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ARTICLE INFO ABSTRACT

Keywords: In present study, a 2D rectangular enclosure was considered as a latent thermal energy storage
Vertical ?CM enclosure (LTES) system. Lauric acid was used as PCM material. The aim of this study was to use fins to
Double lﬁnsﬁ enhance melting process of PCM. Position and shape of double fins were considered as investi-
E;a;‘f:pzr n gating parameters. At first stage three different positions were considered for fins of rectangular

shape. Results indicated that amongst aforementioned cases, best results were achieved when
double fins were located at lower half of enclosure. Results revealed that up to 1800s could be
saved during whole melting process. At second step, two trapezoidal form and one triangular
shaped double fins were used to evaluate the effect of fin shape. In these cases, fins were placed at
optimum position concluded from previous stage. Results presented that up to Fo = 0.15, best
values of Nusselt numbers were related to triangular shaped fins. After Fo = 0.15, the case with
triangular fin has least Nu number. The best melting performance was related to triangular fins at
which 1000s less melting time was observed. Enhancement ratio results presented better per-
formance for triangular fins after second of 2500s.

Fin position
Lauric acid

1. Introduction

Due to human population growth and industrial developments, demand for energy has raised sharply in recent decades [1]. Lack of
sufficient energy sources and high price of energy necessitates the efficient consumption of energy [2]. Different methods as like to
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using renewable energies [3], utilization methods [4] and the use of thermal energy storage technologies have gained considerable
attractions [5]. Sensible thermal energy storage, thermochemical thermal energy storage and latent thermal energy storage (LTES) are
of three types of energy storage systems [4]. The LTES with PCMs (phase change materials) because of great repeatability [6],
controllability [7], significant density [8] of energy storage and nearly Isotherm discharging process [9], are used in various appli-
cations such as heat recovery systems [10]of automotive waste [11], utilization of solar energy unites [12] and etc. However, the low
thermal conductivity of PCM unites is a very important disadvantage [13]. This feature extends duration of melting time and decreases
the efficiency of PCM systems [14]. With the aim of solving this issue, researchers have proposed various methods [15]. Many have
worked on inserting various types of fins to augment heat transfer in PCMs [16-19], some have worked on adding single [20,21] and
hybrid [22] nanoparticle additives to PCMs for their thermal conductivity enhancement while others have proposed using multiple
PCMs to increase the charging and discharging rates [23,24]. Porous media is another solution suggested in the literature which can
enhance conductivity of the PCM [25,26]. Some experts have adopted more creative methods by combining two of the approaches
mentioned above such as inserting fins along with adding nanoparticles to enhance performance of system [27,28].

Amongst aforementioned enhancement methods, the use of fins due to their easy manufacturing method and low cost are widely
used in PCM systems [29]. Fins increase the heat transfer area and the produced heat in the heat source easily transfers from high
conductive material (metal fin) to low conductive material (PCM). Besides the presence of fins could affect the intensity of buoyancy
driven motion of the melted PCM which results in more quick melting process [30]. Effect of the presence of fins on the thermal
performance of a PCM based heat sink were investigated by Hosseizadeh et al. [31]. They investigated the effect of different pa-
rameters as like to fin thickness, fin height and number of fins. Their results presented that by increasing the fin height and number, the
thermal performance of the PCM unite significantly increases. Also, they found that the effect of increment of thickness of the fins on
the thermal performance of thermal storage unite was minor. Ji et al. [32] studied the effect of inclination angle of double rectangular
fins on the performance of vertical rectangular PCM enclosure. They considered five inclination angles of 0°, +15°, +30°, —15°, and
—30°. Their results indicated that double fins with downward inclination angle of —15° has more effect on melting performance of
PCM enclosure. It was found that by using double fins with inclination angle of —15°, the total melting time could decease up to %23.8.
Cao et al. [33] investigated the effect of fins through annular PCM unite. Through their study, they tried to find the optimal number of
longitudinal fins. They found that for a certain wall temperature the number of fins has an optimal value. They mentioned that ten fins
could have the most effective influence on decreasing the melting time of the horizontal annular PCM unite. Joneidi et al. [34]
experimentally analyzed the effect of various configuration of fins on the melting process of a horizontal rectangular enclosure. They
proposed an empirical correlation for the prediction of melting fraction during the melting process. Abdi et al. [35] investigated the
effect of vertical fins on the melting performance of horizontal PCM enclosure. They stated that despite of horizontal configuration of
fins, the vertical fins do not suppress the buoyancy driven motion of melted PCM which would lead in more improvement of the
melting process. Jinlong et al. [36] performed a numerical study and investigated the effect of structure, metaling volume fraction and
fin orientation on the melting performance of a PCM unite which was designed for thermal management of mobile electronics. Tian
et al. [37] studied the effect of material of the metal fin on the thermal performance of PCM Unite. The fins material was made of
steel302, aluminum, copper and carbon steel. Their results presented that by using copper made fins, the total melting time of the PCM
unite could decrease up to %41.7. Yildiz et al. [38] presented a new and three like branching fins and analyzed the melting perfor-
mance of PCM enclosure. They considered different aspect ratios and length to height ratios of rectangular fins. They found that
optimizing the geometrical properties of rectangular fins could be more effective than utilizing the triangular fin.

