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Abstract

In the present study, geometry optimization of a phase change material (PCM) heat storage system is
presented. The existing PCM-fins heat exchanger system works at the back side of a solar receiver in
order to minimize the effect of the solar radiation fluctuations inside the cavity. As initially designed, the
system does not accomplish the expected design purposes and thus optimization is needed. Optimization
is usually time-consuming and some algorithms need a starting point, therefore one suitable method is
geometrical optimization which aims to find the optimal shape of a system for a given criteria and
providing a rough optimal geometry. Here, constructal theory, ‘point to volume’, is applied to find the
optimum shape factor of the elemental volume of the presented PCM-heat exchanger. With this
methodology, an optimum ratio of the PCM and fin width and length is found and beyond that the method
is extended to ‘surface to volume’ problem. Results have been numerically validated using a CFD
software and demonstrate that it gives a very good approximation of the real optimum which can be used
as initial configuration for further optimization through CFD simulation or other optimization methods

that require a starting point.

Keywords: Thermal energy storage (TES); Concentrated Solar Power plant (CSP); Phase Change
Material (PCM); Constructal; Exergy; Optimization.
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Nomenclature

c heat capacity
d height of the conductive material
eXq total exergy destruction
f shape factor
H  height of the system
Jq  heat flux density
k  thermal conductivity
k conductivities ratio
L length of the system
L, latent heat
Q  total heat power
qx average heat flux to reach x
S total entropy production
T temperature
T  average temperature
tx  time to reach x
width of the system
X conversion degree
exergy impedance

z dimensionless exergy impedance

Greek symbols
B kinetics constant
0 Carnot factor
p density
oq Heat source

liquid fraction

Jkg'K!

m

W m?

Wm!K!
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[0) Conductive to total volume ratio

Subscript

0 elemental (geometry) or reference (temperature)

1 construct 1

a active material

c conductive material
Cu copper

irr  irreversible

m  melting

PCM phase change material
ptv  point to volume

stv  surface to volume

Superscript

optimal

1. Introduction

Electricity consumption is growing rapidly in many countries; its global use increased by 54%
between 1990 and 2005. Nowadays, electricity is the second major energy commodity in OECD
countries with a share of 22%, after oil products with a 47% [1]. To move towards depletion of fossil
fuels consumption to achieve the world-wide goals of climate change and CO, mitigations, the use of

renewable energies is essential.

One feasible way to produce electricity from renewable energy is concentrated solar power (CSP) plants
[2,3]. By 2050, with appropriate support, CSP could provide 11.3% of global electricity, with 9.6% from
solar power and 1.7% from backup fuels (fossil fuels or biomass) [2]. Nowadays, four CSP technologies
are represented at pilot and commercial scale: parabolic-trough collectors (PTCs), linear Fresnel reflector
(LFR) systems, power towers or central receiver systems (CRS), and dish/engine systems (DE) [4].
According to Lovegrove et al. [5] tower systems or central receiver systems represent the next generation

of CSP plants as they can achieve higher efficiency and lower cost.

To compensate the intermittency of solar resource and to protect the solar receiver of a central receiver

system, thermal energy storage technologies can be employed. Among these technologies, phase change
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materials (PCM) tanks can either be implemented for continuous electricity production, by supplying
required heat when sun is not available [6,7] , or to protect the receivers in tower system [8,9]. In
parallel, other more mature technologies, mainly based on solar salts, for CSP applications are being
tested at pilot plant scale [10] and on the other hand first demonstrations at pilot plant scale of more

recent technologies, based on thermochemical materials, are growing [11,12].

In the literature, publications regarding design and optimization of PCM heat exchanger for storage in
CSP applications can be found [13,14]. Several technologies have been investigated: encapsulated PCM
for thermocline systems [15-17], shell and tube heat exchangers [18- 20] implementing finned tubes
[21,22], heat pipes [23] or metallic foam [24] for heat transfer enhancement. All these studies make
extensively use of CFD tools, permitting accurate performance evaluation through 2D or 3D modelling.
However, such tools could be time consuming when optimising. The geometry needs to be drawn at a
first step before generating a mesh. Therefore, simplified tools to approach the optimized geometry could
be very interesting. Optimization methods giving valuable results with relatively simple calculations and
less time consuming are aimed for studying the plausibility of new systems. One method is geometrical
optimization which aims to find the optimal shape of a system for a given criteria. Bejan proposed in
2000 [25], a general method devoted to this objective: the constructal theory [25]. Since then, several
studies have been published proving the viability of this theory in a huge variety of fields, being one of
them heat transfer and fluid flow systems [26]. In addition, and focusing on thermal energy storage
designs, the constructal method has been extended to coupled heat and mass transfer by Azoumah et al.
[27], or to thermochemical reactors, taking the total entropy production as minimization criteria [28].
Tescari et al. [29] revisited the so—called ‘point to volume’ problem (ptv) studied by Bejan in his original
work [30], using the thermodynamic of irreversible processes. It was shown that global optimisation gives
better results than the step by step optimization usually used in the constructal theory. Moreover, this
work defined the entropy and exergy impedances, which have to be minimised to facilitate heat transfer.

