile il olal i Ll g 5 51 o) Jslsall i o) s gai¥) o
ot il ) dls) eppanall] Ao el ol oY S i Colipandl] oS5 3 daliSalf Coles] ) Den) po st diindll 46 ) 6l 56 po Ciigl) sl
s < et gl Al ) 3 o lowd] csiladl 6 aule b Las 35T 4 piil) 6 CilS Jaal) 38 6 Cgal] o pied) G a5 ) al] (Ao Iolaie ] lgadlii
I po plasily g 5yl padl olsall s I o 507¥)] S ddie Gl 18 50 5 olaTY) Dl (po Lia 5 (Al sho o) dsils) ciile il 48l 4ali o SiaY) apacaill ola]
ULl 034 (yo 32085 Y) I 5 48LY 0 S Ao g5 p8 6 45 ldte Dbld lliaT Cun (7o) ol gkl 5f Liasiill iao sad)) (po S Sini 5y slall 5 priie

Alal) SYlaall 6 dei g OYlanii] 6 L8 kst s dig jRall 4 sl

UL cladsl
Cile 3l 4 55y skl 5 piie ol sall o) all Jalaal)

Al-Rafidain Engineering Journal (AREJ)

Vol.28, No.1, March 2023, pp. 293-299


https://www.sciencedirect.com/science/article/abs/pii/S019689040400130X#!
https://www.sciencedirect.com/science/article/abs/pii/S019689040400130X#!
https://www.sciencedirect.com/science/article/abs/pii/S019689040400130X#!
mailto:eng.omar.m.hamdoon@uomosul.edu.iq
mailto:mohamad.kharseh@aurak.ac.ae
mailto:ziadalmakhyoul@uomosul.edu.iq