In this study, a 2D rectangular enclosure was considered for simulating the melting process of PCM. Generally, vertical latent heat
storage systems are used in thermal managements of buildings. They help to diminish energy consumption, postpone the load of
thermal peaks, facilitate temperature control in building parts, and increases their durability [39]. At the first stage the location of
rectangular fins was studied. At the second stage the shape of rectangular fins was changed to trapezoidal form. At the final stage,
triangular double fins were used for further improvement of thermal performance of the considered PCM unite. Parameters as like to
melting fraction, surface averaged Nusselt number, melting contours and etc. are analyzed.

Based on the literature review and according to the authors’ best knowledge, there is no previous study that considers the effect of
location of rectangular fins on melting of PCM. In this study firstly, effect of location of fins on melting of PCM has been studied to find
the optimized case and secondly, the shape of fins in the optimized case was enhanced and trapezoidal and triangular fins were
employed for further optimization of melting process in the PCM.

2. Problem statement and solution methods
2.1. Physical model

The computational model consists of a two-dimensional rectangular enclosure with its height and width being equal to 50 mm. The
double fins attached to a heater plate have been placed on the left wall of the enclosure. The thickness of heater plate is 5 mm and left
wall of heater plate is isothermally heated at constant temperature of 343 K. The position of fins has been altered in different cases to
find the most efficient state for melting rate of PCM. Later, trapezoidal and triangular shaped fins were employed to further enhance
the heat transfer. Lauric acid and aluminum have been used as the material for PCM and the fins respectively which their properties
have been presented in Table 1. The initial temperature of PCM is equal to the ambient temperature which is 298.15 K.

The study has been conducted in three stages. At first step effect of location of fins is evaluated on the melting of PCM. In second
step the optimum state evaluated in the first step is selected to study the heat transfer characteristics of trapezoidal fins and finally
triangular fins have been employed for heat transfer enhancement and PCM melting optimization. It is to be noted that to make the
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results comparable, the heat transfer surface in all of the above cases needs to be equal. As the computational domain is 2 dimensional
and the length of 3rd dimension normal to the plane of model is considered to be unit, the length of base of the fins and the
circumferential length of the fins in all of the cases have been considered to be equal. The dimensions and configuration of different
cases studied have been depicted in Fig. 1 schematically.

2.2. Mathematical methods

The flow conditions are considered to be laminar and unsteady. Also, the liquid PCM is regarded as an incompressible and
Newtonian fluid with neglecting its volume expansion during the phase change process. To simulate the phase change process, the
Enthalpy-Porosity technique proposed by Voller and Prakash [41] is employed. In this method, the mushy region is considered as a
porous medium in which the volume fraction at each cell represents its porosity. In this method the fully solidified regions are assigned
to the porosity of zero and fully melted regions are assigned to the porosity of 1. To account for the reduced velocity resulted from the
solidified material, a source term is added to the momentum equation. According to the assumptions made, the governing equations
including continuity, momentum and energy equations can be expressed as:

0

LV () =0 ®
t

0, —— 2—> — 7

&(pu)+V~(pu W)=puV’u —VP+pg+ S 2
ad .