Neveu et al. [31] successfully applied the impedance minimisation method to thermochemical reactor.

The aim of the present study is to prove the fact that the impedance minimisation gives a good
approximation of the optimal shape of a defined geometry, and therefore it is an appropriate method to
obtain a starting point for an accurate further optimization of TES systems predesign. Furthermore, this
study introduces and solves an original problem, named ‘surface to volume’ (stv) problem, which

represents a more realistic structure than the ptv problem for TES systems optimisation.

2. Background

2.1. Protection storage for high temperature solar receiver

To smooth the variation of temperatures of a pressurized air solar receiver of a concentrated solar plant
(CSP) a PCM heat exchanger working between 873 K and 1173 K was designed and published by
Verdier et al. [8,9]. The main idea of this PCM tank is to stabilize the outlet air temperature in case of

cloud covering, as represented in Figure 1 left, thus protecting the solar receiver and other critical
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downstream components. Figure 1 right, shows the location of the PCM tank in the entire system being

integrated at the back of the receiver.

EOO Cool air Pump
750 Optieal Exhaust
concentraror -
700
------
_ 650
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< 600 A & 4 Toemal ® | Turbine,
E £ d Enegy 5 Power
Essn E 1 siompr § Block,
o witl - electricity
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150 —e— with storage % surface showing encrgy required
L
300
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Figure 1. Left: Expected effect on temperature with and without storage system, from [8]. Right: Scheme
of the entire system and the PCM tank, from [9]

The PCM used is lithium carbonate (Li,COs) since its melting temperature is close to the working
temperatures, being 996 K. The fins are made of copper, being a highly conductive metal. Pictures and a
scheme of the current heat exchanger can be seen in Figure 2. After tests, it was concluded that this heat

exchanger needed to be optimized to achieve better results [9].

Lo | ®

(a)

20 A
Cold source

Figure 2. PCM fins heat exchanger developed and tested for the solar receiver application [9]

This study also provided a 2D model using CFD software. The PCM model is based on Calvet et al. study

[32] in which the local liquid fraction (¢) evolution is evaluated through a 1 order heterogeneous kinetic
law (Eq. 1 and 2):
do

i B(T =T, )p if T <T, (solidification conditions) (1
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% =p(T-T, )(1 - (p) if T > T,, (melting conditions) 2)

The kinetic constant B, fitted by comparison between model and experiments, was found to be 0.001 K
"5, Verdier [33] also remarks that the value of P can have a big impact on computing time; however its
effect to the TES evolution remains weak, showing that the behaviour of the PCM TES is controlled by

heat transfer.

2.2. Geometrical optimization

Constructal theory initiated by Bejan [25] aims at optimizing the geometry of systems in which heat or
matter is flowing. This method consists in finding the optimal geometrical shape that minimizes the
global transfer resistance. Cooling of electronic devices was first investigated by Bejan [30] where also

the ‘point to volume’ (ptv) problem was defined.

In this paper, the system under study is composed of an active material releasing heat and a conductive
path (Figure 3). Surface (or volume) of both materials is given. Heat released by the active material is
extracted through the fin(s) on the left side, maintained at T,. All the other boundaries are thermally
insulated. The constructal method consists in finding the optimal shape for the so-called elemental
volume (Figure 3a) (i.e. optimal shape factor H/L for a given conductive to active materials ratio d/H),
which minimizes the maximum temperature difference between the upper (or lower) right corner and the
middle left point. Once the optimal elemental volume is found, the construct one device (Figure 3b) is
obtained by paving the given surface with optimal elemental surfaces. The optimal number of elemental
volumes is pursued using the same criterion. This process leads to find the optimal shape factor H,/L; and

the optimal repartition of conductive material (i.e optimal ratios do/H, and d;/H;).

Ho
a L > - >
A l
Lo
|
Y
Y < >
L1
(a) (b)
Figure 3. (a) Elemental volume. (b) Construct 1 device with its optimized elemental volume represented

in red, from [25]

The constructal method was extended to coupled heat and mass transfer by Azoumabh et al. [27] for solid-
gas reactor design. This study shows that the optimal geometry deduced from the constructal theory leads

to the maximum thermal power (i.e. highest kinetics) reachable for a solid/gas reactor. Following these

6
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studies, Tescari et al. [29] revisited the ptv problem by taking the total entropy production (or total exergy
destruction) as minimization criterion, and performing a global optimization (i.e. each scale is optimized
in a single step). It was shown that the total exergy destruction exy (W) could be expressed according to

the generated heat power q (W) under the following remarkable form:
& =7 &

Z is named exergy impedance. For the elemental volume (Figure 3a), it writes:

2, =W{#+§f@ —¢)] @)
where

ke: thermal conductivity of the conductive path (W.m'K™)

f=H/L: Shape factor

¢=d/H: Conductive to total volume ratio

k=k, / k, : Conductivities ratio, k, being the thermal conductivity of active material

W: Width of the system (m)
To: Constraint temperature taking as exergy reference temperature (K)

The minimization is then carried on the dimensionless impedance defined by:

7 ~
=20 LK p(1-g)
Z. 9f 4
1
where Z ., = ST
c 0

The optimal solution is:
. ~ -1/2
sy =2 pt-o)”

Similar expressions have been derived for construct 1 system. Results have been validated by comparing
the optimal configuration obtained from Eq. (6) with temperature fields computed using CFD simulations.
Neveu et al. [31] extended this methodology to thermochemical reactors, coupling constructal theory
(‘point to volume’ problem), exergy analysis, and thermodynamics of irreversible process. It permits to
refine the solution proposed for thermochemical reactor formerly obtained by Azoumah et al. [27] by
applying Bejan method to these systems. Moreover, the study published by Neveu et al. [18] proposes an

expression to evaluate the mean thermal power of the reactor, based on exergy balance:
&=0/7
where 6 = ]—To/f

To: temperature applied to the left side of the fin (K)

T: mean temperature of the reactive material (K).

3)

)

(6)

()
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However, nor experimental neither computational validations are yet available. Such validation is still

required.

3. Materials and methods

The starting point of the present work has been briefly described in section 2.1 and is deeply explained by
Verdier et al. [8]. The TES system is a parallel fins heat exchanger (Figure 2), which geometry slightly
differs from the one related to the ptv problem (Figure 4a), since heat is supplied to the PCM through the
fins and through the sole of the heat exchanger. That defines the ‘surface to volume’ problem (stv)
(Figure 4b). In the ptv problem, heat is supplied only on the left part of the fin, while in the stv problem
the heat is supplied through the left layer (see Figure 4). In both cases, constant temperature Ty is taken as

boundary condition (red arrows).

a2

=) $dH $d[H
(a) (b)
Figure 4. (a) Point to volume’ problem, (b) ‘Surface to volume’ problem
The assumptions firstly stated by Bejan [25], used by Tescari [29] and Neveu [31] are:
1. The active material (here the PCM) is characterized by the thermal conductivity k, and a
uniform and constant heat source o4 (Wm™)
il. The conductive material (here copper) is characterized by the thermal conductivity k,

For the ptv problem, 1D heat transfer is assumed (slenderness assumption), following H-direction in the
active material, L-direction in the conductive fin. Under these assumptions, exergy impedance and

optimal shape factor are given by Eqgs. (5) and (6) derived by Tescari [29].

For the stv problem, these two quantities are derived in the present paper in sub-section 3.1. The optimal
configurations for both ‘point to volume’ and ‘surface to volume’ problems are then tested, numerically,
based on Calvet et al. model [32] and using a CFD software (Comsol®). 2D modelling principles are

recalled in sub-section 3.2.
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3.1. Impedance minimization method for stv problem

To extend the impedance model to stv problem, let’s first notice that an equivalent electrical circuit can
be associated to the ptv problem. From Equations (3) and (7), it consists in a perfect current source

charging the impedance Z, (Figure 5a).

q] 7| | 0204 q[ 7|1z.] | 6=zswv

(@) (b)

Figure 5. Equivalent electrical circuit. (a) 'Point to volume’ problem. (b)’ Surface to volume’ problem

Comparing Figure 4a and 4b, the ‘surface to volume’ problem could be seen as the association of two
impedances in parallel (Figure 5b), Z, related to the ‘point to volume’ problem and Z,; related to a system

consisting only on PCM material and receiving heat from its left side (Figure 6a).