&(pH)+V-(puH):V~(kVT) 3)

In the above equations, p is the density of fluid, t is time, g is the gravitational acceleration and u is the velocity vector. S is the
source term which is calculated as:

(1 — 7)2—>

S= Amus‘hyw u

(C))

The parameter Ay, is the mushy zone constant and assigning higher amount for this parameter accelerates the velocity reduction
to zero during the solidification process. y is the liquid volume fraction of the cell. ¢ is a small value (0.001) to avoid mathematical
singularity when the whole material in the cell has solidified and y equals to zero. In energy equation, “H” is the enthalpy which
consists of sensible enthalpy and latent heat and is calculated as:

H=h+ AH %)

In which “h” is sensible enthalpy and is expressed as:

T
h=h. + / C,AT (6)

Ty
where hy is a reference enthalpy associated to the reference Temperature (T,.) and AH is the latent heat which is expressed as:
AH =yL @
The liquid volume fraction in the above equations is calculated as:
0 if T<Tg
T—-T,

T17T.v
1 if T,<T;

y= T, <T<T; ®

In order to take the buoyancy driven convection flow into account, the boussinesq approximation is adopted. According to this
method, the term of density in the momentum equation is calculated as:

Table 1

Thermo-physical properties of lauric acid [40].
Parameter Value
Specific heat capacity solid/liquid (kJ/kg.K) 2.18/2.39
Melting temperature range ('C) 43.5-48.2
Latent heat of fusion (kJ/kg) 187.21
Thermal conductivity solid/liquid (W/m.K) 0.16/0.14
Density solid/liquid (kg/m>) 940,885
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Fig. 1. Presentation of different stages and cases considered at present study; A) effect of location of fins, rectangular fin; B and C effect of shape of
fins, trapezoidal and triangular fin.

P

BT —-T)+1 ®

p=
where f is the thermal expansion coefficient and Ty is the operating temperature.

The numerical methods used to solve the governing equations are as follows: The SIMPLE scheme is used for the pressure velocity
coupling while PRESTO is used for pressure corrections equations and the second order upwind method has been used for dis-

cretization of the momentum and energy equations. The convergence was achieved when the residuals reduce below 10~ for the
continuity equation and 10~ for momentum and energy equations.

2.3. Validation

The accuracy of the data achieved in this study was validated against the experimental data of Kamkari et al. [42] The model for
validation is the melting of lauric acid as PCM in a rectangular enclosure which is isothermally being heated from the left side wall
while the other walls have been insulated. The melt fraction against time in this work and the work of Kamkari et al. [42] have been
compared in Fig. 2 A. As shown, the numerical data are in good agreement with the experimental data as the greatest deviation is
observed at the end of the melting process which is about 6% which shows the reliability of the numerical data. Despite the melting
fraction which represented the quantitative data, a set of contours have also been presented for a better comparison between numerical
results and experimental results of Kamkari et al. [42]. Fig. 2 B presents the contours of melt fraction for 5 different melting times for
both experimental and numerical study. Looking at Fig. 2 B, it could be observed that there is a very good agreement between the
numerical results of the present study and the experimental results of the paper published by Kambkari et al. [42].

2.4. Mesh and time step independency analysis

Another aspect of evaluating the credibility of any numerical study is to check the independence of results to the cell numbers and
time step. For checking the mesh independency analysis, three different cell numbers of 8569, 17,300 and 35,265 were considered. It
was found that there was no significant difference between the results of melt fraction during the melting time associated with three
cell numbers. Consequently, the cell number of 17,300 was considered for the rest of this study.

Furthermore, for the time independency analysis, three-time steps of 0.5s, 0.2s and 0.05 were considered. The melt fraction results
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Fig. 2. Comparison of melt fraction results (A) and contours (B) of present study and the experimental study performed by Kamkari et al. [42].
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associated with these three-time steps are presented in Fig. 3. It could be observed that there is no significant difference between the
melt fraction results associated with the considered time steps. It is worth mentioning that for the rest of the study the time step of 0.2
was considered.

3. Results and discussion
3.1. Melt fraction analysis

In this section, the effect of fin position and fin shape on the improvement of the melting process is discussed. A very important
parameter that could clearly present the effect of the mentioned parameters on the enhancement of the melting process is the melt

fraction (My). The melt fraction is defined by equation (10). In this formula, the Sir321.35¢ is the area that has reached the melting
temperature and is in the liquid form. The Sy, is the Solid surface at the beginning of the process.
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Fig. 3. Time independency checking at time steps of 0.5, 0.2 and 0.05.
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Fig. 4 A, presents the variation of M vs time for different cases considered in this study. As presented, up to t = 1000s, all cases with
fins have a linear form of melt fraction with a very sharp slope. After t = 1000s, the melt fraction finds a curvy form in all cases with a
reduction in their slope. The highest declining rate is related to case 1, at which the form of the fin was rectangular and was located at
the upper half of the PCM enclosure. Between t = 1000s and t = 2000s, the declining slope of the rest of the cases (case 2 to case 6)
almost remains constant. At t = 2000s, case 2, finds a bit more declining slope. It is observed that cases 4 and 5 have almost the same
rate of melting. However, when case 5 (trapezoidal fin with a smaller fin head) is used, it is found that the rate of declining slope
reduces significantly, when compared to other cases. The lowest declining slope is related to case 6, in which fins were located at the
lower half of the PCM enclosure and had a triangular form. Consequently, case 6 is the first one that has reached the melting fraction of
1. The aforementioned explanations are schematically presented in Fig. 6. Looking to Fig. 4 B, it could be observed that the cases with
fins located at the lower half of the enclosure, melt more quickly than the cases with fins at the middle of the enclosure or at the upper
half of the PCM enclosure. This phenomenon could be explained by considering the isotherm contours presented in Fig. 4C. Looking to
diagrams associated with cases 1 to 3 of Fig. 4C, it could be found that for case no. 1, at t = 500s, 1000s and 2000s, the area of the upper
part of the enclosure that has reached the maximum temperature is more than that in cases 2 and 3. Since these areas are located at the
highest part of the enclosure [43], the melted PCM could not move (the movement of melted PCM material is due to the buoyancy
forces, and when it gets trapped between the and upper wall of the enclosure it could not have significant movements) [44].
Consequently, the temperature of this part increases significantly and the thermal energy becomes trapped in this area. However, when
the fins are located at lower positions (cases 2 and 3), the melted PCM has the space and potential of moving in a vertical direction.
Indeed, when the PCM material gets melted, due to the difference in density, the buoyance effect forces the melted parcels to move in a
vertical direction and free convection occurs [45]. In this movement, melted parcels transfer their thermal energy to the surrounding
PCM which leads to better heat transfer within the enclosure and faster melting of the PCM. When comparing case 3 with cases 2 and 1,
it could be realized that this case has a faster melting process than the two others. Looking at isotherm contours associated with case 3
in Fig. 4C, it could be observed that when the fins are located at the lower half, the area with maximum temperature is the minimum
when compared with cases 2 and 1. Instead, there are more areas that have reached the melting temperature.

As mentioned before, cases 4 to 6 are considered to investigate the effect of fin shape. Two trapezoidal forms and one triangular
form were used. It is obvious that case 4 has a little better performance in the melting process than case 3. Fig. 4 A and 4 B reveal that
cases 5 and 6 have better performance than case 3. It is found from the diagrams in Fig. 4C that when the shape of fins changes from
rectangular to trapezoidal form, the area with maximum temperature between the two fins becomes less than that of the rectangular
fins. By changing the trapezoidal form to triangular form, the decrement in the area with maximum temperature increases. This means
that changing the shape of fins to the trapezoidal and rectangular form reduces the trapped energy between the fins. When this trapped
energy is released, two main phenomena occur. Firstly, when the area around the fins fills with a material having a temperature less
than the maximum, the heat transfer procedure occurs at a faster pace. Secondly, during the movement of the materials, the energy
becomes transferred to the other parts of the material. So, melting happens faster.