$d|H

(RN

(a) (b)
Figure 6. (a) Complementary system for Z; evaluation. (b) System analysed by Tescari [29]

Yy ¥y

Similar system has been already analysed in Tescari’s work [29] when the entropy production S;.

occurring in the active material is derived. For the system represented in Figure 6b, this latter writes (Eq.

11 from [29]):
WXo,

irr — Y3
3k, T,

Thence, the total entropy production S, of the system represented in Figure 6a can be simply obtained by

substituting Y by L and X by (H-d) in Eq. (8):

®)
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& w(H —dlaj E
3k, T,

which can be rearranged in:

6444%44 48
wi(H-d) e, L
3k, T,’ w(H-d)

&

Remarking that the total heat generated by the active material writes:
&=w(H-d)Lo,

It yields:

&=Lk &

st} f(1-9)

Thence, exergy destruction writes:

1 k
S 9

which gives the exergy impedance Z;:

1 k
3k W, f(1-9)

Z;

The impedance related to the ‘surface to volume’ flow problem is then:

-1
Zstv — L+L
‘ ZO ZI

From Eq. (14) and (4), we get:

-1

or, in dimensionless form:
-1

Zstv f 2
1 J{ f* J
fo

where f, is the optimal shape factor related to the ‘point to volume’ flow problem, given by Eq. 6. The

impedance zy, presents two extrema, given by the roots of:

6Zstv — 0

o

)

(10)

(11)

(12)

(13)

(14)

(15)

(16)

(17)

(18)
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It is found:

1/2 1)2
f]* :fo*{a—2+(a22 —8a)’/2} f; :fo*{a—Z—(az —80{)1/2] (19)

with azM
1-¢

Figure 7 presents the evolution of dimensionless admittance (1/z) as a function of the shape factor, related
to the ptv (zo) and stv (z; and zy,) problems. The values of ¢ and k correspond to the experimental set-up
depicted in section 3.1. For ptv problem, optimal shape factor is fy*=0.56. For stv problem, f;*
corresponds to a local maximum (f,*= 0.65) and f;* to the local minimum (f;*=1.96) of conductance (i.e.

local minimum and local maximum for impedance). Thence, the optimal shape is given by f,*.

E3
0.03 2

*
0.02 - fo

0.01 -

dimensionless admittance (-)

0 0.5 1 1.5 2 2.5 3
f(-)

Figure 7. Dimensionless admittance vs shape factor. ¢=0.0951, k=150.7. ==1/2,,, == 1/2y, == 1/z,

3.2. 2D Model

A 2D transient model has been developed by Comsol® 4.3b simulating the PCM tank as-described in
[9] and Section 3.1, to validate the developed methodology. The tank is a fin heat exchanger, composed
by copper and PCM, Li,CO; which melts and solidifies at 723 °C. The heat equations used to describe the
system are Eq. 20 for the copper fin and Eq. 21 for the PCM, o, being the heat source (W-m™), expressed
by Eq. 22, which depends on the latent heat (Lm (J-kg")) and the evolution of the fraction of liquid, ¢.

Heating (melting) process is considered:

oT
Pcucu 5 = V(kCuVT) (20)

11



oT
294 Pprcum €pcm E:V(kPCMVT)'{'O-q 2D

295 o, =-pL, aa—(f (22)

296 where: p is the density (kg'm™), ¢ is the specific thermal capacity (J-kg'-K™), k is the thermal
297 conductivity (W-m™"'K™), and T is the temperature (K).

298 The evolution of the liquid fraction can be written as an ordinary differential equation (ODE),

299 following the simplified phase field method described in section 2.1):
d
00 “=pT-T,)(1-9) (23)

301 where P is a constant set at 0.001 K'-s™' | fitted from experimental results [9], and T, is the melting

302 temperature (K). All the material properties, of both copper and PCM, are listed in Table 1.