3.1.1. Total saved time

Fig. 5 A presents the total melting time for the various cases considered in this study. As indicated in this figure, by changing the
location of the double fins (case 1 to case 3), the total melting time decreases. However, comparing case 4 (first trapezoidal fin, located
at the lower half of the enclosure) and case 3 (rectangular fin, located at the lower half of the enclosure) it is observed that there is no
significant difference between the melting time of the aforementioned cases. By looking at case 5 and case 6, it is revealed that in
contrary to case 4, the total melting time has decreased more significantly. The minimum melting time was about 7100s and was
related to case 6, at which the triangular double fins were located at the lower half of the PCM enclosure.

Fig. 5 B and C presents the total saved time achieved by applying the aforementioned type of fins to the PCM enclosure. Fig. 5 B
presents the saved time at which the cases were compared to the base model. However, in Fig. 5C, the base model was considered to be
case 3, the aim of this figure is to present the effect of fin shape. Looking at Fig. 5 B, it could be seen that amongst the cases at which the
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effect of location was examined the maximum saved time was related to case 3. Consequently, by presenting Fig. 5C, the authors
intended to indicate the effect of changing the shape of fins. By looking at Fig. 5 B, it could be seen that the maximum saved time is
5020s. Also Fig. 5C reveals that a maximum saved time of about 1000s could be observed.

3.1.2. Enhancement ratio

The enhancement ratio is another quantitative parameter that could be used to evaluate the performance of any mechanism used
for improving the performance of PCM. In this study, two different formulations are used for the enhancement ratio. The first one was
Ery at which the cases 1 to 6 were compared with finless enclosure and is defined as below.

ErO:(M—I) x 100 (11
m/, without fin

The second definition is Er; and is calculated by equation (12). In this formula, the case 3 is considered to be as the base case.
Indeed, this parameter is defined to evaluate the effect of fin shape on the melting performance of the PCM enclosure.

Er— (M_ 1) X 100 (12)
My, case 3

It is found in Fig. 6 A, that up to t = 500s, the Er, increases with time for all cases. the maximum enhancement ratio (Er,) was about
177% and was occurred at t = 500s and was related to case 2 which had rectangular double fins that were located at the lower half of



N. Sinaga et al. Case Studies in Thermal Engineering 23 (2021) 100813

A) ---%--- Case 1, rectangular
180 F
"x:\\ ---%--- Case 2, rectangular
R
160 '[;‘ o Case 3, rectangular
o\
140 ‘.." Y \qi\’l Case 4, trapezoidal
TR T PN
20 BN KSR, - Case 5, trapezoidal
! N AR 5
100 _.’.' ‘\X X, ‘\‘* --@---Case 6, triangular
5 AN S
M8 f xR,
% R NN
60 F e x_caTmle,
b 28 % B
*. e
40 F S ¥l Eagitvs
B
20 F TR Ry
o
0 . . . . )
0 2000 4000 | 6000 8000 10000
Time (s)
15
B) Effect of fin shape
10 ¢ Pl it 8
/,n e
P ‘\‘
5 fe el pS
\ Lot »
\ '
0 Flgigsatrsdr 870099200 0--c0:
o ,'( 1000 *_ZW(S 3000 4000 5000 6000 7000 8000
Y -
m 5 !I .- 0
Time (s)
10 F
15 --#---Case 4, trapezoidal
Case 5, trapezoidal
20 L --+--- Case 0, triangular

Fig. 6. A) Variation of Erg (Enhancement in melting when compared to finless mode) versus time B) Variation of Er; (Enhancement in melting when

compared to case 3) vs time.

the enclosure. Up to t = 3000s the Er, related to case 6 is less than most cases, however after this time, the enhancement ratio of case 6
becomes more than other cases.

For the comparison between the different shapes of the fins presented in this study the Er; is provided in Fig. 6 B. As presented up to
t = 500s, the case 6 (triangular fin) has better performance than the cases related to rectangular fin. However, from t = 500s to t =
1500s all cases of 4-6 have negative values of Er;, denoting that in this period the performance of rectangular fin is better than
trapezoidal and triangular fin at the considered conditions. This remains constant for the case 6 up to t = 2500s. after this time a great
enhancement could be seen in case 6 which reaches up to %9.38% increment in the values of Er;. After t = 2500s, the case 6 has the best

performance until the end of the melting process.

3.2. Thermal properties

3.2.1. PCM velocity analysis
PCM melting process is affected by buoyancy induced flows. Since these flow streams could transfer the thermal energy, they play a

very important role in the melting process. Velocity contours could be useful for better understanding of the velocity field. Fig. 7 A,
presents the velocity contours colored by velocity magnitude. It is found that in cases in which the fins are located at the lower half of
the enclosure, the velocity vectors are more dens, besides the velocity vectors have higher values of velocity quantities. For example, if
we compare case 3 with case 1 and 2 at t = 2000s, it could be easily observed that the case 3, has denser velocity vectors than case 2 and
1. Besides, at t = 2000s, there are more areas in case 3, that the velocity vectors are colored with yellow and red meaning that these
parts have higher velocities than those related to case 1 and 2. The greater velocity magnitude in these areas leads to better circulation
of melted PCM, as a result the more thermal energy transfers to other sides and the thermal energy doesn’t get trapped in a certain area.
Looking at t = 4500s, it could be easily found that the case 3 has more melted area than the cases 1 and 2. On the other hand, when
comparing the cases 4 to 6 with case 3, it could be seen that in case 6 and 5, the density of velocity vectors are more than case 3. Also,
the melt fraction contours show that after t = 2000s, there is significant difference in the melt fraction of case 6 when compared to
other cases. By looking at velocity contours, it is observed that the free convection resulted from the melted PCM has enhanced the
transfer. It is worth mentioning that these motions induce vortices in the flow stream and enhance the melting rate.

The maximum velocity is an indicator of intensity of free convective heat transfer, since it is a result of buoyancy induced flow.
Actually, as the density difference increases, the buoyancy induced flows to get more powerful which enhances the heat transfer in the
PCM. The variation of maximum velocity versus time is presented in Fig. 7 B. As indicated in this figure there are three main areas that
present the regions of heat transfer convection as could be seen before t = 500s, the maximum velocities have very low values. In this
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Fig. 7. A) Presentation of velocity contours for different cases considered in this study, B) Variation of maximum velocity vs time.

period the dominant heat transfer mechanism is the conduction. Over time the buoyancy induced flow streams appear. In the period of
t = 500s to t = 5700s, the velocity values are in the range of strong convection. After t = 5700s the range of values for the maximum
velocity demonstrates existence of weak convection. Looking at Fig. 13, it could be seen that from the time t = 500s to about t = 3000s
all cases have positive slope. In this period cases 3 and 4 have the most values of maximum velocity. After t = 3000s, all cases have a
negative slope and the values of maximum velocity begin to reduce. Up to t = 5700s the case 6 has the minimum declining slope and
the maximum velocities associated with case 6 have the maximum values meaning that in this period case 6 has the most powerful
buoyancy induced flow. However, after t = 5600s case 6 finds a bit more declining slope finds the lowest values of maximum velocity.
It is noteworthy, that time interval at which case 6 has the most values of maximum velocity was longer than other cases (during strong
convection) this is why the case 6 has the best overall performance amongst other cases considered in the present study.

3.2.2. Nusselt number
Nusselt number as an indicator of heat transfer rate has an important role on evaluating any thermal system. The Nusselt number in
this study is calculated as follows:

o) :h(tk)Lc

13)

At which h(t) is the surface averaged heat transfer rate and the L, is characteristic length. In this study the length of container was
considered to be as the characteristic length L. The E(t) is calculated as follows [17]:

E _ Qraml (t )

(1) AT, — T, At a4

At which the Qo (t) is the total heat transferred to PCM during the time period of At. T,,and T,, are the surface average temperature
and PCM mean temperature, respectively. Also, A,, is the area at which heat has been transferred to PCM.
Fig. 14, shows the Nusselt number vs dimensionless time (Fo). The Fourier number as the dimensionless time is defined as follows:

Fo= 2 (15)
where t is the time, a is the thermal diffusivity and L is the characteristic length.