303
304 Table 1. Material properties of copper and PCM, adapted from [9]
Properties Copper Li,COs
Solid Liquid

Density, p, (kg:m™) 8940 2110 2110
Thermal conductivity, k, (W-m™-K™) 392 2.6 2.6
Heat capacity, ¢, (J-kg"-K™) 385 1800 2500
Latent heat, L, (J -kg'l) n.a. 509
Melting temperature, Ty, (K) 1403 996

305

306  The initial and boundary conditions are:

307 - t=0, uniform initial temperature : Tcy = Tpey = 973 K 706°€, 9 =0
308 - x=L ory==H/2: perfect insulation: VT-n =0

309 For x = 0, the boundary conditions depends on the problem. For ptv problem (Figure 4a), uniform
310 temperature To = 1173 K is imposed for —d/2 <y < d/2, and perfect insulation is assumed elsewhere. For

311 stv problem (Figure 4b), uniform temperature To = 1173 K is imposed on the whole left edge.

312 Thanks to the symmetry of the systems, only half of the elemental volume is modelled (0 <y < H/2), with

313 a symmetry boundary condition in x =0 (VT-n = 0).

314

12
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4. Results and discussion

To compare the results of both ‘point to volume’ and ‘surface to volume’ methodologies and seeking for
the shape factor giving the best results, the required time (tyx) and average heat flux qx to reach a given

global liquid fraction X have been evaluated. The global liquid fraction writes:

x(r)= j j j olt)dv (24)

Veen

Then, the evolution of the global liquid fraction versus time can be evaluated for each shape factor, the
volumes of PCM and copper being kept constant. As an example, Figure 8 shows the evolution of the
global liquid fraction for ptv problem for three different shape factors. . From these evaluations, as in
Figure 8, it can be easily seen which shape factor provides the best geometry leading to the fastest melting

of the PCM.

In addition, the evolution of local liquid fraction versus temperature at several times is also obtained,

from where it can be easily seen the status of the phase change of each point (this is shown in section 4.2).

1.2

0.; o
0.6 / / —f=0.21

0.4 / / —f=0.56 (fopt)

' /// f=0.93
0.2
/

Liquid fraction

0 5000 10000 15000 20000 25000
time (s)

Figure 8. Liquid fraction as a function of time for three different shape factor (ptv problem)

The average heat flux to reach X is:

Ty :ét‘f{{jjq ds]dt (25)

where S is the heated surface in m?, and Jq the heat flux density crossing this surface in Wm™,

13
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Due to accuracy problems when X reaches high values (i.e. very slow evolution when X is close to 1, see

Figure 8), tx and qx were estimated for X = 0.9. First, the time tyx— ¢ is searched such as:

j ”go(zag)dv =09

VPCM
Thence, the average heat flux is determined with:

] log
B0 = | | [[ iqds |a
0o\ s,

X0.9

4.1. ‘Point to volume’ problem

The time needed to reach a 90 % liquid fraction for each shape factor is shown in Figure 9. The obtained
results follow a curve giving a minimum which leads to the optimum shape factor. The shape factor of
0.56 gives the lowest time, being 12480 seconds, which corroborates the one previously deduced from

impedance minimization (see eq. 6 and section 3.1).

25000

~ 20000 \
2 15000 | E—
o
x 10000
Q
E 5000
hd
0 T T 1

0.0 0.2 0.4 0.6 0.8 1.0

shape factor, f

Figure 9. Time to achieve 90 % of liquid fraction as a function of shape factor

The average heat flux Qoo (Eq. 27) is plotted in Figure 10 as a function of the shape factor (f), and
compared with the one deduced from Eq.7 taking the melting temperature as equilibrium temperature.
Although Eq.5 underestimates the average heat flux, it can be seen that this expression gives a quite good
approximation of the simulated heat power. The 2D model results evaluating the heat flux are 11%

higher than the ones following Equation 7 at the optimum shape factor.

The shape factor of the heat exchanger presented in [9] and in Figure 2 corresponds to a shape factor of
0.21, which leads to higher time to reach the same percentage of liquid fraction and consequently lower

values of heat flux, compared to the other shape factors. The results of the studied heat exchanger show

14
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that its optimization can lead to remarkable savings of melting time of around 36%. Of course, this also

corroborates that the built heat exchanger was not the optimum and has to be refined.