Looking at Fig. 8, it could be found that at the beginning of the melting process when conduction is the dominant heat transfer
mechanism, the Nusselt number associated with all cases has the greatest value. In this period the melted PCM has the smallest
thickness. Through the melting process the thickness of melted layer increases which results in increment of convective thermal
resistance so the Nu number decreases very fast. After Fo = 0.02 the declining slope of Nu number curves decreases significantly, in this
period the buoyancy induced flow was created and contributed to better heat transfer rate. This procedure continues until Fo = 0.15. It
could be concluded that between Fo = 0.02 and Fo = 0.15 the strong convection was the dominant form of heat transfer. After Fo =
0.15 the Nu number curves find a bit sharper declining slop. From Fig. 13, it could be understood that after Fo = 0.15 the weak
convection becomes the dominant form of the heat transfer. As presented in Fig. 8, case 6 has the lowest values of maximum velocity
leading to the weakest convection form of the heat transfer. By looking at Fig. 8, it could be seen that after Fo = 0.15 the declining slope
of case 6 is the most sharper one. This is an agreement with the behavior of maximum velocity curve presented in Fig. 7 B. It should be
noted that despite the convective streams, higher thermal performance of triangular fins also contributes to higher values of Nu of case
6 from beginning of melting process until Fo = 0.15. For example, in Fig. 7 B, it was found that between t = 500s and t = 3000s case 6
has weaker convective streams, however, it is observed that during the mentioned time interval the best Nu number is related to case 6.
This is due to better thermal performance of triangular-shaped fins.

4. Conclusions

At the present study, a vertical PCM enclosure having the dimensions of 50mm x 50 mm was considered to evaluate the effect of
position and shape of double fins on the melting performance of a PCM enclosure. The Lauric acid was considered as the PCM material.
The heated wall was set to have a temperature of 343 K. The Enthalpy porosity method was used for simulating the melting process. Six
different cases were considered. Three of the considered cases were related to evaluating the effect of fin position while the other three
cases were dedicated to evaluate the effect fin shape on melting enhancement of PCM. For evaluation of the fin position rectangular
double fins having same length were considered. Also two different trapezoidal and one triangular shaped fin were used. The results
demonstrated that when the fins are located at the lower half the enclosure, best melting performance could be achieved. The main
findings of the present study are stated at the following:

v For the position of fins, when the fins located at the lower half have the best performance. It was found that when rectangular

double fins are located at lower half of the enclosure, up to 1800s less melting time could be achieved (comparison between case 3
and case 1).

11



N. Sinaga et al. Case Studies in Thermal Engineering 23 (2021) 100813

60 - ====-Case I, rectangular
==+=-Case 2, rectangularr
{ Case 3, rectngular
o0 1: Case 4, trapezoidal
$ —-==-Case 5, trapezoidal
]
40 : ==«=-Case 6, triangular
i
']
i
5030 (8
= i
in
;\‘
20 ‘,\‘
L .
10 ..,_,__::::s
""‘"’*M%. s
R TS e e
0 \ . . )
0 0.05 0.1 0.15 0.2 0.25
Fo
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v For the effect of fin shape, the triangular fins presented the best results. It was found that the triangular fins (case 6) could save up to
1000s in the whole melting process. Case 6 showed the fastest melting speed.

v It was found that during the strong convection period, from the second of 500s to about 3000s the maximum velocity associated

with all cases increases. During this period the highest values of V5« were related to case 4, denoting this point that case 5 has
better convective heat transfer at the mentioned interval.

v The time intervals at which the cases 4 and 6 had the most powerful convective heat transfer were 2500s and 2700s, respectively.
Since, the time interval for case 6 was more than case 4, the overall performance of case 6 (triangular double fin) was the better one.

v From the beginning of the melting process and up to Fo = 0.15, the maximum Nu numbers values were related to case 6. Both the
effect of well free convection and better thermal performance of triangular fins were involved in the better thermal performance of
PCM enclosure with double triangular fin located at the lower half of the enclosure.
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