4000

3000 //./._\/_\-\-\-\
2000 / -=-2D-model
—Eq.7

1000

(w)

a0.9

0 T T T
0.0 0.2 0.4 0.6 0.8 1.0

shape factor, f

Figure 10. Average heat flux as a function of shape factor. W =1 m, ¢=0.0951, k=150.7

4.2. ‘Surface to volume’ problem

In the case that the entire bottom layer is heated (stv problem), the curve presents a minimum and a
maximum (see Eq. 19), and both are corroborated by the model results as it can be observed in Figure 11

and Figure 12.

25000

@ 20000 \

Ucz 15000 W—‘

o

1 10000

X

£ 5000

£
0 T T T 1
0.0 0.5 1.0 1.5 2.0

shape factor, f

Figure 11. Time to achieve 90 % of liquid fraction as a function of shape factor.¢=0.0951, k=150.7

The shape factor giving a minimum impedance (see Section 3.1) is £,* = 0.65. The 2D model results show
that the optimum shape factor, giving the lowest time and highest heat flux values, is around 0.7. This can

be observed in Figure 11 and Figure 12, respectively. Results show that the time to reach a 90 % of

15
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melted PCM is 11900 seconds (see Figure 11). Regarding Figure 12, the 2D model is in agreement with
impedance minimization method (equation 7), showing differences of the heat flux at the optimum shape

factor of around 8 %.

On the other hand, the shape factor f; leading to local maximum impedance (see Section 3.1) is around
1.5 according to the model (Figure 12), although Eq. 19 gives 1.96 for f,*. The difference is considerable,
but could be explained by the fact that the slenderness assumption used in the impedance calculation is no

more valid for high f value.

5000
3000 |
)/ -=-2D-model

(w)

2 2000
s / —Eq. 7
1000
0 T T T
0.0 0.5 1.0 1.5 2.0

shape factor, f

Figure 12. Heat flux average as a function of shape factor, W = Im, ¢=0.0951, k=150.7

When comparing both optimums for ptv and stv problems, it can be noticed that stv configuration leads to
an expected faster melting process, of around 10 minutes, and 330 W higher heat flux value. This
behaviour was expected since in ptv problem, heat is supplied only on the left part of the fin, while in the
stv problem all the heat is supplied through the left layer (see Figure 4). Nevertheless, this is the first time
that impedance minimization methodology is developed for a stv configuration and numerically
demonstrated. The results out from this study corroborate not only the expected faster melting process
with stv configuration but also that impedance minimization approach can be also implemented for stv

configurations.

In addition, it is important to point out that the optimum shape factor for stv problems has shift to higher

values meaning lower length and higher height of the system compared to ptv geometry.

The transient 2D model permits to simulate the temperature and liquid fraction field according to time.
Such fields evolution are presented in Figure 13 and Figure 14 for two shape factors, f = 0.21,
corresponding to the original design experimented by Verdier et al. [9], and f=f'y = 0.56 (ptv problem)
deduced from the impedance minimization by Eq. 6. It is important to remind that the total volume
(surface) is equal for both presented case (i.e same amount of PCM and copper). It could be immediately

seen that the liquid fraction evolution runs faster for the minimal impedance case.
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Figure 13. Evolution of the liquid fraction vs. time for the stv problem when =0.21
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Figure 14. Evolution of the liquid fraction vs time for the stv problem when f=0.56

5. Conclusions

A 2D model of an elemental volume of a PCM and fins heat exchanger for the ‘point to volume’ case has
been developed with Comsol® software. The impedance minimization method for ‘point to volume’
problem has been numerically validated by comparing it with the model results. The optimal shape factor

found for the studied TES PCM based described system is around 0.56.

The impedance minimization method has been extended for ‘surface to volume’ probllem. The ‘surface to
volume’ problem 2D model has been developed and demonstrated that the calculated optimum by
impedance minimization approach is the one expected, being 0.65, for the same solar receiver application.
Stv configuration leads to faster melting process, of around 10 minutes, and 330 W higher heat flux value
when compared to ptv case. Refining the TES system with the stv optimum shape factor would increase

the power by 200% compared to the initial non-optimized configuration.

Therefore, it can be concluded that the impedance minimization approach is a useful and powerful
method to start a PCM storage tank optimization for both ‘point to volume’ or “surface to volume’
problems. The obtained optimum geometry by this method is completely in agreement with the developed

2D model results simulating a PCM and fin heat exchanger by Comsol” multiphysics software.
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Further work is planned, for instance to perform the experimental tests to validate the model and adjust
some parameters, to compare the presented 2D model with another more complex and presented in [34],

and to extend the model for sensible and TCM systems.
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